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the water issue primarily as one of protecting a property right and upholding prior 
court decrees that allocated water in the region, and not as an issue of community 
drinking water. For many in the agricultural community, water concerns were a 
zero sum game, an either/or proposition in which focus on the community 
drinking water concern implied lack of concern for property rights of agricultural 
water users. 

Some suggest that P.L. 101-618 crystallized issues and expanded the concerns 
about water reallocation in the area from being one of concern primarily to the 
agriculture community to becoming one of concern to the broader community. 
Efforts to implement the law also tended to create a dichotomy between 
agricultural interests and community interests, with irrigators primarily concerned 
about protecting water as a property right and the large community primarily 
concerned with maintaining a drinking water supply. 

At the same time that the L YEA was developing as one of the first broadly based 
organizations in the community, there was growing interest both outside and from 
within the community to use negotiation as a way to resolve the multitude of 
issues and concerns that had surfaced with efforts to implement P.L. 101-618. As 
a group that could reflect the diverse interests in the community L YEA was seen 
as the logical choice to represent the community in proposed regional 
negotiations. Less than a month after the board for L YEA had met for the first 
time in April 1994, the group, still in its infancy and its formative stage as an 
organization, found itself drawn into assuming the representative role for the 
community at the negotiating table for a multi-issue, multi-party, intractable 
conflict. 

As the community moved forward into negotiations, no one would have predicted 
the amount of time and energy the negotiations would require. A rough 
cumulative estimate made at the end of the negotiations was that members of the 
community team invested more than 6,000 hours over the seven month period. In 
the end, this large investment of time resulted in widespread feelings of burnout. 
One effect was dissipation of interest and to devote to community issues. 

While the negotiations did not achieve any hoped-for resolution of issues, the 
L YEA, with its coffers emptied and its energy dissipated, was seriously crippled. 
Four years later the organization still has not recovered from the experience and 
may never do so. Some would consider this a serious loss to the community. 

METHODOLOGY 

Because the negotiations did not result in resolution of any issues and because the 
L YEA, in many ways, could be called a casualty of the negotiations, we were 
interested in how local participants viewed the experience of the negotiations 
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some three years after they concluded. Through interviews with a cross section of 
community residents and participants in the negotiations, we used existing 
assessment tools to conduct a retrospective assessment. A primary focus of the 
interviews was to learn how internal decisions concerning participating in the 
negotil\tion were made. We also wanted to examine whether the use of existing 
assessment tools might have influenced either the decision to negotiate or how the 
negotiations were structured and conducted. 

When we began interviews with community members, we believed we would 
discover that the list of questions we found in the literature would have helped 
participants had they been considered prior to the decision to go into facilitated 
negotiations in 1994-95. We added some questions of our own to elicit 
information we hoped would give us additional information to do a retrospective 
analysis of the negotiations. 

It surprised us to learn that in most cases, the questions did not elicit thoughtful 
responses of the kind that we believe a community group must address prior to 
making a decision to go to the table. Hence our decision to develop an expanded 
list and format for the questions with a concern to avoid abstract concepts and 
jargon as much as possible. 

Below are the questions we used in our interviews during July 1998. The first list 
includes questions we asked to elicit background information. The second is a list 
recommended in the literature. 

Questions composed for the interviews 

• What is your understanding of how the "Second Generation Negotiations" got 
started? 
• What do you recall about how the community (L YEA) decided to participate 
in the negotiations? 
• What was your understanding about why L YEA was representing the 
community in the negotiations? 
• What were your expectations of the· negotiations? 
• How did you feel about the decision to negotiate at the beginning? At the 
end? And Now? 
• . Was there anytime during the negotiations when you rethought your decision 
(to negotiate)? 
• During the negotiations was there anything significant that struck you in terms 
of process? 
• How would you characterize "interest-based" negotiations? 
• What were the communities' interests? What were the interests of the other 
parties? 
• Do you think the process was "interest-based"? Why or why not? 
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• In retrospect, is there anything you would change about the process? What? 

Questions adapted from literature 

Preliminary statement read to respondents: "The following questions were 
developed by professionals in dispute resolution to help stakeholder groups 
determine whether to proceed to an assessment phase of a consensus process. By 
consensus process we mean a process that has the following attributes: 
- Participants represent stakeholder groups or interests, and not simply 

themselves. 
All necessary interests are represented or at least supportive of the 
discussions. 

- Participants share responsibility for both process and outcome. 
An impartial facilitator, accountable to all participants, manages the process. 

- The intent is to make decisions through consensus rather than by voting. 

Questions: 
• Are the issues of high priority and are decisions needed? 
• Are the issues identifiable and negotiable? 
• Do the issues have a sufficiently developed factual base so that you are 

reasonably informed and are able to engage in meaningful discussion and 
resolution of the issues? 

• Do you have a manageable number of interdependent or related issues? 
• Are you as likely, or more likely to achieve your overall goals using 

negotiations as you would through alternatives to negotiations? Is this true of 
the other parties as well? 

• Do you have enough time and resources to devote to the process? Recognize 
that the more contentious and intractable the issues are, the more time and 
resources are needed to achieve agreement. 

• Is the political climate favorable? 
• Apart from using professional mediators and negotiators, do you have enough 

information about consensus processes to make informed decisions? Are you 
. an informed consumer? 

• Do you have the necessary skills, abilities and experience to engage in the 
process? 

• Are the interests identifiable? Do you represent an interest that has a stake in 
the outcome? Do the other parties represent interests that have an identifiable 
stake in the outcome? Do you understand the interests of the other parties? 

• Do you have a process in place for ratifYing an agreement reached at the 
negotiating table? 

• Ifthese questions were asked (prior to the negotiations), would you have done 
anything differently? What? 
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Final Set of Topics Covered in Interviews 

"In your opinion, would the process have been improved by any of the following; 
1. time, 2. additional resources, 3. open meetings, 4. more than one facilitator, 
5. change in the participants, 6. opportunity to negotiate the groundrules face-to­
face with the other stakeholders, 7. other?" 

DISCUSSION AND GENERAL OBSERVATIONS 

From information gathered in the interviews with community members 
involved in preparing or participating in the facilitated negotiations held in 1994-
95, our conclusion is that the group's decision to negotiate was made by default. 
Interviews revealed a general perception that the community had no choice but to 
enter into negotiation. Indeed, the community embraced the idea of negotiating. 
It was not a carefully thought through decision based on examination of the 
resources and readiness of the community group, however. All pre-negotiation 
assessement was done by the professional mediator brought in from Washington 
D.C. 

Many items that we believe should be included in a pre-negotiation assessment, 
appear in this case, to have been determined without any thoughtful and thorough 
internal discussion. Items not carefully examined included; that the community 
speak with "one voice"; the time frame for the negotiation; the parties who 
should be present; the groundrules; the scope ofthe issues; a clear ratification 
process; skills of the members of the group; and, especially, the internal 
dynamics of the group. In general, there was general lack of understanding that 
these are important. 

In effect, there was no systemic internal community evaluation of the community 
group's readiness to go to the table. In retrospect, as a result of information 
gathered in these later interviews, we believe the community group would have 
benefited greatly by a process that carefully and systematically examined the 
group's readiness to negotiate. Assessment probably would not have changed the 
decision to negotiate, in great part because the negotiations were leveraged and 
convened by the senior senator from Nevada, Harry Reid. Many believed that 
refusal to negotiate could have had serious political consequences. Had an 
assessment been done, however, we believe the group would have gone in better 
prepared and with a heightened awareness of the importance of process in the 
facilitated negotiation and of their role in fashioning the process. 

Having overlooked this examination of group readiness, the local group 
precipitously moved almost directly into selecting 'a professional to head the local 
team and developed a selection process to determine members for the local team. 
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In preparation for the negotiations, the group focused almost exclusively on 
substantive issues. 

Two months before facilitated negotiations began many people, later on the local 
team, attended a one-day workshop on consensus-based negotiations conducted 
by a university professor with background in conflict resolution. In addition to 
the one-day workshop there was a sessior1 at a later date with the professional 
mediator hired for the facilitated negotiations. Prior to the first formal negotiating 
session, the mediator convened a meeting of the local group to emphasize the 
interest-based nature of the negotiations and to request that the group focus on 
both its interests and the interests of the other parties in preparing an opening 
statement. 

We believe that even with an introduction to process and negotiation, rarely can 
the average, engaged and concerned individual appreciate the significance of 
process when confronting substantive issues of deep concern, especially where 
those issues give rise to strong emotions. Perhaps the most that education of a 
community group can accomplish is to make people aware that for a constructive 
and successful negotiation, issues and concerns about process are as significant as 
issues and concerns about substance. 

For people with no experience in negotiations, a single workshop and a short 
session on interest-based negotiating does not develop skills and experience for 
the kind of complex negotiations which later occurred in this situation. In any 
event, neither the workshop nor the short session included an evaluation of the 
group's readiness. 

In our retrospective interviews with 13 community members three years after the 
~egotiations, only two could identify what interest-based negotiations are, yet the 
94-95 negotiations were described as interest-based. Few of the interviewees 
could respond to questions about process. The professional consultant hired to 
lead the local team was an engineer who was present only sporadically at local 
team meetings during the negotiations. The two community members selected to 
sit at the table with the professional consultant during the formal negotiation 
sessions were local citizens and volunteers with no prior experience with 
negotiations. In our view, the team neither understood the significance of process 
nor designated anyone with experience and skills in process and interest-based 
negotiating to help or coach the local team. 

Other groups involved in consensus-based negotiating may find themselves in 
similar situations. Even if education in process and interest-based negotiating is 
available to community members, they will find it difficult to fully participate at a 
table where other parties have professional or experienced staff present. We 
believe that under such circumstances, a group composed of non-professionals is 
well served by having some specific guidelines and checklists that help them 
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focus attention on group readiness as well as on internal group dynamics and 
ongoing procedural concerns. In addition such guidelines may help them by 
bringing into focus substantive and process issues in. the formal negotiation. 
Based on information collected from these retrospective interviews, we have 
developed some assessment tools to help non-professionals assess both their 
readiness to negotiate and ongoing internal process in the group. In an effort to 
target lay people with no prior experience in consensus-based negotiating, these 
assessment tools, included below, avoid use of jargon and abstract concepts in 
favor of focusing on specific behaviors and activities that can be readily observed 
and evaluated. 

We include two checklists that can be used by participants to evaluate a group's 
readiness to engage in consensus-based negotiation. One checklist helps a group 
to evaluate process, i.e. internal structure, procedures and group dynamics and 
another helps to evaluate, broadly, potential concerns with substance. Further, we 
include a procedure to guide a group toward developing its problem statement and 
objectives for negotiating. Finally, we include guidelines to help the group 
monitor internal group dynamics, both in a pre-negotiation phase and throughout 
the entire negotiation process. 

It is our conclusion, following the retrospective interviews, that a citizen-based 
community group or any stakeholder group without professional staff should 
seriously consider designating a skilled person within the community or group, or 
hire an outsider, to assist the group to monitor and evaluate process. This 
designated process person should be assigned a formal role to monitor and coach 
the group throughout the pre-negotiation planning phase. This individual is 
someone who should also play an ongoing advisory role in any subsequent 
activities 

The checklists and guides below are designed for use by a community group, with 
or without a designated person to be a coach for process. They are intended to be 
a suppl~ment to other assessment tools already available. 

An important goal of a thorough group readiness process is to "level the playing 
field", especially during negotiations where a community group sits at the table 
with governmental entities or professionally staffed interest groups. 

CHECKLISTS AND GUIDES 

A Checklist for Evaluating Process 

1. Issues and concerns of the group are sufficiently interrelated to be 
represented by one voice. 
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Meinbers of the community group must decide how many voices should be at the 
table. For strategic reasons there may be advantages to have diverse interests 
represented by "one voice" during negotiations. If the diverse issues and 
concerns of the community contlict or if there is tension among those who 
represent different issues and concerns, it may be preferable to have the 'issues and 
concerns represented by more than "one voice" to assure equitable representation. 
2. __ Anyone in a position to undermine an agreement has been invited to 
participate, is represented, or is at least supportive of the negotiation. 
While it may be easier and more efficient, time-wise, to go into negotiations with 
groups composed of individuals who are in agreement, in the end, those not 
included in the process are in a position to sabotage an agreement. Being 
inclusive at the beginning may be what assures a sustainable agreement at the end. 
Sufficient time must be allocated for the group's internal "negotiation". 
3. __ The Group has time and resources available. 
Community members who plan to participate in a negotiation process should have 
a reasonably clear idea about how many sessions and how many hours will be 
involved. Not only is time necessary for the formal negotiation sessions, but time 
must be allocated for internal group meetings and caucuses throughout the 
process. Resources to hire qualified individuals with technical and process skills 
may be necessary and should be examined. 
4. __ There is clear agreement in the group about how decisions will be 
made and there is a process in place for ratification should agreement be 
reached. 
This is one of the major differences between line agencies and single interest 
groups with professional staff who have an established decision-making process .. 
If a group represents a coalition of interests, or if public entities are involved, 
developing a process for agreement and ratification may involve extensive 
discussions. Representatives of the group during any negotiation must be clear 
about .their authority and about what might be necessary to achieve final 
agreement. 
5. __ Any constraints such as compliance with open meeting laws, the 
need to have a vote of a group of constituents to approve the agreement, or 
limited time available for meetings on weekdays or at certain times of the 
year, must be addressed. 
Such concerns may impose limitations on how and when meetings and 
negotiation sessions can be held, who can participate, and how they should be 
structured. If the group makes decisions by consensus, time must be left for the 
group to consult with constituents during the negotiation. If the group represent 
the public, time must allocated for public education on the issues and process of 
the negotiation. 
6._' __ Given that any successful negotiation requires active involvement by 
all parties in process as well as in issues of substance, there is at least one 
skilled person in the group designated as responsible for monitoring process 
and for coaching the group in process. 
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In negotiations, the process is constantly changing. People easily overlook the 
importance of process to focus, instead, almost exclusively on substance, i.e, the 
issues and problems. To assure an equitable and constructive negotiation, every 
group must be sensitive to, and effectively participate in, design and monitoring 
of process throughout. 
7. __ The group is willing to deyote some portion of every session to an 
overview, review or discussion of process, i.e. procedures, structure and 
group dynamics. 
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Issues of substance, often invested with a lot of strong emotion, can easily 
overshadow review and discussion of process. Time to be together may be at a 
premium. Participants may believe that it is inefficient to "waste" time in 
discussing process concerns. It can help' later on as time constraints may increase, 
if, at the beginning, the group acknowledges the importance of continuing to 
focus on procedures and group dynamics throughout the assessment and 
negotiation process. This ongoing overview make take only a few minutes at the 
beginning of every session but should be done on a regular and continual basis 
throughout. 
8. __ The group has a level of expertise in negotiation process that is 
comparable to the level of expertise of other parties at the table. 
If there is a disparity in level of expertise among the parties, the group needs to 
address ways to assure skill levels between and among groups are addressed 
through groundrules or hiring of skilled personnel. (The group should not depend 
on the professional mediator or facilitator to bridge the gap in expertise.) This 
may involve bringing in someone who is an outsider to be a coach for the group. 

A Guide for Evaluating Internal Group Process 

The following is a guide that can be used by a group in determining its 
readiness to go to negotiation. The guide can also be useful for ongoing 
evaluation and monitoring, both of a group's own internal processes and of the 
larger group's processes during the negotiation phase as well. If group members 
check the first alternative under any of the major headings, the group is well 
advised to discuss the concern before moving ahead with substantive issues. The 
first alternative, in each case, is an indicator of a potential problem and should be 
considered a red flag. 

1. Listening 
__ Members don't really listen to one another - they interrupt and don't try to 
understand others. 
__ All members really listen and try hard to understand. 
2. Open Communication 

Members are guarded or cautious in discussions. == Members express both thoughts and feelings openly. 
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3. Mutual Trust and Confidence Within Group 
__ Members evidence suspicion of one another's motives. 
__ Members trust one another and do not fear ridicule or reprisal. 
4 •. Attitude within Group toward Differences 
__ Members avoid arguments, smooth over differences, suppress or avoid 
conflicts 
__ Members not only respect and accept differences, they actively search for 
differences and work through them openly - they are not pressured to conform. 
S. Mutual Support Present 
. Members are defensive about themselves and their functions. 
__ Members are able to give and receive help. 
6. Level of Involvement-Participation Consistent 
__ Discussion is dominated by a few members. 
__ All members are involved, free to participate in any way they choose. 
7. .Control of Decision Making Clear 
__ Subject matter and decisions are controlled by the chairperson. 
__ All members accept responsibility for productive discussion and for 
decisions. 
8. Procedures in Place to Respond to Changing Circumstances 
__ The group is locked in on established rules and members find it hard to 
change procedures. 
__ Members readily change procedures in response to new situations. 
9. Member Resources Fully Utilized 
__ Individuals' knowledge, abilities, and experience is not utilized. 
__ Each member' s knowledge, abilities, and experience are fully utilized. 
10. Objectives Clear and Understood 
__ Objectives are not clear or not understood and there is not commitment to 
them. 
__ Objectives are clear, are understood, and there is full commitment to them. 

(Reference: The Field Program Associate I the Partnership for Rural Improvement, Northwest 
Educational Laboratory, (NWREL), 1978). 

A Checklist for Addressing Substance 

l. __ There is group consensus about the overall problem the negotiation 
is being convened to address. 
2. __ The problem can be stated succinctly. 
The succinct problem statement becomes especially important as the group meets 
with other parties. The problem statement can help to keep the group from 
getting "bogged down" in issues and concerns that may be raised by other parties 
but which ate not of core concern to the group. The succinct problem statement 
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can act as a compass for the group, both in preparing for negotiation and as the 
negotiation process moves forward. 
3. __ The group can support what it says with relevant data. 
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The group' may have an interest it wants to have addressed during the negotiation, 
but a statement of the interest without supporting documentation may not be 
sufficient. Part of the pre-negotiation preparation should include an 
understanding of how much data will be necessary to support an interest 
statement. 
4. __ Resources are available to gather needed data. 
If additional data needs to be gathered and the group lacks resources for collecting 
that data, the group needs to consider seriously whether it is prudent to proceed to 
negotiation. 
~ Data that will be used to support discussions is acceptable to all 
parties. 
While data may be available, there may not be agreement about the validity of 
the data by all parties. A community group should assess both its own data and 
data that might be used during negotiations and determine whether the data is 
acceptable to everyone. Ifthere is disagreement over validity of data, it may be 
necessary to do joint fact finding before the negotiations begin. 
6. __ The facilitator or mediator for the negotiations has sufficient 
background or expertise in the substantive issues that will be on the table. 
Where issues to be negotiated are relatively straightforward and uncomplicated, 
the mediator/facilitator may not need to have a strong background in the 
substantive issues. Where issues involve a complex legal history or where the 
issues are highly complex, it may be important that the mediator/facilitator have a 
background or experience in similar issues. This is often the case in conflicts 
involving natural resources. In multi-issue, multi-party negotiations where 
agreement and resolution may involve long standing, intractable conflicts with 
disagreement or lack of information about the more technical issues that will be 
on the table, the group should ask sufficient questions of the professional's 
background to be comfortable that the person being considered has adequate 
technical expertise. 
7. __ If the group represents a community-wide constituency, local media 
resources are available to educate and inform the public about the issues as 
well as the substance of the negotiation as it progresses. 

A Guide for Addressing Substance 

In situations where the issues are complex and the conflict long standing, it 
becomes especially important that a group clearly define the over-arching 
problem and their objectives. This will help the group stay "on course" ifthere is 
a tendency to get lost in smaller issues or concerns. The overall problem 
statement can provide a group compass for subsequent discussions during the 
negotiations. 
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The steps listed below should leave the group with a succinct problem statement 
and a list of related objectives to be achieved during the negotiation. 

1. Brainstorm the Issues. Develop a Community "wish list". 
This is not the time to worry about duplication or the length of the list of 
concerns. The goal is to get as many thoughts and ideas written down as possible. 
It is important to be sure that all points of view are reflected in the list. 
2. Develop a Problem Statement. 
This should be a succinct statement of not more than two sentences that captures 
the essential problem(s) to be addressed in the negotiation. It is not necessary that 
reference be made to items on the "wish list" to develop the problem statement. 
3. Evaluate each item in the list as either essential or not essential to solve 
the problem as defined in the problem statement. 
The key word here is essential. 
4. Decide whether the problem statement fully captures all those items listed 
as essential. Redefine the problem statement if necessary. 
5. Remove those items on the "wish list" that are listed as not essential. 
6. Check the wish list a second time. 
Look for overlapping or duplicated concerns and reword the statements as 
appropriate. 
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THE SNAKE RIVER RESOURCES REVIEW .•. 

ONE RIVER, MANY VOICES 

by Deb Kidd l 

ABSTRACT 

Through the Reclamation Act of 1902 the Reclamation Service, since renamed the 
Bureau of Reclamation (Reclamation), was created to develop irrigation works for 
storage, delivery, and development of water. More recent legislation has placed 
additional requirements on Federal agencies, including Reclamation, to comply 
with specific environmental protection measures. Reclamation recognizes that 
salmon and other water-related resource needs require it to look at the way it will 
operate in the future. The SR3 Leadership Team has been tasked with developing 
the necessary technology to help decision makers assess the effects of potential 
operation decisions and better understand the trade-offs to the Snake River 
resources. Because SR3 is not a decision making process, its public outreach is 
not geared towards identifying and evaluating alternatives. Public involvement, 
in its traditional sense, is not a part of SR3. Public participation in SR3 is taking 
two basic forms; outreach to the interested public and participation by key 
stakeholders. The public outreach and stakeholder participation activities are 
uniquely designed to meet the needs ofSR3. The SR3 Leadership Team adopted 
the Bleiker Systematic Development ofInformed Consent (SDIC) methodology. 
SDIC is a methodology in which management tools are systematically applied to 
improve public agencies' implementation capabilities. During the first half of 
SR3, the SDIC methodology has served SR3 well. SR3 's experience thus far has 
shown that reapplying the SDIC methodology at major transition points in the life 
cycle of a project is important. It is incumbent upon us to be knowledgeable of 
the different methodologies available, to select an appropriate methodology, and 
apply it properly. Productive stakeholder involvement does not happen by 
accident. 

Why Snake River Resources Review (SR3 )? 

To understand the need for SR3, one must look to the history of the Snake River 
and Reservoir system. The 1894 Carey Act granted large Federal land holdings to 
the arid Western states on the condition that these lands would be irrigated and 

IDeb Kidd, Public Involvement Specialist, SR3, Bureau of Reclamation, 1150 N. 
Curits Rd., Suite 100, Boise, ID 83706 
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settled. Though the Reclamation Act of 1902 the Reclamation Service, since 
renamed the Bureau of Reclamation, was created to develop irrigation works for 
storage, delivery, and development of water. Under the Reclamation Act, the 
Minidoka Project, located in southeast Idaho on the Snake River, was authorized 
in 1905. Shortly thereafter, the Boise Project in southwest Idaho was authorized. 
Additional projects followed on the Snake River and its major tributaries in 
Wyoming, Idaho, and Oregon, with the last major construction taking place in the 
early 1970s. 

Congress enacted the National Environmental Policy Act (NEPA) in 1969, the 
Endangered Species Act (ESA) of 1973 and the Clean Water Act of 1977, all of 
which, among other legislation, require Federal agencies to comply with specific 
environmental protection measures. A major consideration in water management 
in the Pacific Northwest developed when the National Marine Fisheries Service 
(NMFS) listed the Snake River sockeye salmon as endangered and the 
spring/summer chinook salmon as threatened in 1991 and 1994, respectively. The 
NMFS 1995 Biological Opinion on the operation of the Federal Columbia River 
Power System called on Reclamation to deliver 427,000 acre-feet of water for 
flow augmentation from the Snake River upstream of Lower Granite Dam to the 
Columbia River system. Flow augmentation is intended to improve migration 
conditions for salmon. 

Reclamation recognizes that salmon and other water-related resource needs will 
require it to look at the way it operates in the future. Some issues potentially 
affecting Snake River operations include declining aquifer levels, state water 
rights, Clean Water Act standards, ESA listings, and conversion from irrigation to 
domestic water use. 

In recent years, requests for water and system operation changes have out paced 
Reclamation's ability to adequately assess the potential effects. Reclamation 
realizes that it would be irresponsible to consider operation changes without better 
understanding of the effects-good and bad--changes in operations could have on 
Snake River resources. Understanding these potential effects, and in particular 
Reclamation's ability to meet contractual obligations, is needed prior to making 
any decisions on operational changes. The Snake River Resources Review was 
initiated in 1995 to develop technology to help solve this problem of 
understanding potential effects. 

How Are We Helping to Solve the Problem? 

The SR3 Leadership Team has been tasked with developing the necessary 
technology to help decision makers assess the effects of potential operation 
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decisions and better understand the trade-offs to the Snake River resources. Using 
the best available technology, SR3 is building a Snake River Decision Support 
System (SRDSS) which will be a toolbox in which analytical tools, databases and 
geographic information systems (GIS) are linked to provide reliable and timely 
information about the river/reservoir system and its resources. Currently, 
technical experts can access certain information, data and tools, but do not always 
have the technology to use the information, data and tools together. With the 
SRDSS, technical experts will be able to use the information, tools and data in 
conjunction with one another, or use each independently, as is currently being 
done. This interaction will occur through an Integrated Information Environment 
(lIE). 

The theory of the SRDSS was tested on a small scale by developing a Proof of 
Concept (POC). The POC was successfully completed in early 1998, and feed 
back for the design of the final system was obtained from staff, managers, 
partners and stakeholders throughout the basin. Alternative approaches for the 
design of the SRDSS were developed and assessed. A design approach was 
selected and the SRDSS Staged Development Plan was composed. Sequentially, 
analytical tools and data bases will be integrated and users brought on line. The 
SRDSS is being developed using an incremental building approach so that it will 
be functional at the conclusion of each stage. 

What Are the Options? 

Many people have concerns with SR3. Some people say that Reclamation should 
not be looking at the effects that operational changes might have on Snake River 
resources. They fear that looking at effects of potential changes will lead to 
making a change in operations. Others say operational changes are inevitable and 
we must develop better tools to evaluate effects. 

Reclamation believes that we should be looking at the effects that operational 
changes might have. If we do not, we cannot properly evaluate these options 
when they arise, and some of the following may occur: 

• Managers of the Snake RiverlReservoir system-Reclamation, the States 
ofIdaho, Wyoming, and Oregon, and others-may make separate, 
uncoordinated efforts which could result in duplication, confusion, and 
conflicts. 

• Future Reclamation decisions on Snake River operations will be made 
without adequate information about the effects in terms of all the Snake 
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River resources and the entire Snake RiverlReservoir system, and the 
trade-offs involved will not be clearly understood. 

• Adequate information on the benefits of existing operations will not be 
available in the face of growing demands being placed on the Snake River 
system. 

• Opportunities to benefit or enhance fish, wildlife, water quality, recreation, 
and other resources or uses, while still meeting contractual and other legal 
obligations, may be lost due to a lack of information. 

Where Are We in the SR3 Process? 

The Resource Needs Assessment (RNA) is an integral step in the SR3 process. 
The RNA presents a compilation of existing information on natural and other 
resources, and describes possible effects of the Snake RiverlReservoir system 
river flow or elevation conditions on resources in quantifiable terms which can be 
used in the SRDSS. In March 1998, the RNA was issued in draft form. It will be 
finalized this winter. 

In order to build an SRDSS which would be useful to Reclamation and its 
partners, the SR3 Leadership Team first needed to determine what tools and 
technology were available or desired for inclusion in the SRDSS. To this end, the 
SR3 Leadership Team conducted a Tools and Technology Assessment (TT A). 
The ITA, which was issued in draft in March of 1998, contains a comprehensive 
inventory of the analytical tools and models, databases, data, GIS, and decision 
support systems available in the basin and throughout Reclamation. It attempts to 
match resource needs, as detailed in the RNA, with the identified tools and 
technologies, and with the requirements of building a DSS, to produce a list of 
candidate tools and technologies that may be included in the SRDSS. The ITA 
will be finalized this winter. 

Presently, we are in the iterative process of system design and testing. A number 
ofIIE software platforms were evaluated for use in developing the SRDSS, and in 
April of 1998, Facet was chosen. In August, the Information Network 
Assessment was completed, providing an inventory and assessment of the relevant 
LANIW ANlInternet interconnections among different offices of Reclamation, SR3 

Partners, and other state and Federal agencies who may provide data for the 
SRDSS. A basic depiction of the SR3 process and time line is shown below: 
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How Does the Public Participate In SR3 ? 

The creation of a DSS, which is the primary focus of SR3, is not an activity that 
requires the NEP A process, or any other regulated form of public involvement. 
Because SR3 is not a decision making process, its public outreach is not geared 
towards identifying and evaluating alternatives. Public involvement, in its 
traditional sense, is not a part of SR3. 

Public participation in SR3 is taking two basic forms, outreach to the interested 
public and participation by key stakeholders. The public outreach and 
stakeholder participation activities are uniquely designed to meet the needs of 
SR3. The outreach program is designed for a broad population with an interest in 
a healthy Snake River. A Public Outreach Plan was developed and is continually 
evaluated and periodically updated to reflect new information and outreach needs, 
more effective communication activities, and/or SR3's evolution toward 
completion. Within the specter of key stakeholder participation, SR3 has two 
main forms of participation; partners and contributors. 

Reclamation recognized from the start that it could not successfully carry out SR3 

alone because Reclamation is not the only entity involved in managing the Snake 
River and Reservoir system. This made it necessary to form partnerships with 
other interests in the basin. The SR3 partnering program is an effort to include 
entities that have management responsibilities, expertise, or special knowledge of 
the resources of the Snake River basin. Partnerships have been established with 
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entities such as state agencies, universities and tribes. The partners are 
particularly valuable sources of information in the identification of issues. Fully 
participating partners are typically represented on one or more of the Technical 
Work Groups established to gather and evaluate information needed for the 
development of the SROSS. In this format, Reclamation, university, agency, and 
consultant staff are joined to compile existing data and information on resources 
and other factors. It is through these partnerships that many of the key 
stakeholders are participating in SR3. 

Contributors are also groups of key stakeholders who are participating in SR3 . 
Examples of contributing entities include water user organizations, watershed 
councils, special interest groups, universities, private power providers, and other 
tribes and state and Federal agencies. The SR3 Leadership Team places high 
value on the sharing of information, data and concerns, and seeks input from those 
who may be affected by the decisions made concerning the operation of the Snake 
RiverlReservoir system. Contributors often provide this input at the request of the 
SR3 Leadership Team, and serve as important conduits of information between 
SR3 and constituencies who often have lega)., economic or social interests in the 
Snake River and its resources and/or uses. 

What Are the Public Participation Goals for SR3 ? 

To be credible, it is necessary for SR3 to communicate the needs for SR3, and how 
the various SR3 products are being developed to meet these needs. Thus, the 
public participation efforts are designed to meet the following goals and 
objectives: 

• Identify public concerns and issues, so that the DSS created by SR3 can 
address those areas of concern in the Snake River basin. 

• Increase public awareness of the complexity of managing the Snake River 
by providing information about resources, river and reservoir system 
operation, and potential trade-offs in water operations. 

• Facilitate people coming together in the future to solve the complex issues 
associated with the Snake River by creating an improved communications 
process between the interested public, key stakeholders, and decision 
makers. 
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What Is SR1'S Strategy for Meaningful Public Participation and Effective 
Outreach? 

The SR3 Leadership Team adopted the Bleiker SDIC methodology2. SDIC is a 
methodology in which management tools are systematically applied to improve 
public agencies' implementation capabilities. Often referred to as Citizen 
Participation by Objectives, the SDIC methodology contends that substantial 
effective agreement on a course of action (SEACA) is the minimum agreement 
required to make a project implementable in the public sector; an environment 
where some or all affected interests hold veto power. 
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Key to achieving SEACA is successfully communicating to the public that 
someone's quality of life will be reduced below what it is, or ought to be, unless a 
particular problem is solved or prevented. To communicate this, Bleiker suggests 
using the following key message points: 

1. identify the problem (or potential missed opportunity) that has to be 
addressed. Often this is done by articulating the null alternative. 

2. establish that you are the right entity to be addressing this 
problem/opportunity. Providing an aUdience-appropriate description of 
your responsibilities or raison d' etre communicates this point. 

3. explain that the approach you are using in addressing the 
problem/opportuhity is reasonable, sensible and responsible. 

4. demonstrate that you are listening and you care. 

Bleiker equates substantial effective agreement on a course of action to informed 
consent. In the SDIC methodology, informed consent is defined as "the grudging 
willingness of opponents to (grudgingly) go along with a course of action that 
they, actually, are opposed to."3 The following depiction distinguishes Bleiker's 
definitions of "informed consent" and "consensus": 

2Bleiker, Hans and Annemarie; Citizen Participation Handbook for Public 
Officials and Other Professional Serving the Public: IPMP, Monterey, CA 1995. 

3(Bleiker; ibid) 
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The SRJ Leadership Team analyzed the draft public outreach plan to determine if 
the outreach techniques proposed in the plan fulfilled the fifteen citizen 
participation objectives defined by Bleiker". Interestingly, the draft plan, as 
written, was very much consistent with Bleiker's methodology for achieving 
informed consent. Clearly, the Leadership Team's intuitive direction was 
syncronistic with Bleiker's approach. Perhaps this explains the Leadership 
Team's choice of strategy for public participation! 

In addition to ensuring that the outreach plan was aligned with the SDIC 
methodology, the SR3 Leadership Team made the SDIC training available to 
Reclamation, university, agency, and consultant staffwho were involved in the 
SR3 process. This enabled many key participants to gain a common 
understanding of the purpose of public participation in SR3, and the approach 
which would be used. 

In April 1997, SR3 sponsored a workshop. All people working on SR3 were 
invited, as well as partnership entities and key stakeholders who were 
contributors. At this workshop, participants went through the exercise of 
completing Bleiker's grid for identifying and relating Potentially Affected 
Interests (PAl's) and issues. This was a significant event in the public 
participation effort ofSR3 • Workshop attendees formed small groups, each a mix 
of water users, environmental interests, tribes and agencies. Through this process, 

4 (Bleiker; ibid) 
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these small groups with their divergent perspectives and interests jointly 
acknowledged each other as entities with interests likely to be impacted by the 
SR3 process, and identified the issues important to one another. Everyone began 
to realize the enormity, complexity and controversy involved in SR3. 

Anned with the input from key stakeholders on their perceptions of PAl's and 
issues, the Leadership Team as a whole went through an intensive exercise of 
analyzing their situation and applying the SDiC approach. The Leadership 
Team: 
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• identified who they would consider the PAl's throughout the SR3 process; 

• rigorously answered questions for each of the 15 SDiC citizen 
participation objectives; 

• identified all of the SEACA needs for each objective; 

• ranked the objectives by high, medium and low priorities; 

• correlated the appropriate objectives to the citizen participation 
techniques; 

• identified those techniques which would serve SR3'S purposes; 

• selected those techniques which SR3 would use; and 

• added other outreach techniques as they deemed appropriate. 

This endeavor was important in that it resulted in a unified view and common 
understanding among Leadership Team members of what needed to be 
accomplished in the arena of key stakeholder participation and the broader public 
outreach program, as well as the weak and strong parts of the over all SR3 process. 

What Is the Current Status ofthe SR3 Public Participation Effort? 

To date, SR3 has implemented the following communication techniques: 

• operating an SR3 Speaker's Bureau to provide presentations about SR3; 

• conducting public forums and technical meetings throughout the basin to 
exchange information; 

• disseminating an SR3 contact list which provides interested publics a way 
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to contact a specific work group member or staff person regarding a 
particular SR3 issue; 

• providing a toll-free phone number; 

• establishing a homepage on the world wide web (www.pn.usbr.gov/sr3); 

• producing an SR3 video, One River, Many Voices; 

• producing displays for use at meetings and conferences; 

• distributing printed materials via the SR3 mailing list of over 1600 people;· 

• periodically publishing bulletins called River Currents; and 

• producing the SR3 Mid Term Report. 

Where ever appropriate in these communication techniques, SR3 has incorporated 
Bleiker's four key message points. For example, the first River Currents and the 
script for the video One River, Many Voices both identify the problem/articulate 
the null alternative, establish Reclamation's authority to be addressing this 
subject, explain the approach SR3 will be using, and emphasize SR3·s commitment 
to "involving people with an interest in a healthy Snake River". 

The public participation effort for the first half of the Review has focused on: 

• determining what strategy to use in getting the message out (SDIC chosen) 
and implementing the strategy; 

• identifying, designing and developing the tools necessary to deliver the 
message; and 

• delivering the general message to, and getting feedback from the 
appropriate audiences. 

All of these objectives have been successfully accomplished. And, the SDIC 
methodology has served SR3 well. Better communication is an intangible benefit 
which is difficult to quantify, and always leaves room for improvement. 

However, it is possible to track progress towards this goal by noting the frequency 
and magnitude of interaction among people. 
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During the first half of SR3, there have been substantive productive improvements 
in the communications between natural resource professionals and hydrology 
professionals both within Reclamation and across agencies and entities. Dialogue; 
between Reclamation and the Tribes within the basin has become more frequent. 
Openly sharing information and frankly discussing tough issues with the water 
user community has become the norm in SR31

S program. Fielding inquiries from, 
and providing information to the general public is an ongoing routine. And, 
bringing all of these entities together has come to be expected within this basin, as 
evidenced by the reaction of disappointment to the cancellation of one SR3 
workshop in December of 1997. 

What Are the Next Steps for the SR1 Public Participation Effort? 

Clearly, communication with all interests in the basin has opened up. Yet, there 
remains more work to be done if the communications network which facilitates 
people coming together to solve the complex issues associated with the Snake 
River basin is to continue beyond the lifespan ofSR3 itself. Achieving this long 
term change, which is the third goal of the SR3 public participation program, will 
be a primary focus during the second half of SR3's process. 

The Leadership Team will reapply the SDIC analytical framework to guide the 
public participation and outreach activities in the last stages of SR3. At this point, 
we expect that the public participation and outreach efforts will be designed to: 

• keep people informed of progress; 

• get input from appropriate sources as needed to continue the development 
of the best possible DSS and to maintain the most current data on natural 
and other resources; 

• prepare for the transition from development to use of the SRDSS; and 

• communicate the value to water management which results from the PN 
Region having conducted SR3 . 

SR3 1
S experience thus far has shown that reapplying the SDIC methodology at 

major transition points in the life cycle of a project is important. In the case of 
SR3, there was a shift in the issues around which informed consent needed to be 
developed. 

Initially, issues around the need for SR3 , the legitimacy of the SR3 process, and 
Reclamation's authority to conduct SR3 were critical to address in order to 
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develop infonned consent among the PAl's who were most likely to impede the 
implementation of SR3. Presently, SR3 is at the mid tenn of its life cycle. At this 
point, accuracy of data, methodology for gathering data, characterization of 
infonnation, and other technical issues are critical. For SR3 to continue on 
towards implementation, infonned consent around these technical issues must be 
developed so that the SRDSS is credible as a tool to be used to support decision 
making about operating the Snake RiverlReservoir system. 

The Leadership Team expects that as the SR3 process progresses from building 
the SRDSS to implementing it, there will be yet another shift. At that time, 
developing infonned consent around the newly emerging issues will be critical to 
keeping SR3 on track towards the successful achievement of it's purpose. 

SR3's experience thus far has shown that reapplying this particular methodology at 
major transition points in the life cycle of a project is important. Furthennore, it 
is incumbent upon those of us working in the public participation arena to be 
knowledgeable of the different methodologies available, to select an appropriate 
methodology, and apply it properly. Productive stakeholder involvement does not 
happen by accident. 



DEVELOPING WATER INDICES FOR DISTRIBUTING INCREASED 

NILE WATER YIELD AMONG THE NILE BASIN COUNTRIES 

Hesham Mostafa Ale Mohamed Rami Mahmoud2 

ABSTRACT 

The River Nile is one of the longest rivers in the world. It is shared by ten 
countries, all in varying states of development. Numerous studies indicate Nile 
water resources are not fully utilized. In fact, the Nile Basin's riparian countries 
utilize less than 50% of the river's total water resources. Cooperation amongst 
these countries has been recently encouraged to decrease river water losses and 
increase the water yield. In this study, expected water yield increase (losses 
saved) is divided amongst the riparian countries based upon each country's ''water 
index". These indices are developed using several parameters that 
characterize/individualize each country, including its present available water 
resources and average water per capita as well as its population, aver-age income, 
future water demand and the dependence of the country's income on agri-culture 
and other resources. It was found that the most critical and difficult aspects of 
developing such indices is interlinking economic, social, institutional and 
environmental factors. All considered, the water index has a substantial and 
potentially equitable effect when estimating each country's share of the increased 
water yield. 

INTRODUCTION 

The Problem of allocating a limited water supply among a river riparian countries 
is not new. Reaching an agreement on the equitable allocation of an international 
river basin is a complex matter. For the principle of equitable use to be applied, 
there must exist a measure of equity. This measure should be relatively simple 
for each state to measure and determine its water share. 

The Helsinki rules give some indications about the factors which could be taken 
into consideration. These factors include geography, Hydrology, climate, Past 
and present utilization, economic and social needs, population dependent on the 
water, comparative costs of alternative means to meet needs, availability of other 

I Researcher, Director of Minister's Office, Ministry of Public Work & Water Resources, Komish 
EI-Nile, Imbaba-Giza 12666- Egypt. 

2 Researcher, General Supervisor ofInformatiOll Center & DSS, Ministry of Public Work & Water 
Resources, Komish EI-Nile, Imbaba-Giza 12666- Egypt. 
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resources, avoidance of unnecessary waste, practicability of compensation, and 
degree to which needs of one state can be met without substantial injury to 
another. Because of the difficulty of including all these factors in developing 
water indices of allocating the increased river Nile yield among the basin 
countries, only some of these factors have been used. 

LITERATURE REVIEW 

Different studies have been done to approach the equitable utilization of 
international river basins. long, 1995, recommended some steps to be taken in 
order to achieve optimum utilization of the Nile river water resources. These 
steps include: 

a) A negotiating body for the basin needs to be established with a mandate to 
develop a strategy aimed at optimizing the water resources for the benefit of 
all. 

b) The ground rules, including the choice of parameters to form the basis for an 
allocation formula, need to be agreed to by all relevant governments at an 
early moment. 

c) A strategy should be formulated, with hydrological by significant and reliable 
allocations. 

d) An institutional framework needs to be defined to ensure the smooth 
implementation of the strategy, including a mechanism to incorporate up to 
date hydrological socio-economic data into the allocation mechanism. 

Fahmy et al, 1995, investigated the potential in using Multi-criteria Analysis 
(MCA) for ranking the riparian countries according to their water needs from any 
future water resources development projects. The investigation included the 
comparison between the different MCA techniques, the sensitivity of the rank 
reached to weight uncertainty and effect uncertainty. Socio economic issues and 
political aspects of the integrated river basin development are explicitly addressed 
through MCA. 

Zarour et al, 1994, presented a formula for sharing international water resources. 
The formula is based on the concept of natural capacities and is compatible with 
the principles of international law. 

Colombi, 1995, gives the principle of equitable utilization of the waters of the 
Nile which might actually be applied and the tools needed to determine the 
abstractions to which each country might be entitled and the monitoring needed to 
ensure compliance. 
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Thiessen et al, 1992, addressed the negotiation process required when there are 
multiple decision makers with conflicting objectives. He described a computer 
Program designed to assist such negotiation processes. This interactive computer 
assisted negotiation support system is designed for dynamic, muti-issue, multi­
party negotiation problems. 

HOW CAN WE DEVELOP A COUNTRY WATER INDEX? 

A Country Water Index (CWI) can be developed by reducing measurements of 
two or more water factor variables to a single number or a set of numbers, words, 
or symbols that retain the meaning through a sequence of mathematical 
manipulations. Conceptually, a CWI is viewed as consisting of two fundamental 
steps: 
a) Calculation of the sub-indices for the factor variables used in the index. 
b) Aggregation of the calculated sub-indices into the overall index. 

Suppose we are considering a set of numbers for Z factor variables, in which Xl 

denotes the value for the first factor variable, X2 denotes the value for the second 
factor variable, Xz denotes the value for the Zlh factor variable. Then the set of 
numbers is denoted as (XhX2,x3, ••••• ••.• .•. ,x.). For each single water factor 
parameter variable x., a sub-index I. is computed using sub-index function fz (xz): 
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(I) 

Each sub-index function may consist of a simple multiplier, or the water factor 
variable raised to a power, or some other functional relationship. 

Once the sub-indices are calculated, they should be aggregated together in a 
second mathematical step to form the final index: 

J=g(lJ, hI;, ... ....... IJ (2) 

The aggregation function usually consists either of a summation operation in 
which individual sub-indices are added together or a multiplication operation, in 
which a product is formed of some or all of the sub-indices, or a maximum 
operator, in which just the maximum sub-index is reported. 

SELECTION OF WATER FACTOR PARAMETERS ON W1DCH THE 
INDEX IS BASED 

According to Helsinki rules, there are many water factor parameters which might 
be used in developing the country water Index. Some of these parameters have 
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much more effect than the others. Therefore, it appears practical to use only those 
characteristics that are of greatest significance. 

In the present study, six factors have been considered in developing CWI. These 
factors include: 
1- Water availability in each Nile basin country. 
2- Country population. 
3- Population growth in each country. 
4- Agriculture percentage in each country GNP. 
5- Percentage of water withdrawal of total available water resources. 
6- Country basin area. 

Table (I) shows the values of the water factors which is used in developing CWI. 
Because of the shortage of data available about Eritria, only data of 9 Nile Basin 
Countries are used. 

Table (1) Values of Water Factors Used in Developing CWI 
Country (1) (2) (3) (4) (5) (6) 

(1992) 
(109 m3

) (106
) (%) (%) (%) (I03·Km2

) 

I-Burundi 3.6 5.8 3.6% 63% 2.8% 28 
2-Egypt 58.9 59 2.6% 16% 98% 1002 
3-Ethiopia 110 50.3 3.1% 45% 2% 113I 
4-Kenya 15 25.4 4.2% 26% 7.4% 583 
5-Rwanda 6.3 7.4 3.8% 40% 2.4% 26 
6-Sudan 120.8 25.9 2.7% 32% 14.3% 2506 
7-Tanzania 76 27.2 3.3% 55% 0.6% 945 
8-Uganda 66 19.3 3.4% 72% 0.3% 236 
9-Zaire 1019 39.9 2.9% 32% 0.1% 2345 

Sources: INBA. Bulletin, VoL 1(2),1995 
Copyright 1990 Pc Globle, Inc. Tempe, Az, USA 

DEVELOPMENT OF FUNCTIONS FOR SUB-INDICES 

To develop a CWI, it was rational to start by defining the mathematical function 
to be used to calculate the sub-indices. 

It is fundamental to find valid mathematical functions relating water factor 
variables to their effects on Nile Basin country water share. The Nile Basin can 
be considered as a one unit divided into subunits (countries). Each country bas its 
water share according to the water factor part it bas relative to what the whole 
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Basin has. Accordingly, Both population and area sub-indices can be calculated 
using these functions: 

i=n 
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lij = Xij / LXij 
i=J 

(3) 

Where 
= 1, ...... n, j =1, ....... m 

n =No.ofcountries 
m = No. offactors 
lij = Country i sub-index due to factor j 
Xir Water factor number related to country i and factor j 

To calculate the population growth sub-index, the population growth in the next 
25 years was first estimated for each country Xi.3 then the sub-index is estimated 
using equation (3). 

% Agriculture sub-indices (li,4) are calculated by first estimating the value of the 
agriculture production (Xi,4) and then using equation (3) to find the sub-indices. 
To Calculate % withdrawal sub-indices (Ii,S), the water volume withdrawal of 
each country is first estimated (Xi,S) and then equation (3) is used to find each 
country sub-index. 

The calculation of water availability sub-indices (li,I) is slightly different. It is 
clear that as the water availability increase, the sub-index should decrease. Two 
steps have been followed to estimate these sub-indices: 

Where: 

I=n 

hI = a;./ La;,J 
;~I 

n = No. of countries 
Xi,l = Water availability factor number related to country i 
li,l = Water availability country sub-index 

Table (2) shows the sub-indices of the different water factors. 

(4) 

(5) 
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Table (2) Subindices of Different Water Factors. 
Country (1) (2) (3) (4) (5) (6) 
Burundi 0.49 0.022 0.027 0.038 0.002 0.003 
Egypt 0.03 0.227 0.176 0.234 0.719 0.114 
Ethiopia 0.016 0.193 0.191 0.124 0.027 0.128 
Kenya 0.118 0.098 0.151 0.105 0.014 0.066 
Rwanda 0.28 0.028 0.038 0.033 0.002 0.003 
Sudan 0.015 0.10 0.081 0.128 0.215 0.285 
Tanzania 0.023 0.105 0.113 0.102 0.006 0.107 
Uganda 0.027 0.074 0.084 0.148 0.002 0.027 
Zaire 0.002 0.153 0.138 0.089 0.013 0.266 

SELECTION OF AN AGGREGATION FUNCTION 

Once the sub-indices are calculated, the aggregation process starts to reduce the 
information. This process is the most important step in developing a CWI. 
Aggregation of sub-indices reduced the number of sub-indices and adds analytical 
and interpretive value to the process. 

There are many different aggregation functions which can be used. Weighted 
linear sum form is the function which is used to calculate CWI and can be 
presented mathematically as: 

where: 
1= 1,2, ......... ,9 
m =6 

m 

(CWI)i = I Iij Wj 
j=1 

m 

Iijj=l 
j=1 

Wj = Weight given to a water factor 

(6) 

(7) 

Six different cases have been studied where a priority was given to one or more of 
the water factors with a higher weight (Wj) than the others. These six cases are: 

Case (1): Ws = 217 , 
Case (2) : W3=Ws=1I4, 
Case (3) : W3=W4=Ws=2/9, 

W,=W2=W3=W4=W6=117 
W,=W2=W4=W6=1I8 
W,=W2=W6=1I9 
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Case (4): W\=W3=W4=WS=1/5 , 
Case (5): W\=Wl=WJ=W4=Ws=2111, 
Case (6): W\=Wl=WJ=W4=WS=W6=1/6 

Wl=W6=1/1 0 
W6=1/11 

In these different cases a priority was given first to the percentage water 
withdrawal and then to the population growth, percentage agriculture in GNP, 
water availability, population, and country area. 
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Figures (1) to (6) show the Nile Basin countries indices for the six different cases. 
It is noticed from these figures that Egypt has the highest index and consequently 
the highest water share, which ranges between 0.25 and 0.317. Sudan has the 
second highest CWl and ranges between 0.124 and 0.148. Uganda has the lowest 
water share which ranges between 0.052 and 0.066 followed by Rwanda which 
has a share ranges between 0.051 and 0.074. These water indices can be easily 
used in distributing the expected increased Nile Water yield among the Nile Basin 
countries. Figure (7) shows the average CWl of each country 

CONCLUSION 

Simple country water indices (CWl) applicable for dividing the increased Nile 
Water yield among the different riparian countries have been developed. These 
indices take into consideration different factors which represent the country and 
have a considerable effect when estimating the country's share of the increased 
water yield. These factors included the water availability, population, growth 
population, % Agriculture in GNP, % country's water withdrawal of its water 
Resources, and country's area. The results show that Egypt has the highest water 
Index which ranges between 0.250 and 0.317 while Uganda has the lowest water 
Index which ranges between 0.052 and 0.066. 

RECOMMENDATIONS 

The procedure used in developing the Indices by suggesting different weights for 
each factor is a trial to put different priorities for the different factors. It is 
recommended that the different parties involved in the problem of determining the 
water share should decide together the different weights of the different water 
factors before using the previous procedure to develop the water indices. 



184 

1;\ 
c 
~ 

0.350 

0.300 

0.250 

0.200 

0.150 

0.100 

0.050 

0.000 

0.350 

0.300 

0.250 

0.200 

0.150 

O.tOO 

0.050 

0.000 

USCID Conference on Sbared Rivers 

··· ··········-tH"7············ ·········· ··· ······· ·· ··· ..................................... .. ...... ... . 

COUNTRY 
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Fig. 2. Nile Basin Countries Indices (Case 2) 
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Fig. 3. Nile Basin Countries Indices (Case 3) 

0.288 

CQUNlRY 

Fig 4: Nile Basin Countries Indices (Case 4) 
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THE MACXENZIE RIVER BASIN BOARD, 

A UNIQUE BODY FOR A UNIQUE RIVER 

Thomas J. Cottrel11 Richard L. Kellow2 

ABSTRACT 

The Mackenzie River, Canada's largest northward-flowing 
river, snakes through an area of northwestern Canada 
with a unique geographic, cultural and political 
setting. With six political jurisdictions having 
water-management responsibilities, it is truly a shared 
river. Eighty-eight percent of the population reside, 
and most development occurs, in the headwaters south of 
the 60 th parallel. Hence, people in the north are 
concerned about downstream effects. 

To address cooperative water management, the 
Governments of Canada, British Columbia, Alberta, 
Saskatchewan, the Northwest Territories and the Yukon 
Territory signed the ~ackenzie River Basin 
Transboundary Waters Master Agreement-. This Agreement 
establishes common principles for management of the 
aquatic resources, creates an administrative 
organization to manage the Agreement and requires the 
negotiation of seven, bilateral agreements on 
transboundary streams. 

The jointly-funded Mackenzie River Basin Board will 
have up to 13 members; eight from the Parties to the 
Agreement plus five Aboriginal representatives - one 
for Aboriginal organizations in each province and 
territory. The unique nature of the Board is in this 
Aboriginal representation. Many people in the north 
are Aboriginal with a traditional lifestyle dependent 
on a good quality and adequate quantity of water. 

Interim Executive Director, Mackenzie River Basin 
Board, '200, 4999 - 98 th Ave., Edmonton, Alberta, 
Canada T6B 2X3 

2 Executive Director, Prairie Provinces Water Board, 
2365 - Albert st., Room 300, Regina, Saskatchewan, 
Canada S4P 4Kl 
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All jurisdictions are committed to managing the shared 
water resources in a fair and equitable manner, 
recognizing differing interests and needs, while 
preserving the ecological integrity of the aquatic 
ecosystem. 

INTRODUCTION 

The notion of ·Shared Rivers· means that governments, 
companies, organizations, interest groups and the 
people who live in a river basin must be creative in 
blending their interests, cooperating in their 
activities and managing the river to ensure its 
sustainability. The intent being to reduce conflict 
where jurisdictions may argue over what is their 
entitlement to a valued, transboundary resource. The 
Conference sub-title, "River Basin Management to Meet 
Competing Needs·, completes this image by reminding us 
there are a variety of uses, each with their own needs 
that require different management regimes, and 
competing trade-offs that must be considered. 

This is the challenge for the Mackenzie River Basin, 
one of Canada's largest water systems. 

THE MACKENZIE BASIN 

Geography 

The Mackenzie River flows northward out of a vast area 
of northwestern Canada into the Beaufort Sea 
(Figure 1) (Lewis et al., 1991). One of the world's 
truly great river systems with a mean annual discharge 
of about 9,000 m3/s, it encompasses 1,805,200 km2 
697,000 mi2), ranks twelfth largest by drainage area 
and is over one-sixth the area of Canada*. 

The size, geographical complexity, biological diversity 
and cultural mixture of the Basin are amazing. It 
encompasses four physiographic regions in Canada -
western cordillera, the northern extension of the 

*total area is about 9,976,000 km2 
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interior plain, Precambrian shield and arctic coastal 
plain. It is Canada's largest northward-flowing river 
system with six major drainage subbasins - Peace River, 
Lake Athabasca including Athabasca River, Great Slave 
Lake including Slave River, Liard River, Great Bear 
Lake and the Mackenzie River itself with several large 
tributaries (Figure 2). There are a total of 87 
transboundary sub-basins. 

Great Bear and Great Slave lakes and Lake Athabasca are 
three of the world's four largest sub-arctic lakes. 
There are two significant freshwater deltas - the 
Peace/Athabasca delta off the western end of Lake 
Athabasca and the Slave River delta on the southern 
shore of Great Slave Lake. The vast Mackenzie River 
delta ranks as the world's tenth largest marine delta 
(Mackenzie River Basin Committee, 1981). 

Major Lates, Deltas and Rivers 

Lak •• _ter 
Great Bear Lake .ur~aae area 
Great Slave Lake (1aII2) 
Lake Athabasca 30 800 

26 900 
7 850 

0.11:&. area (1aII2) 
Mackenzie River Delta 12 000 
Peace-Athabasca Delta 6 070 
Slave River Delta 385 

ai_r. length (ta) 
Mackenzie River 1 650 
Peace River 1 650 
Athabasca River 1 280 
Liard River 1 100 
Slave River 415 

Political Jurisdictions 

Three provinces and two territories encompass the 
Mackenzie Basin. With the 60th parallel dividing the 
Basin roughly in half (Figure 1), British Columbia, 
Alberta and Saskatchewan house the headwaters of the 
Peace and Athabasca Rivers and Lake Athabasca 
respectively. The Yukon Territory has the headwaters 
of the Peel and Liard rivers. The Northwest 
Territories, being so vast, covers 45% of the total 
drainage area. 
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Responsibility in Canada to manage the environment and 
natural resources, including water, is shared by the 
federal and provincial governments. Within the 
provinces, the provincial governments have primary 
jurisdiction for management of water. The Government 
of Canada, however, has jurisdiction over international 
waters, navigation, fisheries and management of water 
on federal and Indian lands. 

Within the Yukon and Northwest Territories, the federal 
government has direct water management responsibilities 
through the Department of Indian Affairs and Northern 
Development. Currently, however, some discussions are 
underway to devolve those responsibilities from the 
federal to the Yukon territorial government. 

In addition to the governments' roles in resource 
management, Aboriginal organizations and First Nations* 
are gaining direct management responsibilities as a 
result of settlement of land-claim negotiations and 
modern interpretation of Treaty rights. This process 
will affect future water management throughout the 
Basin as settlements are achieved. 

Cultural and Economic Setting 

Major river basins world wide typically have a large 
port city which developed at the mouth of the river and 
spread its development and influence gradually upstream 
into pristine environments. The northward-flowing 
Mackenzie River is just the opposite. Most development 
is in the warmer, southern, upstream areas in British 
Columbia and Alberta. In contrast, development has not 
progressed as much in the northern, downstream areas in 
the Northwest Territories. As a result, the people and 
environment downstream get the cumulative impact of 
development. 

*First Nations: A term being used by the majority of 
different groups of self-governing Indian people in 
Canada who usually reside on reserve lands and in many 
cases were previously referred to as Indian Bands under 
the federal Indian Act. 
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The southern and northern portions of the Basin also 
have somewhat different cultural and economic 
conditions. The provinces have industrial economies 
based on the utilization of natural resources -
hydroelectric power, forest products, oil and natural 
gas, oil sands, minerals and agriculture. As well, 
about 88 percent of the 360,000 people in the Basin 
resides in British Columbia and Alberta. 

In the Northwest Territories and Yukon, however, the 
population of Aboriginal people to non-Aboriginal is 
higher than in the provinces. Generally, non­
Aboriginal people live in urban centres while the 
population in the smaller communities is Aboriginal. 
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As well, many Aboriginal people live a traditional 
lifestyle dependent upon the maintenance of the natural 
environment. Rivers and lakes are highly valued and at 
the core of the culture. They are primary sources of 
drinking water, habitat for fish and wildlife species 
that are hunted, trapped and fished for food and 
income, and transportation routes during both the 
summer and winter. 

Throughout northern areas, the prime concern of many 
people is to be able to continue to have good quality 
water to drink and fish which are safe to eat. 
Therefore, maintenance of ecological integrity and the 
quality of the environment is critical. 

THE MANAGEMENT CHALLENGE 

In the late 1960s, public concern began to grow about 
the effect of industrial development in the headwaters. 
It became apparent that a number of large, water­
related projects that were planned or underway in 
upstream areas had the potential to cause significant 
impacts on downstream neighboring jurisdictions. As a 
result, representatives of the six governments with 
responsibilities in the Basin began discussions in 1972 
to explore a management program that could accommodate 
the different interests and needs of governments, 
industry and communities. 

As a result of this preliminary work, it was recognized 
there was a need for a more comprehensive investigation 
to increase knowledge on which decisions could be made 
and what management program developed. To meet this 
need, the six governments agreed in 1977 to establish 
the Mackenzie River Basin Committee to undertake a 
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cost-shared $1.6 million study to increase the 
understanding of the water and related resources of the 
Basin. 

In August 1981, the Committee completed the research 
program and submitted to the governments the Mackenzie 
River Basin Study Report with nine recommendations. 
The most important recommendation called for the six 
governments to conclude -an agreement through which 
trans-boundary water management issues such as minimum 
flows, flow regulation and water quality could be 
addressed at boundary-crossing points in the Mackenzie 
River Basin and which establishes a permanent board to 
implement the provisions of the Agreement." 

It was determined subsequently that this recommendation 
would best be achieved by having two sets of agreements 
among the jurisdictions. First would be a series of 
bilateral agreements between neighbouring governments 
dealing with specific water quantity and quality 
issues. Second, there would be an umbrella or master 
agreement, which all governments in the Basin would 
sign. It would provide a clear articulation of overall 
guiding principles in order to ensure a consistent 
approach among the governments in concluding bilateral 
agreements. The master agreement would also establish 
operating rules to guide relations among the 
jurisdictions. 

In 1982, the Committee began to implement the 
recommendations, and work was undertaken on the 
bilateral agreements. By 1986 it became apparent that 
the process of negotiations would benefit from the 
articulation of overall guiding principles for water 
management that would be in the Master Agreement. So 
in 1988, serious negotiations among the governments 
began in earnest to craft a master agreement that would 
meet the challenge of inter-jurisdictional management 
of the shared rivers. 

Development of the final draft master agreement 
required extensive public consultations across the 
Basin, particularly with Aboriginal organizations and 
First Nations. Their input was very important. 
Indeed, it had a significant impact on both the process 
of negotiations among the jurisdictions and the 
detailed provisions of the agreement. More than any 
other single aspect, it was their input which ensured 
that the shared rivers would be managed in a fair and 
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equitable manner so as to maintain the ecological 
integrity of the aquatic ecosystem. 
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After several years of negotiations, the Mackenzie 
River Basin Transboundary Waters Master Agreement was 
concluded. It was signed by the governments of Canada, 
British Columbia, Alberta, Saskatchewan, the Northwest 
Territories and the Yukon Territory, and came into 
effect on July 24, 1997. 

THE AGREEMENT 

The Master Agreement has four main components. First, 
it contains common principles for the cooperative 
management of the aquatic ecosystem within the 
Mackenzie Basin. Second, it establishes a set of 
administrative mechanisms to facilitate enactment of 
these principles and manage relations among the 
Parties. The most important such mechanism is the 
creation of the Mackenzie River Basin Board and a 
Secretariat to manage the affairs of the Board. Third, 
the Agreement makes provision for the negotiation of 
the seven, bilateral sub-agreements on transboundary 
waters between neighbouring jurisdictions. Fourth, it 
contains a dispute resolution process so the Parties 
can sort out differences and disputes in an amicable 
fashion. 

Principles 

The Agreement describes a set of five principles on how 
transboundary water resources will be managed 
cooperatively. By signing the Agreement, each Party 
indicated they will operate by these principles in a 
collaborative and cooperative fashion. The Agreement 
states that the Parties are committed to: 

1. Managing the Water Resources in a manner 
consistent with the maintenance of the Ecological 
Integrity of the Aquatic Ecosystem; 

2. Managing the use of the Water Resources in a 
sustainable manner for present and future 
generations. 

3. The right of each to use or manage the use of the 
Water Resources within its jurisdiction provided 
such use does not unreasonably harm the Ecological 
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Integrity of the Aquatic Ecosystem in any other 
jurisdiction; 

4. Providing for early and effective consultation, 
notification and sharing of information on 
developments and activities that might affect the 
Ecological Integrity of the Aquatic Ecosystem in 
another jurisdiction; and 

5. Resolving issues in a cooperative and harmonious 
manner. 

Mackenzie River Basin Board 

The Mackenzie River Basin Board (MRBB) will have a 
total of thirteen members. The federal government will 
have three representatives, one from each of the 
Departments of the Environment, Indian Affairs and 
Northern Development, and Health. There will be two 
members from each of the five provinces and 
territories. One of those two members will be an 
Aboriginal person representing Aboriginal organizations 
in each jurisdiction. 

The unique nature of the Board is in this Aboriginal 
representation. Their presence recognizes the fact of 
the predominant Aboriginal population in the north with 
a special relationship to the land and water resources. 
Their presence also ensures a breadth of future 
decision-making and public participation that may not 
otherwise be possible. 

Each provincial and territorial government is in 
discussions with the Aboriginal organizations and First 
Nations within their portion of the Basin to identify 
one person among them who would be their 
representative. Once that person is nominated by the 
Aboriginal organizations, he or she would be appointed 
by the government Minister responsible for the 
Agreement to be that jurisdiction's Aboriginal 
representative on the Board. 

The MRBB will become fully operational after November 
21, 1998 when the present Mackenzie River Basin 
Committee will be dissolved. Support to the MRBB is 
provided by an independent Secretariat. It is located 
in Edmonton, Alberta within the offices of Environment 
Canada which provides administrative support. The job 
of the Secretariat is to ensure that provisions of the 
Agreement are met, to manage the operation of the MRBB, 
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facilitate the working relations among the Parties and 
initiate and undertake any study projects or public 
participation initiatives. 

The Board is funded by contributions of all Parties up 
to a maximum, total budget of $280,OOO/year. The 
Government of Canada pays 2/7 of that amount. 
Environment Canada acts as the banker for the MRBB in 
the first instance. 

Typical of intergovernmental agreements, the Master 
Agreement contains a termination clause. Any Party, 
upon one year's written notice to the other Parties, 
may end its participation whereupon the entire 
agreement is terminated, including any bilateral 
agreements attached as schedules to the Master 
Agreement. 

Bilateral Agreements 

An important component of the Agreement is the 
requirement for neighbouring jurisdictions to negotiate 
the seven, bilateral, water sub-agreements. As these 
are concluded, they will be added as schedules to the 
Master Agreement. It is in these bilaterals that the 
detailed water quality, quantity and flow parameters 
will be specified for transboundary streams at 
boundary-crossing points. These bilaterals will put 
the ~eat on the bones· of the Master Agreement and 
create active, working relations among the 
jurisdictions. While the bilaterals will be between 
neighbouring provinces and territories, the federal 
Department of Indian Affairs and Northern Development 
will be involved in the bilateral agreements of the 
territorial governments since it is the water manager 
in the north. 

The bilateral agreements of the upstream jurisdictions 
south of the 60th parallel are critical components of 
the entire structure of water management regimes across 
the Basin. The Northwest Territories is intensely 
interested in the content of those upstream agreements. 
In fact, the principles of the Master Agreement ensure 
that the concerns and views of the Northwest 
Territories will be considered by upstream 
jurisdictions. 
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Dispute Resolution 

This fourth major component of the Agreement is a 
process to resolve disputes among the Parties. Where 
Parties experience some difficulty under the Master 
Agreement with another Party or have a concern that 
goes unresolved, any Board member may refer the dispute 
or concern to the Board for review. The Board may 
undertake any studies, prepare a report of the facts 
and circumstances or may appoint a panel to review the 
case. The Board may recommend to the Parties solutions 
or means to address the dispute. Where disputes remain 
unresolved, the Chairperson of the Board, acting on 
instructions of the full Board, may refer the dispute 
for resolution to the Ministers of the affected 
jurisdictions. Disputes related to a bilateral 
agreement may be referred, by one of the Parties to 
that agreement, to the Board for resolution in the same 
fashion. 

Duties of the Board 

The Agreement presents nineteen specific duties of the 
Board which must meet at least once a year. Some are: 

- developing and managing a budget required to 
fulfill the requirements of the agreement; 

- providing an annual report to the Ministers of 
the Parties to the agreement; 

- providing a forum for communication, 
coordination, information exchange, 
notification and consultation; 

- identifying, recommending and implementing such 
studies, investigations, programs and 
activities as are required to carry out this 
Agreement; 

- considering the needs and concerns of 
Aboriginal people through the provision of 
culturally appropriate communication and the 
incorporation of their traditional knowledge 
and values; 

- recommending uniform objectives or guidelines 
for the quality and quantity of the water; and 

- establishing technical committees as needed. 

An important future duty is to report on the state of 
the aquatic ecosystem within five years and every five 
years thereafter. Through these reports, the Board 
will be able to track its success in meeting the 
agreement's goals. 
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CONCLUSION 

The combination of the principles, administrative 
provisions (Board and Secretariat) and dispute 
resolution mechanism of the Master Agreement, together 
with the prescribed water parameters of the bilateral 
agreements, create a comprehensive set of conditions 
for cooperative management of the shared rivers. This 
unique institutional arrangement for a unique river 
will allow the Parties to collaborate to maintain the 
ecological integrity of the aquatic ecosystem. They 
will also be able to ensure that competing uses of the 
rivers can proceed within certain conditions, that 
water quantity will be maintained, and that people 
downstream will be able to rely on the quality of the 
water and the fish. 
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MEETING THE CHALLENGE OF IMPROVING MANAGEMENT OF A 

SHARED WATER RESOURCE IN TIIE LOWER COLORADO RIVER BASIN 

- A CALIFORNIA EXPERIENCE 

Arnold K. Dimmittl Fadi Z. Kamand2 

ABSTRACT 

Specific entities in Arizona, California, and Nevada, (herein referenced as the 
Lower Basin states), are entitled to use in the aggregate either more than, an 
amount equal to, or less than 7.5 million acre-feet (mat) of Colorado River water 
in a year depending upon a determination to be made by the Secretary of the 
Interior (Secretary). In 1996, net water diversions from the Colorado River in the 
Lower Basin states exceeded 7.5 maf for the first time after accounting for 
unmeasured return flows. Net diversions in the Lower Basin states also exceeded 
7.5 mafin 1997. It is projected that net diversions will exceed 7.5 mafin 1998 as 
well. Although entities in each state are entitled to use a certain yearly 
apportionment in the aggregate, entities in a Lower Basin state can utilize the 
unused apportionments of another Lower Basin state, subject to the approval of 
the Secretary. Also, entities in each state can use surplus Colorado River water 
when water in excess of7.5 mafis available, as determined by the Secretary. No 
doubt, improved management of Colorado River water in each of the Lower Basin 
states is a challenge and a key element in meeting future demands to ensure 
economic stability and sustained development. Capital expenditures are necessary 
to improve water use efficiency by agricultural and urban users, and to facilitate 
cooperative programs in which agricultural users reduce their use of water to 
permit urban users to maintain their level of use. For several decades, California 
has been exploring and implementing a spectrum of programs aimed at improving 
the management of its water supplies and reducing its dependence on Colorado 
River water. A brief description of several of these programs is presented. To 
date, major progress has occurred. Continued cooperative efforts among water 
agencies are needed for the timely implementation of additional identified water 
resources management programs to ensure the availability of reliable water 
supplies of high quality for future generations. 

I Principal Engineer, Metropolitan Water District of Southern California, 107 South 5th Street, 
Suite 200, EI Centro, California 92243. 

2 Engineer, Metropolitan Water District of Southern California, 350 South Grand Avenue, 
Los Angeles, California 90071 . 
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INTRODUCTION 

The allocation and management of Colorado River water is governed by a 
complex body of laws, court decrees, compacts, contracts, agreements, 
regulations, and an international treaty collectively known as the "Law of the 
River." The Colorado River Compact of 1922 divided the Colorado River Basin 
into Upper and Lower Basins and apportioned 7.5 million acre-feet (mat) of 
annual use to each basin, and an additional one maf of annual use to the Lower 
Basin. The Upper Basin states include Colorado, New Mexico, Utah, and 
Wyoming, while the Lower Basin states include Arizona, California, and Nevada. 
The 1931 Seven Party Agreement (Agreement) dermed California's Colorado 
River water use priorities (Table 1). The agricultural agencies, namely Palo 
Verde Irrigation District (palo Verde), the Yuma Project Reservation Division, 
Imperial Irrigation District (Imperial), and Coachella Valley Water District 
(Coachella), (herein referenced as the California Agricultural Agencies) held the 
first three priorities collectively to use up to 3.85 mafper year under the 
Agreement while the Metropolitan Water District of Southern California 
(Metropolitan) holds the fourth and fifth priorities of 1.212 maf per year. Under 
the Agreement, which has been incorporated in the Secretary of the Interior's 
(Secretary) water delivery contracts with Metropolitan, Palo Verde, Imperial, and 
Coachella, Metropolitan holds the right to store up to five maf of water in Lake 
Mead by reason of reduced diversions. This right has not yet been implemented 
by the Secretary. The 1964 United States Supreme Court Decree in Arizona v. 
California confirmed basic apportionments for use of2.8 maf, 4.4 maf, and 
0.3 maf per year in Arizona, California, and Nevada, respectively, when 7.5 maf is 
available. 

With increasing utilization of Colorado River water, entities in the Lower Basin 
states are faced with the challenge of improving their management of Colorado 
River water to meet present and future water demands. Although entities in each 
state are entitled to use a certain yearly apportionment in the aggregate, entities in 
a Lower Basin state can utilize the unused apportionments of another Lower Basin 
state subject to the approval of the Secretary. Also, entities in each Lower Basin 
state can use swplus Colorado River water when water in excess of 7.5 maf is 
available, as determined by the Secretary. To date, the U.S. Bureau of 
Reclamation (USBR), the agency that manages the allocation and use of Colorado 
River water in the Lower Basin states for the Secretary, has not implemented 
criteria for determining when swplus water will be available in the future. In 
1996, net water diversions in the Lower Basin states from the Colorado River 
exceeded 7.5 maf for the first time after accounting for unmeasured return flows. 
Net diversions in the Lower Basin states also exceeded 7.5 mafin 1997. The 
USBR projects that 1998 net diversions by entities in the Lower Basin states will 
exceed 7.5 maf in the aggregate. 
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Table 1.--Seven Party Agreement Priorities 

Priority Entity Acre-feet/year 

1. Palo Verde Irrigation District (Valley Lands) 
2. Yuma Project, Reservation Division 
3a. Imperial Irrigation District and Coachella 

Valley Water District 
3b. Palo Verde Irrigation District (Mesa Lands) 

Subtotal 3,850,000 

4. Metropolitan Water District 550,000 
5. Metropolitan Water District 662,000 

Subtotal 1,212,000 

6a. Imperial Irrigation District and Coachella 
Valley Water District 

6b. Palo Verde Irrigation District (Mesa Lands) 
Subtotal 300,000 

Total 5,362,000 

In December 1996, the other six Colorado River Basin states expressed in writing 
concern that California agencies appeared to be assuming that the Secretary would 
continue to approve the use of surplus water for the foreseeable future, allowing 
entities in California to continue diverting water in excess of California's basic 
4.4 maf per year apportionment. They requested that California develop a defined 
and enforceable plan to reduce its dependence on Colorado River water over its 
basic apportionment in a way that avoids undue risk of shortage to the other Basin 
states. Since then, the California agencies have been actively working together to 
develop a plan (herein referenced as ''the California Plan") which would allow 
California to live within its basic apportionment of Colorado River water when 
surplus and unused water is not available. A description of the proposed plan is 
provided below. 

Metropolitan, composed of 27 member cities, municipal water districts, and a 
county water authority, provides about 60 percent of the water used by more than 
16 million people in its 5,200-square-mile service area in Southern California 
(Figure 1). Metropolitan wholesales its water to its 27 member agencies who in 
tum sell it to their subagencies and/or end users. Metropolitan obtains its water 
from the Colorado River through the Colorado River Aqueduct which it owns and 
operates, and from Northern California through the State Water Project owned by 
the State of California and operated by the California Department of Water 
Resources. Metropolitan also provides funding to its member agencies to develop 
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additional local water resources through the recycling of waste water and recovery 
and treatment of otherwise unusable groundwater. Metropolitan's net diversions 
from the Colorado River averaged 1.21 maf over the past ten years (1988-97). In 
a year in which use of Colorado River water in California is limited to 4.4 maf per 
year and there is no unused water available, Metropolitan's diversions from the 
Colorado River could be reduced to 657,160 acre-feet per year, i.e. its basic 
apportionment of 550,000 acre-feet per year plus the water conserved under 
the Imperial-Metropolitan Water Conservation Program which totals 
107,160 acre-feet in 1998, once Metropolitan has exhausted its use of water stored 
in central Arizona (described below). 

Faced with the possibility of future water supply shortages within its service area, 
Metropolitan has been pursuing a full range of programs, jointly with the 
California Agricultural Agencies, Arizona, and Nevada, to increase its water 
supplies and improve its reliability for over a decade. These programs include the 
Imperial-Metropolitan Water Conservation Program, the Palo Verde Land 
Fallowing Program, the Arizona Interstate Underground Storage Program, the All 
American Canal and Coachella Canal lining projects, surface and groundwater 
storage of Colorado River water in California, and reclaiming agricultural 
drainage water. 

Metropolitan and its 27 member agencies initiated an Integrated Resources Plan 
(IRP) process in 1993 in an effort to further meet the challenge of improved water 
management. The process aimed at identifying all water sources, local and 
imported, available to Metropolitan's service area, and selected a water resources 
mix which would meet agreed upon reliability, water quality, cost, and 
environmental criteria. 

Some of the guidelines used in the IRP process included 100 percent reliability 
during a 10 year period (1995 to 2005) even under the worst-case drought, and an 
untreated water rate not to increase for 10 years. An IRP was adopted in 1996. 
The IRP targeted increased water conservation, recycling, storage, water transfers, 
and additional imported supplies to ensure the region's future water supply. 
Because of changing conditions, new demand projections, updated information 
from CALFED - the state and federal agencies with management and regulatory 
responsibility in the San Francisco Bay/Sacramento-San Joaquin Delta Estuary, 
and with respect to Colorado River supplies, and emerging water transfer 
opportunities, the IRP is being updated. The planning horizon of the IRP is being 
extended from 20 years to 50 years. Additional water conservation, recycling, 
storage, and water transfers will be required to meet future demands. 

On the other hand, the California Agricultural Agencies using Colorado River 
water have approached or exceeded use of3 .85 maf per year recently. 
Collectively, they provide irrigation water to about 650,000 acres. For the past 
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10 years (1988-1997), their use averaged 3.78 mafper year and exceeded the 
amount available to them under the first three priorities in 1989, 1990, 1994, 
1995,1996, and 1997. Their use is projected to exceed 3.85 mafin 1998 as well. 
Additional water conservation programs are expected to be implemented as one of 
the key components of the California Plan to reduce the Agricultural Agencies' 
total net diversions from the Colorado River without negative impacts on the 
agricultural economy or communities and to make the conserved water available 
to urban users. However, implementation of these conservation programs is 
contingent, pursuant to a statement made by the Secretary in December 1997, 
upon quantification ofa baseline volume of beneficially-used water from which 
savings can be made. Quantification efforts are ongoing. 

The California Plan 

The California agencies have cooperatively developed a draft "Colorado River 
Board 4.4 Plan, California's Use ofIts Colorado River Allocation" dated 
December 17,1997 (herein referenced as the California Plan) aimed at reducing 
California's reliance on Colorado River water. One of the main premises of said 
California Plan is transferring the use of 400,000 acre-feet of water in its Phase I 
from the agricultural users to urban users without causing detrimental impacts in 
the agricultural service areas and to the other Colorado River Basin states. In 
April 1998, Imperial and the San Diego County Water Authority (Water 
Authority) signed an agreement to transfer 200,000 acre-feet per year from 
Imperial for use in the Water Authority service area for an initial term of 45 years 
with the option to renew for additional 30 years. Implementation of this 
agreement is subject to several conditions that need to be met including a 
satisfactory agreement with Metropolitan, as Metropolitan's facilities are to be 
used for transporting water to the Authority. In addition, the California Plan 
recognizes the need for California to enhance its water supply through conjunctive 
use programs. As mentioned below, opportunities to conjunctively use ground 
and surface water are being explored using the Arizona Water Bank, the 
Coachella groundwater basin, and other groundwater basins near the Colorado 
River Aqueduct. California plans to work with the other Colorado River Basin 
states and the USBR to develop and implement Lake Mead operating criteria that 
will make optimum use of the runoff and available storage without exposing the 
other Basin states to unreasonable risks. 

Some of the programs that are a part of the California Plan, as well as 
Metropolitan's IRP are as follows: 

Water Conservation Program with Imperial: Imperial and Metropolitan entered 
into a water conservation agreement (Conservation Agreement) in December 1988 
which became effective in December 1989. The Water Conservation Program 
(Program) consists of 15 fully implemented projects plus two augmentation 
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projects completed prior to 1989. Implemented projects include concrete lining of 
existing irrigation canals, construction of reservoirs and interceptor canals, 
installation of non-leak gates, system automation, tailwater return systems, 
12-hour delivery of irrigation water, and on-farm irrigation water management. 
The Program is to continue for 35 years into the year 2033 and may be extended 
by mutual agreement of the parties. Metropolitan provided the necessary funds to 
construct the 15 projects and verify the projects' water savings. Capital costs 
totaled approximately $112 million ($96 million in 1988 dollars). Indirect costs 
totaled $23 million ($20 million in 1988 dollars). The annual direct costs for 
1999 are estimated at $5.4 million with funding to be provided by Metropolitan. 
In return, Metropolitan is entitled to divert from the Colorado River a quantity of 
water equal to the amount of water conserved by the Program. In 1998, a total of 
107,160 acre-feet was made available for diversion by Metropolitan. Pending 
continued verification, this amount is expected to be available to Metropolitan for 
the duration of the Program. 

Test Land Fallowing Program in the Palo Verde Valley: In May 1992, 
Metropolitan and Palo Verde reached agreement to implement a two-year test 
land fallowing program which was implemented on August 1, 1992. Under the 
Program, 20,215 acres of agricultural farm land in Palo Verde (approximately 
22 percent of the total agricultural acreage) were fallowed from August 1992 
through July 1994 saving 185,978 acre-feet of Colorado River water. 
Metropolitan compensated participating farmers $1,240 per acre over the two-year 
period. Participating farmers paid all applicable taxes on the farm land, water 
tolls, and land maintenance costs. Fallowed fields were not irrigated for the two­
year period and were required to be maintained weed free and managed according 
to pre-approved management plans to control dust and comply with existing wind 
erosion regulations. The saved water was stored in Lake Mead up until 1997 
when it was released by USBR as a result of flood control operations. 

Three surveys of Program participants were conducted during and after the 
Program, and a fourth survey of the local community was conducted following 
completion of the Program to evaluate the economic impacts from the Program on 
participating farmers and the community at large. The Program was not found to 
have affected overall regional economic performance to any significant degree. 
City officials and local bank representatives characterized the state of the regional 
economy during the Program as improved relative to pre-Program conditions. 
Additionally, the Program was not found to have affected the region's property or 
sales tax bases, or the provision of governmental services. In fact, the Program 
provided for timely financial relief to the region's agricultural producers who had 
been under significant hardship due to a major pest infestation and low prices for 
key commodities such as alfalfa. 
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Interstate Underground Storage Program with the Central Arizona Water 
Conservation District: In October 1992, Metropolitan and the Central Arizona 
Water Conservation District (CA WCD) executed an agreement for underground 
storage of Colorado River water in Arizona. Metropolitan and the Southern 
Nevada Water Authority (SNWA) paid CA WCD the cost associated with storing 
the water. CAWCD is responsible for the costs of recovery of the water. In 
December 1994, the agreement was amended to increase program capacity from 
100,000 acre-feet to 300,000 acre-feet and extend the time for storage from 
December 31, 1996 to December 31, 2000. To date, 139,000 ac~feet of 
Colorado River water has been stored underground. Since USBR made surplus 
water available from the Colorado River in 1996, Metropolitan and SNW A have 
the option to recover approximately 90 percent of their shares of this water, 
80,909 and 45,455 acre-feet, respectively, in the future. 

Advance Delivery Program With Coachella and Desert Water Agency (DWA): 
Metropolitan holds contracts with Coachella and DWA which provide for 
Metropolitan to exchange its Colorado River water for those agencies' State 
Water Project entitlement water on an annual basis. Metropolitan delivers 
Colorado River water in advance to these agencies for storage in the Upper 
Coachella Valley groundwater basin. In years when supplies are insufficient, 
Coachella and DWA may use the stored water. In return, Metropolitan may 
continue to receive Coachella's and DWA's State Water Project water and 
suspend deliveries of Colorado River water for recharge while maximizing 
deliveries of Colorado River water to its service area. As of the end of September 
1998, about 285,000 acre-feet of water remained in storage. 

Imperial-Water Authority Water Transfer: On April 29, 1998, Imperial and the 
Water Authority signed a water transfer agreement, one of a number of important 
components of the California Plan. Under the agreement, Imperial agrees to enter 
into contracts with landowners in the Imperial Valley to undertake water 
conservation efforts to reduce their use of Colorado River water, and to transfer 
up to 200,000 acre-feet per year of this conserved water to the Water Authority for 
an initial term of 45 years with the option to renew for additional 30 years. The 
agreement allows for an additional amount of up to 100,000 acre-feet per year of 
conserved water to be transferred by mutual agreement of the parties. The Water 
Authority agrees to make payments to Imperial for the conserved water and to 
make arrangements to transport this water to the Water Authority's service area. 
The transfer of this conserved water is subject to the fulfillment of a number of 
conditions including environmental compliance, state and federal approvals, and 
the Water Authority and Metropolitan reaching a satisfactory agreement. 
Recently, Metropolitan and the Water Authority reached a 30-year exchange 
agreement, subject to specific contingencies. Under the agreement, the Water 
Authority will make up to 200,000 acre-feet of conserved water available to 
Metropolitan annually and Metropolitan will deliver an equal amount of exchange 
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water to the Water Authority at a price of $90 per acre-foot for the first 20 years 
increased by 1.55 percent for every year after 1998. For years 21 through 30, the 
price will be equal to $80 per acre-foot increased by 1.44 percent for every year 
after 1998. 

All American Canal and Coachella Canal Lining Projects: In 1988, Public 
Law 100-675 authorized the Secretary to concrete line the earthen All American 
Canal from the vicinity of Pilot Knob to Drop 4 and Coachella Canal from 
Siphon 7 to Siphon 32. It also authorized the Secretary to enter into a funding 
agreement, not to exceed 55 years, with one or more of the California contractors 
who hold a delivery contract for Colorado River water. Such agreement may be 
renewed if consented to by Imperial and Coachella. If the funding agreement or 
agreements are not renewed, Imperial and Coachella have to compensate the 
funding entity(ies) an amount equal to the replacement value of the lining works 
less depreciation. 

In March 1994, the USBR released the Final Environmental Impact 
StatementlEnvironmental Impact Report (EISIEIR) for the All American Canal 
Lining Project preferred alternative, i.e. construction of a parallel concrete-lined 
canal from Pilot Knob to Drop 3, a length of about 23 miles. In accordance with 
Public Law 100-675, Metropolitan expressed interest in June 1994 in providing 
funds for the project in return for the opportunity to utilize an estimated 
67,700 acre-feet of conserved water for 55 years. In February 1995, Metropolitan 
and Imperial executed an agreement relating to the construction of a concrete 
lined canal parallel to the existing All American Canal (Lining Agreement) under 
which Imperial would construct the project with funds to be provided by 
Metropolitan. However, in December 1995, Imperial opted not to extend the 
Lining Agreement with Metropolitan beyond December 31, 1995. 

On January 11, 1994, the USBR released a Draft EISIEIR for the preferred 
alternative oflining the Coachella Canal from Siphon 7 to Siphon 32, i.e. 
construction of a lined canal in the existing cross section while bypassing the 
canal flow using temporary pipelines. In June 1994, Metropolitan expressed 
interest in providing funds for the lining of the cost effective sections of the 
Coachella Canal from Siphon 7 to Siphon 32 in return for the opportunity to 
utilize the water conserved for 55 years with a right of renewal, all in accordance 
with Public Law 100-675. However, environmental documentation activities 
were suspended due to a funding-related issue. 

On September 25, 1998, Governor Pete Wilson signed Senate Bill No. 1765 
which appropriated $235 million from the General Fund to assist with the 
implementation of the California Plan. The sum of $200 million is to be used to 
fund the lining of the All American Canal and its Coachella Branch. The 
remaining $35 million is to be used to finance the installation of recharge, 
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extraction, and distribution facilities for groundwater conjunctive use programs 
necessary to implement the California Plan. Water stored in connection with the 
groundwater conjunctive use programs are to be for the benefit of Metropolitan's 
member agencies. ' 

Groundwater Storage of Colorado River Water in California: In years of ample 
Colorado River water supplies, water could be stored in groundwater aquifers 
located in the Coachella Valley or along the Colorado River Aqueduct. 
Metropolitan, in cooperation with Coachella and DWA, is preparing 
environmental documentation and investigating the feasibility of a groundwater 
storage program in the Lower Coachella Valley groundwater basin. This program 
has two components: a transfer of State Water Project water and subsequent 
exchange for Colorado River water; and a groundwater storage program in the 
Coachella groundwater basin. Similarly, Metropolitan is preparing environmental 
documentation and technical studies for the Hayfield/Chuckwalla groundwater 
storage program. The Hayfield and Chuckwalla groundwater basins are located in 
the Mojave Desert between Metropolitan's Eagle Mountain and Hinds pumping 
plants. Under the program, Metropolitan would store approximately 500,000 to 
1,000,000 acre-feet of available Colorado River Aqueduct water in these two 
basins. During years of insufficient supplies, this stored water would be 
recovered and placed in the Colorado River Aqueduct for use in Metropolitan's 
service area. Also, Metropolitan, in cooperation with Cadiz Land Company, Inc., 
is preparing environmental documentation for storing Colorado River water 
underground in the Cadiz and Fenner Valley groundwater basin. Under the 
program, Metropolitan would store a minimum of 500,000 acre-feet of Colorado 
River water in the groundwater basin and purchase a minimum of 1.1 MAF of 
indigenous groundwater over the 50-year term of the agreement. Metropolitan 
and Cadiz Land Company would equally share the $125 to $150 million design, 
construction, and implementation costs, with Metropolitan's share contingent 
upon state legislation which provides funding for Colorado River storage 
programs. Metropolitan would pay $90 per acre-foot for Colorado River water 
cycled through the basin plus a $5 per acre-foot per year storage fee which would 
be adjusted for inflation. With respect to the transfer water, Metropolitan would 
pay a base rate of$230 per acre-foot which would be adjusted higher or lower 
according to a price index, minus an appropriate discount rate of five percent to 
account for Metropolitan's development of the program, plus a water quality fee 
to recognize the benefit oflow total dissolved solids indigenous groundwater. All 
of these groundwater storage programs are a component of the California Plan. 

Reclaiming Agricultural Drainage Water 

Each year over one maf of irrigation drainage water in the Imperial and Coachella 
valleys is discharged into the Salton Sea. A portion of this water, having a 
salinity of2,OOO to 3,000 milligrams per liter, could be intercepted and treated. 
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"reated water could be transferred through a pipeline to Metropolitan's Colorado 
...iver Aqueduct and used by Metropolitan in its service area or exchanged with 

imperial and/or Coachella for a like amount of Colorado River water. Under 
contract to Metropolitan, Black & Veatch produced a draft feasibility study in 
July 1997. On September 9, 1997, Metropolitan filed separate applications with 
the State of California to appropriate water by permit from the Whitewater River 
and agricultural drains in the vicinity of the Whitewater River (100,000 acre-feet 
per year), and the Alamo River and agricultural drains in the vicinity of the Alamo 
River (475,000 acre-feet per year). Metropolitan and Coachella are developing a 
Facility Plan for the Whitewater Irrigation Water Desalting and Water Reuse 
Demonstration Project. 

SUMMARY 

Considerable progress in the implementation of water conservation programs has 
taken place in California. It is essential that California continue its efforts to 
implement programs included in the proposed California Plan. This will assure 
the other six Basin states that California is serious about reducing its use of 
Colorado River water. This will permit further discussions and negotiations that 
will result in implementation of criteria for the determination of when surplus 
water will be available benefiting the Central Arizona Water Conservation 
District, Southern Nevada Water Authority, and Metropolitan. 

With funding now available from the State of California to fund the concrete 
lining of a portion of the All American and Coachella Canals as well as 
groundwater storage projects, California is moving closer to implementing its 
Plan. Similarly, significant progress has been made toward the implementation of 
the proposed Imperial-Water Authority water transfer. California's determination 
in moving forward with the implementation of its Plan illustrates its willingness 
to improve management of this resource which it shares with the other Basin 
states. 
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THE PRAIRIE PROVINCES WATER BOARD: 

A PARTNERSHIP FOR THE MANAGEMENT OF INTERPROVINCIAL 

WATERS IN WESTERN CANADA 

R.L.Kellow1 

ABSTRACT 

In the prairie region of western Canada, most streams 
that provide reliable sources of good water quality are 
shared by the provinces of Alberta, Saskatchewan and 
Manitoba. 

Because of the shared responsibility for these 
interprovincial waters, there was a need for a 
mechanism to facilitate cooperation among the provinces 
as well as between the federal and provincial 
governments to ensure the sustainability of these river 
systems. In response to this need, the governments of 
Canada and the three prairie provinces signed the 
Master Agreement on Apportionment in 1969. This 
agreement sets out an apportionment formula for the 
equitable sharing of the natural flow of 
interprovincial waters and ensures water quality at 
interprovinc ial boundaries is maintained at acceptable 
levels. The agreement also provides for a cooperative 
approach for the integrated management and development 
of interprovincial streams and aquifers. 

The Master Agreement established the Prairie Provinces 
Water Board (PPWB) to administer the agreement, promote 
cooperation among the provinces, and prevent and 
resolve interprovincial water issues. 

Although the PPWB has no legislative basis for 
enforcing its mandate, it has proven to be a successful 
partnership for the cooperative management of 
interprovincial waters for fifty years. 

'Executive Director, Prairie Provinces Water Board, 
Room 300, 2365 Albert Street, Regina, Saskatchewan, 
S4P 4K1 
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INTRODUCTION 

The prairie provinces of Alberta, Saskatchewan and 
Manitoba, an area of nearly 800,000 mi 2 (Figure 1), 
contains a diverse landscape. The western part of the 
region is in the Rocky Mountains. Moving eastward 
there is a rapid transition through the foothills into 
the Great Plains. The northern portion and the eastern 
edge of the region along the Ontario border are part of 
the Canadian Shield. 

Figure 1. PRAIRIE PROVINCES LOCATION MAP 

The 1996 population of the three provinces was 4.8 f 
million of which 2.7 million people, or 56%, resided in 
Alberta. Over 90% of the population live in the 
southern portion of the region. Approximately 50% of 
the total population live in the five largest 
communities with Regina being the smallest (180 400) 
and Calgary the largest (768 082). 

The southern portion of the region is generally dry 
with evaporation exceeding precipitation. Average 
annual rainfall is between 11 and 19 inches (300 and 
500 mm). Drought and extended dry periods are common. 
These conditions together with the rolling terrain 
result in low local annual run off conditions. Most 
streams are small with intermittent flows and are 
therefore unreliable sources of water. Even the larger 
prairie streams often do not provide water when or 
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,re it is needed. Much of the flow on these streams 
~urs during a short period in late spring. Unless 

,is water is stored, it is unavailable for use at a 
~ater time. 

Because of these conditions, the major streams that 
originate on the eastern slopes of the Rocky Mountains 
and flow across Alberta and Saskatchewan into Manitoba 
are considered the best reliable source of good quality 
water. Approximately 80 percent of the flow in these 
streams originates in the mountainous upper 20 percent 
of the basin. 

EARLY WATER MANAGEMENT 

Water management in Western Canada began with the 
Northwest Irrigation Act of 1894 which provided 
legislation for the use of water in the area that 
ultimately became the provinces of Alberta, 
Saskatchewan and Manitoba. This act provided, among 
other things, for the appropriation of water for 
domestic and irrigation uses based on priority in time. 
It also established that all water belongs to the Crown 
and the right to use water may be regulated by 
licenses. 

In 1906 the Irrigation Act of Canada was passed. This 
act, as amended in 1915, allowed for the allocation of 
water for domestic, municipal, industrial, irrigation 
and other purposes. 

Water management in the region remained a federal 
responsibility until the Natural Resource Transfer 
Agreements of 1930. With a few important exceptions, 
this act transferred responsibility of water 
administration to the individual provinces. Each 
province adopted provincial statutes similar to the 
Irrigation Act of Canada and recognised all rights 
granted by the federal government prior to 1930. 

As a result of the Transfer Agreements, water managers 
recognised the need to work together to promote: 
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co-operation among the provinces since actions 
one province may have serious consequences to 
another, and; 

federal-provincial co-operation since both levels ' 
of government had important, and, to some extent, 
overlapping water-related powers. 

The idea of a regional water board was first suggested 
just prior to the transfer of responsibility for water 
resources to the provinces. In 1930, the three 
provinces signed an agreement for a Western Water 
Board. However, the federal government did not ratify 
the agreement because it was preoccupied with problems 
of the Depression. 

In 1945, the three provinces established the Prairie 
Provinces Advisory Water Board. The problems with the 
lack of federal participation became apparent at the 
first meeting of the Board. At its second, and last, 
meeting in 1947 representatives from the federal 
government were invited to attend. 

Participants at the second meeting, recognizing the 
federal-provincial division of powers and the overlap 
of provincial boundaries on river basins, recommended a 
partnership that would include both provincial and 
federal interests be struck. 

THE PARTNERSHIP 

In July 1948, the Prairie Provinces Water Board 
Agreement was signed by Canada and the provinces of 
Alberta, Saskatchewan and Manitoba. 

The purpose of the 1948 Agreement was to recommend the 
best use of interprovincial waters and to recommend 
allocations of waters among provinces. The Board used 
an approach that allocated waters on a project by 
project basis. During the dry years of the 1960's 
problems with this approach emerged, most notably 
provinces were trying to lock up allocations for 
projects that would not be built for many years. In 
addition, the provinces were concerned that their 
licensing powers, as given to them under the Natural 
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ouree Transfer Agreements, may be perceived as being 
!rped by the Board . 

. s a result of these problems, negotiations among the 
provinces led to the four governments signing the 
Master Agreement on Apportionment in 1969. There are 
four parts to the Master Agreement: 

1. A general agreement (Master Agreement) between 
Canada and the three provinces; 

2. An Apportionment Agreement between Alberta and 
Saskatchewan which constitutes Schedule A of the 
Master Agreement; 

3. An Apportionment Agreement between Saskatchewan and 
Manitoba which constitutes Schedule B of the Master 
Agreement; and 

4. A Prairie Provinces Water Board Agreement between 
Canada and the three provinces which constitutes 
Schedule C of the Master Agreement. 

The Master Agreement sets out the intent of the 
agreement along with administrative and cost sharing 
rules. The Master Agreement has no termination clause. 
It was envisioned that it would last forever. Any 
disputes that may arise between the parties would be 
referred to the Federal Court of Canada. The Master 
Agreement established that the apportionment agreements 
(Schedules A and B) become binding at the time of 
signing and remain in force until cancelled by an 
agreement in writing by the four parties. The Master 
Agreement also established consideration of 
interprovincial groundwater and water quality issues 
within the mandate of the Board. 
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The Apportionment Agreements among the provinces 
(Schedules A and B) were based on the principle of 
equitable sharing of available water and set out in 
detail the apportionment formula for natural flow. In 
general, Alberta may consume 50% of the natural flow 
before it enters Saskatchewan; Saskatchewan may consume 
50% of the remainder and 50% of the added flow arising 
within its boundaries; and Manitoba receives the 
remainder of the flow. The agreements apply only to 
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eastward flowing interprovincial streams, which 
represent most of the streams in the developed region\ 
of the provinces. In 1998, the agreement was amended 
to clarify that interprovincial lakes are also subject 
to apportionment. 

The Prairie Provinces Water Board Agreement (Schedule 
C) established the Prairie Provinces Water Board (PPWB) 
to administer the Master Agreement on Apportionment and 
provide the mechanism for co-operation among the 
provinces and Canada on all questions related to 
interprovincial water management. 

The Board, comprised of one representative from each of 
the three provinces and two from the federal 
government, operates by consensus. Technical support 
is provided by the Board's standing committees: 
Hydrology, Groundwater, Water Quality, and Water 
Demand. Each committee has similar representation as 
on the Board. Other committees may be established as 
required, such as the Instream Flow Needs Committee 
which is currently reviewing methodologies for 
estimating instream flow requirements. 

The daily operations of the Board are the 
responsibility of its Executive Director who receives 
technical and administrative support from Environment 
Canada. The Executive Director is also the chair of 
all PPWB committees to ensure an integrated approach in 
responding to issues. 

Current information about flows and water quality is 
vital to the work of the PPWB and water management of 
the provinces. Environment Canada is responsible for 
conducting monitoring on behalf of the PPWB. 

The operating costs of the PPWB are shared. The 
federal government pays one half and each province one 
sixth. Monitoring costs are 100% federal 
responsibility. 

PPWB RESPONSIBILITIES 

The PPWB responsibilities can be divided into five 
areas of activities. Each of these is described below. 
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;uring the Equitable Sharing of Interprovincial 
ters 

rhe Master Agreement on Apportionment was established, 
in part, to provide for the sharing of interprovincial 
streams among the three provinces. A premise of the 
agreement is that the sharing of natural flow would be 
done on an equitable basis. 

During the initial period after the signing of the 
Master Agreement, the primary emphasis of the PPWB was 
placed on developing methods for administrating and 
reporting on water apportionment. The determination of 
natural flow, the basis for apportionment, is a fairly 
complex undertaking given the large number of water 
users and the uncertainty of the amount of withdrawals 
that re-enter the stream as return flow. The PPWB 
through its Committee on Hydrology has produced natural 
flows studies on the interprovincial streams that 
require or could require apportionment calculations. 

In general, Schedules A and B to the Master Agreement 
require an apportionment of one-half the natural flow 
on each water course. This apportionment is to be 
generally achieved over a 12-month period. An annual 
apportionment could however result in an unsatisfactory 
situation on the timing and/or volume of flow to the 
downstream province. It is for this reason that the 
Agreement requires the "actual flows be adjusted from 
time to time on an equitable basis." Since equitable 
is not defined in the Agreement, the PPWB facilitates 
negotiations between upstream and downstream 
jurisdictions in determination of what is equitable or 
fair. The PPWB also can establish minimum flows or 
conduct additional audits of the apportionment balance 
to help ensure the sharing of the flows is equitable. 
This is particularly useful during drought periods or 
on streams that are heavily allocated. 

Currently, natural or apportionment flow calculations 
are only required on eight interprovincial streams. 
Data from over 90 hydrometric stations and 17 
meteorological stations are used to determine natural 
flows for these interprovincial streams. If water uses 
grow in relation to available supply, other streams can 
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be added using the established methodology for 
estimating natural flow. 

Interprovincial lakes were not specifically mentioned 
in the Master Agreement on Apportionment. However, 
since these lakes are, for the most part, 
geographically part of eastward flowing stream basins, 
it would be impractical to exclude them in the 
apportionment of flow. The PPWB has, therefore, agreed 
that interprovincial lakes should be apportioned in the 
spirit of the Master Agreement. An amendment to the 
Master Agreement is currently being processed to 
clarify this matter. 

Protecting and Enhancing Water Quality 

The 1969 Master Agreement on Apportionment did not 
provide the same level of detail for dealing with water 
quality issues as it did for apportionment. The 
agreement only stated, "The parties mutually agree to 
consider water quality problems; to refer such problems 
to the Board; and to consider the recommendations of 
the Board thereon". 

In response to this general mandate, the Board 
established its Committee on Water Quality in 1973 to 
design and implement a water quality program. One of 
the Committee's first activities was to develop an 
interim set of water quality objectives, which the 
Board applied to all interprovincial monitoring sites, 
and to design a monitoring program for those 
objectives. 

The PPWB has been monitoring water quality monthly at 
11 interprovincial sites since 1974, with a twelfth 
site added in 1993. The results of the monitoring 
program, which was expanded to include sediments and 
biota in 1992, are used to characterise the aquatic 
ecosystem as well as the water quality of 
interprovincial rivers and to determine if the PPWB 
Water Quality Objectives are being adhered to. 
Monitoring data are also used in trend analysis to help 
identify potential interprovincial water quality 
concerns. The Committee on Water Quality annually 
reviews the monitoring program. 
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Because of increasing importance of water quality 
issues, the Master Agreement on Apportionment was 
amended in 1992 to allow for a new schedule, the PPWB 
Water Quality Agreement. This new schedule established 
reach-specific water quality objectives at 11 
interprovincial boundaries and committed each of the 
parties to take all reasonable and practical measures 
to maintain or improve existing water quality. 

When objectives are exceeded, the Committee on Water 
Quality prepares a report to the Board with an 
explanation of the cause and impact of the excursion 
along with a recommended course of action. The Board, 
in turn, makes its recommendation to the provinces on 
how to resolve the problem. 
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Because spills and unusual water quality conditions can 
have an impact on interprovincial water quality or be 
of concern to the public, the PPWB established in 1984 
an interprovincial contingency plan. This plan 
provides a mechanism to promptly inform downstream 
water quality management agencies of any spills or 
unusual water quality conditions. The agencies can 
then take appropriate precautionary actions to protect 
water users. 

Protection of Interprovincial Groundwater 

Approximately 90% of the region's rural population is 
dependent on groundwater. There are numerous aquifers 
that cross interprovincial boundaries. These aquifers 
are directly affected by how each jurisdiction protects 
and regulates them. The PPWB, through its Committee on 
Groundwater, facilitates co-operative management of 
interprovincial aquifers to ensure their protection and 
sustainable use. 

The Committee on Groundwater has mapped the 
hydrogeologic profile along the Alberta-Saskatchewan 
and Saskatchewan-Manitoba boundaries. The Committee 
has also completed a set of maps that identify the 
vulnerability of interprovincial groundwater to surface 
contamination. 
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Prevention and Resolution of Interprovincial Water 
Issues 

The PPWB not only provides a process that permits an 
unbiased review of the potential water quantity and 
quality impacts of proposed projects at interprovincial 
boundaries but, more generally, a forum to discuss and 
resolve interprovincial water issues and thereby avoids 
conflicts and litigation. The Board maintains a 
watching brief on potential future water management 
issues. If necessary, the Board will prepare factual 
reports with recommendations to governments on how 
interprovincial water issues should be assessed. To 
date, the Board has always been able to successfully 
reach consensus on all issues and, thus, has avoided 
the necessity of referring an issue to the Federal 
Court of Canada. 

Promoting Co-operative Interprovincial Water Management 

One of the important responsibilities of the PPWB 
contained in the Master Agreement is to promote and 
facilitate a co-operative approach to the integrated 
development and use of interprovincial waters. This is 
achieved through a number of different activities such 
as: 

• providing a forum to foster co-ordination and 
communication about eXisting and proposed 
projects and studies which affect 
interprovincial surface and ground waters; 

• participating in or undertaking planning 
studies which support the integrated 
development and use of the regions' 
interprovincial waters; 

• identifying and promoting research for the 
sustainable development of interprovincial 
waters; 

• co-ordinating water quantity and quality 
monitoring and streamflow forecasting; and 

• promoting network strategies to rationalise 
data needs and reflect ecosystem and 
sustainable development objectives. 
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\n example of co-operation was the creation of the 
Saskatchewan-Nelson Basin Board (SNBB) as a result of a 
PPWB recommendation. The SNBB, comprised of federal 
and provincial representatives, carried out a $5 
million, five year study that was the most extensive 
water supply study ever carried out in the prairies. 
This 1972 study provided a master plan for major supply 
developments and established databases and 
methodologies that are still used. 

To complement the SNBB report, the PPWB co-ordinated a 
federal-provincial, multi-year, water demand study. 
That study, completed in 1982, resulted in the most 
comprehensive water use database in Canada. The 
database is maintained and updated by the PPWB every 
few years. 

WHY IT WORKS 

The Westwater Research Centre of the University of 
British Columbia (Barton, 1983) has suggested several 
reasons for the Board's success. 

1. The Board has maintained confidence in the 
Agreement by trying to do no more than define 
ground rules, leaving each province to manage its 
own water resources as it sees fit within the 
framework of these general rules. Thus, the PPWB's 
impact on the province's jurisdiction over water is 
minimized. 

2 . Because the Board has no powers to enforce its 
will, the Board is not perceived as a threat to the 
provincial or federal governments' jurisdictional 
rights. The Board has ensured this perception by 
maintaining a low public profile and a small 
operational staff and budget. 
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3. The general nature of the Master Agreement has 
provided flexibility in responding to issues that 
arise over time. The apportionment of waters was 
done by percentage of natural flow instead of fixed 
quantities or on a project-by-project basis. Use 
of broader principles for other aspects of 
interjurisdictional water management can be applied 
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to deal with issues such as water quality that did 
not exist when the Agreement was signed, thereby 
avoiding locking parties into positions that may 
not be acceptable today. 

4. The members of the Board (the senior water managers 
for each jurisdiction) have brought a shared 
background to their deliberations and, therefore, 
an understanding of each other's concerns and 
motivations. Moreover, because the Board Members 
come to the table knowing they have to work by 
consensus, there is an additional need to work co­
operatively. 

SUMMARY 

Because of the importance of shared rivers in the 
prairies, co-operative water management is critical to 
the economic development and environmental well being 
of the region. 

The Master Agreement on Apportionment is often referred 
to as a model for dealing with interjurisdictional 
issues. The 1985 Inquiry on Federal Water Policy 
(Pearse, 1985) stated that, "The most significant 
interjurisdictional water arrangement in Canada is the 
Agreement on Apportionment". On the international 
scene, the Master Agreement has been presented as a 
successful Canadian model in the multilateral 
discussions on water resources as part of the Middle 
East peace process. 

The many benefits of having the Master Agreement and 
the Prairie Provinces Water Board overseeing that 
agreement include: 

• the equitable sharing and protection of 
interprovincial streams; 

• ensuring an integrated approach to the 
development and management of interprovincial 
streams; 

• a consensus solving approach to preventing 
interprovincial surface and groundwater 
problems, thereby avoiding political and legal 
entanglements among the jurisdictions; 
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• monitoring data that is acceptable to all 
parties; 

• third party interpretative assessment of data 
and water issues; 

• an information exchange network that has 
allowed an integration of federal and 
provincial monitoring programs, co-ordinated 
approaches to problem solving, transfer of 
experiences, and development of personal 
contacts that are useful in resolving both PPWB 
and other bilateral issues; 

• the saving of money and time to all parties by 
elimination of monitoring duplication, pooling 
of resources for studies, and development of 
new methodologies and procedures; 

• a constant renewal and interpretation of the 
Master Agreement to ensure it is responsive to 
the needs of the parties; and 

• continuation of 50 years of goodwill and a 
common approach to problem solving. 

Ultimately, the success of the Prairie Provinces Water 
Board is because its members have had a true desire to 
work in partnership. Each member respects and 
understands the other members' concerns and is fully 
committed to the spirit of the Master Agreement which 
states that the parties agree to " ... work together and to 
cooperate to the fullest extent each with the other ... ". 
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MANNING'S N VALUES FOR FLOODPLAINS WITH SHRUBS AND 
WOODY VEGETATION 

Gary E. Freeman l 

David L. Derrick3 

ABSTRACT 

William Raluneyer2 

Ronald R. Copeland3 

An improved methodology has been developed for the determination of Manning's 
n and other hydraulic roughness values for shrubs and woody vegetation. This 
method involves the measurement of horizontal plant density, stem diameter, and 
the height and width of the leafmass ofa typical plant. Recent investigation has 
shown that the plant stiffness modulus may be predicted with good accuracy by 
using stem diameter and plant height in a non-linear relationship. New 
relationships have been developed for the calculation ofMannings n values for 
both submerged and partially submerged vegetation. These relationships for flow 
through vegetated channels still require a trial and error solution when both depth 
and velocity are unknown, but simplifY the solution technique significantly. A 
stage-discharge table can now be directly constructed for flood elevation studies 
with out trial and error solutions. A simple example of the calculation of 
Manning's n values using the method is presented so that the practitioner can 
follow the method and apply it in the field. 

INTRODUCTION 

Previous research has indicated that hydraulic roughness in vegetated channels can 
be related to the frontal area of plants, the height of the plant, the stem stiffness, 
stem diameter, and the horizontal density of the plants (i.e. number of plants per 
unit area) among other factors. (Freeman, et. al., 1996) The purpose of this paper 
is to present data developed subsequent to the 1996 paper and current 
methodology that can be used in the estimation of hydraulic roughness in 
vegetated channels. The developments described in this paper will assist engineers 

lPresident, River Research and Design, Inc. 4541 N. Windsor Dr. Provo, UT 
84604 

2Professor, Civil and Environmental Engineering Dept., Utah State University, 
Logan, UT 84322-8200. 

3Research Hydraulic Engineer, U.S. Army Waterways Experiment Station, 3909 
Halls Ferry Rd. Vicksburg, MS 39180. 
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and scientists in the detennination of hydraulic roughness values for channels that 
are vegetated for either aesthetic or habitat values. 

ESTIMATION OF MANNING'S N VALUE 

Prediction equations for the estimation of hydraulic roughness and Manning's n 
value for the vegetation present in vegetated channels (equations 1 and 5) have 
been developed and reported previously in Freeman, et. al., 1996 and Rahmeyer 
and Werth, 1996. The equations have been further modified to allow calculation 
of eD, V*N as well as Manning's n value for the bed and channel combined as 
shown in Equations 2 through 4 and 6 - 8 (Rahmeyer, 1998). 

The equations were developed for two types of flows, submerged (plants fully 
under water) and partially submerged flows (plants protruding above the water 
surface). The divide between the two types offlow is when flow depth is 
approximately 80% of the height of the plant. When flow reaches approximately 
80% of the height, the plant bends sufficiently to become submerged in the flow. 

Submerged Flows 

For submerged flows (Yo>0.8 Plant Height) the original prediction equation for 
only the vegetative portion ofthe total roughness is (See Figure 1 for plant 
variable definitions): 

n = 0.039 K _"'_' _ (M A)0.191 _v_ ( 
E A ) 0.141 ( H) 0.17$ () 0.01$$ 

wg n pV2A Yo V Rh 
(1) 

For submerged conditions (Yo> 0.8 H) the equations to predict the coefficient of 
drag of the plants and the total hydraulic roughness and Manning's n values are as 
follows: 

_ [ E,A. 1°.247 
( H) 0.328( 1 ) 0.631( V ) 0.1$6 CD - 0.202 -- - -- --

pV1AI Yo (M AI) V Rh 
(2) 

- - 0.183 - - (M AI) - -V* _ (E,A.)0.183 ( H)0.143 0.173( V )0.11$ ( 1 )0.481 

V pAl Yo Rh V· 
(3a) 

Equation 3a can be solved for V resulting in Equation 3b: 
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V = 5.468 ~ ~ _1_ __h (V.Y.481 (
A) 0.183 ( Y ) 0.243 ( ) 0.273 ( R ) O.llS 

E,As H MA; v 
(3b) 

This equation (3b) can be used in Manning's equation to solve for n. Ifwe use the 
definition ofV*=(sRt,S)112 the solution is direct for n if the depth offlow is known. 
This represents a major improvement over previous methodology. 

( 
E A ) 0.183 ( H) 0.243 () O.llS ( 1 ) 1.481 n = 0.183K -' -' - (UA}0.273 ~ - R213 SII2 (4) 

n p A. Y ~"; R V. h 
'0 h 

The variables in the above equations are defined as: 
A; Frontal area of an individual plant blocking flow, ft2. (HxW) 
As Total cross-sectional area of the stem(s) of an individual 

plant measured at Hl4 from plant base, ft2. 
E. Modulus ofPIant Stiffness, Ibs/ft2. 
g Acceleration of gravity (32.2 ftlsec2) 
H Average undetlected plant height, ft . 
If Undetlected height of the leaf mass ofa plant, ft. 
K.. Units conversion for Manning's Equation = 1.49 ftlll/sec (1.0 

mIll/sec in metric units). 
M Relative plant density, number of plants per ft2. 
IZ.,q Manning's resistance coefficient for vegetation and channel bed. 
Rt. Hydraulic radius (R=Channel Area/Channel Perimeter), 

ft. For a wide channel Rt. is taken equal to Yo' 
V Mean channel velocity, ftlsec. 
Yo Flow depth, ft . 
W Width of "average" plant, ft. 
v Fluid dynamic viscosity, ft2/S. 
p Fluid density, slugs/ftl 

The Manning's n value calculated in Equations 3 and 4 is the total roughness while 
the value from Equation 1 is only the roughness due to the vegetation and does not 
include the bed roughness. Equations 3 and 4 (as well as 7 and 8 later) were 
developed from the same data as equations 1 and 5 but were based on total 
roughness rather than just the roughness of the vegetation. The equations 
presented here can now be easily implemented into a computer routine for use with 
models such as HEC-2, HEC-RAS or other hydraulic modeling packages. 

The variable definitions for plant dimensions and water depth are shown in Figure 
I . The plant widths and plant heights used in the development of the equations 
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represented the approximate 
averages of the plants 
evaluated. The average 
widths and/or heights used in 
calculations should be reduced 
iflarge voids exist in the leaf 
mass, for round or oval leaf 
mass shapes, and/or for the 
lack of leaves during winter 
flows. This reduction in 
frontal area will account for 
the reduced plant blockage 
area resulting from these 
factors. To calculate the 

~: 

-IT : H' 

Figure 1 Plant Dimensions for 
Submerged Flow (From Rahrneyer I 
1998) 

frontal area of the plants blocking flow, the average plant width, W, is multiplied 
by the average height of the leaf mass, H'. 

Partially Submerged Flows 

Partially submerged flow is defined as flow at a depth ofless than 80% of the plant 
height (H). The equation for the vegetation portion of Manning's n value for 
partially submerged (Yo < 0.8 H) flow is: 

n = 2.2xlo -6 K _i'_"_ ~ r-0623 ~ . 
( 

E ~ ] 0.242 () ° 662 

veg n pV2A. • VRh (5) 

The equations for CD, and V*N for partially submerged flow are as follows: 

C = 3.624e-09 -- --
( 

E;i, ] 0.448 ( 1 ) 0.882( V ) 1.061 

D PV2Ai* (M Ai*) V Rh 
(6) 

( 

E A ]0207 ( R )0.490 ~ = 9.159xlO-5 p~/ . (MA/)o.0547 -;- (V·f·0761 
(7a) 

Equation 7a can be reduced to solve for V as shown in Equation 7b, and using the 
definition ofV*= (sRt,S)ll2 equation 7b can be solved for velocity directly if depth 
of flow is known for the calculation of At 
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(
A' ) 0.207 ( ) ° 0~47 ( ) ° 490 V = 1.092xl04 _P_f_ __1_, ' ...!... . (V,)0.924 

E,As MA Rh 
I 

(7b) 

Equation 7b can then be used in Manning's equation to give an equation for the 
calculation of n directly (when depth is known) for partially submerged vegetation 
as shown in Equation 8. 

A;' is defined as the undeflected frontal area of the plant that is partially 
submerged. It is calculated by: 

(9) 
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with the variables required being shown in Figure I. Again it should be noted that 
the plant widths and plant heights used in the development ofthe equations 
represented the approximate averages of the plants evaluated. The average widths 
and/or heights used in calculations should be reduced iflarge voids exist in the leaf 
mass, for round or oval leaf mass shapes, and/or for the lack ofleaves during 
winter flows. This reduction in frontal area will account for the reduced plant 
blockage area resulting from these factors. To calculate the frontal area of the 
plants blocking flow for partially submerged conditions, the average plant width, 
W, is multiplied by the average height of the submerged leaf mass [Yo-(H-H')], 

All equations are dimensionless (with the exception of Equations 4 and 8 which 
contain K,,) and units can be converted to metric values without change to the 
equations (K., becomes 1.0 mll3/sec). Since the depth offlow is also an unknown 
in most flow problems, an iterative solution will still be required for partially 
submerged plants. The solution should converge rapidly, however. 

Determination of Plant Stiffitess 

One of the major drawbacks to using this method has been lack of a method to 
estimate E, for the various plant types. Very little data existed for plants other 
than those tested by Rahmeyer, et al., and new plants had to be checked in the 
field to determine the value to use for E,. Subsequent work has yielded a method 
to facilitate field measurements and a method to estimate the stiffness without the 
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need for extensive field measurements. 

Variables used to calculate plant stiffness 
values (H, D" and F 4') are measured as 
shown in Figure 2. The values obtained are 
used in Equation 10 to obtain the stiffness 
values for the plant. The plant stiffness is Hl2 

calculated by measuring the force (applied at ~ ••• 
Y2 of the plant height, HJ2) necessary to bend 
the plant to a 45° angIe and measuring the 
stem diameter at one fourth of the height 
(HJ4). The plant stiffness modulus is defined 
as: 

Figure 2 Plant Dimensions for 
Determining Stiffness 

E = F45
H2 

= (~) F45 H2 = 6.791[ F45
H2

) 
s 3I IID4 3 D4 (10) 

s s 

The calculation ofE, has been problematic requiring large amounts offield effort 
and time to evaluate the results of the field analysis. In an effort to reduce the 
amount of work required to estimate E" work was done that developed a good 
relationship between the stem area (1tD,2/4) and the force required to bend the 
stem to 45°. This research produced a linear relationship between force (F.,) and 
stem area for an individual stem. (Freeman, 1997) 

Subsequent to the field work which produced the linear relationship between force 
and stem area, Equation 11 has been developed which relates the plant height and 
stem diameter to E, directly without the necessity of calculating F 4" Equation 11 
was developed based only on data from the plants tested in the original flume work 
at Utah State University and early field work by Freeman. Figure 3 compares the 
predicted values of Equation 11 with those obtained by subsequent field 
measurements by Freeman (1997). This equation relates two of the three variables 
involved in the determination of the stiffness modulus to the observed modulus 
with good results. The prediction equation for E, is: 

E,(Psf) = 160,000 (~) + 454 (~r + 37 .~ ;r (11) 

Equation 11 may be adjusted to give a slightly better fit to the observed data now 
that the additional data is available, but the observed data show good overall 
agreement when compared to the predicted values. The fact that Equation 11 does 
a generally good job of estimating E, indicates that this method will be accurate 
enough to give guidance to engineers and scientists that must have an estimate of 
hydraulic roughness for project comparisons when field E, data is not available. 
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Es Compared to HlDs 
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Figure 3. Comparison offield data with E. prediction equation. 

This equation requires estimation of only a stem diameter and a plant height -­
both of which are quickly obtained in the field or estimated from growth studies. 
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It appears that the equation may slightly under predict the value ofE, for low HID, 
values but equation 11 was not developed using any data from cottonwood trees 
which represent most ofthe small values of the HID. data shown in Figure 3. The 
data from the flume experiments used by Rahmeyer in developing the prediction 
equation are not shown in the figure. 

EXAMPLE PROBLEM 

Consider a simple flood plain 80 feet (ft) wide and covered with a stand of Salix 
exigua (sand bar) and Salix lasiandra (pacific) willows. The flow is 1200 cfs and 
the flood plain slope is 0.0020. What is the hydraulic resistance (n value) of the 
flood plain and the depth and velocity offlow. (Here we assume no stream channel 
through area -- i.e. flow through an isolated flood plain for simplicity. If a channel 
is present one would use one of the standard methods of channel compositing to 
obtain the effective n value for the entire channel.) 



236 USCID Conference on Shared Rivers 

From the field evaluation it was determined that the average plant density was 0.04 
exigua willows/ft2 (16 plantS/400 ft2) and 0.02lasiandra willows/ft2 (8 plantS/400 
ft2) . From field data we have determined that stem diameters for the willows vary 
from 0.12 in to 2.0 in with an average diameter of 0.87 in and a median diameter 
of 0.67 in. These are broken into bins as shown in Table 1 for the Salix exigua. 
Only one size class is used for the Salix lasiandra willows for simplicity. Note that 
the bins have been selected arbitrarily, are probably reduced in number from the 
results of a field study, and are only for exigua to conserve space. Willow height 
in the area of interest varies from 3 ft to 18 ft . We can now use Equation 11 to 
estimate the value ofE, for the plants. The results are shown in Table 1 for the 
size class bins and plants involved in this example. 

If the stands are relatively uniform, a single distribution similar to Table 2 can be 
used for each willow type. If the characteristics of the willow stand (i.e. height, 
stem diameter, etc) vary significantly with respect to the location on the flood 
plain, it may be necessary to keep the areas distinct, depending on the resolution of 
the model and the desired accuracy of the modeling effort. Ifmore than one area 
must be considered, it would be advisable to develop a distribution similar to Table 
2 for each area or river reach. For the determination of hydraulic roughness for 
large areas under differing conditions, it may be acceptable to use an average value 
for the stiffiless modulus and use the value to represent all plants of one variety 
over all conditions. 

It can be seen from this example that the plant stiffiless modulus can vary 
significantly over a group of plants. If there is a wide range for the stiffiless 
modulus, it would be wise to incorporate the distribution ofE, and height into the 
calculation of hydraulic roughness presented below. 

Once the values for E, for each plant type have been obtained, the values must be 
composited together to give a usable value of n for the flood plain. This is 
especially true for one-dimensional modeling with such models as HEC-2. Even if 
using multi-dimensional models such as FESWMS or RMA-2 areas must also be 
composited to obtain a Manning's n value or roughness value for rather large areas 
to facilitate modeling. 

The compositing process involves accounting for the relative number of each plant 
type found on the flood plain. This involves the combination of plant characteristic 
variables into a composite value for use in the above equations for predicting 
roughness values. This is done using the following equations: 

Eave = Ef"t : ] r total Er M] A = --' s... SiM 
total 
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Table 1. Example of Determination of Plant Tension and Stiffness Modulus from 
Field Data 

Determining Tension and Stiffness Modulus for Salix exigua Willow Stand 

Size Class Number Willow Stand Stiffuess Modulus E,t 
Median of Stems Average Height (from Eq. ll)(psf) 

(in) in Sample (ft) 

1.85 2 16.5 6.9E+07 

1.05 7 12 1.28 E+08 

0.55 16 7 1.7 E+08 

Mean = 0.78 Mean = 9.l Mean 1.51 E+08 
Median = 0.55 Median = 7 Med. 1.72 E+08 

Salix Lasiandra 

0.65 6.0 7.47E+07 

1 Note: Stem Diameters must be converted to ft before calculatIOn ofE, in Eq. 11. 

Table 2. Plant Data for Example Problem 

Item Exigua Lasiandra Composite' 

Average Plant Height (H) 9 6 8 

Average Leaf Mass Width (W) 2 3 2.3 

Average Leaf Mass Height (H') 9 6 8 

Average Stem Diameter (D,) 0.78 0.65 0.74 

Number of Stems per Plant (#) 4 8 -
Calculated Stem Area (A.=rrD,'/4 • #) 0.133 0.184 0.0150 

Calculated Frontal Area (A) 18.0 18.0 18.0 

Calculated Stiffness Modulus (E,) 1.72e+08 7.47e+{)7 1. 39e+{)8 

Area of Plot for Plant Count-400 ft' 400 400 -
Average # Plants in Measured Plots 16 8 -
Calculated Plant Density (M.-=#/ Area) 0.04 0.02 0.06' 

Relative Plant Density 0.667 0.333 l.0 

1. Methodology Descnbed Above. 
2. Total Plant Density is Sum of Individual Plant Densities 
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Er M] A = -'-
.Q'Ve' .j M 

total 

H'(lWI = ErU't:t ] 
[' total 

The total plant density is the sum of individual plant densities. In this example we 
have two plants with individual densities of 0.04 (exigua) and 0.02 (lasiandra) 
plantslm2

, density the total density <Mto..J is 0.04 + 0.02 = 0.06 and M!Mt.ta1 is 
equal to 0.667 for the willows and 0.333 for the dogwoods. The plant density and 
other compo sited values are shown in the last column of Table 2 for the reach in 
consideration for this example. 

The resulting "composited" or averaged values from the above equations are used 
in either equations 2, 3 and 4 or 6, 7 and 8 depending whether the plants are 
submerged or partially submerged. 

The solution of the prediction equations is an iterative solution where a depth of 
flow is assumed and the velocity which results from the solution is compared to the 
velocity calculated from the continuity equation (Q=A V), the value for depth 
adjusted and the equation recalculated until the velocity from Equations 3b or 7b 
and the calculated depth (from the continuity equation, Q=V A) are equal. These 
calculations are presented in Table 3. 

The resulting value for Manning's n in this example is 0.137 and the flow is in the 
submerged regime (8.475 ft> 8.0 ft composite height). The depth could have 
been as shallow as 6.4 feet (80% of8 ft) and still be considered in the submerged 

T bl 3 T'a1 dE a e n an rror I P bl S I' £ E outlOn or xamj>le ro em. 

SUBMERGED FLOW CALCULATIONS 

Yariable Value Trial 1 Trial 2 Trial3 Trial 4 

Assumed Depth 8 8.4 8.5 8.45 8.475 

Rh (assume reet chan) 6.61 6.94 7.01 6.98 6.99 

Ai=HW (S) 18.4 19.32 19.55 19.435 19.49 

(Ea·AsIrho·Ai)"0.183 7.45 7.39 7.37 7.38 7.37 

(HIYo)"0.243 1 0.99 0.985 0.987 0.986 

(M·Ai)"O.273 1.03 1.04 1.045 1.043 1.044 

(nulRh)"O.115 0.27 0.23 0.226 0.226 0.226 

(IN·Y1.481 1.87 1.82 1.80 1.808 1.805 

n = (Equation 4) 0.14 0.140 0.138 0.138 0.138 

V = (Equation 3b) 1.683 1.756 1.774 1.765 1.769 

Vcon= Q/A 1.875 1.785 1.764 1.775 1.767 
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flow regime. Obviously the higher willows in the flood plain will be in the partially 
submerged regime at a flow depth of6.4 feet, but the majority of the stand should 
be submerged if the measurements and compo siting are properly done. If the 
depth had been calculated using Equation 8 for unsubmerged flow the resulting 
depth (10.5 ft) would be higher than the composite plant (8.0 ft) and the composite 
vegetation would obviously submerged, indicating the need to use Equations 3b 
and 4 for submerged flow. 
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COOPERATION AMONG CO-BASIN COUNfRIES - KEY TO 

EFFECTIVE MANAGEMENT OF 1HE GANGES WATER RESOURCES 

Tauhidul Anwar Khan 1 

ABSTRACT 

The Ganges is an international river with its basin encompassing parts of India, 
China, Nepal and Bangladesh.The flows of the Ganges are highly seasonal and 
heavily influenced by the monsoon rainfall. More than 80% of the total rainfall 
over the basin occur during only four monsoon months from June to September. 
Seasonal overabundance and scarcity of water are the two perennial impediments 
which have been frustrating the overall development efforts in the Ganges basin 
area. The area constituting the Ganges basin is one of the poorest in the world 
despite its rich natural endowments of land, water and people. The fate of the 
entire basin could have been changed dramatically through meaningful and 
effective cooperation amongst all the co-basin countries by harnessing, 
development and management of the water resources of this river. The desired 
development of this common resource however remained neglected. Basinwide 
development and management of water resources should be the major option for 
future development of the Ganges area. Conservation of waters would no doubt 
be the primary means for tackling the huge problems of alternative flooding and 
water scarcity during wet and dry seasons and meet the expanding water 
and power needs for sustaining a rapidly growing economy and population. 
Firm political commitment from the Governments of India, Nepal and 
Bangladesh for meaningful cooperation would be the essential prerequisite to 
launch a programme for effective development and management of water 
resources of the Ganges. A congenial atmosphere in the relations amongst the 
three countries shall therefore be crucial. With signing of the Ganges Water 
Sharing Treaty between India and Bangladesh in 1996 and the Mahakali Treaty 
between India and Nepal, a new climate of trust and confidence in the region has 
emerged. All concerned may, therefore, take advantage of this new climate. In 
the interest of all, the political and conceptual problems now need to be more 
purposefully addressed especially as the underlying commonality of interests in 
the Ganges is overwhelming. 

1 Director, Joint Rivers Commission, Bangladesh and Member-Secretary, 
Bangladesh National Committee of ICID (BANCID), Dhaka . 

• The views and opinions expressed in this paper are the author's only. 
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THE GANGES RNER AND ITS BASIN 

The Ganges is an international river. It ranks among the top ten large rivers of 
the world in tenns of annual run-off. Rising in the Gangotri glacier at about 
23,000 feet on the southern slopes of the Himalayas in India, the Ganges flows 
through the northeastern and eastern part of the south asian region. The 
Gangotri's melt water stream is a full fledged river even as it emerges from the 
sub-glacial tunnel at the glacier tenninus, the holy Gaumukh (cow's mouth) of 
Hindu mythology. The Gangotri is considered to be the main source of the 
Ganges. The Yamuna, Ramganga, Gomti, Kosi, Karnali, Gandaki and Bagmati 
are important tributaries of the Ganges. The basin of the Ganges spreads over 
parts of China, India, Nepal and Bangladesh. 

Eleven miles below Farakka (India), the Ganges enters Bangladesh and joins the 
Brahmaputra river near Arlcha (Figure-I). The combined flow meets the 
Meghna river before they all empty into the Bay of Bengal. The total length of 
the Ganges from source to outfall is 1,570 miles (2530 kIn). The Ganges basin 
is one of the most densely populated areas of the world. In the Bangladesh 
portion of the basin, the population density is 1,917 per square mile (740 per sq. 
kIn). The estimated population of the Ganges basin is about 405 million 
including 346 million of India, 19 million of Nepal and about 40 million of 
Bangladesh. The total basin area of the Ganges is 433,938 square miles 
(1,123,899 sq. kIn). 

The water resources of the Ganges have been playing an important role in the 
life and living of millions of people inhabiting the basin area. Over the centuries 
people from other regions have come to live in this area in view of the fertile 
alluvial soils in the plains, warm climate, good seasonal rainfall, numerous small 
and large rivers and easy agricultural production. The population of this area 
since then grew at a tremendous rate. The present population of the basin is 
likely to be doubled within next 30 to 35 years if the current growth rate is not 
effectively checked. 

The flows of the Ganges are highly seasonal and heavily influenced by the 
monsoon rainfall. More than 80% of the total rainfall over the basin occur during 
only four monsoon months from June to September. The rainfall in other 
months is insignificant As a result the rivers in the basin area swell to brims 
and often overflow during the monsoon months. On the other hand during dry 
months (Nov. - May) the flows in the rivers reduce dramatically. The basin 
area, therefore, faces two major hazards: floods during the monsoon and 
scarcity of water during the dry season. These hazards become more 
pronounced in the downstream regions particularly in Bangladesh which is the 
lowest riparian of the Ganges. Seasonal overabundance and scarcity of water are 
the two perennial impediments which have been frustrating the overall 
development efforts in the Ganges basin area 

Ironically, the Ganges basin area is among the poorest and most depressed in the 
world despite its rich natural endowments of land, water and people. A large 
number of people of the area live below poverty line. Land-man ratio and per 
capita food grain availability are steadily declining. It is a predominantly 
agricultural region and farming is central to the economy of all the national and 
federal units despite some industrial overlay. Agricultural yields are well below 
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their potential and unable to generate the income, employment and surpluses 
needed to stimulate industrial investment As bulk of the energy requirement 
is met by fuelwood, there is massive deforestation in the region. Because 
of large scale use of agricultural residues and animal waste as energy source by 
the millions of poor, the availability of organic fertilizers have reduced greatly in 
the area. This has prompted increased use of chemical fertilizer which is causing 
harm to soil, drinking water, fishery and livestock. 

STATUS OF WA1ER RESOURCES DEVELOPMENT 
IN THE GANGES BASIN 

Vast amounts of water are available in the Ganges basin on an annual basis. But 
efforts to harness these resources through joint efforts by the co-basin countries 
in the past had never been noteworthy. Whatever development took place had 
been undertaken by individual countries. India has been the major actor in this 
regard. Efforts to develop the surface water resources of the basin began in India 
back in the nineteenth century. Since then it has taken significant strides in 
harnessing and developing the water resources of the Ganges basin areas. 
Information indicate that India has now more than a dozen barrages and other 
diversion structures in the basin and diverting significant amounts of river 
flows. Moreover, India has constructed about 200 major, medium small storage 
dams in the Ganges basin area. Of these, 51 major storage reservoirs have a total 
storage capacity of 51 Million Acre-feet (MAF) (62908 mcm). 

Bangladesh, born in 1971, could not embark upon any major development of 
waters of the Ganges in the face of uncertainties of dry season availability of the 
river from across the borders. But in its frantic effort to increase food 
production and drinking water supply for the millions of its population, 
Bangladesh had gone for heavy exploitation of its ground water resources. In 
view of the current crisis of arsenic contamination of groundwater in the Ganges 
dependent areas of the country, Bangladesh has realised that over- dependence 
on groundwater has not been wise. Emphasis is now being given to conjunctive 
use of surface and groundwaters in the Gangetic area. 

Besides India and Bangladesh, Nepal is another co-basin country of the Ganges. 
The headwaters of some of the major tributaries of the Ganges lie in Nepal 
which contribute about 40 percent of the annual flows and 71 percent of dry 
season flows of the Ganges available at Farakka (India). Compared to the 
magnificent opportunities available in Nepal for harnessing and developing the 
water resources of the tributaries of the Ganges emanating from this country, 
only a few projects had been undertaken in Nepal. The vast hydropower 
potentials (about 80,000 MW according to some) in Nepal still remain untapped. 

THE ISSUE OF SHARING THE DRY 
SEASON FLOWS OF THE GANGES 

Although the annual flow of the Ganges is 446 MAF (550132 mcm), the dry 
season (January through May) availability at Farakka, amounts to only 21 MAF 
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(25903 mcm). Because of extreme low flow in the Ganges during dry seasons 
when there is very little rainfall, there arises upstream-downstream conflict over 
the use of water of this river. 

The issue of sharing the Ganges waters between Bangladesh and India arose 
when India Commissioned a 7,300 ft. (2225 m) long Barrage across the Ganges 
at Farakka only 11 miles upstream of the Bangladesh border. The stated purpose 
of the barrage was to divert dry season Ganges flows into the Bhagirathi­
Hooghly river in the state of West Bengal for improving navigability of the port 
of Calcutta. The Governments of Bangladesh and India had discussed for more 
than 20 years to resolve the Ganges sharing issue but could not arrive at a long­
term Agreement during those years. 

Although the two countries did agree on short-term arrangements for sharing the 
dry season Ganges flows for five years (1978-82) under an Agreement signed in 
1977 ; for two years (1983-84) under a Memorandum of Understanding (MOU) 
signed in 1982 and for three years (1986-88) under another MOU signed in 
1985, the Ganges issue has irritated the relations between India and Bangladesh 
quite often. 

In 1996, new Governments came to office both in India and Bangladesh. 
Intense and bold efforts by both the new Governments ultimately resulted in the 
signing of a thirty year Treaty between Bangladesh and India on sharing of the 
Ganges waters at Farakka on December 12, 1996. 

According to the Treaty of 1996 the sharing will be for thirty years and the 
quantum of waters agreed to be released by India to Bangladesh will be at 
Farakka (in India). The sharing between India and Bangladesh of the Ganges 
waters at Farakka will be in 100day periods from January 1 to May 31 every 
year and shall be with reference to the following formula: 

Availability at 
Farakka 

Share of India 

Balance of flow 

Share of 
Bangladesh 

Subject to the condition that India and Bangladesh each shall receive guaranteed 
35,000 cusec (991 m3/s) of water in alternate three 100day periods during the 
period March 11 to May 10. 

For the period of this Treaty, in the absence of mutual agreement or adjustments 
following reviews, India shall release downstream of Farakka Barrage, water at 
a rate not less than 90% of Bangladesh share according to the formula mentioned 
above, until such time as mutually agreed flows are decided upon. 
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The sharing of Ganges waters between Bangladesh and India under the 1996 
Treaty commenced from January 1, 1997. A Joint Committee set-up by the two 
Governments as per provisions of the Treaty has successfully implemented the 
arrangements for sharing contained in the Treaty during the dry seasons of 1997 
and 1998. The Joint Committee has formulated detailed procedures and 
guidelines for sharing the Ganges flows at Farakka in India and monitoring at 
Hardinge Bridge in Bangladesh which the Joint Observation Teams posted at the 
two sites are following strictly. No major difficulty in implementing the sharing 
arrangements has arisen as yet. 

The Ganges Treaty has now opened opportunities for Bangladesh to undertake 
projects like the long-awaited Ganges Barrage project for restoration of the 
Ganges dependent area of Bangladesh because of its critical situation. This area, 
mostly located in the Southwest of the country was once generously watered by 
the Ganges and a diverse range of eco-systems evolved as a result. Past 
reductions of fresh water flows into the area has caused widespread degradation 
of the environment, primarily due to salinity ingress from the Bay of Bengal 
which together with the pressures of a growing population, has had detrimental 
impact on social and economic development. Health, nutrition and the well­
being of the population, particularly amongst women, have been put 
significantly at risk. Bangladesh is now trying its utmost to make best use of the 
opportunities derived from the Treaty, so that the dry season flows of the 
Ganges secured by Bangladesh under the Treaty as its share can be used to 
nurture the region that has suffered so much social and environmental damages 
since their diminution. 

AUGMENTATION OF DRY SEASON FLOWS OF mE GANGES 

The present dry season availability of the Ganges at Farakka is not enough to 
meet the requirements of both Bangladesh and India. The dry season flows of 
the Ganges being received by Bangladesh now are only half of those which 
formerly entered the country before commissioning of the Farakka Barrage. 
Bangladesh needs more waters in the Ganges during dry seasons to support the 
socio-economic development for present and future generations. As such there is 
an urgency for initiating a process of cooperation amongst the co-basin countries 
for augmenting the dry season flows of the Ganges. In Article-vm of the 1996 
Treaty, both Bangladesh and India have recognised the need to cooperate with 
each other in fmding a long-term solution to the problem of augmentation of dry 
season Ganges flows. 

Plenty of water is available in the Ganges during the monsoon and there is ample 
scope to harness from the monsoon flows. A portion of the monsoon floods of 
the Ganges which cause widespread damages in the co-basin countries could 
be conserved in the upstream storage sites, particularly in Nepal to mitigate 
flood intensities downstream. This in turn would enable signifICant 
augmentation of the dry season flows of the Ganges satisfying the reasonable 
water needs of all the co-basin countries. 
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FUTURE NEED 

The area constituting the Ganges basin is one of the poorest in the world. But 
this should not have been the case in view of the basin's rich endowments. In 
fact the fate of the entire basin could have been changed dramatically through 
meaningful and effective cooperation amongst all the co-basin countries for 
harnessing, development and management of the water resources of this river 
and its tributaries. The desired development of this common resource however 
remained neglected with inadequate appreciation of the fact that every year lost 
meant the loss of a productive multiplier through the creation of wealth and 
employment that would otherwise have been at work. According to many, a 
number of social, political and historical inhibitions had been at work 
obstructing meaningful regional cooperation for development and management 
of common water resources of the Ganges. 

In the Ganges basin area today, humanity faces two overriding realities relating 
to fresh water. First, the use of water has increased dramatically during the past 
century and will continue to do so as the number of human beings using and 
relying upon it continues to multiply at an alarming rate. This implies the 
complexity of issues related to ensuring food scarcity, providing adequate and 
safe drinking water and sanitation services, stimulating the economy, and 
preserving the environment Satisfying these needs would no doubt be a 
challenging task. 

It needs to be realised that water would be the most important vector of 
development that would shape the future of millions of people living in the 
Ganges basin area. Their future would depend on collective and individual 
choices and action. At the brink of a new century, taking a long view would be 
an appropriate exercise for all concerned in this region. The vision should 
address water sector transcending issues such as seasonal water scarcity and its 
overall effect on life and living of the people and environment; flooding and the 
cost to society in terms of public health and the loss of economic assets; water 
pollution and the links to public health, the loss of essential environmental 
functions. This vision would help development and management of the water 
resources of the Ganges in the next millennium. 

DEVELOPMENT AND MANAGEMENT OF 
WATER RESOURCES IN 1HE GANGES BASIN 

Basinwide development and management of water resources should be the major 
option for future development of the Ganges area. Conservation of waters 
would no doubt be the only way for tackling the huge problems of alternative 
flooding and water scarcity during wet and dry seasons and meet the 
expanding water and power needs for sustaining a rapidly growing economy 
and population. Side by side, conjunctive use of surface and groundwater and 
its equitable distribution, controlled flooding through scientific catchment 
management and water management would be the other important elements 
which would play crucial roles. Again, development of waterway transportation 
could make a significant contribution to the economic integration of the region 
with investments in various navigation improvement programmes. 
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'The option and measures envisaged above would undoubtedly need large 
projects with major investments. Moreover, the way towards formulation, 
implementation, operation and maintenance of the projects envisioned, would 
not be devoid of complications. Firm political commitment from the 
Governments of India, Nepal and Bangladesh to undertake effective joint actions 
would be the essential prerequisite to launch a programme for integrated 
development and management of water resources of the Ganges. A congenial 
atmosphere in the relations amongst the three countries shall therefore be crucial. 
With signing of the Ganges Water Sharing Treaty between India and Bangladesh 
in 1996 and the Mahakali Treaty between India and Nepal, a new climate of trust 
and confidence in the region has emerged. All concerned may, therefore, take 
advantage of this new climate. 

Development and management of water resources would involve various 
components and wide ranging issues. Some of the major components and 
important issues are described below: 

WATER CONSERVATION 

Although there is scarcity of surface water in the basin area during dry season, 
plenty is available in the rivers during the monsoon (the proportion of lowest 
and highest flows is about 1:70 for the Ganges in Bangladesh). Portions of 
monsoon flows of the Ganges which cause widespread flood damage can be 
conserved in the upstream storage sites available in Nepal and India to mitigate 
flood intensities downstream. This in turn would enable significant 
augmentation of the dry season flows of these rivers satisfying the reasonable 
water needs of the co-basin countries. In addition, generation of large amounts 
of hydropower from the storage dams could ease the energy crisis in the region 
and create more job opportunities by facilitating rapid industrialization in 
different parts of the region. More hydro-power would reduce the tremendous 
pressure on fuelwood in the region as an energy source and the forest resources 
and thereby environment shall be saved. The upstream storages would also help 
improvement of navigation in the region, check salinity intrusion in the lower 
deltaic areas and control pollution by increasing fresh water supplies during dry 
seasons. The potentials of the reservoir sites in the Gandaki, Mahakali, Kosi, 
Karnali basins in Nepal and remaining sites in the Ganges basin in India offer 
bright prospects for water conservation. 

According to a Bangladesh-Nepal Joint Study on Flood Control (1989), there 
are about 30 potential storage reservoir sites in Nepal in the Ganges basin. The 
study highlighted the following regarding the potential Nepalese storage 
reservoirs : 

all the five reservoirs identified in the Sapt Kosi basin, after full 
development could have potential to store 50.4 percent of the total 
monsoon flow for dry season use. 

the nine reservoirs identified in Gandak basin could similarly store 
54.7 percent of the total monsoon flow for dry season use. 
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the reservoirs identified in Kamali basin are capable of total 
regulation of monsoon flow. 

the two reservoirs in the border river Mahakali together will be able 
to hold 43.2 percent of the monsoon flow. 

reservoirs on southern smaller rivers are capable to store the 
monsoon flow of their catchments from 60 to 100 percent 

The Bangladesh-Nepal Joint Study Report stated as follows, 

"In general, however, it could be said that among thirty identified sites for 
reservoir creation, the more effective sites in terms of flow regulation will 
be Sapta-Kosi, Tamur-l, Sun Kosi-II, Burhi Gandaki, Marsyangdi, Seti-I 
(central), Kali Gandaki-I and II, Andhi-Khola, Mainachuli, Bagmati, 
Bhalubang, Naumuri, Pancheswar and all the reservoirs in the Karnali 
basin. The dry season (December-May) flow augmentation potential of 
these reservoirs taken together is in the vicinity of 4,950 cumec (174,800 
cusec). This constitutues more than 170 percent of average dry season 
natural flow". 

These reservoirs when created would provide benefit for irrigation navigation 
and hydro-electricity generation and other consumptive and non-consumptive 
use. According to the Joint Report, the total hydro-power installation potential at 
different capacity factors is in the order of 36,600 MW. 

The proposed water conservation projects shall definitely be large projects and 
would have their implications. There may be valid arguments in favour of small 
dams, water harvesting techniques, micro and mini hydel schemes or run-of-the 
river hydropower generation, all of which would reduce or avoid human 
displacement and encroachment on or damages to wildlife habitats. These are 
well intentioned but not alternatives to storage dams for the most part of the 
region and, where they are feasible, are additional to rather than substitutes 
for dams. It needs to be appreciated that the condition in the Ganges basin 
is different where it may not be possible to abandon or limit the conservation and 
harnessing its water resources in an increasingly water short situation during 
dry season. Large water storage projects are, therefore, difficult to be ruled out 
Moreover, one should appreciate that the proposed storages are nothing but rain 
water harvesting projects - but of course on a mega scale. However, there is 
need to assess the environmental, ecological, human and social implications and 
impacts of such projects. In case of those projects which would be found 
acceptable, adequate machinery and procedures will have to be devised in each 
case to ensure the proper formulation and full implementation of remedial and 
ameliorative measures; and in each case there will have to be the fullest measure 
of consultation with and participation by the people concerned. 

FLOOD MANAGEMENT AND FLOOD FORECASTING 

The aforementioned storage reservoirs would no doubt reduce flood intensities 
in the Ganges river in the downstream reaches. But that might not be enough. 
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Besides the main Ganges there are many other tributaries, distributaries and 
smaller rivers in the basin which cause localised flood havocs. For mitigation of 
floods caused by such rivers appropriate flood management strate$ies are to be 
chalked out and practiced. Watershed management through extenslve soil 
conservation, catchment area treatment, preservation of forests and increasing 
the forest area and the construction of check dams would have to be promoted 
to reduce the intensity of floods. The possibilities of flood by-pass or 
diversions shall need to be investigated more intensively through joint efforts. 
Uncontrolled and indiscriminate development of flood plains under the false 
sense of security due to pressure of population has been responsible for 
increasing flood damages in some areas of the basin despite substantial 
investments in flood sector in the past The concept of flood plain zoning would 
therefore, need to be more vigorously practiced in a concerted manner by all the 
co-basin countries to avoid dangerous, undesirable and unwise use of flood 
plains. 

Flood forecasting and Warning plays and shall continue to playa very important 
role in saving lives and properties from flood damages. Meaningful cooperation 
and co-ordination amongst the co-basin countries can improve the flood 
forecasting and warning system in the Ganges basin. There exists limited 
cooperation on Flood Forecasting amongst the countries of the region on 
bilateral basis. These cooperations need to be further strengthened, expanded 
and made multilateral. To that end, the co-basin countries may decide 
expeditiously all aspects of data requirements for effective and early flood 
forecasting and warning in the river basin and ensure free flow of data relevant 
to flood forecasting on a real time basis. 

WAlER QUALITY 

Another priority concern for water management in the Ganges basin should be 
water qUality. With the increase of population, more and more often the use of 
water will be limited by its quality rather than the quantity available. Poisoning 
of water by arsenic and other toxic chemicals and related chronic effects are the 
most recent public health concerns to arise over water quality. Strict water 
quality measures would need to be undertaken to avoid or reduce contamination 
of water that results in the degradation of drinking water quality and quantity, 
contamination of food resowces and increasing incidence of infectious diseases 
and in the substantial biological impoverishment and impairment of basic 
ecological functions and services. 

FREE FLOW OF DATA AND INFORMATION 

1be success of integrated water resources management in the Ganges basin will 
depend greatly on free flow of relevant data and information amongst the co­
basin countries. Mistrust, fear, misperception and myth had so long impeded 
free flow of data amongst the countries concerned. In the brink of a new 
century, such mistrust and fear need to be removed totally for the sake of a better 
future of millions of people. The co-basin countries, through mutual 
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agreement, would need to establish a system of free flow of all water related data 
and information amongst them as early as possible. In today's world, with 
revolutionary advancement in global communication, establishment of such a 
system would not take much time if the political will is there. With regard to 
data management and long-term data needs the following initiatives require to be 
envisaged : 

mapping of all governmental and non governmental agencies, 
Institutions, Research Centres and etc. connected with water 
resources "development, management and use in the Ganges basin 
area; 

analysis of technological and institutional bottlenecks in basic data 
acquisition and dissemination mechanisms; 

evaluation of options for rehabilitation, harmonization and 
standardization, and integration of data collection, processing and 
exchange mechanisms on basin scale; 

EFFECfIVE COOPERATION 

The management of water resources of a river basin like that of the Ganges is a 
matter of regional concern because it is a transboundary resource. In the past, 
isolated and unilateral actions for development and utilization of waters of the 
Ganges in one co-basin country have caused adverse impacts in another country. 
This has resulted in irritations in the relations between the concerned countries. 
When one country is adversely impacted because of another's action in the same 
basin, it becomes the collective obligation of all the co-basin countries to take 
corrective measures in a concerted manner. The development, sharing and 
management of the Ganges water resources must not be a zero-sum game. The 
key to future development of the Ganges basin area is effective cooperation 
amongst the co-basin countries. Such cooperation should necessarily be 
multilateral as the number of co-basin countries of the Ganges is more than two. 

So long whatever negotiations or actions regarding development, sharing and 
management of waters of the Ganges and its tributaries have taken place had 
been purely on bilateral basis between India and Bangladesh; between India and 
Nepal; and between Nepal and Bangladesh. This principal of bilateralism has 
already created confusion and even mistrust amongst the co-basin countries. 
Enough time has already been wasted. It is time now that all concerned breaks 
this myth of Bilateralism. For the sake of teeming millions of the basin area, all 
the co-basin countries should act in unison. Without effective cooperation from 
all, the desired objectives of water conservation, flood management, water 
quality management, free flow of data and information in the Ganges basin area 
would remain only illusions. All concerned should, therefore, make sincere 
efforts to create the required atmosphere of mutual trust and confidence to 
commence the journey towards such cooperation. 
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CONCLUSION 

Water of the Ganges is too precious a resource to waste when there are millions 
of people dependent on it The waters of this basin can really be turned into 
wealth. What is needed, is the will and commitment of the Governments and 
people of all the co-basin countries. Effective cooperation will be the key to 
future development and management of the Ganges water resources. This 
however would require a different mindset and a long-term view of the political 
and social leaders of the Gangetic region. In the interest of all, the political and 
conceptual problems now need to be more purposefully addressed especially as 
the underlying commonality of interests in the Ganges is overwhelming. Waters 
of the Ganges must be seen as a potential source, not of conflict but of peace and 
prosperity in the region. 
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DEVELOPING A NEURAL NETWORK MODEL FOR PREDICTING 

THE NILE RIVER INFLOW 
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ABSTRACT 

Egypt is facing a major challenge to manage its limited water resources to satisfy 
future demand. Nile River inflow is satisfying more than 85% of the total 
demand. Accurate prediction for yearly inflow is essential for planning and 
management of the water resources. The inflow of the river exhibits large 
variation due to many natural phenomena. The prediction of inflow rate has been 
under continuous study. Different approaches have been used to fit observed data. 
However, some of these approaches may not adequately predict the river inflow 
because they are based on many simplifying assumptions about the natural 
phenomena that influence the inflow. This paper demonstrates how a neural 
network can be used as an adaptive model synthesizer as well as a predictor for 
inflow to Nile River. Historical data for stations along the river has been used. 
Issues such as selecting an appropriate neural network architecture and a correct 
training algorithm are addressed as well. A Neural Network Model for Nile 
Rainfall-Runoffprocess (NNMNRR) has been developed in an attempt to 
overcome the difficulties faced in predicting the inflow. The main issue discussed 
in this research is training the network to map rainfall patterns into measures of 
the runoff. Our preliminary results show that the neural networks are capable of 
adapting their complexity to match changes in the flow history. Moreover the 
NNMNRR model has the capability to predict the river inflow. 

TRADITIONAL METHODS 

Prediction of streamflow provides a warning of impending flood during the times 
of flood. It also assists in regulating reservoir outflows during the low flows. The 
need for accurate stream flow predication has been emphasized by the recent 
devotion of an entire scholarly journal issue to the subject (Journal of Hydrology, 
Vol. 133, April, 1992). Prediction of streamflow and is a difficult task because of 
varieties of parameters like watershed topography, vegetation cover, soil types, 
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Resources, Komish EI-Nile, Imbaba-Giza 12666- Egypt. 

2 Researcher, Director of Minister's Office, Ministry of Public Work & Water Resources, Komish 
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channel characteristics, rural and urban activities, and precipitation distribution. 
Continuous predication of streamflow can be made by indirect or direct methods 
(Thirumalaiah and Deo, 1998). The indirect method is based on runoff either 
through a rainfall-runoff model or by routing the flow observed at an upstream 
gauge to the desired location downstream (Kitanidis and Bras, 1980a,b). For 
direct prediction of stream inflow, statistical correlation techniques have been 
employed (Devore, 1991). 

For indirect methods, different techniques of relating the temporal and spatial 
history of precipitation to corresponding streamflow discharge at a point of 
interest, have been developed (for extensive reviews see; Bras, 1990, and 
McCuen, 1989). Most of these methods assume a uniform rainfall distribution in 
space, or a coarse subdivision of watershed area into sub-areas within which the 
rainfall can be assumed to be uniform in a piecewise fashion. These methods are 
typically used in runoff models since the standard source of rainfall measurement 
are widely scattered point measurement gauging stations. The rainfall-runoff 
models require knowledge of underlying hydrology and establishment of many 
rain gauges together with a good telemetry system. 

Direct methods require a comprehensive exogenous input and involve some type 
of model along with certain assumptions. The occurrence of streamflow, being 
uncertain, may not always be amenable to any specific modeling. 

USING NEURAL NETWORKS FOR PREDICTION 

Flood and Kartam (1994a,b) published research that illustrates using neural 
networks in solving general civil engineering problems. They concluded that 
neural networks offer a powerful means of solving poorly defined problems that 
have eluded computational digital computing techniques. Also, The success of the 
neural network implementation depends not only on the quality of the data used 
for training, but also on the type and structure of the neural network adopted, the 
method of training, the way in which both input and output data are structured and 
interpreted, and ensuring that a network is used only for problems that fall within 
the training domain. 

Karunanithi et. al. (1994) used neural network model to predict the inflow of the 
Huron River in Michigan. Empirical comparisons between the predictive 
capabilities of neural network model and analytic nonlinear power model in terms 
of accuracy and convenience of use have been preformed. The analysis showed 
that the neural networks are capable of adapting their complexity to match 
changes in the flow history. Furthermore, model developed by the neural network 
approach are more complex than the power model. Moreover, the authors note 
that the neural network approach is a new approach for this application and 
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further research is needed to fully understand its modeling capabilities and 
limitation. 

Smith and Eli (1995) implemented a neural network to map rainfall patterns into 
various measures of runoff. The neural network was trained to predict the peak 
discharge and the peak time resulting from a single rainfall pattern. The authors 
concluded that the difficulty to predict peak discharge and peak time is due to 
insufficient information content to properly characterize the functional 
relationship between input and output or the training set being too small. The 
authors recommended further research to answer some questions including: 
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• Do neural network configurations and their weight space solutions 
have some identifiable relationship to the physics of the rainfall-runoff 
process? 

• Does the neural network approach offer significant advantages as 
compared to traditional rainfall-runoff modeling? 

Tawfik et. al. (1997) trained a neural network for modeling rating curves. A 
simple three-layer back propagation neural network is introduced for developing 
rating curves at two Nile gauging stations for two historical periods. The results 
for three out of four cases analyzed show that the neural network approach was 
more accurate than the commonly used techniques for modeling rating curves. 
The authors recommended testing several sophisticated neural network structures 
for more accurate results. 

Thirumalaiah and Deo (1998) presented an approach for using neural network for 
real time river stage forecasting. Three methods were used to train the neural 
network: error back propagation, cascade correlation, and connective gradient. 
They stated the following advantages of neural network which can be usefully 
exploited in river forecasting: 

• Neural networks are useful when the underlying problem is not clearly 
understood. 

• Their application does not require prior knowledge of the underlying 
process. 

• Neural networks are most suitable for dynamic forecasting problems 
because the weights involved can be updated when fresh observations 
are made available. 

• Due to their inherent distributed processing, neural networks are fairly 
stable. A small amount of errors in the input does not produce 
significant change in the output. 

• They do not require any exogenous input other than a set of input­
output vectors for training purpose. 

They concluded that continuous forecasting of river stage in real-time sense is 
possible through the use of neural networks. 
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Pham and Xing (1995) presented an application of predicating the Amazon River 
at Iquitos. The multi-layer perceptron and Group Method of Data Handling 
(GMDH) neural networks (Hecht-Nielsen, 1990) structure was used. They 
showed that even though only II data points were used for training and selection, 
the GMDH networks produced reasonable predictions. 

STUDY AREA 

Our study area include part of Lake Victoria basin. The Basin, which feeds this 
lake, lies between latitude 3° 30" south of Equator and latitude 0° 30" north of 
Equator and between longitude 30° 0" and 36° 0" east (Fig. I). Lake Victoria itself 
lies between longitude 32° 35" and 34° 30" east and between latitude 3° 30" south 
of equator and latitude 0° 30" north of equator. Lake Victoria is fed by different 
tributaries that flow into it from the north, south, and west. The area of Lake 
Victoria basin is about 262,000 square kilometers while the surface area of the 
lake is about 67,000 square kilometers. The average intensity of rainfall on the 
basin per year is about 1.190 meters while the average on the lake is about 1.150 
meters. The average quantity of water entering the lake is about 95,000 million 
m3/year while the average evaporation losses on lake surface is about 75,000 
million m3/year. The basin is the major source for contributing inflow to the 
White Nile River. Knowing the inflow from Lake Victoria will assist to estimate 
the inflow in the Nile River. Namasagali is a location on the outlet river of Lake 
Victoria. Predicating yearly and monthly river inflow to Narnasagail is important 
for predicating the flow in the White Nile River and monitoring water rights. 
Rainfall measuring stations are located on the area of Lake Victoria basin which 
is shared between Uganda, Kenya, and Tanzania. The rainfall measurement 
stations have monthly records since 1913 until 1972. Also inflow in Namasagail 
is measured monthly for the period between 1913 to 1972. There are some 
missing records for both rainfall and inflow measuring stations at that period. 
Moreover, after 1972 all these measuring station have been closed for several 
reasons. Measuring rainfall for the area of study could be determined through 
satellite images and image processing models. With the drawback of using 
traditional methods and missing data and information for the studied area, a 
neural network model is implemented in an attempt to predict the inflow to 
Namasagail. The historical records have been used to train and test the neural 
network model. 
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Fig, 1, Study Area and The Nile River 
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NEURAL NETWORKS THEORY 

Artificial neural networks can be characterized most adequately as computational 
models with particular properties such as the ability to adapt or learn, generalize, 
cluster or organize data. Neural networks are massively parallel systems, as 
illustrated in Fig. 2, composed of the following elements (Muller et. al., 1995): 

• A set of operating processors termed neurons, cells, or units. 
• A set of activations (aj) for every unit, which also determines the 

output of the units. 
• Connections between the units, each connection has a weight (Wjj). 
• A propagation rule (ij). 
• An activation function (PI)' 
• An external input or offset 9j for each unit. 

1 
Wil 

r--~ W· Ii= l: W ij * 3.j + OJ 
j 

Fig. 2. Neural Network Elements. 

Each unit perform to tasks: 1) receive input from neighbors or external sources 
and use this to compute an output signal which propagate to other units; 2) 
adjusting the weights. There are three types of units: input (receive data from 
outside the system); output (send data outside the system); and hidden (the input 
and the output signals remain within the system). During operation, units can be 
updated either synchronously or asynchronously. Often, the activation function is 
non-decreasing sigmoid function of the total input of the units: 
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(1) 

where is the propagation rule ii is: 

(2) 

The training algorithm adjusts how the inter-neuron connections and the nature of 
the connections are arranged. This adjustment is designed to achieve a desired 
overall behavior of the network. In the learning process, often called the training 
process, large numbers of input-output pattern pairs are presented to the network 
in a repetitive fashion designed to provide iterative corrections to the weights. 
Each iteration, called an "epoch", is a single pass through all training pattern 
pairs. To train the network, an input pattern p presenting to the network, making 
prediction as to the output Opk, and then comparing this predicted output to the 
input pattern's actual output Tpk. The total error Ep is computed as: 

The global error E is equal to 

Where 

c 
E=LEp 

Jc.=1 

C is the number of unique input-output pattern pairs presented in an 
epoch. 

The training process is accomplished by a suitable methodology for iterative 
correction of the interconnection weights to produce a final set of weights that 
minimize the global error E (for extensive reviews see Smith, 1993). Neural 
networks can be classified according to their structure and learning algorithms. 

NEURAL NETWORK MODEL FOR NILE RAINFALL-RUNOFF 

(3) 

(4) 

A Neural Network Model for Nile Rainfall-Runoff process (NNMNRR) has been 
developed to map rainfall patterns into measures of the runoff. The model is 
developed using the C++ computer language. Various types of neural networks 
were tested. These included standard back-propagation (Lippman, 1987), cascade­
correlation algorithm (Fahlman and Lebiere, 1990), conjugate gradient (Fletcher 
and Reeves, 1964), and genetic reinforcement learning (Holland 1975; Goldberg, 
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1989). The tests were carried out using a part of the input data. The best 
performing networks were the standard back-propagation network and the 
cascade-correlation networks. Both methods have been implemented in 
NNMNRR. 

The back-propagation method involves minimization of the global error by using 
the gradient descent approach. The network weights and biases are adjusted by 
moving a small step in the direction of the negative gradient of the error function 
during each iteration (Fig. 3). The iterations are repeated until either a specified 
convergence is reached or a prescribed number of iterations is exceeded. 
Application of this algorithm in the present case starts with normalization of the 
input values and initialization of all weights and biases to random values within 
the range of -0.8 to 0.8. Then, the activation value Ilj for each unit in the hidden 
layer is determined. Each output node interacts similarly with the hidden nodes 
and produces the network output. The difference between this network output and 
the target output gives the error gradient. The gradient descent is used to evaluate 
of new weights and biases with respect to a given training pattern. One iteration is 
over when all training patterns are finished. The iterations are continued until the 
overall mean squared error (ED) for all output nodes and training patterns reaches 
a minimum. In the back-propagation method, no general methodology is available 
for determining the number of hidden layer neurons. In our case study, the model 
starts with a sufficient large number of units in the hidden layer and progressively 
reduces this number until training statistics indicate optimum performance. 

The cascade-correlation method is an efficient constructive training algorithm that 
combined the idea of incremental architecture and learning in its training 
procedure (Fig. 4). Training starts with a minimal network consisting of an input 
and an output layer. Then, the training is developed until iterations fail to reduce 
the residual error. Then it stops this phase of training, and enters the next phase 
for training a potential hidden unit. The potential hidden unit has associated 
weights from the input layer and all preexisting hidden units, but not toward the 
output layer. Weights associated with the potential hidden units are optimized by 
a gradient ascent method. When a potential hidden unit is trained, weights 
associated with output layer are kept unchanged. Once a potential hidden unit is 
added to the network, it becomes a new hidden unit and its incoming weights are 
frozen for the rest of the training period. After installing a hidden unit, the training 
updates weights of all connections that directly feed the output layer. This 
dynamic expansion of the network continues until the problem is successfully 
learned. 

The inputs of the NNMNRR are rainfall amount for the selected stations and the 
output is the river inflow at Namasagail. The model determines the monthly and 
the yearly inflow depending on the input using both methods. 
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Fig. 3. The Back-propagation Method 

RESULTS 

All rainfall measuring stations enclosing Lake Victoria have been studied. 
Stations with missing records have been neglected. The correlation between 
yearly inflow Namasagail and yearly rainfall of each of selected stations have 
been determined for the period between 1913 and 1969. Only data for 43 years 
have been considered since there are a lot of missing data in that period. The 
results of the correlation coefficient test are illustrated in Table 1. 
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Only rainfall stations with a correlation coefficient greater than 0.39 were selected 
as input to the NNMNRR. Therefor the inputs are rainfall amount for the stations 
MASINDI, MONIKO ESTATE, MASAKA and BWA VU at Uganda. Moreover, 
the correlation coefficient between monthly inflow at Namasagail and monthly 
rainfall for each selected station were determined for the period between 1913 and 
1972. These correlation coefficients are illustrated in Table 2. For monthly 
prediction, MASINDI Port, MASINDI and MASAKA were considered for their 
complete records and high correlation coefficient. The yearly and monthly input 
data for each period have been shuffled for better training of the NNMNRR. 
Moreover, extreme values for rainfall and river inflow were included in training 
set for NNMNRR to avoid extrapolation effect for prediction. 
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Output Nodes 

Input Nodes 

Fig. 4. Cascade-Correlation Networks 

Table 1: The Correlation Between Yearly River Inflow At Namasagail And 
Yearly Rainfall For Selected Stations. 

Station Name 
MASINDI (Uganda) 
MONIKO ESTATE (Uganda) 
BWAVU (Uganda) 
Fort Port (Uganda) 
GuIu (Uganda) 
BUDO (Uganda) 
MASAKA (Uganda) 
KERICHO D.C. (Kenya) 
LONDIANI (Kenya) 
KISUMU (Kenya) 

Correlation 
0.418 
0.487 
0.394 
0.115 
0.091 
0.288 
0.385 
0.17 
0.187 
0.065 

Table 2: The Correlation between monthly River Inflow at Namasagail and yearly 
Rainfall for Selected Stations. 

Station Name 
KITGUM (Uganda) 
MASINDI Port (Uganda) 
MASAKA (Uganda) 
BWAVU (Uganda) 
MBARARA (Uganda) 
MASINDI (Uganda) 

Correlation 
0.144 
0.454 
0.222 
0.136 
0.131 
0.189 
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For yearly prediction, 35 records were used to train the NNMNRR and 8 records 
were used for testing. The results for yearly inflow using cascade-correlation 
method are illustrated in Fig. 5. The correlation coefficient between target and 
predicted river inflow equal to 0.825. By applying the back-propagation method, 
prediction for the river inflow was performed with correlation coefficient between 
target and predicted river inflow equal to 0.56. The predicted values are illustrated 
in Fig. 5. The optimal size units in the hidden layer for the back-propagation 
method was found to be 2 units. 
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II I 50000 +--------------------... 1-------.; 

i ~ 40000 -t-----------------... H 

11 S 30000 +------_.----------... ~ 
~ :: 
~ i 20000 

-;: 10000 

i 0 
1916 1925 1931 1934 1951 1963 1965 1969 

Testing Years 

C Real Values 

• Predicted Values using Caacaded-Correlatlon Method 

• Predicted Values using 8ack-Propagatlon Method 

Fig. 5. The yearly inflow prediction using cascade-correlation and back­
propagation methods. 

For monthly prediction, 202 records were used to train the NNMNRR and 31 
records were used for testing. The results for yearly inflow using cascade­
correlation method are illustrated in Fig. 6. The correlation coefficient between 
target and predicted river inflow equal to 0.16. By applying the back-propagation 
method, prediction for the river inflow was performed. The predicted values are 
illustrated in Fig. 6. The optimal size units in the hidden layer for the back­
propagation method was found to be 2 units. 
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Fig. 6. The monthly inflow prediction using cascade-correlation and back­
propagation methods. 

CONCLUSIONS 

The forgoing studies indicated that predicting inflow from rainfall pattern is 
possible through the use ofNNMNRR. A good correlation between the 
observation and the corresponding model output (prediction) is found to be 
dependent on the training algorithm. A proper choice of the training algorithm can 
give good prediction for yearly inflow. Moreover the cascade training algorithm 
provided faster learning than back propagation method in yearly prediction. The 
back propagation may reach the same results of cascade-correlation method if 
more iteration processed. The NNMNRR is a black-box tool and the user need not 
know much about the flow process. The back propagation method is easy to use 
but the corresponding solution converges slowly and may exhibit oscillatory 
behavior because of the fixed step size. 

For predicting the yearly inflow, the cascade-correlation method gives better 
results than the back-propagation method. Therefor, the model can be used 
accurately for monitoring water rights when measured data for inflow is not 
applicable. For predicting monthly inflow, the back propagation method 
performed better than the cascade correlation. The non-accurate output of the 
model, for both methods, in monthly case resulted in the hypothesis that there was 
insufficient information content in this predicted output variable. Including 
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information as infiltration and evaporation loses as input variables in the model 
will probably increase the performance of the model for monthly inflow 
prediction. Also information as time lag between rainfall and effective runoff for 
different rainfall stations could enhance the model performance of model for 
monthly inflow predication. 
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A NEW DIRECTION FOR ALLOCATING WATER OF THE NILE RIVER IN 
EGYPT 

John E. Priest! 

ABSTRACT 

The Egyptian philosophy of water use is that of an agrarian society even though 
perhaps only 50 % offoodstuffs are produced domestically. The Egyptian 
Government is now implementing a plan of action that will spread water over vast 
new areas ofthe Western Desert and the Sinai. The objective is to transfer within 
20 years as many as 7 million persons from the Nile Valley and the Delta to 
intensively irrigated areas ofthe Western Desert. This diversion of Nile River 
water is to be accomplished even as the nine upstream riparians are demanding 
more water. 

A paradigm shift is required. Those guiding irrigation development in the Western 
Desert must accept and embrace a model of mixed development based on: 1) the 
eventual minimization of irrigation offield crops, 2) the identification and filling 
of now dry water-table aquifers through diversion of excess river flows in wet 
years, and 3) exploitation of minerals and other important resources of the 
Western Desert to support the new communities. 

Clearly, during the initial stages of New Valley developments, the government 
needs to divert the entire excesses of wet year flows for over-irrigation of 
reclamation crops and the filling of pre-identified underground reservoirs. 
Integrated ground-water-surface-water systems should be established., 
successively along the path of development, to supply municipal and industrial 
water and for the irrigation of vegetables and fruit trees. A large component of the 
water required for creating shaded communities and wind breaks should be 
derived from reuse of treated wastewater effluents and the pumping of mildly 
brackish ground water. Thus, through the establishment of water-table aquifers 
along the route of development and the careful husbanding of the water resource, 
extensive settlements can be realized in the western Desert without substantial 
diminishment ofthe productive capacity of the agriculture of the Nile Valley and 
Delta. 

Sustainability of the colonization will depend equally on the exercise of care in 
protecting the fragile desert environment in every zone of development and the 
equitable collection of water user fees from the start of project operations. 

! Consultant, 2442 West Dry Creek Court, Littleton Colorado 80120 
(priestjohn@aol.com) 
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INTRODUCTION 

Three aspects of allocation of the water of the Nile River, and its management, are 
crucial to the water users of Egypt - a) the division and utilization of water and 
water rights among the ten riparian nations of the Nile River Basin, b) the internal 
allocations within Egypt, the most downstream riparian, and c) utilization of the 
flood water excesses. The focus of this paper is the allocation and management of 
water within Egypt and more specifically the allocation and utilization of excess 
surface water for environmentally sound and financially sustainable colonization 
of the Western Desert. 

Egyptian Philosophy QfWater.llill 

The Egyptian philosophy of water use is rooted in the achievement offood self­
sufficiency through irrigation and the cultivation of cotton for domestic industry 
and for export. There still is not general recognition that the population of Egypt 
not only has exceeded the carrying capacity of the agricultural lands ofthe Nile 
Valley and the Delta Region but requires quantities of municipal and industrial 
water which render obsolete the notion of expanded pursuit of traditional flood­
irrigated agriculture. The Egyptian Government is now struggling to evolve new 
policies and a plan of action that recognizes two important truths. First, Egypt 
must supply water to vast new areas of the Western Desert and the Sinai if the 
ever-growing population is to be accommodated outside the Nile Valley and the 
Delta. Secondly, the upstream riparians, particularly Ethiopia and Sudan, 
increasingly are claiming their heretofore unused rights to the flow of the Nile 
River. 

Required ~ QfPhiloSQphy 

Required is a paradigm shift relative to the design and emphasis of the Egyptian 
program now under implementation to expand irrigated agriculture. There is 
adequate river water to service the Nile River Valley and Delta within the 1959 
treaty allocation to Egypt of 55.5 billion cubic meters. It is doubtful, however, 
that even with contemplated changes of the cropping pattern, increased reuse of 
drainage water from irrigation, and development of ground water of the Western 
Desert, that the vast areas being planned for irrigation can be adequately watered 
for intensive agriculture. 

Thus, the first of two propositions of this paper posits that, the government needs 
to consider the duty of water required for creating a favorable living environment 
in the desert instead of the establishment of new exclusively agricultural 
communities. Irrigation water should be used to irrigate vegetables, fruit trees, and 
date palms for food production and for creating shaded communities. Only 
through careful husbanding of the water resource can extensive settlements, 
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largely based on non-agricultural pursuits, be realized without substantial 
diminishment of the productive capacity of the Delta. 
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The second philosophical point of this paper is technical in nature. It relates to 
utilization of the extra-ordinary floods that originate in the upper basin and which 
are as yet uncontrolled by the upstream riparians. For example, some 110 billion 
cubic meters of flow occurred from August to October of 1998. Such flows 
present an ephemeral opportunity to divert the large quantities of water needed to 
establish the vast new settlements of the western Desert. It is essential, for the 
realization of sustainable development of the Western Desert that such high­
volume, uncontrolled flows from upstream be used for the charging of new water­
table aquifers and to improve the quality of recharge to existing, ground-water 
reservoirs. 

Supporting decisions and policies are needed to assure that any excess water 
available during the coming decade is used to achieve the high mUltiplier effect 
that can be achieved through the development and use of water-table aquifers as 
reservoirs and as underground transmission systems. 

VISION AND OBJECTIVES 

The government of Egypt long has recognized that the population of the Nation, 
which has quadrupled over the past forty years, can not continue to be domiciled 
exclusively in the area of the Nile Valley and the Delta without extensive sacrifice 
of fertile lands. Even now these lands produce only about 500fc, of the nation's 
requirements for foodstuffs. The resulting crisis, which may be viewed in terms of 
national survival and economic independence, has prompted national leaders to 
articulate a vision with objectives of expanding irrigation to the Sinai and to the 
Western Desert to support the transfer of population away from the Delta. 

The extension of irrigation to the Sinai is based on use of water at the tail of the 
existing irrigation system where reuse of irrigation return flows and treated 
municipal and industrial return flows from the Metropolitan Cairo area potentially 
are major components of the required water resources. 

By contrast irrigation of the Western Desert requires: 1) the division of Nile flows 
at Lake Nasser into a new river flowing to the Western Desert, and 2) the 
maintenance of flows through the hydro-power plant at Aswan and on down river 
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to service the Valley, Delta, and Sinai. Important to the establishment of colonies 
and irrigation in the Western Desert is the extent and quality of the developable 
deep ground water reservoir that underlies most zones of the area. And as 
emphasized in this paper, the establishment of a series of shallow ground-water 
reservoirs that extend along the a1ignment-for-development, from Lake Nasser 
northwesterly toward the Qatarrah Depression. 

Thus, it is the vision of the government that relates to the Western Desert that 
requires scrutiny and re-articulation. Determinants of the review should be the 
water resource base that may appropriately be mobilized to support extensive 
colonization and the water consuming nature of those colonies. 

Current vision: The Government of Egypt is programming and working toward 
agriculture-based colonization of the Western Desert on an alignment extending 
from Lake Nasser toward the Qatarrah depression, incorporating the oases of 
Kharga, Dakhla, Farafra, and Bahariya, Figurel. 

Limitations Qf~ Vision: The current vision anticipates the successive 
development ofa chain of traditional agricultural based settlements extending 
ever farther away from Lake Nasser. While Egypt may initially divert enough 
water to create one or two agricultural communities, the flow of the Nile River 
will, in the future, be inadequate to sustain a whole chain of new communities 
dedicated to intensive irrigated agriculture in a very hot desert climate. 

Objectives 

Objective· The current objective of the government of Egypt is to convince excess 
population o/the Delta and Valley to migrate to the Western Desert and the Sinai 
to relieve jurther decline of the agriculture of the traditional areas. The goal is to 
encourage some seven million citizens to settle in the Western Desert during the 
next two decades. 

Discussion: It is recognized that no desert civilization can arise without ample 
water resources. To achieve this objective, it is planned to pump water from Lake 
Nasser, as a first stage, and to convey it over the western escarpment of the 
reservoir to irrigate agriCUltural crops on the sandy soils of the New Valley 
including the East Uwainat and Toshka areas. The initial areas were selected to 
minimize pump lift, to serve the most suitable nearby soils, and to attract non­
governmental investment. 
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Required Paradigm Shift 

If Egypt is to succeed in the colonization of the Western Desert, while still 
maintaining the high levels of agricultural production of the Nile Valley and 
Delta, it is essential that the model of developing agricultural communities in the 
desert be modified to emphasize colonization based on strengths other than 
extensive, intensive irrigated agriculture. 

Deficiencies of Current Vision and Objectives - The current vision and 
objectives represent only the broadest societal framework. The vision is far ahead 
of technical analyses that might justifY sustainable, extensive, traditional 
agriculture in the deserts 

Considering the finite quantities offuture surface water availability and the 
uncertainties associated with development of exploitable deep ground water, it is 
clear that communities should be located only in areas where rechargeable ground 
water reservoirs can be established. Thus, it is critical that areas which are to be 
irrigated have proved extensive potential for the establishment of water table 
aquifers. These presumably dry aquifers would undergo a deliberate program of 
charging through initial over-irrigation with diverted excess flows of the Nile 
River. 

Besides the need for a change in the concept for selection of areas for 
development, a paradigm shift is required in the vision that foresees traditional 
agricultural developments extending across the desert. Required is a commitment 
to build infrastructure and to allocate surface water adequate to support 
communities with just enough agriculture to create an environment adequate to 
the attraction of settlers. 

Thus, the development paradigm will of necessity shift from one of extensive 
irrigated agriculture to the establishment of communities with water resources 
adequate to support a mix of industrial and commercial enterprises and limited 
water-efficient agriculture. 

Possibly with the exception of mining, only industrial enterprises that consume 
minimal quantities of water should be permitted, and irrigation mostly should be 
dedicated to productive date palms that shade streets and parks and to vegetables, 
fruit, and other high value crops adequate to supply local markets. 
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GEOGRAPHY AND SETTING 

Source: The Nile River rises in nine countries that lie to the south of Egypt. Two 
major tributaries, the White Nile and the Blue Nile, join at Omdurman outside 
Khartoum, Sudan. The Atabara is tributary some 200 kilometers downstream. The 
Blue Nile and the Atabara rise in the Ethiopian Highlands, where the summer 
monsoons contribute flood flows in Egypt from July to October. 

Tropical rains that maintain a relatively constant flow originating in the lake 
districts ofBurund~ Zaire, Tanzania, Kenya and Uganda feed the White Nile. The 
White Nile branches into a series of channels in the Sudd, an extensive marsh in 
the southern Sudan. The Sudd regulates not only the upland flows but also the 
flood flows of the rainy season of the savanna of central Sudan. 

Egnrtian Conditions: The flow of the Nile River is almost totally regulated as it 
enters Egypt through Lake Nasser. The river channel of the Nile Valley and the 
channels ofthe Delta have been, essentially, canalized since construction of the 
Aswan High Dam during the 1960s. 

~: In 1929 the Nile Water Agreement, to apportion use, was sponsored by 
Great Britain. During 1959 Egypt and Sudan signed a bilateral utilization 
agreement that stipulated an increase of Sudan's share from 4.0 to 18.5 billion 
cubic meters per year and that of Egypt was fixed as 55.5 billion cubic meters per 
year. The 1959 agreement freed Egypt to build Aswan Dam, Sudan to develop the 
Rosieres Dam, and Egypt and Sudan to carry out the Jonglei Canal channelization 
of the Sudd, a project designed to conserve large quantities of water lost to 
evaporation in the swamps. 

An evaluation of the potentials for water conservation within the present day Nile 
River system, requires a full appreciation of the huge size of Lake Nasser and its 
geographic and geological setting. The surface area of the lake when the water 
level is at the crest of the emergency spillway, is some 5600 km2.and the annual 
evaporation is approximately two meters of water depth. Thus the evaporation 
loss approximates 11 billion m3/yr during periods the lake is full. Besides, there 
are subsurface losses from the reservoir. 
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Features of the Western Desert that are key to extensive development there 
include: I) the deep Nubian aquifer, probably a glacial remnant that is not 
recharged. It underlies much of the Western Desert extending from the oases 
south to Sudan and west to central Libya, 2) the presence of sands and gravel 
strata at shallow depths along the approximate alignment of development, 3) 
rechargeable aquifers as indicated by the springs at the oases, and 4) exploitable 
mineral deposits. 

The topography of the Western Desert is such that a gravity-feed canal can be 
built to carry water from diversion at Lake Nasser toward the Toshka Depression 
and then along an alignment extending successively to the oases of Baris, Kharga, 
Dakhla, Farafra, and Bahariya. 

INDICATED INVESTIGATIONS AND STUDIES 

To achieve effective development and the financing and settlement of millions of 
citizens in the Western Desert, the government will have to carry out field 
investigations, compile and analyze data and information, and study and model 
expected outcomes for a series of scenarios of water availability, water use, and 
water-user charges. These analyses will require updating on a periodic basis as 
development progresses. Only through such an approach will water and financial 
resources be mobilized and allocated on a timely basis. Timely mobilization of 
adequate resources will persuade the populace that settlement is the correct option 
It also will assure that the fragile desert environment can be protected and that it 
will sustain the ever growing numbers of settlers. Among actions required are the 
following: 

1) Conduct of extensive field investigations at the reconnaissance level to: a) 
determine topography along the development alignment, b) identify potentials 
for developing shallow, water-table reservoirs along the development 
alignment, c) identify the source of spring water at oases, d) identify deep 
ground water potentials, e) identify potential reservoirs of usable brackish 
ground water, and t) survey all resources of the area including minerals, 
tourism and health spa potentials, soil suitability for agricultural and 
community developments, and quality of ground water, both brackish and 
sweet. 

2) Conduct of office investigations and studies to: a) prepare and disseminate 
records of Nile River flows entering Lake Nasser, b) define appropriate 
allocations to canal commands of the Nile Valley, Delta, and Sinai, and c) 
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assess evaporation, seepage and leakage from Lake Nasser over a range of 
water surface levels. 
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3) Development of scenarios for the modeling of water supply factors which are 
key to successful colonization of the Western Desert, including: a) a time 
based scenario of developments and water use by upstream riparians 
considering political stability and consequent capacity of those riparians to 
mobilize domestic and international financing, b) time-based scenarios for 
developments in the Western Desert and concomitant water and financing 
requirements, and c) requirements for wastewater treatment for reuse for 
agriculture and for greenbelt development. 

4) Integration of studies and investigations for the modeling of water available, 
considering: a) exploitable deep ground-water contribution, b) differing levels 
of Lake Nasser and effects on water availability and hydro-power production, 
c) impacts of upstream developments over several time horizons, d) salt 
balances of the several aquifers, e) reuse potentials of wastewater and 
irrigation return flows, and f) the quality of water required for mining and 
other industrial activities. 

5) Integration of water availability, over time and space, with development 
scenarios for the Western Desert communities. Postulate potential 
developments in the Western Desert considering sequenced developments 
with respect to distances along the alignment of colonization and the efficacy 
of filling and utilizing water-table reservoirs. 

6) Determine water-user fees for immediate implementation. There should be no 
forgiveness. If it is necessary initially to provide incentives, then subsidies or 
other means should be used rather than the provision of free water. A 
civilization, based on costly water that is available in limited quantities, can 
not sustain itself if the commodity is provided without cost or accountability. 
Sustainability can be achieved only if the user must pay a fair share. 

PROPOSED NEW APPROACH TO SETTLEMENT OF WESTERN DESERT 

Non-nomadic civilizations rise in the desert where adequate, exploitable water 
resources are available. Thus, any approach to settlement of the Western Desert 
will be driven by the quantity, quality, and timing of water availability. Further, 
the population that may be supported is dependent on the total resource base 
rather than just agriculture. 
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Water Demand 

Irrigated agriculture, industry and population will drive the demand for water. 
Diversion requirements from the Nile River will be driven by quantities of ground 
water available; early implementation of measures to treat and reuse municipal 
and industrial water; capacity to capture irrigation waste and return flows; and the 
adaptation of agriculture, forestry, and industry to use brackish water. 

~ Estimate 2f~~: If seven persons can be fed from the produce 
of one hectare of land irrigated year round, then some one million hectares of land 
must be cultivated to support a populace of seven million. And, if two meters of 
water per year is required to flood-irrigate land year-round in the desert, irrigation 
use will total 20 billion cubic meters. Some two billion cubic meters per year 
likely will be required for municipal and industrial demand. Thus, if flood 
irrigation were used some 22 billion cubic meters of high quality water must be 
pumped from ground water and diverted from the Nile River to provide food self 
sufficiency and to support domestic, commercial, and light industrial uses of the 
settlers. 

Although it is doubtful that such a large quantity of water could be allocated to 
the Western Desert, demand could be met from a number of sources, and the 
demand also could be reduced through implementation of various measures if 
programmed from the beginning of development. 

Measures m Reduce~: There is little that can be done to reduce the 
municipal and industrial demand short of reducing the population. Thus, it is in 
the sphere of irrigation that demand-reducing measures should be taken. An 
obvious effort should be made to implement drip irrigation, but only after land 
reclamation is completed through flood irrigation, hopefully, using major flood 
flows as they occur. There is a tradeoff to be explored, however. With flood 
irrigation oflands overlying shallow ground water reservoirs, the multiplier effect 
of successively re-pumping groundwater throughput can approximate 30010. Thus, 
there is available to flood irrigation some 130010 of surface water input and deep 
ground water pumpage. 

Water Availability 

Water demand can be met from diversion of tile Nile River, by ground water 
pumping, and through reuse. 

Surface Water Availability: Constant or maintenance flow from the Nile River 
should be diverted from Lake Nasser at such a rate that agriculture along the Nile 
Valley and in the Delta will not be degraded. Depending on allocations to the 
Sinai Region, there should be several billion cubic meters per year available on 
average. Savings additional to those to be achieved in the Nile Valley and Delta, 
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could be realized by lowering the level of Lake Nasser to reduce annual 
evaporation by, say, one to two billion cubic meters. This measure should likely 
be implemented only after floodwaters entering Lake Nasser are reduced by new 
upstream developments and diversions, perhaps one to two decades in the future. 

It is the large volume floods in wet years that provide the best opportunity for 
establishing colonies in the Western Desert. It should be determined at what level 
Lake Nasser may be operated in future, and flood flows should be diverted 
through deep-cut canals and tunnels at that operational level. With a facility 
adequate to divert high-rate flood flows by gravity, the pumping facility now 
under construction could be used to pump maintenance water when the reservoir 
is below the gravity offiake. 

Diversion of flood flows likely will not occur every year, but the diversions 
should be regulated to the extent possible. The objective of high-rate diversion of 
flood flow is to reclaim lands and to simultaneously fill any shallow aquifers 
identified. A shift to sprinkler or drip irrigation can follow as areas are 
successively reclaimed. 
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~ Water: The Nubian sandstone aquifer is mostly confined deep below the 
desert. It underlies essentially the entire area planned for development. This 
aquifer is said to be non-rechargeable, although investigators during the 1970s 
and 19805, were divided regarding whether there is a recharge area in the southern 
most reaches of the Sahara Region to the south of Libya. There exists a body of 
reconnaissance level ground-water data that derives from oil exploration that may 
be used to reanalyze whether there are possible recharge zones. 

Wells have been in operation in the areas of the oases at least since the 1950s. 
During that period investigators of the U S Geological Survey studied the 
corrosive electro-chemical properties of the water and the effects on well screens 
and materials. The fact that the springs ofthe oases have flowed for millennia 
without the benefit of mechanical pumps indicates that there may be recharge in 
some zones of the Western Desert. Considering the low average annual rainfal~ 
wadis must flow infrequently. 

There undoubtedly are or will be shallow brackish water reservoirs. These should 
be exploited by pumping from relatively low-cost, shallow wells to grow 
windbreaks and to create greenbelts near settlements. This approach was 
employed near Basrah, Iraq to establish plantations of tamarisk through the 
pumpage of highly saline ground water for just a few years, Afterwards the 
tamarisk rooted to 15 meters of depth and thrived on the saline aquifer water. 

The purpose of this discussion is intended to highlight three points. First that there 
is a considerable ground water resource underlying the Western Desert, second it 
is not certain if there is recharge to part or all of the aquifer, and third fairly high 
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cost wells will be required for pumping deep water. The ground-water situation 
currently is being studied by the Ministry of Public Works and Water Resources. 
That ministry should be funded to carry out the above specified reconnaissance 
level investigations. 

Population .fumRm1 

Should the water resource be adequate to intensively cultivate a million acres year 
round, then some 150,000 farm families or, say 500,000 people will be directly 
engaged in agricultural production. Ifanother 150,000 persons are engaged in 
governmental and non-governmental services to farmers, maintaining wells, and 
in maintaining green belts, parks, etc, then agriculture will support a population of 
one million. It therefore will be necessary to employ another 1.5 million workers 
in food processing, tourism, transport, mining, manufacturing, schools and 
universities, health care, communications, and government service. Thus it is 
essential that institutions and infrastructure be created in parallel with water 
development to attract not only farmers but also professionals from all walks of 
life. 

SUMMATION 

It is crucial that the government promptly re-articulates its vision, reexamines its 
objectives, and formulates a detailed plan that defines water availability and the 
means to achieve sustainable, environmentally friendly colonization of the 
Western Desert. A key element of success will be early government definition of 
the availability, over time, of Nile River flows considering probable upstream 
uses. All future flows of the Nile River entering Egypt in excess of the treaty 
allocation should no longer be delivered to the Valley and Delta. There now is 
over watering in these areas especially during periods of high flow. Water in 
excess of the treaty allocation should be turned to the desert where the benefits 
will be measurably greater. 

An objective will be to divert these large volumes of floodwater to reclaim lands 
for irrigated agriculture and to simultaneously fill any water table reservoirs 
available. This program of aquifer creation and land reclamation will require the 
early construction of large canals to carry water to as many of the predefined 
development areas as possible during the next two decades. It will not be 
necessary to line these transmission canals along reaches where water losses seep 
to water table aquifers targeted for filling. 

Structures designed for intermittent high-rate gravity diversions from Lake Nasser 
also may be required. This diversion capacity would be in addition to the pumping 
plants now being built. 
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Once the lands are reclaimed, through flood irrigation of rice and other field 
crops. highly efficient irrigation delivery systems may be installed. Further 
decisions may be taken regarding which reclaimed areas may be dedicated to 
green belts and community uses. Any newly established ground water reservoir 
may be maintained by the application ofleaching water during periods of high 
Nile River flows. 
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Protection of the quality of ground water will be fundamental to the maintenance 
of the desert communities in perpetuity. It will be necessary to export salts to 
undeveloped desert areas or down basin at a rate equal to the input of salts from 
the Nile River and the salts accumulated during leaching operations. Further the 
aquifers will have to be protected from overuse of fertilizers, herbicides and 
pesticides. Industrial developments will have to be limited to those with low water 
use. From the outset no discharge of pollutants to canals, streams, and aquifers 
should be permitted. 

The vision will have to be supported by carefully defined investment schedules. 
public and private, and identifiable bench marks. Policies will have to be devised 
to maximize private inputs even though massive government inputs of capital will 
be essential to initially catalyze adequate infrastructure construction in all sectors. 
All infrastructure will have to be adequate to protect water quality and the 
environment. Foremost among the measures required will be those which provide 
for the proper control, collection, treatment, recycling, and disposal of human and 
industrial wastes. 

An inviolate policy of water charges will have to be implemented from the 
beginning of each development. The schedule of charges will have to account for 
whether water is totally government developed or whether the user has invested in 
wells or other facilities. 

Sustainability of the colonies will depend equally on the twin pillars of 
maintenance of the environment and generation of water user revenues that are 
adequate to fully perform operation, maintenance, rehabilitation and replacement 
offacilities. 





WATER MANAGEMENT IN THE SHARED DANUBE SECTION WITH 
RESPECT TO HYDRO POWER PLANT CONSTRUCTION 

Andrej Soltesz l 

ABSTRACT 

Contribution deals with hydrological aspects of construction of 
Danubian hydropower plant GabCikovo on surface and ground water 
level regime in adjacent area, concretely in the left-hand side floodplain 
area of the Danube river. The authors thematically upgrade previous 
scientific works which have been done in this region (Soltesz,A.-Benetin, 
J., 1992, Burger, F.-Slitor,J., 1990, Szolgay, J.jr., 1988, Skalov8.,J.­
Klementov8.,E.-Novilk,V.,1996, Rehilk,S.-Slitor,J.,1996) and extend this 
problem with new knowledge about possible regulation of unfavourable 
ground water level regime by means of water supply from the branch 
system which is situated in the floodplain area of the Danube river. The 
solution utilizes a numerical modelling method of ground water flow for 
the evaluation of several scenarios of distributing the discharges 
between the river bed of the Danube and the upstream canal of 
hydropower plant Gabcikovo. 

INTRODUCTION 

The Gabcikovo Project was originally designed and constructed as a part 
of hydropower system Gabcikovo-Nagymaros located on the Danube 
river, roughly between 1860 rkm at Bratislava and 1696 rkm at 
Nagymaros. Hungary unilaterally decided to abandon the construction of 
Nagymaros and to suspend the work to be carried out on the Gabcikovo­
Nagymaros waterworks. After this decision, in order to minimize 
economic and ecological damages, former Czechoslovakia decided to put 
nearly ready Gabcikovo part of the system into operation, constructing 
necessary technical structures on their own territory. These technical 
structures are known as Variant C. This variant is situated inside the 
area of the original project, replaces the function of the Dunakiliti weir in 
Hungary. The Gabcikovo hydropower was put into operation by 
damming of the Danube river in Cunovo profile in October 1992. 

1 Assoc. Prof., Head of the Department of Hydraulic Enginnering, Faculty 
of Civil Engineering, Slovak University of Technology, Radlinskeho St. 
U, 813 68 Bratislava. (soltesza@svf.stuba.sk) 
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METHODICAL PROCEDURE AND RESULTS EVALUATION 

Hydrological regime of the Danube river before the damming influenced 
directly the hydrological regime in river branches as well as the ground 
water regime in the floodplain area. In pre-dam. conditions the increase 
of water level in the river bed of the Danube caused a synchronous 
increase of water level in the branch system. At discharges about 3500 -
4000 m3.s- i in the river bed there was a direct fulfilling of the branch 
system with water and the branches created together with Danube a 
complicated hydraulic surface water system and at 4500 m3.s-i came to 
flooding of the area. The left-hand side floodplain area is situated 
between the old river bed of the Danube and the power canal of 
Gabcikovo hydropower plant and its area is about 62lan2• In this region 
there is about 4000 ha of productive floodplain forest. 

Most important for surviving of floodplain forest and improvement of 
hydrological conditions in this area is a favourable ground water regime. 
The only data about measured ground water levels before damming were 
available from the time period 1987-1992. These gave the base for the 
following monitoring of the whole area. Illustration of the ground water 
level regime in floodplain area is shown for hydrological years 1991 and 
1992 on Fig. l. and Fig.2 . The ground water level course for three 
different boreholes (S-5, S-6 and S-8) with distances of 650 m, 750 m 
and 1050 m from Danube, are shown. From these figures is apparent 
that the fluctuation of ground water level during the vegetation period in 
pre-dam. conditions reached the value 2,5-3,0 m. However, the ground 
water table was all the vegetation period in cover layers representing the 
root zone of the floodplain forest and never decreased into gravel layer , 
wherefrom no capillary rise is available. The lowest ground water levels 
are in winter and the highest are in summer. In august 1991 there was a 
flood in floodplain and the ground water was over the terrain. 

For the analysis and the following prognosis of ground water regime we 
have used a numerical boundary element method. The software product 
BEFLOW is solving two-dimensional ground water flow at different 
hydrogeological properties. Its advantage is that after twofold application 
of Green's theorem for transformation of the basic equation of ground 
water flow in two-dimensional space, the integration equations are 
composed only for the boundary of the solved region. The consequence 
of it is the dimension decrease of the problem, i.e. we used one­
dimensional elements for division of the boundary at solving a two­
dimensional problem. The boundary conditions for the solution were the 
water levels in the Danube and from the other side the seepage charmel 
of the HruSov reservoir. 

The analysis consisted of series of numerical calculations for several 
discharge scenarios in old river bed of the Danube from the range of 50 
up to 3000 m3.s-i. Results of the ground water flow modelling can be 
seen on Fig.3. where are shown the isolines of ground water table at 
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discharge in the Danube Qo = 350 m3.s·1 and the corresponding field of 
velocity vectors. Conclusions of the results obtained by modelling are as 
follows: 

- for discharges Qo = 50 - 350 m3.s-1 there is a large drainage effect of 
the Danube apparent which causes ground water decrease more than 4 
m, 
- the drainage effect is vanished at discharges of Qo = 800 - 1000 m3.s-1 
and the ground water table is stabilised 2,5 - 3,0 m bellow the terrain, 
- for higher discharges in the Danube there is an infiltration effect 
apparent and the Danube supplies the floodplain system. 
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The evaluation of mean ground water levels (GWL) at different discharges 
in the Danube (Qo) on several localities of the floodplain are shown in 
Table. 1., where PT is the average altitude of terrain and HPRK and HTK 
are minimum and maximum altitudes of boundary between cover soil 
layer and the gravel (Burger, F.-Sutor, J.,1990). 

One of the possibilities how to regulate in sufficiently natural manner 
the ground water level regime in the floodplain area of the Danube is by 
water supply from the branch system placed in this area and artificially 
filled with water from inlet structure situated on the upstream power 
canal. This structure is dimensioned up to discharge QR = 234 m3.s-1, 
which quantity would serve not only for water supply in the branch 
system and for ground water regulation but for securing of regulated 
floods in the floodplain area, as well. These regulated floods have to 
serve for refilling of cover layers with water necessary for floodplain 
forest vegetation. 

The base for determination of surface water level regime in the branch 
system the results of research group from Water Research Institute 
managed by Sikora (Sikora, A.-Slota, R., 1992) were used. This group 
was concentrated in physical modelling of surface water level in branch 
system at different discharges. From these results follows that the 
floodplain area was divided into separate flooding checks created by 
system of weirs and sluices at the main branch of the Danube in 
accordance with the suggestion of Szolgay, J. ,sr., 1991. Authors 
determinated by modelling the water levels in the main branch at supply 
discharges ofQR= 28.2,50,75,99.9,120,150 and 234 m3.s-1. 
Evaluating the influence of the branch system on ground water level 
regime we concentrated on first six mentioned supply discharges, where 
is no overflow from branch system. The influence of the branch system 
was investigated for discharges in the Danube river Qo = 50, 100, 350, 
500,800 m3.s-1, etc., because this interval of discharges would occur 
most often at waterworks operation. This selection was confirmed by fact 
that for higher discharges in the Danube river bed the"influence of water 
levels in the branch system as a boundary condition looses its sense. 
It results in simplification of data input and in decrease of the equation 
number, as well. The main deficiency of this method (requirement for 
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homogenity of region) was solved by introducing of "per partes 
homogeneous areas," i.e. subareas which can be taken into account as 
sufficiently homogeneous and the boundary element method is applied 
for each of them. Interconnection of these subareas is solved by 
introducing of compatibility conditions on the interface of individual 
subareas. 

The solution procedure consists of inputing the so called internal 
elements which create the main branch of the system in the floodplain 
and make possible to add the internal boundary conditions. In our case 
there were boundary conditions of the first order, i.e. water levels in the 
branch system. The prepared problem with defmed boundary conditions 
was solved for several discharges in the Danube and in the branch 
system. Some of the results are shown in Table 2. and the entire results 
of the solution are documented in Soltesz, A., 1995. 
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Table 1 .. 
Locality QD PI' HPRK HTK GWL 

No. 3 ·1 m .S mo.s. m o.s. mo.s. m o.s. 

50 11680 
100 11710 
350 117,50 
500 11760 

9 1000 120,50 117,30 119,20 11800 
1300 11840 
1500 118,75 
2000 11900 
2500 11940 

50 114,00 
100 114,20 
350 11470 
500 115,15 

19 1000 119,00 115,70 118,65 11550 
1300 116,00 
1500 11650 
2000 11690 
2500 11720 

50 11330 
100 113,40 
350 11365 
500 11380 

31 1000 117,00 112,50 116,10 11400 
1300 114,20 
1500 11470 
2000 11500 
2500 115,20 

50 110,50 
100 11080 
350 111 00 
500 111 10 

49 1000 114,00 108,55 112,00 11220 
1300 11260 
1500 11290 
2000 113,20 
2500 11360 
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Table 2 
Loc. PT HPRK HTK QR OWL at QD (m o.s.) 

No. m m m m3.s- l 350 500 800 1000 
o.s. o.s. o.s. 

282 118,5 1187 1188 1189 
50,0 118-,-8 1189 1190 1191 

9 120, 117,3 119, 75,0 119,2 119,3 119,4 119,5 
5 2 

999 1196 1196 1197 119,8 
1200 119,8 1198 1198 119,9 
1500 1200 1200 120,0 120,0 

282 1170 1170 117,1 1172 
500 1172 117,2 1173 1174 

19 119, 115,7 118, 75,0 117,8 117,9 117,9 118,0 
0 7 

99,9 1180 1180 1181 1182 
120,0 1181 1181 118,2 1183 
1500 118,2 1182 118,3 1184 

28,2 1155 1157 115,8 1159 
500 1159 1159 116,0 1161 

31 117, 112,5 116, 75,0 116,0 116,0 116,1 116,2 
0 1 

999 1164 1164 116,5 1166 
1200 1164 1165 116,6 1167 
1500 116,5 1166 116,7 1168 

Considering the great extent of the solved research work and the little 
space for this contribution we decided to quote for comparison the 
graphical illustration of ground water isolines course for discharge in 
the Danube QD = 350 m3.s·l and for supply discharge in the branch 
system QR = 50 m3.s· l on the Fig.4. This figure illustrates evidently the 
character change of the isolines course in the floodplain area, especially 
at low discharges in the Danube when full extent of the water supply 
from the branch system is demonstrated. In these cases the water levels 
in branch system dominate in the floodplain area, especially in the 
upper part and they create a "roof," wherefrom the water flows to 
adjacent ground water aquifer. This phenomenon is apparent already at 
the lowest supply discharge in the branch system and it causes around 
the branches an increase of ground water level of 1.5 m at supply 
discharge QR - 28.2 m3.s· l and of 2.5 m at QR = 150 m3.s· l • This influence 
is decreasing gradually with the increasing distance from the branch 
system. Measured course of ground water level in years after damming 
the Danube due to monitoring programme is illustrated on Fig.5. 
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CONCLUSION 

This analysis of ground water level regime in the floodplain area, where 
the natural ground water level regime at different discharges in the 
Danube with the ground water level regime influenced by water supply 
from the branch system is compared, is the evidence for the fact that the 
water regime in the given region is controllable and by convenient 
technical measures a desirable ground water level can be achieved. This 
is important with respect to capillary rise of water into the root zone of 
the vegetation cover of floodplain forest in the river zone of the Danube. 
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Fig.! Ground water level course on the locality Kral'ovskli luka (Royal Meadow) in hydrological year 1991 
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Fig.2 Ground water level course on the locality Kral'ovskli luka (Royal Meadow) in hydrological year 1992 
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Course of ground water isolines in floodplain area at discharge of QD = 350 m3.s·1 
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Course of ground water isolines in floodplain area at discharge of QD = 350 m1.s-1 and QR = 50 m1.s-1 

5dXl 1<XXXl 1500> 20XXl 2500> 
X(m) 

VectQr field of filtration velocities of ground water flow at discharge of QD = 350 m1.s-1 and QR = 50 m1.s-1 

500> lam 

SEEPA/JECANAL ~ HPS GABaKOVO 

~~E\')\\1;RCANAt 

15(0) 

X(m) 

20XXl 

D~~~ 

'=' • 1:1 = c::r 
ft 

::c ::!!. 
ft ., 

N 
\C ... 



iii 
iii 
§. 
.oJ 
3: 
CI 

Fig.S Measured ground water level course in borehole Llo 
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SPILL AND DISSOLVED GAS MANAGEMENT 

ON THE COLUMBIA/SNAKE RIVERS 

Bolyvong Tanovan I 

ABSTRACT 

Spill is a major component of the salmon recovery program in the Pacific 
Northwest. In addition to being costly, the relatively high spill amounts needed to 
achieve an acceptable fish passage level at Columbia and Snake Rivers mainstem 
dams also create high total dissolved gas saturation levels that often exceed state 
standards and federal criteria. Starting in the mid-1990's, spill on the Columbia 
River mainstem has been closely controlled, directly and indirectly, in order to 
minimize harmful impacts to fish and other aquatic life forms. 

BACKGROUND 

Spill in the Columbia River Basin occurs for a variety of reasons. Firstly, storage 
reservoirs are not large enough to keep the runoff within the installed hydraulic 
capacities of the lower river powerhouses. The total active storage in all Columbia 
River projects is slightly over 60 million acre-feet (mat), of which about 40 maf 
can be effectively used to control floods. This represents only about 30 percent of 
the average annual runoff of the Columbia River at The Dalles, and less than 23 
percent of the April-September volume ofthe maximum flood of record, that of 
1984. When flows exceed powerhouse capacity of mains tern dams, involuntary 
excess spill often ensues on a system-wide basis. Secondly, powerhouses cannot 
always operate up to their full installed capacities, as turbine units regularly 
undergo scheduled and unscheduled outages. Also, turbines can only be operated 
when power loads, which vary by the hours and by the day of the week, are there 
to be met. Spill caused by temporary lack of power load or reduced powerhouse 
capacities can be controlled to some extent and therefore is referred to as 
voluntary spill. In addition to excess capacity spill, spill is also scheduled to 
increase fish passage past Columbia and Snake River dams. Relatively large 
amounts of water are spilled every day to increase the survival of migrating 
juvenile salmon on their way to the Pacific Ocean as part of the Snake River 
salmon recovery program made possible by the Endangered Species Act (ESA). 
Spill for-fish-passage is entirely voluntary. 

'Hydraulic Engineer, Reservoir Control Center, US Corps of Engineers PO Box 2870 Portland, OR 97208 
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Construction in the early 1970's of the Dworshak and Libby Reservoirs provided 
an additional 9.4 maf of storage that is available for use in controlling runoff. 
Turbine units were added during 1973-1981 to increase powerhouse capacity at 
The Dalles, Ice Harbor, Lower Granite, Lower Monumental and Bonneville. 
Skeleton bays were also used to pass more water through the powerhouses 
without having to install additional turbines. Flood control rule curves were 
updated that provide some flexibility in minimizing spill. 

Spillway deflectors were also installed to produce a more horizontal spill flow and 
limit the plunge depth of water over the dam spillway, thus reducing the amount 
of entrained TDG. A multi-year, multi-million dollar Gas Abatement Study was 
launched in 1994 to evaluate operational and structural alternatives at Corps of 
Engineers dams located in the main fish migration corridor (see Figure 1). The 
study is still in progress, aiming at a 1999-2000 decision-making date. 

Figure 1. Columbia River Dams Location Map 
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Regardless of the causes, spill has many associated risks. Spilling water entrains 
air and raises the levels of gas supersaturation that can be lethal to both adult and 
juvenile fish. Although the current state standards and federal criteria for TDG are 
110%, actual TDG levels in the 130-140% range sometimes prevail all the way to 
the estuary. Because of the slack water movement between reservoir pools, little 
dissipation in TDG occurs naturally. TDG levels may even slightly increase if any 
of the dams were to spill additional water. Figures 2 and 3 show the spill and 
TDG levels at selected mainstem Columbia River sites during 1997, one of the 
relatively high runoff years of recent past. 

6-HR SPILL AT SELECTED DAMS IN 1997 
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Figure 2. Spill Levels at Selected Mainstem Columbia River Dams 

Many public and private regional interests are extending great effort to abate high 
TDG levels, while balancing the requirements of the Endangered Species Act 
(ESA) with those of the Clean Water Act (CWA). The National Marine Fisheries 
Service (NMFS) is the Federal agency charged with implementing the ESA. 
NMFS, along with other state, tribal and federal fishery agencies are the 
proponents of the spill for-fish-passage program to the extent allowed by the State 
water quality standards. The U.S. Environmental Protection Agency (EPA) 
monitors the TDG levels for compliance with the CW A. EPA and the State 
environmental quality departments have granted temporary waivers for TDG 
standards (from 110% to 120% saturation) and have pushed for an expedited 
implementation of permanent solutions. 
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6-HR TOTAL DISSOLVED GAS SATURATION AT SELECTED SITES IN 1997 
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Figure 3. Total Dissolved Gas LeveJ.S·below Selected Mainstem Columbia River 
Dams 

These improvements will have to be made by the project owners and operators, as 
effectively and economically as possible, to comply with existing environmental 
regulations and/or Federal Energy Regulatory Commission licensing 
requirements. Many issues need to be resolved, including relevance of the current 
standards, limited TDG reduction potential, and the extremely high costs of the 
required fixes. 

Because of the environmental risks involved, TDG levels are being monitored 
very closely and spill adjusted as much as possible while long-term solutions are 
being developed through regional forum. The overall spill and TDG management 
goal applies to both involuntary and voluntary spill although, by definition, only 
voluntary spill (e.g. spill for-fish-passage) can be practically managed on real­
time. The Corps' Reservoir Control Center (RCC) is charged with meeting this 
goal. It is also responsible for flood control in the Columbia River Basin and, 
hence, indirectly manages involuntary spill as well. 
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SPILL FOR-FISH-PASSAGE 

A special mention has to be made about the voluntary spill for-fish-passage, an 
operation that poses additional TDG problems. During the juvenile fish migration 
season, from late March until fall, flows in the river are augmented by releases 
from upstream reservoirs, and water is spilled at the dams to improve juvenile 
migration conditions. Spill diverts fish that approach the dam away from the 
turbines and forces the juvenile fish migrants to go over the safer (according to 
fish biologists) dam spillways. In this context, fish passage efficiency (FPE) is 
defined as the percent of the smolts that pass the dams via other than the turbine 
routes. 

In the early 1980's, the minimum recommended FPE level was 50 percent for 
spring migrants and 70 percent for summer migrants. In its 1995 Biological 
Opinion, NMFS called for an FPE of 80 percent for both spring and summer 
migrants. Depending on the efficiency of the fish screens that prevent fish from 
entering the turbines, spill ranging from 27 to 86 percent of the instantaneous 
flows was needed to achieve this 80 percent fish passage efficiency level. Some 
projects were meeting the 80 percent FPE goal, but others were not, due to TDG 
limits. In its 1998 Supplemental Biological Opinion, NMFS called directly for 
spill at all projects up to the 120 percent TDG cap (rather than setting an FPE 
goal). The required spill in percent of the outflow prescribed now ranges from 27 
to 81 percent at lower Snake River dams, and from 33 to 100 percent at lower 
Columbia River dams (see Table 1). 

Table 1. Summary of the 1998 Spill For-Fish-passage Requirements 

Projects Rivers Spill Spill Start/ Spill Cap (Kcfs) for 120% 
Hours End Dates JUG (or max. spill %) 

Lo. Granite Snake 1800-0600 4/10-6/20 45 
Little Goose Snake 1800-0600 4/10-6/20 60 
Lo. Monumental Snake 1800-0600 4/10-6/20 40 
Ice Harbor Snake 0-2400 4/10-8/31 75 
McNary Columbia 1800-0600 4/10-6/30 140 
Tohn Day Columbia 1800-0600 4/20-8/31 180 (or 60% of the flows) 
The Dalles Columbia 0-2400 4/20-8/31 230 (or 64% of the flows) 
Bonneville Columbia 0-2400 4/20-8/31 120 (and 75 kcfs daytime 

max.) 

It is often argued that short-term increased passage survival at the dams as a result 
of spill may not always outweigh long-term fish mortality in reservoir pools 
supersatured with dissolved gas. Also, spill is expensive; its resulting power 
losses cost millions in foregone revenues to power marketing agencies. At some 
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strategically located projects such as The Dalles, spilling water beyond a certain 
level adversely affects power transmission stability of the north-south regional 
intertie. 

MANAGEMENT GOAL AND OPTIONS 

The overall goal is to maintain TDG conditions uniformly across the entire river 
basin at or below the State standards as much as possible. Hot spots, especially at 
sites where ESA-listed fish are present, must be avoided. Exceedence of the TDG 
standards, if any, will be minimized in absolute terms in time and space. To 
achieve this goal, management options are operational as well as structural in 
nature. 

Operational options mainly involve flow management, and powerhouse and spill 
operations. At the system level, upstream storage reservoirs are operated to store 
maximum volume of runoff, consistent with flood control rule curves, so that the 
risk for spill in the lower river is minimized. This is practically the only way to 
effectively deal directly with involuntary spill; all other measures only provide an 
indirect solution. At the individual project level, powerhouses are operated at full 
capacity through careful and selective unit outage scheduling to ensure maximum 
unit availability. Special unit operations (e.g., speed-no-Ioad or operation outside 
the I % peak efficiency) are implemented to artificially maintain a high 
powerhouse hydraulic capacity during low power load hours. 

When spill is unavoidable, TDG level can still be controlled to some extent by 
limiting some lack-of-Ioad spill to a preset cap at a few projects and transferring 
the rest to other more TDG-friendly projects. A spill priority list establishes the 
order in which projects will start spilling and the maximum amount of water these 
projects are allowed to spill. Spill caps are assigned to each project to limit TDG 
to the State standards. Even for the same amount of spill, the resulting TDG level 
may still be reduced depending on which spillway bays are being used and how 
the entire spill is distributed to the individual bays as a whole. This may entail 
such options as changing the spill from a crown to a uniform pattern, and/or 
avoiding the use of spillway bays without deflectors. 

Structural options rely on powerhouse expansions to increase capacity, and on 
spillways and stilling basins improvements to reduce air entrainment. By and 
large, powerhouse expansions are very costly and hard to justify in economical 
terms, leaving only spillway deflectors as the most effective and affordable 
solution under the current situation. As a result, new spillway deflectors have 
been added at two Corps dams --Ice Harbor and John Day-- in 1997-1998. A few 
iIUlovative and more comprehensive TDG abatement measures have also been 
developed recently, including raised tailraces and/or stilling basins, side-chaIUlei 
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spillways, and submerged spillways. It may be a while before actual construction 
of any of these new designs is started, pending satisfactory resolution of issues 
involving cost, fish injuries, and expected TDG reduction. Removal of mainstem 
Snake River dams, now under regional forum discussion, may remove the need to 
spill at those projects and subsequently provide an indirect, albeit partial, solution 
to high TDG problems in the lower Snake River. 

Operational flexibility is assessed in general terms early in the season based on 
runoff forecasts. The analysis involved a wide range of runoff shapes while the 
system is operated to meet customary requirements for flood control, power, fish 
flow augmentation, and the impact of special operations, if any. Projected spill 
and TDG levels are made public and all interested parties are given an 
opportunity to comment on their preferred system operations. The proposed 
operations potentially impact the environment, fish survival and other reservoir 
regulation requirements to a varying degree. Some of them must be implemented 
early enough in the season to be fully effective. 

Any changes in the spill for-fish-passage are based on actual TDG readings, a 
product on a real-time system-wide monitoring network covering the entire 
Columbia and Snake Rivers. Spill changes are made in full consultation with 
members of the Technical Management Team (TMT), an inter-agency work 
group created by NMFS to recommend week-to-week reservoir operations in 
support the Salmon Recovery to the operating agencies. 

REAL-TIME MANAGEMENT 

A plan to control TDG is developed annually along with a water management 
plan, based on the runoff forecasts and the spill predicted for that year. Obviously, 
it is a lot more difficult to manage involuntary spill than voluntary spill. 
Therefore, the plan applies mostly to voluntary spill (for-fish-passage) up to the 
state standards waivers and within the main fish migration season (April 10 
through August 31). 

To maintain uniformly low TDG conditions or to avoid spill in river reaches 
where the greatest number of fish is actively migrating, spill is distributed to 
various other projects in a pre-planned sequence. The distribution starts with 
projects with the least propensity for developing high TDG level or those located 
outside the fish migration corridor. In the case of spill for-fish-passage, there is no 
spill priority list to follow except for minor adjustments to take best advantage of 
the 120% TDG limits. For example, to account for cumulative impacts, some spill 
reduction may be needed at upstream projects so that some meaningful spill can 
still occur in the lower river within the stated 120% TDG limits. The decision on 
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where to cut or increase spill is highly fish-dependent, and will be based on 
salmon managers' recommendations. 
Spill caps are assigned to each project, and adjusted in-season based on actual 
TDG readings below each project. When TDG cannot be managed to 120% 
saturation, the river is to be managed in the best interest of listed and proposed 
salmon stocks. 

In 1998, the Plan was much dictated by the relatively low runoff forecasts. 
Storage reservoirs were operated to follow flood control rule curves, while 
providing some cushion to minimize involuntary spill. No preemptive reservoir 
drafting below flood control elevation was attempted, as the fishery agencies were 
concerned about reservoir refill. In essence, the basic Plan was as follows: 

1. Implement spill for-fish-passage at all mainstem-federal dams as specified 
in the 1998 Biological Opinion up to the spill caps for 120% TDG. Adjust 
spill as needed, based on real-time TDG data, and fish movement and 
biological conditions in that order. 

2. Operate hydropower units within 1 % of peak efficiency; 
3. Limit daytime spill at Bonneville to 75 kcfs to avoid adult fallback; 
4. Accommodate special spill requirements/restrictions for research, adult 

passage, etc. that have the full endorsement of all concerned parties. Also, 
continue to implement fish transportation program as agreed to and using 
calculation method endorsed by NMFS (or an equivalent method agreed to 
atTMT); 

5. If system-wide TDG exceed 120%, update and implement the spill priority 
outlined below, with incremental system TDG control objectives. Spill 
will normally start from the lower river and work its way upstream; 

6. Discontinue or postpone field research and non-critical unit service and 
maintenance schedules that create (or have potential for creating) high 
localized TDG levels, especially when and where high numbers of listed 
fish are present; 

7. Operate turbines outside their respective 1 % peak efficiency flow range; 
8. Store water at lower Snake reservoirs above their respective minimum 

operating pools, if this would result in a measurable (3% or more) 
reduction in TDG levels; 

9. Experiment with promising, new spill patterns; 
10. Implement other operations or measures recommended by the TMT or the 

Implementation Team. 

The Spill Priority List generally lists projects in a sequential order, placing first 
priority on spilling at mainstem Columbia projects before spilling at projects 
outside the fish migration corridor (Hungry Horse, Willamette, Libby, etc). When 
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system-wide TDG is at or below 120%, provide the spill for-fish-passage up to 
the 120% TDG spill caps in the following order: 

1. Spill up to the 120% TDG spill caps at Bonneville, The Dalles, John Day, 
McNary, Ice Harbor, Lower Monumental, Little Goose, and Lower 
Granite; 

2. Spill up to the 110% TDG spill caps at projects outside the fish migration 
corridor: Priest Rapids, Rocky Reach, Wells, Rock Island, Wanapum, 
Chief Joseph, Grand Coulee, Dworshak in that order. The priority order 
for the mid-Columbia projects is as recommended for the period beyond 
IS April by the Mid-Columbia Coordinating Committee; 

3. Spill up to the 120% TDG spill caps at projects where state standards 
waivers have been granted: Priest Rapids, Rocky Reach, Wells, Rock 
Island and Wanapum in that order; 

4. Spill up to the 120% TDG spill caps at Dworshak if release from 
Dworshak for use in maintaining 100 kcfs flow at Lower Granite, and 

5. Spill up to the 110% TDG spill caps at Hungry Horse and Willamette 
Projects. 
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When systemwide TDG exceeds 120% TDG, then try to control systemwide TDG 
to 125%, then to 130% and so on by spilling up to the spill caps indicated for 
those TDG levels, at lower Columbia, mid-Columbia, Snake, Hungry Horse, 
Willamette Projects, and Libby in that order. See Figure 4. Spill caps for various 
applicable TDG levels are updated as needed based on real-time TDG information 
and actual fish movement and conditions. 

Many players are involved in this entire process. The TMT provides the general 
recommendations on the spill priority, and ensures that fishery needs are met with 
minimal adverse impacts. The Corps issues the appropriate teletypes instructions, 
including spill priority and spill caps, to the affected projects for implementation. 
Its RCC staff develops the annual management plan, coordinates the operation of 
the TDG monitoring network, issues revised spill caps and spill priority list, and 
reports on the spill and TOO changes at the weekly TMT meetings. They also 
maintain a real-time and widely accessible database on the TMT Internet web­
pages and ensure that teletypes instructions are fully implemented. 

Bonneville Power Administration (BP A) dispatchers and individual project staff 
actively participate in this real-time activity. BP A is the Federal agency that 
markets and sells the hydropower generated at Federal dams. As part of their 
power dispatch, BPA follows spill instructions very closely, looking for 
maximum flexibility in distributing their generation and spill requirements to the 
projects. BP A enjoys considerable discretionary power to distribute and transfer 
spill on an hour-by-hour basis, 24 hours a day, and seven days a week. The role of 
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BP A is crucial in successfully implementing the Spill and TDG Management Plan 
endorsed through regional forum for maximum fish benefit and minimal impact 
on regional power sales. All project owners and operators are ultimately 
responsible for any and all operations, including spill, at their projects. 

ISPILL PRIORITY I 

Figure 4. Schematic of the Spill Priority Concept 

CONCLUSIONS 

Despite the difficult task of physically managing spill and TDG management 
along the Columbia and Snake Rivers' mainstem, all those involved have made a 
"best effort" attempt to maintain TDG at or below the state standards and federal 
criteria. Since 1984, this effort has also hopefully provided better migration 
conditions to both juvenile and adult anadromous fish. Although the cost of spill 
for-fish-passage runs into the millions, early signs offish recovery are still far and 
few. Real-time management and monitoring activities are nevertheless going to 
continue, as they are an integral part of sharing the River with all the water users 
--fish, insects, aquatic life forms, and humans. 



ENLIBRA: A NEW SHARED DOCTRINE FOR ENVIRONMENTAL 
MANAGEMENT 

Kathleen Clarke I 

QUESTIONS AND ANSWERS 

What is the name of the new shared doctrine for environmental 
management? 

Enlibra, a newly created word meaning balance and stewardship. The authors of 
the new doctrine believe Enlibra will become a symbol for a balanced approach to 
successful environmental management. 

What is the history of the new shared environmental doctrine Enlibra? 

As Western governors have struggled with a range of environmental problems, it 
has become evident that there are common principles underlying the most 
promising approaches and successful solutions they have developed. These 
principles form the basis of a new shared doctrine for environmental management. 
The doctrine speaks to greater participation and collaboration in decision making, 
focuses on outcomes rather than just programs, and recognizes the need for a 
variety of tools beyond regulation that will improve environmental management. 
Utah Governor Mike Leavitt and Oregon Governor John Kitzhaber took the lead 
in developing this shared set of principles that were agreed upon as policy of the 
Western Governors' Association. 

The Governors gravitated to this new doctrine because they rarely see 
environmental improvements coming out of polarized situations. However, when 
communities, states or regions are able to identify shared goals, progress is made. 

They believe the principles can help the West successfully deal with increasingly 
complex environmental problems. This complexity is a function of both the 
global economy we are a part of and its ability to dramatically influence our 
economy and communities, as well as the many dimensions to environmental 
problems that were not well understood or anticipated when many of the 
environmental laws were written nearly 25 years ago. 

The governors recognize that to succeed at environmental management we need 
to empower people to do the right thing. This requires good information; 

IExecutive Director, State of Utah Department of Natural Resources, P.O. Box 
145610, Salt Lake City, UT 84111. 
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inclusive processes that respect different values and provide individuals a role in 
designing and implementing solutions; and meaningful incentives to complement 
existing laws. 

The Governors believe the principles that they came up with, when taken 
together, offer the best promise for solving environmental problems today and 
tomorrow. 

What is the purpose of the new shared environmental doctrine Enlibra? 

While the last 25 years of environmental management have seen some major 
environmental successes, the easy targets are gone and there is a growing emotion 
and polarization among interested parties. People generally agree about the need 
to protect the environment and its natural resources. Unfortunately groups 
representing extreme positions have largely shaped environmental management 
and the environmental debate. Today there is no symbol for the middle, for the 
majority of citizens who believe that the environment and its natural resources can 
be protected while at the same time providing recreational and employment 
opportunities for citizens. Enlibra will be that symbol for the middle. 

The Governors believe that the principles espoused in this shared doctrine, 
developed through their personal experiences and the collective experiences of 
others over the past 25 years, provide a collection of tools that, if employed, will 
result in improved and expedited environmental decision-making and 
implementation. They believe that the doctrine, though created largely based on 
experiences in the West, can serve as a tool for environmental management across 
the nation. 

What Enlibra is not: 

1. Enlibra does not represent a rejection of the goals and objectives of Federal 
environmental laws such as the Endangered Species Act or Clean Water Act. 

2. It is not a rejection of the need for national environmental standards. 

3. This shared doctrine does not represent a rejection of the legitimate role of the 
Federal government in regulation and enforcement. 

What are the principles that form the doctrine Enlibra? 

• National Standards, Neighborhood Solutions - Assign Responsibilities at the 
Right Level 
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• Collaboration, Not Polarization - Use Collaborative Processes to Break Down 
Barriers and Find Solutions 

• Reward Results, not Programs - Move to a Performance-Based System 

• Science for Facts, Process for Priorities - Separate Subjective Choices from 
Objective Data Gathering 

• Markets Before Mandates - Replace Command and Control with Economic 
Incentives 

• Change a Heart, Change a Nation - Environmental Understanding is Crucial 

• Recognition of Costs and Benefits - Make Sure Environmental Decisions are 
Fully Informed 

• Solutions Transcend Political Boundaries - Use Appropriate Geographic 
Boundaries for Environmental Problems 

What do the governors hope will come of the new shared doctrine Enlibra? 

1. It becomes part of the American political lexicon, giving people a symbol for 
balance and stewardship in environmental management. 

2. It becomes a widely used framework for solving difficult environmental 
problems. 

3. It becomes a philosophic foundation for balanced environmental legislation. 

4. It becomes a road map for discussions between regulators and stakeholders. 

What are some examples ofthe new shared doctrine Enlibra? 

There are numerous excellent examples from Western states, some of which were 
highlighted during the Western Governors' Association's Annual Meeting in 
Alaska. A few examples, listed by type of issue, are included. 

Air Quality - Grand Canyon Visibility Transport Commission 

Species Protection - Oregon Coastal Salmon Restoration Initiative, Desert 
Tortoise Habitat Conservation Planning 

Land Issues - Utah Schools and Federal Land Exchange 

Species Protection - High Plains Partnership 
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Water Planning - Texas Regional Water Supply Planning Process 

Recreation - Trails and Recreational Access for Alaska 

Open Lands - Wyoming Open Lands Initiative. 

Note: More information on the Shared Environmental Doctrine and links to 
related web sites may be found on the Governor's page of the State of Utah web 
site at www.state.ut.us. 
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