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REMOVAL OF EDWARDS DAM, KENNEBEC RIVER, MAINE: 
A LANDMARK APPROACH TO WATERSHED RESTORATION 

Gordon W. Russell' 

ABSTRACT 

On November 25, 1997 the Federal Energy Regulatory Commission (FERC) 
denied a new license for the Edwards Dam hydroelectric project, located on the 
Kennebec River, in the City of Augusta, Maine, and ordered decommissioning of 
the existing 3.5 megawatt generating facilities together with removal of the 917-
foot (280 m) long dam, which had been built in 1837. The FERC decided not to 
relicense Edwards Dam after it found that continued operation of the project was 
inconsistent with federal and state goals to restore historic fishery resources in the 
Kennebec River, even with costly, state-of-the-art fishways. Until this time, the 
FERC had never denied a new license for an active hydroelectric project with an 
accompanying order for dam removal. Its Edwards Dam decision was 
immediately appealed, not only by the project's current licensees, but also by 
industry groups and other hydroelectric development interests throughout the 
nation, fearing similar action at other sites. 

Faced with the prospect of years oflitigation over the FERC's dam removal 
decision, and uncertainty over whether Edwards Dam would actually ever come 
out, negotiations commenced in an effort to find a solution that would meet the 
needs of all interested parties. On May 26, 1998, those negotiations concluded 
successfully with the signing of the Lower Kennebec River Comprehensive 
Hydropower Settlement Accord. Major provisions of the agreement include: 

transfer of Edwards Dam and associated project works in January 
1999 to the State of Maine, which will carry out actual dam 
removal in the summer of 1999; 

establishment of a $7.25 million Kennebec River Restoration Fund 
to pay for dam removal and fisheries restoration, collected from 
several upstream dam owners and from a major shipbuilding 
industry, located downstream from Edwards dam, as part of 
regulatory mitigation requirements; funds to be managed by the 

1 Project Leader, U.S. Fish and Wildlife Service, Maine Field Office, 1033 South 
Main St., Old Town, ME 04468. (gordon_russell@mail.fws.gov) 
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National Fish and Wildlife Foundation, which will seek to raise an 
additional $1.5 million to help achieve settlement goals. 

modification of established schedule for installing fish passage 
facilities at upstream dams, pending growth of fish populations and 
accomplishment of other restoration objectives; and 

withdrawal of appeals and other challenges to the FERC's 
regulatory order on dam removal. 

In pledging their support for the terms of the accord, federal and state natural 
resource agencies, non-governmental conservation organizations, and private 
industry will be actively involved in helping to achieve timely dam removal and 
restoration of fishery resources in the Kennebec River. This cooperative approach 
will not only help restore 15 miles (24 km) of riverine habitat that has been 
impounded for over 160 years by Edwards Dam, but will foster a collaborative 
effort in helping to rebuild populations of migratory fish in the Kennebec River 
that have long suffered from the cumulative effects of industrial development. 

INTRODUCTION 

Private dam owners may operate a hydroelectric project for up to 50 years before 
they have to apply to the Federal Energy Regulatory Commission (FERC) for a 
new license. Over the course of a license term that lasts for decades, 
environmental statutes and regulations can change, along with public attitudes and 
priorities for using the waterways that hydroelectric developments occupy. 
Because it is difficult to modify a FERC-approved project before its term has 
expired, the renewal of its operating license is viewed by many as a once-in-a­
lifetime opportunity to gain environmental improvements and to address 
watershed restoration needs (Echeverria et al. 1989). 

The initial license for the Edwards Dam hydroelectric project, located on the 
Kennebec River, in the capital city of Augusta, Maine expired on December 31, 
1993. Despite plans by the owner to continue operating the project, the FERC, on 
November 25, 1997 denied a new license, and ordered decommissioning of the 
existing generating facilities together with the removal of the 160-year old dam 
(FERC 1997b ). Until this time, the FERC had never denied a new license for an 
active hydroelectric project with an accompanying order for dam removal. The 
FERC's decision, which was based largely on an analysis of alternatives for 

restoring migratory fish populations in the Kennebec River, immediately sparked 



Removal of Edwards Dam 

a series of appeals by the dam's owners and other hydropower interests 
throughout the country. 

Faced with the prospect of years of litigation over the FERC's precedent setting 
decision on Edwards Dam, a number of stakeholders engaged in intense 
negotiations over the next several months, and on May 26, 1998 signed a 
comprehensive settlement agreement, which will result in removal of the dam in 
1999. In this paper I explain the rationale for removing Edwards Dam, and 
discuss the anticipated benefits to fishery resources. I also identify the major 
provisions of the stakeholder settlement agreement, and describe current plans for 
removing Edwards Dam. Finally, I provide insight on how the collaborative 
approach to achieving fishery restoration goals in the Kennebec River watershed 
might be used elsewhere. 

THE CASE FOR REMOVING EDWARDS DAM 

Edwards Dam was built on the Kennebec River in 1837, and was used initially in 
the lumber and textile industries. Hydroelectric generating facilities were added 
in 1913, and the project received its first federal license in 1964 (FERC 1997b). 
The project includes a 917-foot (280 m) long, 25 foot (7.6 m)-high dam, which 
creates a 1, 143-acre ( 462 ha) impoundment that extends approximately 15 miles 
(24 km) upstream. Three separate powerhouses, containing a total of nine 
generating units, provide a combined hydroelectric capacity of 3.5 megawatts 
(MW). Total annual electrical generation is roughly 20 gigawatt-hours, most of 
which is sold to the local utility, Central Maine Power Company. As it currently 
exists, the Edwards Dam project represents about 0.13% of the total electrical 
generating capacity that is available in the state of Maine (ME SPO 1993). 

The Kennebec River is one of the major rivers in the state of Maine, flowing from 
its source at Moosehead Lake approximately 132 miles (212 km) to the Atlantic 
Ocean (Fig. 1 ). The drainage contains over 20 hydroelectric projects, 10 on these 
on the main stem of the river (ME SPO 1993). Edwards Dam is the most 
downstream barrier on the main stem, and is located in what is now the head of 
tide. Below Edwards Dam, the Kennebec River flows into Merrymeeting Bay, 
one of the largest freshwater tidal bays in the eastern United States (FERC 1997a). 

The Kennebec River and its associated estuary (Merrymeeting Bay) contain a 
diverse fish community, known to contain at least 43 species (USFWS 1996). 
Prior to construction of Edwards dam and other barriers in the 18th and 19th 
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centuries, the river contained large runs of anadromous fish 2, including Atlantic

salmon, American shad, alewife, blueback herring, striped bass, Atlantic sturgeon, 

shortnose sturgeon, and rainbow smelt, which provided sustenance to native 

Americans and the colonial settlers occupying the area (ME SPO 1993). Absence 

of adequate fish passage facilities at dams, together with pollution and overfishing 

led to the virtual extinction of most of the historic runs of fish. State and federal 

natural resource agencies have achieved some success over the past 20 years in 

reestablishing spawning populations in the Kennebec River drainage, although the 

numbers of fish returning to the river each year continue to be critically low 

compared to historic levels. One species, shortnose sturgeon is listed as 

endangered under the federal Endangered Species Act. 

Fig. 1. Location of Edwards Dam in Kennebec River Drainage 

2 Anadromous fish are those species that grow to maturity in the ocean before 

returning to freshwater to spawn. 















WATERSHED AND RIVER SYSTEMS MANAGEMENT PROGRAM: 
CURRENT AND FUTURE APPLICATIONS IN THE BUREAU OF 

RECLAMATION 

Paul J. Davidson1 Terrance J. Fulp2 

Don K. Frevert3 

ABSTRACT 

Water management agencies and utilities face increasingly difficult challenges in 

managing water resources. Environmental considerations, increasing demands on 
dwindling water supplies, outspoken recreational interests, the specter of climate 
change, and the restructuring of the power utility industry all have converged at a 
time when Federal resources for developing modeling tools are minimal. 
Planning and operational river basin models developed in the previous decades 

are often not adequate to represent the changing multiple objectives of the projects 
and cannot be updated without significant expense. 

To meet this challenge, the U.S.,Bureau of Reclamation, the Tennessee Valley 
Authority (TV A), and the U.S. Geological Survey (USGS), are cooperating in the 
research and development of computer tools with the Center for Advanced 
Decision Support for Water and Environment Systems (CADSWES) at the 
University of Colorado in Boulder, Colorado. 

A data-centered decision support system (DSS) is being researched and developed 
that utilizes a relational database and advanced modeling technologies to integrate 
water, power, and weather data, both historical and forecasted. The DSS system 
facilitates the postulation, testing, and analysis of alternative operational and 
planning scenarios with respect to competing objectives and provides a practical 

1 Hydraulic Engineer, U.S. Bureau of Reclamation, Upper Colorado Region,
Resources Management Division, 125 S. State Street (UC-298), Salt Lake City, 
UT 84138-1102. (pdavidson@uc.usbr.gov) 

2 Operations Research Analyst, U.S. Bureau of Reclamation, Lower Colorado
Region, CADSWES, University of Colorado, Campus Box 421, Boulder, CO 
80309-0421. (tfulp@cadswes.colorado.edu) 

3 Hydraulic Engineer, U.S. Bureau of Reclamation, Denver Technical Services
Center, PO Box 25007, DFC, (D-8400), Denver, CO 80225-0007. 
(dfrevert@do.usbr.gov) 
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tool to ensure the most efficient and responsible use of basin resources. The DSS 
system is being developed using generic tools, yet is easily customized to meet 
site-spe�ific needs. Current applications include the Colorado, Yakima, and Rio 
Grande River basins, and it is anticipated that it will ultimately be applied to 
many other basins throughout the Western United States. 

INTRODUCTION 

The demands placed on water resource systems have increased greatly over the 
past few decades. Meeting consumptive use demands, while still vitally 
important, is no longer the only objective to be considered in operational and 
planning decision making. Key issues in the management of Reclamation river 
basins include: 

flood control 

rainfall and snowmelt runoff forecasting 

increased consumptive use demands 

water quality (especially salinity) 

hydropower production 

recreational uses on reservoirs and rivers 

endangered species and other environmental concerns 

water rights (particularly for Native American Nations) 

These issues are common Reclamationwide. In order to address these and other 
issues, water managers need the ability to predict the outcome of a wide range of 
water management actions under a wide range of hydro logic conditions. 
Necessary predictions range from long-term simulations of the operation of 
complete water resources systems under modified management strategies to short­
term simulations involving forecasts of inflow and demand to predict the impact 
of specific management actions. The entire hydrologic and water management 
process must be represented by both models and data. System state variables to 
be examined include water quantity, water quality, sediment transport, and 
channel morphology. Furthermore, all of this information must be presented to 
the human decision maker in an intuitive format and in a timely manner. 

Decision support systems (DSS) have been discussed in the literature since the 
early 1970s (Scott Morton, 1971 ), when it was recognized that "real world 
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Figure 2. The data-centered decision support system. 

The USGS Modular Modeling System (MMS) is an integrated modeling 
environment that can be used to simulate a variety of water, energy, and bio­
geochemical processes (Leavesley, et al., 1996). To date, the primary use of 
MMS has been for the development and analysis of physical based, precipitation­
runoff models (PRMS) for the watersheds of interest. The PRMS component of 
MMS provides Geographic Information Systems (GIS) tools that can be used 
describe and analyze the spatial distribution of the hydro logic parameters needed 
for the runoff prediction. Various physical processes are available and users can 
even develop their own modules as needed. 

RiverWare is a generic river basin modeling environment that can be used for 
both operations and planning. RiverWare provides point-and-click model � 
building, user selection of engineering methodologies to customize the behavior 
of the modeling objects, and alternative solution algorithms to solve the resulting 
network (simulation, simulation with user-specified policies, and optimization/ 
goal programming), all through a user-friendly interface. Timestep size ranges 
from hourly to yearly, with no limit on the time range of a model run (Zagona and 
Fulp, 1998). 

By developing appropriate Data Management Interfaces (DMis) to HDB, 
additional tools are being integrated into the DSS as needed. Many of these tools 
are "off-the-shelf providing additional functionality with essentially no 
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development cost. For example, a statistical package (S-Plus) has been integrated 
to facilitate the analysis of both historical and modeled data. 

CURRENT APPLICATIONS 

To date, our main focus has been on the Colorado River. Starting in Fiscal Year 
1997, we began implementation on the Yakima River basin in Washington and on 
the Rio Grande River basin in New Mexico. In this section we will briefly 
describe each of these applications. 

Colorado River Basin 

The Colorado River Basin is one of the most heavily legislated river basins in the 
United States, covering seven states with a drainage area of some 245,000 square 
miles. Total storage in the basin (approximately 60 million acre-feet) is four 
times the average annual inflow. Operations and planning decision-making on the 
Colorado River is shared between the Upper and Lower Colorado Regions and 
Lheir respective area and facilities offices. A hierarchical view of the decision 
making and some examples of models that were used to support these decisions is 
shown in Fig. 3. The models included: a monthly time step policy and planning 
model of the entire basin used to assess the long-term effects of policy decisions 
with regard to water and energy supply, as well as salinity mitigation; a monthly 
time step operations model of the entire basin used to set the Annual Operating 
Plan and to adjust that plan throughout the year as hydrologic forecasts are 
updated; and a daily time step operations model for the Lower Basin which is 
used to set the daily releases to meet short-term water and energy demand, within 
the monthly targets. These models were used for a relatively long period of time 
(over two decades) and their results were trusted both within and outside our 
agency. However, they lacked the flexibility needed to model increasing demands 
and constraints on the system, as well as expanding operational objectives. 

Through the W ARSMP program, we have successfully implemented HDB and 
RiverWare in both our Upper and Lower Colorado River regional offices for both 
operational and planning use. The HDB is running as a "quasi-distributed" data 
base, in that both historical and forecasted data pertinent to each region is stored 
only in the HDB at that region and appropriate meta-data (such as site definitions) 
are automatically coordinated between the databases to ensure data sharing. 
RiverWare has been used to replace all three of the previously mentioned models, 
and in the case of the two operational models, is completely integrated with HDB. 
For example, each month the Upper Colorado Region receives the latest inflow 
forecasts from the National Weather Service Colorado River Forecasting Center 
(CRFC). These fon::casts are automatically processed and entered into the 
database. RiverWare is then used by both regions to forecast the state of the system, 
given the updated forecasts, demands, and operational objectives. Upon agreement 
by each operations office, reports are generated automatically by extracting data from 
each database. The MMS has been used successfully in a demonstration mode on the 
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about 1 million acre-feet of storage. It is a rnud1 smaller basin than the Colorado 
and presents a variety of new issues in terms of operational and planning 
strategies. For our program, it provides the opportunity to apply and extend the 
generic tools that have been developed to date, as well as to push the research and 
development with regard to new water management needs. 

Our focus in the first year has been the implementation of HDB. In Fiscal Year 
1997, our agency adopted the Oracle RDBMS as the agency-wide standard and 
we decided to port HDB to Oracle prior to installation at the Yakima Area Office. 
Although this caused some delays in our schedule, we were able to avoid a costly 
move to new hardware and software in the future. The HDB design has proven to 
be easily extended to incorporate new datatypes, such as fish monitoring data 
necessary for the anadromous fish, as well as new climatological data. 

Application of the modeling components of the DSS also began in 1997. A 
PRMS model has been developed using MMS by USGS staff for use on the 
Yakima system and a basin planing model is under development using 
RiverW are. We anticipate development of an operational model in 1998. 

Rio Grande River Basin 

The Rio Grande River in New Mexico drains approximately 30,000 square miles 
and has an average annual inflow of about 660,000 acre-feet. The flow is 
augmented by a trans-basin diversion from the San Juan River of about 85,000 
acre-feet annually. This diversion offers an opportunity to extend the DSS tools 
to incorporate the tracking of water ownership, as the diversion project "is 
operated to assure that there are no effects on the natural flow of the Rio Grande" 
(URGWOM, 1996). In 1997, our research focused on the extension of water 
ownership to RiverWare (Zagona and Fulp, 1998). This work will continue in 
1998 and beyond, as well as the extension of HDB to store the state of each 
account over time. 

SOME ISSUES FOR SUCCESSFUL IMPLEMENTATION 

Movement to a computer-based, decision support system represents a major 
paradigm shift for our agency. We have encountered several major issues over 
the past three years, and although we cannot say that we have solved each and 
every one, we do feel that we have some experiences that may help others in 
similar pursuits. 

A primary issue is whether an agency is really committed to making such a 
paradigm shift. Although having the commitment to an R&D budget is most 
important (and was a commitment that we had), we also realized that we needed 
to make available appropriate agency technical personnel if we were to succeed. 
Prior to entering into the program, several technical staff personnel formed a 
working group to discuss this and other issues and make a recommendation to 



































































































Figure 4 
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Figure 6 

Red River -- Fargo Site 

Habitat Time Series Based on Median Monthy Discharge 
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Colorado River Basin Salinity Control 

PROGRAM REVIEW 

By 1993, Reclamation had gained from its experience with the program and 

identified new and innovative opportunities to control salinity, including 

cooperative efforts with the USDA, Bureau of Land Management, and private 

interests, which would be very cost-effective. However, these opportunities could 

not be implemented because they were not specifically authorized by Congress. 

The Inspector General's audit report (USDI, 1993) noted the Salinity Control Act 

directed "the Secretary shall give preference, to implementing practices which 

reduce salinity at the least cost per unit of salinity reduction." The Inspector 

General concluded that the Congressional authorization process for Reclamation 

projects impedes the implementation of cost-effective measures by restricting the 

program to specific, authorized units (specific areas). 

The Inspector General recommended that Reclamation seek changes in the 

Salinity Control Act to simplify the process for obtaining Congressional approval 

of new, cost-effective salinity control projects. Specifically, the Inspector General 

recommended Reclamation seek authorities similar to those provided to the 

USDA in the 1984 amendments to the act, wherein the USDA was empowered 

with programmatic planning and construction authority. The USDA has only to 

submit a report to Congress and wait 60 days before it may proceed if Congress 

does not object. In contrast, Reclamation was required to seek approval of its 

projects through legislation. This has proved to be a cumbersome way to manage 

the program, costing the taxpayer more than was necessary. With broader 

authorities, Reclamation would be able to take advantage of opportunities as they 

present themselves, reducing costs. 

Reclamation agreed with the Inspector General and wanted to explore any other 

innovative ideas which would help improve the effectiveness of its program and 

take advantage of opportunities which were not envisioned 20 years ago. At 

about this time, Vice President Gore began his initiative to streamline and 

reinvent the federal government. With most of the cost-effective portions of the 

authorized program nearing completion, this was a pivotal moment for the 

program. It would either be reauthorized or end in 1998. From Reclamation's 

point of view, it seemed a very appropriate time to reassess the direction of the 

program. 

In 1994, Reclamation initiated a public review of the Colorado River Basin 

Salinity Control Program. The goal of the public review was to completely 

re-examine the program and its authorities, to gather a broad range of new ideas, 

to review the lessons of past experiences, to formulate new guidelines and 

methodologies, and to draft new salinity control legislation to bring this program 

into the next century. 
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dam breaching was presented by a panel of experts from the irrigation 

community, NMFS, the Bureau of Reclamation, and Idaho Fish and Game and 

later WIREd by component groups. Managed aquifer recharge has emerged as 

an important topic in Idaho water management and has been presented to and 

discussed by HFWC. The different perspectives of the irrigation and 

conservation communities were discussed quite openly. Winter discharge 

levels (minimum instream flows) on the Henry's Fork of the Snake River 

below Island Park reservoir have been a source of controversy between 

irrigators and anglers for a long time. A winter flow committee, aided by 

recent hydrologic research and attended by participants in HFWC, now meets 

twice in the fall to decide winter flow levels out of the reservoir. Additionally, 

another committee monitors and regulates temperature of water released in the 

spring and early summer to produce optimal temperature ranges for juvenile 

trout. The most important issue that faces HFWC participants in the near 

future is the proposed title transfer of Island Park and Grassy Lake Reservoirs 

from federal ownership to local ownership under Fremont-Madison Irrigation 

District. 

U.S. Forest Service proposed land exchanges and the Targhee National Forest 

plan (including large areas of road closures to protect grizzly habitat) have 

been debated heatedly at I IFWC meetings. The Targhee forest has also 

presented less controversial projects like the Willow Creek vegetation 

management project for council discussion and endorsement. 

HENRY'S FORK FOUNDATION'S RESEARCH PROGRAM AND 

ITS RELATIONSHIP TO HFWC 

The Henry's Fork Foundation (I !Fr) was formed in 1984 by a group of anglers 

who were initially concerned with riparian degradation on the I lenry's Fork, 

their first project was to construct fencing to protect 12 miles of stream bank 

along the Henry's Fork. In 1987 HFF successfully lobbied for a change in 

fishing regulations lo catch and release below Island Park Dam. Additionally, 

HFF was able to protect several stretches of the I lenry's Fork and its tributaries 

against future hydropower and irrigation development. Until 1992 HFF 

opposed local and agricultural interests and based its lobbying efforts on 

generic science (e.g. cattle degrade streambanks or catch-and-release 

regulations improve trout populations) (Van Kirk and Griffin, 1997). HFF was, 

until this time, not involved in cooperative efforts. 

As detailed earlier, in 1993 HFF became actively involved in creating, and a 

cofacilator for, HFWC. J\t the same time a group of researchers in the Henry's 

Fork basin and interested HFF board members formed the HFF Research 

Committee and ht! an to outline strate ,ies_to_address_the question:
--=

======= 

" What environmental factors are impacting the Henry's Fork watershed and its 
unique hydrologic and biologic resources?" 
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unanimous vote, which allows any representative to veto any Management 

Committee decision. 

The duties of the San Joaquin River Technical Committee will be as follows: 

1) Annually coordinate flow releases, export and Old River fish barrier

operations, and use of hatchery fish to implement the VAMP study,

2) Determine best management of flow releases during the pulse flow period

to achieve target flows,

3) Plan and oversee monitoring activities, in coordination with the

Interagency Ecological Program and existing monitoring programs on the

San Joaquin tributaries, and

4) Develop annually the VAMP flow calculation protocols.

The SJRTC has no authority to adjust any export limitations imposed pursuant to 

the SJRA or to adjust target flows below those set pursuant to the SJRA, but the 

SJRTC may recommend such changes to the Management Committee. 

Biological Experiment 

The VAMP focuses on water years when the existing flow at V emalis is expected 

to be less than 7,000 cubic feet per second (cfs). The upper edge of test flow 
conditions resulted from the need to have flow rates in the San Joaquin River 
within a range that accomodates the installation and operation of the HOR fish 

barrier. The following matrix of flow and export is intended to assess impacts of 

flow at three levels of export and impacts of export at four levels of flow. The 

2,000 cfs flow rate is used to determine supplemental water to be provided by the 

SJRG. The VAMP test flow target is 3,200 cfs. 

Table 1. Vemalis target flows and export rates to achieve the experimental goals 

Target Flows (cfs) 

Exports 

(cfs) 2,000 3,200 4,450 5,700 7,000 

1,500 X X X X 

2,250 X 

3,000 X 

The goal is to maintain, as much as possible, a constant flow during the 31-day pulse 

flow period. It is recognized that there will be years during the term of the agreement 
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As the 21st century comes into focus, Reclamation is prepared to meet the 
continuing challenge of bringing together competing interests to find consensus­
based solutions to contemporary Western water management challenges. 

The paper will describe the sequence of events leading up to an EIS on Glen 
Canyon Dam operations, the implementation of the AMP, and a special event, the 
Beach Habitat Building Flow. 

INTRODUCTION 

The remarkable development that has taken place over the last 100 years in the 
Western United States is the direct result of the ability to carefully manage one 
vital and scarce resource: water. Most Western lands typically receive far less 
annual precipitation than that received by Eastern and Southern states. When 
settlers first began to inhabit the West, they discovered that survival in this area 
was extremely difficult because rainfall was neither plentiful nor reliable. The 
transformation of this dry, barren desert region into productive farmland and 
thriving towns and cities really began with the recognition that large-scale water 
projects were necessary to store and transport water. 

President Theodore Roosevelt believed that water development was a national 
function and that Federal participation was necessary to construct large-scale 
projects because they would be beyond the means of states and local groups. He 
also believed a Federal presence was necessary to resolve the interstate conflicts 
that were sure to arise. Recognizing the many benefits that Western water 
development could bring, Roosevelt signed the Reclamation Act into law on 
June 17, 1902. This act formed the cornerstone for the founding of the Bureau of 
Reclamation, the agency charged with planning, designing, and constructing water 
projects throughout the West. By 1907, due to the immediate re3pon3c for 
irrigation projects by Western farmers, businessmen, and politicians, work was 
already underway on 25 projects. 

By 1928, Reclamation was the world's foremost builder of water storage, 
diversion, and distribution systems. Early projects such as Theodore Roosevelt 
Dam in Arizona and Elephant Butte Dam in New Mexico provided reliable 
irrigation water supplies for Western farmers as well as protection from damaging 
floods. As the West's desert lands were transformed into productive farmlands, a 
strong, stable economic base emerged and more people moved West, bringing 
with them new skills and trades. While this migration was beneficial in that it 
reduced the populatiun pressures of the eastern United States, new demands were 
being placed on Reclamation projects to now supply water f�r gro�ing�it�ie�s=a�n=d����� 
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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. Dialogu� 
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 SR3 '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 SR3 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 of SR3 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 '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 









































































































Prairie Provinces Water Board 

• 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 NV ALVES FOR FLOODPLAINS WITH SHRUBS AND 

WOODY VEGETATION 

Gary E. Freeman
1 

David L. Derrick
3 

ABSTRACT 

William Rahmeyer
2 

Ronald R. Copeland
3 

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 leaf mass of a 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 of Mannings 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 

1President, 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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Ganges Water Resources 

l 

Cl) 
C: 

Cl) 
0 

CD 

'­
Q) 
> 

� 
C 
C: 

.c 
C, 
Q) 

:E 
Q) 

.c 

..... 

e 
-

::, 
a. 
C 

E 
.c 
C 
L. 

CD 

a, 
.c 
..... 

Cl) 
a, 
C, 
C: 
C 

(.!) 

a, 
.c 

..... 

243 









Ganges Water Resources 

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 THE 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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