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As the Nation's principal conservation agency, the Department of the
Interior has responsibility for most of our nationally owned public
lands and natural resources. This includes fostering sound use of our
land and water resources, protecting our fish, wildlife, and biological
diversity; preserving the environmental and cultural values of our
national parks and historical places; and providing for the enjoyment of
life through outdoor recreation. The Department assesses our energy
and mineral resources and works to ensure that their development is in
the best interests of all our people by encouraging stewardship and
citizen participation in their care. The Department also has a major
responsibility for American Indian reservation communities and for
people who live in island territories under U .5. Administration.

The mission of the Bureau of Reclamation is to manage,
develop, and protect water and related resources in an

environmentally and economically sound manner in the
interest of the American public.
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This final environmental impact statement (EIS) analyzes the impacts of operations from 1963 to
1990 (baseline conditions) and alternative operations of Glen Canyon Dam on downstream
environmental and cultural resources of Glen and Grand Canyons. Alternative operations
evaluated include three that would provide steady flows and six, including no action, that would
provide various levels of fluctuating flows. Additional measures have been combined with the
alternative operations, where appropriate, either to mitigate adverse impacts of the alternative or
to enhance resources. The EIS team and the cooperating agencies attempted to balance benefits to
all resources in identifying a preferred alternative. As a result of comments on the draft EIS and
discussions with the U.S. Fish and Wildlife Service, the preferred alternative described in the draft
EIS was modified for the final EIS. The preferred alternative is the Modified Low Fluctuating
Flow Alternative.

This final EIS was prepared in compliance with the National Environmental Policy Act and
Bureau of Reclamation procedures and is intended to serve environmental review and
consultation requirements pursuant to Executive Order 11988 (Floodplain Management),
Executive Order 11990 (Wetlands Protection), National Historical Preservation Act (Section 106),
Fish and Wildlife Coordination Act, and Endangered Species Act (Section 7c). This final EIS will
be used by decisionmakers in the Bureau of Reclamation and the Department of the Interior and is
provided for public information. A record of decision can be approved 30 days after publication
of release of the final EIS in the Federal Register .Any decision regarding the operation of Glen
Canyon Dam as well as opportunities for future public involvement will be well publicized.
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CHAPTER I

Purpose of and Need for Action

The Federal action considered in this
environmental impact statement (EIS) is the
operation of Glen Canyon Dam, Colorado River
Storage Project, Arizona. The Secretary of the
Interior (Secretary) called for a reevaluation of
dam operations. The purpose of this reevaluation
is to determine specific options that could be
implemented to minimize-consistent with
law-adverse impacts on the downstream
environmental and cultural resources and Native
American interests in Glen and Grand Canyons.

In 1968, Congress enacted the Colorado River
Basin Project Act (43 U.S.C. 1501 et seq.). This act
provided for a program for further comprehensive
development of Colorado River Basin water
resources. Section 1501(a) states:

The need for this reevaluation stems from impacts
to downstream resources caused by the operation
of Glen Canyon Dam. Such impacts have been
identified from scientific studies and have resulted
in significant public concern. Analysis of an array
of reasonable alternatives is needed to allow the
Secretary to balance and meet statutory
responsibilities for protecting downstream
resources for future generations and producing
hydropower, and to protect affected Native
American interests.

This program is declared to be for the

purposes, among others, of regulating the

flow of the Colorado River; controlling flood;

improving navigation; providing for the

storage and delivery of waters of the Colorado

River for reclamation oflands, including

supplemental water supplies, and for

municipal, industrial, and other beneficial

purposes; improving water quality;

providing for basic public outdoor recreation

facilities; improving conditions for fish and

wildlife, and the generation and sale of

electrical power as an incident of the

foregoing purposes.

In addition, the Criteria for Coordinated Long-
Range Operation of Colorado River Reservoirs
(including Glen Canyon Dam) were mandated by
section 1552 of the Colorado River Basin Project
Act. Article 1.(2) of these criteria requires that the
Annual Operating Plan for Colorado River
reservoirs:

The underlying project purpose(s) is defined by
section 1 of the Colorado River Storage Project Act
of 1956 (43 United States Code (U.S.C.) 620),
which authorized the Secretary to "construct,
perate, and maintain" Glen Canyon Dam:

...shall reflect appropriate consideration

of the uses of the reservoirs for all purposes,

including flood control, river regulation,

beneficial consumptive uses, power
production, water quality control,

recreation, enhancement of fish and

wildlife, and other environmental factors.

The Colorado River Compact (1922) and the
Upper Colorado River Basin Compact (1948) do
not affect obligations to Native American
intersts. Article VII and Article XD<, part a,

...for the purposes, among others, of

regulating the flow of the Colorado River ,

storing water for beneficial consumptive use,

making it possible for the States of the Upper

Basin to utilize, consistently with the

rovisions of the Colorado River Compact,

he apportionments made to and among them

i the Colorado River Compact and the

pper Colorado River Basin Compact,

rspectively, providing for the reclamation of

rid and semiarid land, for the control of

foods, and for the generation ofhydroelectric

ower, as an incident of the foregoing
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respectively ,of the 1922 and 1948 compacts
provide that:

GJen Canyon Dam was completed by the Bureau
of Reclamation (Reclamation) in 1963, prior to
enactment of the National Environmental Policy
Act of 1969 (NEPA). Consequently, no EIS was
filed regarding the construction or operation of
Glen Canyon Dam. Since the dam has long been
completed, alternatives to the dam itself have been
excluded from the scope of the analysis.

Nothing in this compact shall be construed

as affecting the obligations of the United
States of America to Indian Tribes.

The Colorado River Storage Project Act of 1956,
the Colorado River Basin Project Act of 1968, and
the associated Criteria for Coordinated Long-Range
Operation of Colorado River Reservoirs (Long-Range
Operating Criteria) did not alter these compact

provisions.

This EIS is intended to meet the disclosure
requirements of the National Environmental
Policy Act.

In addition to the Secretary's decision calling for
a reevaluation, Congress subsequently enacted
the Grand Canyon Protection Act of 1992. Sec-
tion 1802 (a) of the act requires the Secretary to
operate Glen Canyon Dam:

...in accordance with the additional criteria

and operating plans specified in section 1804

and exercise other authorities under existing

law in such a manner as to protect, mitigate

adverse impacts to, and improve the values
for which Grand Canyon National Park and

Glen Canyon National Recreational Area
were established, including, but not limited

to natural and cultural resources and visitor
s.

Environmental impacts of the alternatives will be
considered, along with other factors, in a separate
record of decision (ROD) that will be prepared
after filing the final EIS. The ROD will include the
type or nature of the decision to be made, the
forcing event, background information significant
to an understanding of the situation, issues and
decision factors, unresolved issues, and a clear
description of options. It also will address
comments received by Reclamation after filing the
final EIS. The Secretary of the Interior is the
responsible decisionmaker .

BACKGROUND

Sice the darn was completed, increasing concern
hasbeen expressed by the public and Federal and
State agencies about how Glen Canyon Darn
operations may be adversely affecting
downstream resources. In response to these
concerns, the Secretary directed Reclamation to
prepare an EIS on Glen Canyon Dam operations.
In his July 1989 news release announcing the EIS,
the Secretary stated: "It is time to gather the facts
about this issue, to give all interested parties a
hance to explain their positions, and to do so in
ull view of the American people." The Secretary
oted that this issue is "an opportunity to balance
and environment needs."

Section 1802(b ) of the act further requires that the
above mandate be implemented in a manner fully
consistent with existing law. Section 1802(c) states
that the purposes for which Grand Canyon
National Park and Glen Canyon National
Recreation Area were established are unchanged
by the act. Section 1804 (a) of the act requires the
Secretary to complete an EIS no later than
October 30, 1994, following which, under
section 1804 (c), the Secretary is to "exercise other
authorities under existing law, so as to ensure that
Glen Canyon Dam is operated in a manner
consistent with section 1802." Section 1804 (c) also
requires that the criteria and operating plans are
to be "separate from and in addition to those
specified in section 602 (b ) of the Colorado River
Basin Project Act of 1968."

Gle Canyon Dam-the key feature of the
Colorado River Storage Project-is a multipurpose
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In December 1982, Reclamation initiated Phase Iof
the multiagency Glen Canyon Environmental
Studies (GCES) to respond to the concerns of the
public and other Federal and State agencies.
GCES Phase I was completed in 1988. Phase n is
further defining impacts to the natural environ-
ment, associated public uses, cultural resources,
non-use value, and power economics. Additional
information on the GCES is found later in this

chapter.

The environmental studies included special
research flows that were conducted from
June 1990 to July 1991 to evaluate resource
responses to a variety of discharge parameters
and to provide data for this EIS.

facility. The Colorado River Storage Project Act
directs the Secretary to operate project power-
plants 11. ..so as to produce the greatest
practicable amount of power and energy that can
be sold at firm power and energy rates. ..." To
this end, the powerplant at Glen Canyon Dam
historically has been used primarily for peaking
power generation. Fluctuating releases associated
with peaking power operations have caused
concern among State, Federal, and Tribal resource
management agencies; river users who fish in
Glen Canyon and take white-water raft trips in
Grand Canyon; and Native American and
environmental groups concerned about
detrimental effects on cultural resources and
downstream plants, animals, and their habitats.

To protect downstream resources until completion
of this EIS and the ROD, Reclamation began
testing proposed interim flows on August 1, 1991.
An EA and a FONSI (Bureau of Reclamation,
were completed, and the interim operating
ria were implemented on November 1, 1991.
ugh the criteria may be modified based on
will remain in effect until
he EIS and ROD are completed. These interim
criteria are essentially the same as those detailed
under the Interim Low Fluctuating Flow
Alternative in chapter II.

These concerns were expressed most forcefully by
the public during two Reclamation studies on
possible increases in peaking power generation at
Glen Canyon Dam. The studies were made to
dtermine benefits and costs of:

1. Adding one or more generators at the
dam (Peaking Power Study)

reasing the capacity of the existing
generaors (Uprate and Rewind Program)

Cooperating Agencies

The Secretary designated Reclamation as lead
agency in preparing this EIS. Cooperating
agencies are: Bureau of Indian Affairs (BIA),
National Park Service (NPS), U.S. Fish and
Wildlife Service (FWS), Department of Energy's
Western Area Power Administration {Western),
Arizona Game and Fish Department (AGFD),
Hopi Tribe, Hualapai Tribe, Navajo Nation,
Pueblo of Zuni, San Juan Southern Paiute Tribe,
and Southern Paiute Consortium.

Adverse public reaction to the Peaking Power
Study led to its tennination in 1980. Reclamation
published an environmental assessment (EA) and
a finding of no significant impact (FONSI) on the
Oprate and Rewind Program in December 1982.
Subsequently, the uprate and rewinduprate and
rewind of the generators was completed, but
Reclamation agreed not to use the increased
powerplant capacity (as part of the EA and
FONSI) until completion of a more comprehensive
study on the impacts of historic and current dam
operations on environmental resources
throughout Glen and Grand Canyons. Therefore,
maximum releases have been limited to
31;500 cubic feet per second (cis) instead of the
potential 33,200 cfs that resulted from the uprate
and rewinduprate and rewind.

Representatives from Reclamation, NPS, FWS,
Western, AGFD, U.S. Geological Survey (USGS),
Hopi and Hualapai Tribes, the Navajo Nation,
and a private consulting firm served on the
EIS team. The preparation of this EIS required
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the Colorado River Management Plan and
other general management plans. These plans
are prepared with public involvement and in
consultation with Indian Tribes and other
agencies with jurisdiction by law.

close cooperation among the cooperating
agencies, the interagency EIS team, and GCES (see

figure 1-1).

.FWS provides Federal leadership to conserve,
protect, and enhance fish and wildlife and their
habitats for the continuing benefit of the public.
In Glen and Grand Canyons, the fish and wild-
life resource concerns of FWS include
threatened and endangered species, migratory
birds, and native and sport fish. Objectives for
fish and wildlife resources in the Grand
Canyon ecosystem are addressed in the Fish
and Wildlife Coordination Act Report (see
FWS recommendations in attachment 4).
Objectives for threatened and endangered
species are specified in recovery plans, which
are required by the Endangered Species Act.Figure I-l.-Ongoing interactive communica-

tion was essential to the Glen Canyon
Dam EIS process. .Western's management objectives are based on

statutory responsibilities pursuant to the
Departmen of Energy Organization Act;
section 5 of the Flood Control Act; section 9 of
the Reclamation Project Act; and, in the case of
Glen Canyon Dam, the Colorado River Storage
Project Act, as well as business, environmental,
and other public concerns.

Management Responsibilities

Federal agencies, the AGFD, the Hualapai Tribe,
and the Navajo Nation have management
responsibilities associated with Glen and Grand
Canyons. These agencies have developed
resource management objectives that describe the
desired condition of specific resources and outline
goals for future management.

.Although BIA has no management role in the
proposed action, it has management goals that
include fostering the self-determination of
Indian Tribes. Its role is to assure that Indian
Tribe interests are coordinated with other
Federal agencies and to provide advice and
assistance to tribes when requested to do so.

Federal agencies with management objectives in-
clude Reclamation, NP5, FW5, Western, and BIA

Reclamation is responsible for operating the
Colorado River Storage Project. Water
management objectives are based on statutes
specific to water storage and delivery (see "Law
of the River}. Annual and long-term operating
plans are prepared in consultation with the
Basin States and the public, as well as agencies
with jurisdiction by law.

AGFD management objectives for the Colorado
River fishery are specified in its Arizona Cold
Water Sportfishes Strategic Plan, 1991-1995, and
on-Game and Endangered Wildlife Program
gic Plan,1991-1995. These management
bjectives are in concert with NPS objectives for
te river corridor.

Th Hualapai Tribe and Navajo Nation manage all
ntural and cultural resources within their
reervation boundaries, which includes some
land along the river corridor downstream of Glen
Canyon Dm. fu addition, many sites located on
Federal lands hae cultural, ancestral, and

NPS manages Grand Canyon National Park
and Glen Canyon and Lake Mead National
Recreation Areas. NPS management objectives,
which are based on the National Park Service
Organic Act and the various statutes reserving
these lands for park purposes, are described in
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spiritual significance to Native Americans-

including Havasupai, Hopi, Hualapai, Navajo,
Paiute, and Zuni-and these ties must be
considered in Federal decisionmaking.

detail, the alternatives considered but eliminated
from detailed study, and a summary comparison
of alternatives and impacts.

.The Hualapai Tribe cooperates with Federal,
State, and local agencies in managing its
resources. Management goals of the tribe are
long-term sustainable and balanced multiple
use of its resources. The Hualapai Tribe's
responsibility in relation to the Colorado River
and Grand Canyon is one of stewardship of a
sacred trust. The basis for its objectives comes
from its Conservation Ordinance 24-70,
1990 Revision.

Chapter III: describes the environmental and
other resources of the area that would be affected
by the alternatives if they were implemented.

Chapter IV: describes and analyzes the environ-
mental impacts of each alternative considered in
detail.

Chapter v: describes the scoping process and
coordination with the public, Federal agencies,
Tribal Governments, and private organizations
that occurred during preparation of this EIS; and
the distribution list.

A list of preparers, glossary , conversion tables,
and bibliography also are included as part of the
document.

The Navajo Nation cooperates with Federal,
State, and local agencies in managing its
resources. The management objectives of the
Navajo Nation are expressed in the Tribal
regulations and internal policy statements and
position papers.

The attachments in this volume include the
environmental commitments, Grand Canyon
Protection Act, Long-Range Operating Criteria,
fish and wildlife consultation, programmatic
agreement on cultural resources, and supporting
data on the alternatives.

.Management objectives of other Indian Tribes
with interest in Glen and Grand Canyons, but
whose lands do not border the Colorado River
mainstem (Havasupai, Hopi, Paiute, and Zuni),
are the preservation of the canyon's natural and
cultural resources to maintain their values to
the tribes.

Two separate volumes accompany this volume. A
volume entitled "Summary" contains a brief but
complete overview of the contents of the final EIS.
The "Comments and Responses" volume summa-
rizes the more than 33,000 public comments that
were received on the draft EIS, along with the
EIS team's responses.

Resource management objectives and an assess-
ment of how well the various alternatives would
sented in chapter II
under "Summary Comparison of Alternatives."

DOCUMENT ORGANIZATION n appendix volume was distributed with the
ft £15 and contains sections on long-term
onitoring and research, hydrology , water
uality, sediment, and hydropower.

This EIS document consists of five chapters:

Chapter I: describes the purpose of and need for
the proposed Federal action, location and setting,
authorities and institutional constraints, Glen
Canyon Environmental Studies, the relationship
between this EIS and Western's Electric Power
Marketing EIS, and a scoping summary.

LOCATION AND SETTING

Chapter II: describes the process used to formu-
late alternatives, the alternatives considered in

The EIS focuses on the Colorado River corridor
from Lake Powell, formed by Glen Canyon Dam
in northwestern Arizona, southward through
Glen and Marble Canyons and westward through
Grand Canyon to Lake Mead (see frontispiece
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map ). However, this document will disclose all
significant impacts of the alternatives wherever
they may occur .

"a select list of protected areas around the world
whose outstanding natural and cultural resources
form the common inheritance of all mankind."

Historical Perspective
The uppennost 15 miles of the river are in Glen
Canyon, which is part of the Glen Canyon
National Recreation Area; the remaining 278 miles
of the river flow through Grand Canyon National
Park. The Navajo Indian Reservation is
immediately east of both park units and comprises
the eastern part of Glen and Marble Canyons. The
Hopi Indian Reservation is on the plateau farther
east of Marble Canyon. The Havasupai Indian
Reservation surrounds upper Havasu Creek,
immediately south of Grand Canyon National
Park. The Hualapai Indian Reservation comprises
the southern portion of western Grand Canyon,
adjacent to Grand Canyon National Park.

Predam Flows

The predam period was characterized by large,
year-to-year, seasonal, and sometimes daily
variability in flow and sediment loads and large
seasonal variation in water temperature. Melting
of the Rocky Mountain snowpack typically
produced high runoff of long duration during the
late spring and early summer. Annual maximum
daily flows greater than 80,000 cfs were common;
in some years they exceeded 100,000 cfs. fu
contrast, flows less than 3,000 cfs were typical
throughout late summer, fall, and winter. Flows
did not fluctuate daily as they do with dam
operations, but neither were they steady. During
spring snowmelt periods and flash floods from
tributaries or side canyons, short duration-but
occasionally very high magnitude-changes in
flow occurred at intervals of a few days or less.
Sediment load increased during the spring runoff
and again in late summer from tributary floods.
Water temperatures ranged from near freezing in
winter to more than 80 degrees Fahrenheit (OF) in
late summer.

Some regional impacts occur outside of the
immediate geographic area and are also
evaluated. For example, power generated at Glen
Canyon Dam is marketed in Wyoming, Utah,
Colorado, Arizona, Nevada, and New Mexico.

Grand Canyon National Park

Postdam Flows (Historic Operations)

Glen Canyon Dam replaced seasonal flow varia-
tions with daily fluctuations, greatly reduced
sediment load (supplied only by downstream
tributaries), and resulted in nearly constant water
release temperatures year-round-averaging a
coo146 of.

Grand Canyon National Park, located down-
stream from Glen Canyon Dam, was first set aside
for park purposes as a national monument on
January 11,1908, and was expanded and made a
national park on February 16, 1919. Additions
and boundary changes were made in 1927 and at
various other times. The purposes for which these
lands were reserved are stated in the various
proclamations and acts creating the park. They
identify these lands as "an object of unusual
scientific interest, being the greatest eroded
canyon within the United States" and warned
unauthorized persons "not to appropriate, injure
or destroy any feature" of the monument. In 1919,
Congress dedicated these lands as "a public park
for the benefit and enjoyment of the people" (Act
f February 16,1919,40 Stat. 1175). In 1975,
ongress declared that the entire Grand Canyon
is a natural feature of national and international
ignificance" (16 U.S.C. 228a).

The variability in average daily flows also has
been reduced during the postdam period. Mean
daily flows have exceeded 30,000 cfs (approximate
powerplant capacity) only about 3 percent of the
ime (18 percent, predam) and have been less
han 5,000 cis only about 10 percent of the time
16 percent, predam). Fluctuations within the day,
owever, have increased for power generation
urposes. Median (equaled or exceeded 50 per-
ent of the time) daily fluctuations (difference

Grand Canyon National Park was dedicated as a
World Heritage Site on October 26,1979, joining
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factors. These criteria are determined by the
Secretary with participation by the States and are
subject to a formal review at least every 5 years.
(See attachment 3.)

between minimum and maximum daily release)
have ranged from about 12,000 cfs in October to
about 16,000 cfs in January and August.

Glen Canyon Dam Operations
A detailed description of Glen Canyon Dam
operations can be found in chapter II under the
No Action Alternative.

Glen Canyon Dam operations are affected by
physical factors-including reservoir capacity,
annual runoff, and discharge capacity-as well as
by legal and institutional factors specified in vari-
ous Federal laws, interstate compacts, interna-
tional treaties, and Supreme Court decisions.

Physical Constraints. Glen Canyon Dam stores
and releases water from Lake Powell, which has
an active capacity of about 24.3 million acre-feet
(ma~. Water can be released from Glen Canyon
Dam in the following three ways (see figure 1-2).

1. Powerplant releases. Glen Canyon Powerplant

has eight generators with a maximum combined

The Criteria for Coordinated Long-Range Operation of
Colorado River Reservoirs contains the principal
guidelines for annual and monthly operations
resulting from the physical, legal, and institutional

Figure 1-2.-Photograph f len Canyon Dam and Powerplant showing water
release capacities of the powerplant, outlet works, and spillways.
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capacity of 1,356,000 kilowatts. The maximum
combined discharge capacity of the eight turbines
is approximately 33,200 cfs when Lake Powell is
full; however, releases during fluctuations are
limited to 31,500 cfs. When the reservoir is less
than full, maximum possible discharge is reduced.
Discharge through the turbines is the preferred
method of release because electricity and its
associated revenue are produced.

Grand Canyon Protection Act
of 1992 (Public Law 102-575)

This act addresses protection of Grand Canyon
National Park, Glen Canyon National Recreation
Area, interim operating criteria, long-term
monitoring and research, and replacement power,
as well as other administrative provisions related
to preserving Grand Canyon (see attachment 2).

2. River outlet works releases. The capacity of the
river outlet works is 15,000 cfs. The river outlet
works are used when there is a need to release
more water than can be passed through the
powerplant. The outlet works are almost always
used in conjunction with powerplant releases,
producing combined releases up to 48,200 cis.

Law of the River

3. Spillway releases. Releases through the spill-
ways bypass both the powerplant and the river
outlet works. The combined capacity of the right
and left spillways is approximately 208,000 cis.
Spillway releases are made only when necessary
to avoid overtopping the dam or to lower the level
of Lake Powell. Spillway releases are avoided
whenever possible, not only to prevent power-
plant bypasses, but also because the service life of
the spillways is shorter than that of the other
release structures.

Although the combined release capacity of these
facilities is 256,000 cis, the maximum combined
release from Glen Canyon Dam is expected never
to exceed 180,000 cfs.

UTHORITIES AND INSTITUTIONAL

F-

any responsibilities are specifically mandated,
whilediscretionary authority is given for dealing
with others.

The "Law of the River," as applied to the
Colorado River, is a collection of Federal and State
statutes, interstate compacts, court decisions and
decrees, an international treaty with Mexico, and
criteria and regulations determined by the
Secretary .Included are (in chronological order):

Colorado River Compact of 1922 (Wilbur
and Ely, 1948)

Boulder Canyon Project Act of 1928
(43 U.S.C. 617-617t)

California Limitation Act of 1929
(Chapter 16, 48th Session; Statutes and
Amendments to the Codes, 1929, pp. 38-39)

California Seven-Party Agreement of 1931
(Nathanson, 1978)

Boulder Canyon Project Adjustment Act of 1940
(43 U.S.C. 618-6180)

Mexican Water Treaty of 1944, Treaty Series 994
(59 Statute (Stat.) 1219)

Upper Colorado River Basin Compact of 1948
(Nathanson, 1978)

Colorado River Storage Project Act of 1956
(43 U.S.C. 617)

General Principles to Govern, and Operating
Criteria for, Glen Canyon Reservoir (Lake
Powell) and Lake Mead during the Lake
Powell Filling Period (Federal Register ,
27 F.R. 6851, July 12,1962)

Addition Regulation No.1 (Federal Register ,
27 F.R. 6850, July 12, 1962)

Arizona v. California et al., 373 U.S. 546 (1963)
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Environmental

Several laws and executive orders were designed
to restore and protect the natural environment of
the United States-air, water, land, and fish and
wildlife.

Arizona v. California et al., (decree) 376 U.S. 340
(1964); (supplemental decree) 439 U.S. 419
(1979); (second supplemental decree) 466
U.S. 144 (1984)

Colorado River Basin Project Act of 1968
(43 U.S.C. 1501 et seq.)

Criteria for Coordinated Long-Range Operation
of Colorado River Reservoirs (Federal Register ,
35 F.R. 8951-52, June 10,1970)

Colorado River Basin Salinity Control Act of 1974
(43 U.S.C. 620d, 1571-1578,1591-1599)

Hoover Dam Flood Control Regulations of 1981
(33 Code of Federal Regulations (CFR) 208.11)

National Parks

Several laws established or added lands to
national parks along the river corridor. These
park units were established to provide for public
outdoor recreation use and enjoyment and to
preserve the scenic, scientific, and historic features
of the area.

Rivers and Harbors Act of 1899 (33 U.S.C. 401
et seq.)

Fish and Wildlife Coordination Act of 1958
(16 U .S.C. 661 et seq. )

Wilderness Act of 1964 (16 U.S.C. 1131 et seq.)

Wild and Scenic Rivers Act of 1968 (16 U.S.C. 1271
et seq.)

National Environmental Policy Act of 1969
(42 U.S.C. 4321 et seq.)

Clean Air Act (42 U.S.C. 7401 et seq.)

Clean Water Act of 1972 (33 U.S.C. 1251 et seq.)

Endangered Species Act of 1973 (16 U.S.C. 1532
et seq.)

Executive Order 11991, Protection and
Enhancement of Environmental Quality, 1977

Executive Order 11988, Floodplain Management,
1977

Executive Order 11990, Protection of Wetlands,
1977

Cultural Preservation

Several laws and executive orders were designed
to protect and preserve historic and cultural
resources under Federal control in consultation
with Indian Tribes.

Antiquities Act of 1906 (16 U.S.C. 431 et seq.)

National Park Service Organic Act (16 U.S.C.1-4,
22, 43)

National Park Service General Authorities Act of
1970 (16 U.S.C.1a-1)

Grand Canyon National Park Establishment Act
(16 U.S.C. 221, 221a, 221b)

Grand Canyon National Park Enlargement Act
(16 U .S.C. 227, 228a-228j)

Lake Mead National Recreation Area
Establishment Act (16 U.S.C. 46On, 46On-1-9)

Glen Canyon National Recreation Area
Establishment Act (16 U.S.C. 460dd-1-9)

Redwood National Park Act of 1978 (Public Law
(P..L.) 95-250, 92-Stat. 163 as amended)

Energy Policy Act of 1992 (P .L. 102-486, Sec. 2402)

Historic Sites, Buildings, and Antiquities Act
(16 U.S.C. 461 et seq.)

National Historic Preservation Act (16 U.S.C. 470
et seq.)

-

Archaeological Resources Protection Act of 1979
.)
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Native American recreation, cultural resources, power economics,
and non-use values. Agencies cooperating in the
studies are Reclamation, NPS, Western, USGS,
FWS, Hopi Tribe, Hualapai Tribe, Navajo Nation,
Pueblo of Zuni, San Juan Southern Paiute Tribe,
and the Southern Paiute Consortium with contri-
butions from AGFD, private consultants, univer-
sities, and river guides. Funding for these studies
has been provided mainly from the sale of

hydropower.

GCES technical studies are reviewed by the
responsible agency , the GCES senior scientist, and
the National Research Council. These studies
fonn the basis of the effects analysis presented in
"Chapter IV , Environmental Consequences."

Several laws and treaties established reservations
and protect the rights of Native Americans to
express, believe, and exercise traditional religious
practices. Federal agencies are responsible for
consulting with Indian Tribal Governments and
traditional religious leaders to determine
appropriate actions necessary for protecting and
preserving Native American religious cultural
rights and practices.

American Indian Religious Freedom Act of 1978
(42 U.S.C. 1996)

Native American Graves Protection and
Repatriation Act of 1990 (25 U.S.C. 3001 et seq.)

Religious Freedom Restoration Act of 1993
(P.L.13-141)

Laws or treaties establishing Indian Reservations
within or adjacent to the study area:

Havasupai Indian Reservation: established by
Executive Orders of November 23, 1880; March 31
1882.

Hualapai Indian Reservation: established by
Executive Orders of January 4, 1883; June 2, 1911;
and May 29,1912.

Navajo Indian Reservation: established by treaty
of June 1, 1868, 15 Stat. 667. Other parcels were set
apart as additions to the reservation or for Indian
purposes by Executive Orders of October 29, 1878;
January 6,1880; May 17,1884; and January 8,1900.
Congress added land to the Western Navajo
Indian Reservation and created the Canyon de
Chelly National Monument by Act of May 23,
1930,46 Stat. 378, Act of February 14, 1931,
46 Stat. 1161 (codified at 16 U.S.C. section 445 to
445b); Act of June 14,1934,48 Stat. 960 described
the exterior boundaries of the reservation.

Review of the GCES by a National Research
Council committee began in 1986. This Com-
mittee to Review Glen Canyon Environmental
Studies has provided review and comment on the
scientific and technical research studies associated
with the GCES program and advice on alternative
operation schemes for Glen Canyon Dam. In
1987, the committee completed its first report,
River and Dam Management: A Review of the Bureau
of Reclamation's Glen Canyon Environmental Studies
(National Research Council, 1987). When
preparation of this EIS was announced, the
committee was requested to review the EIS as it
developed. In May 1990, the committee
conducted a symposium on the application of
GCES results to the management of Glen Canyon
Dam. A proceedings of the symposium was
published entitled Colorado River Ecology and Dam
Management (National Research Council, 1991).

Phase I (1982-88)

The GCES began as an interagency effort to study

1. Are current operations of the dam, through
control of the flows in the Colorado River,
adversely affecting the existing river-related
environmental and recreational resources of Glen
and Grand Canyons?

GLEN CANYON ENVIRONMENTAL

STUDIES

The Glen Canyon Environmental Studies are an
interagency effort to examine short- and long-term
effects of historic, current, and alternative dam
operations on sediment, vegetation, fish, wildlife,

2. Are there ways to operate the dam, consistent
with Colorado River Storage Project water

conditions downstream from the dam related to
two major questions:



RELATIONSHIP BETWEEN GLEN CANYON DAM EIS AD ELECTRIC POWER MARKETING EIS 11

delivery requirements, that would protect or
enhance the environmental and recreational
resources?

timetable and research approach were adjusted
after the Secretary announced on July 27, 1989,
that an EIS would be prepared.

The research schedule was accelerated by using
special "research flows" to provide more timely
data for the EIS. These research flows were a
series of carefully designed discharges and data
collection programs conducted from June 1990
through July 1991. Each research flow lasted
14 days arid included 3 days of steady S,O00-cfs
flow and 11 days of either steady or fluctuating
flow. The research flows provided a means to
evaluate short-term responses of certain resources
to a variety of discharge parameters, including
minimum and maximum flows, rate of change in
flow, and range of daily fluctuations.

To accomplish the study goals, more than
30 technical studies in the fields of biology ,
recreation, sedimentation, and hydrology were
conducted. A final report integrating the results
of all studies (U .5. Department of the Interior,
1988) as well as executive summaries of these
reports (U.S. Department of the Interior et al.,
1988) were published. These studies were
conducted during the wettest 3 years on record
(1983-85). While the studies provided
considerable information on the effects of floods,
they provided only limited information on the
effects of powerplant operations.

Results of Phase I studies indicated the following

relationships:

Glen Canyon Dam and its operation have had
an impact on the downstream environment.
Changes have occurred and continue to occur
to many ecosystem resources. Some changes
are considered positive and some negative.

Phase II research is based on an ecological system
approach structured around specific hypotheses
and research flows (Bureau of Reclamation,
1990c). Included are 10 primary study
components and 2 monitoring components.
Certain GCES studies will extend beyond the
EIS schedule; however, sufficient information was
available to prepare this EIS.

Operations and management can be modified
to minimize losses of some resources and to
protect and enhance others. RELATIONSHIP BETWEEN GLEN

CANYON DAM EIS AND ELECTRIC
POWER MARKETING EIS

The ecosystem of Glen and Grand Canyons is
dynamic and, with careful management, more
harmonious environmental relationships may
.

At the conclusion of these studies (now referred to
as GCES Phase I), Reclamation determined that
additional research was needed to more fully
respond to the initial questions and to provide
needed information; therefore, a second group of
studies was initiated.

Western Area Power Administration is preparing
an EIS on its Salt Lake City Area Integrated
Projects (SLCA/IP) Electric Power Marketing and
Allocation Criteria. The criteria establish the
terms used to allocate capacity and energy
generated by the dams of the Colorado River
Storage, Collbran, and Rio Grande Projects
(collectively called the SLCA/IP ). Powerplants in
the SLCA/IP operated by Reclamation are Glen
Canyon, Flaming Gorge, Blue Mesa, Morrow
Point, Crystal, Upper Molina, Lower Molina,
Fontenelle, and Elephant Butte. Glen Canyon
Dam is the largest power producer within this

group.

II (1988-present)

In Jne 1988, the Department of the Interior
that the GCES be continued to
gather additional data on specific operational
elements. This phase of studies initially was to
take place over 4 to 5 years; however, the
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Although all of these hydroelectric powerplants
are interconnected, Glen Canyon operations by
Reclamation and power marketing by Western are
appropriately addressed as two separate (but
related) matters. The primary focus of the Glen
Canyon Dam EIS is the physical environment of
the Colorado River downstream from the dam.
The primary focus of the Western EIS is system-
wide power marketing and allocation. The
power marketing EIS looks at possible environ-
mental or operational effects caused by changes in
power marketing programs, while the Glen
Canyon Dam EIS evaluates the effects of differing
modes of dam operations on the humanenviron-
ment. Ultimately, the Glen Canyon Dam EIS
identifies a level of power resource available for
use by Western to meet its marketing
commitments.

Public meetings were held in Salt Lake City ,
Denver, Phoenix, Flagstaff, Los Angeles,
San Francisco, and Washington, DC. More than
17,000 comments were received during the
scoping period, reflecting national attention and
the intense interest of people in the Western
States.

Public Issues and Concerns

Reclamation contracted with Bear West
Consulting Team, a private business, to prepare a
detailed content analysis of the oral and written
scoping comments. Their methods and analysis
were approved by the cooperating agencies.

Western can evaluate different ways of marketing
power before knowing the specific operational
changes that may be adopted for Glen Canyon
Dam. Similarly I a Department of the Interior
decision to change how water is released from the
dam can be made before the Department of
Energy decides how to market power.

As a result of the analysis, the following were
determined to be resources or issues of public
concern: beaches, endangered species, ecosystem,
fish, power costs, power production, sediment,
water conservation, rafting/boating, air quality ,
the Grand Canyon wilderness, and a category
designated as "other" for remaining concerns.
Comments regarding interests and values were
categorized as: expressions about the Grand
Canyon, economics, nonquantifiable values,
nature versus human use, and the complexity of
Glen Canyon Dam issues (Bureau of Reclamation,
1990b).

SCOPING SUMMARY

Following the formal public scoping period and
review of the comments, representatives from the
cooperating agencies and public interest groups
met in July 1990 to determine criteria for
developing reasonable alternatives for the EIS.
These criteria directed that the alternatives:

The Glen Canyon Dam EIS scoping process was
initiated in early 1990 to receive public input on
the appropriate scope of the EIS, consistent with
NEP A requirements and implementing
regulations. Thorough effort was made to notify
all potentially interested parties about the Glen
Canyon Dam EIS scoping process and
opportunities to provide comment. Reclamation
increased opportunities for public participation
through public meetings, news releases, mailings,
legal notices, and contacts with media,
organizations, and individuals.

egister notice of environmental

Te scoping comment period initially established
or March 12 through Apri116, 1990, was extended
o May 4,1990, in response to public comment.

.Be consistent with the scope of the EIS

.Be economically and technically feasible

.Reflect legal considerations

Have general institutional acceptability

.Be timely to implement

.Be able to be monitored and adjusted

Meet various agency mandates

.Be supported by data

.Be multipurpose (integrated) and include all
major resources

Include mitigation
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A more detailed discussion of scoping can be
found in "Chapter V , Consultation and
Coordination."

Tribal Governments, identifying the resources and
their significant issues to be analyzed in detail.
The following presentation summarizes the issues
and the resource indicators that are used to
measure impacts of the alternatives.

Significant Issues Identified for
Detailed Analysis

The EIS team consolidated and refined the issues
of concern to the public and Federal, State, and

Issue:

Indicators:

How do dam operations affect the amount and quality of WA TER available from
Lake Powell at specific times?

Acre-feet of streamflows
Frequency and volume of floodflow and other spills
Acre-feet reservoir storage in Lakes Powell and Mead
Acre-feet of annual water allocation deliveries
Acre-feet of Upper Basin yield determination
Chemical, physical, and biological characteristics of water quality

Issue:

Indicators:

How do dam operations affect SEDIMENT resources throughout the study area?

Probability of net gain in riverbed sancf
Active width and height of sandbars
Erosion of high terraces
Constriction of debris fans and rapids
Elevation of deltas

Issue:

Indicators:

How do dam operations affect FISH-their life cycles, habitat, and ability to spawn?

Abundance of Cladophora and associated diatoms for aquatic food base
Reproduction, recruitment, and growth of native fish
Reproduction, recruitment, and growth of non-native warm water and coo/water fish
Level of interactions between native and non-native fish
Reproduction, recruitment, and growth of trout

Issue:

Indicators:

How do dam operations affect VEGET A TION in the river corridor?

Area of woody plants and species composition
Area of emergent marsh plants

Issue:

Indicators:

How do dam operations affect area "'ILDLIFE AND their HABIT A T?

Area of woody and emergent marsh plants for wildlife habitat
Abundance of aquatic food base for wintering waterfowl

Issue:

Indicators:

How do dam operations affect the populations of ENDANGERED AND OTHER SPECIAL

SPECIAL STATUS SPECIES throughout Glen and Grand Canyons?

Reproduction, recruitment, and growth of humpback chub and razorback

and flannelmouth suckers

Trout and aquatic food base for bald eagle

Aquatic food base for belted kingfisher

Area of woody plants for southwestern willow flycatcher

Maximum flow for Kanab ambersnail



14 Chapter I Purpose of and Need for Action

Issue:

Indicators:

How do dam operations affect the continued existence of CUL TURAL RESOURCES
in the studyarea?

Number of archeological sites directly, indirectly, or potentially affected
Number of Native American traditional cultural properties and resources directly,

indirectly, or potentially affected

Issue:

Indicators:

How do dam operations affect other electrical production in the area, including those
methods that have impacts on AIR QUALITY?

Sulfates in Grand Canyon air
Tons of sulfur dioxide and nitrogen oxides in regional air

Issue:

Indicators:

How do dam operations affect RECREA TION in the study area ?

Fishing trip attributes and angler safety
Day rafting trip attributes and access
White-water boating trip attributes, camping beaches, safety, and wilderness values
Lake activities and facilities
Net economic benefits of recreation

Issue:

Indicators:

How do dam operations affect the ability of Glen Canyon Powerplant to supply
HYDROPOWER at the lowest possible cost?

Power operations flexibility
Power marketing resources, costs, and rates

Issue:

Indicators:

How do changes in Glen Canyon Dam operations affect NON-USE V ALUE?

on-use economic value in dollars

Public Review of Draft EIS comments were not taken. In addition, two
briefings were conducted in Washington, DC.
Public hearings were held in the same seven cities
as the scoping meetings to receive oral comments
on the draft EIS.

On January 4, 1994, the draft EIS was ffied with
the Environmental Protection Agency .The official
public comment period began with a January 7
Federal Register notice and concluded on April11,
1994. Over 33,000 written comments were received.

More than 2,300 separate issues and concerns
were extracted from the analysis of oral and
written comments (Bureau of Reclamation, 1994b )
A summary of the comments and responses is
presented in a separate volume of this document,
"Comments and Responses."

he full three-volume draft EIS was distributed to
those listed on the distribution list in chapter V
soliciting public comment. In addition, over
17,000 interested parties on the newsletter mailing
list received the summary volume by itself.
Reclamation received over 1,000 additional
requests for either the full draft EIS or summary
volume after the initial distribution.

As a result of comments on the draft EIS and
discussions with FWS, the preferred alternative
described in the draft EIS was modified for the
final EIS. The cooperating agencies broadly
supported this modification. A more detailed
description of the public review of the draft EIS
an be found in "Chapter V, Consultation and
Cordination."

To provide the public an opportunity to learn
more about the draft EIS, members of the EIS team
conducted information sessions in Salt Lake City ,
Phoenix, and Flagstaff in March 1994. These
sessions were informational only; public
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CHAPTER II

Description of Alternatives

This chapter presents the process used to fonnu-
late alternatives, the alternatives considered in
detail, the alternatives eliminated from detailed
study, and a summary comparison of the
alternatives and their impacts.

providing high, warm, and sediment-laden flows
each spring (with relatively low flows the
remainder of the year) to providing steady, cool,
and clear flows throughout the year. They ranged
from steady flows throughout the day to high
daily fluctuations.

PROCESS USED TO FORMULATE
ALTERNATIVES

Alternatives for the draft Glen Canyon Dam
Environmental Impact Statement (EIS) were
formulated through a systematic process using
public input, technical information, interdisci-
plinary discussions, and professional judgment.
The process began with consideration of Glen
Canyon Environmental Studies (GCES) Phase I
recommendations and comments from the
1990 public scoping activities.

In July 1990, representatives from cooperating
agencies and various interest groups participated
in a "brainstorming" workshop to fully consider
all concepts and suggestions in formulating
alternatives (Bureau of Reclamation, 1990a).

The interdisciplinary , interagency EIS team then
fonnulated 10 preliminary alternatives divided
into 3 descriptive categories: fluctuating flows,
steady flows, and flows mimicking predam condi-
tions. Some of these preliminary alternatives
included various structural elements that would
provide warmer release temperatures in the sum-
mer, bypass sediment around the dam, or reregu-
late releases to provide steady flows downstream.

The team presented these alternatives to the coop-
erating agencies and, following their approval,
presented them to the public in a newsletter
(Bureau of Reclamation, 1991a) and three public
meetings held in Salt Lake City , Utah, and
Flagstaff and Phoenix, Arizona, during April
1991. These original alternatives ranged from

The public was asked to comment on the range of
preliminary alternatives as part of the EIS scoping
process (Bureau of Reclamation,1991b). The
predominant public comment was the need for
"operation only" alternatives and/or separate
analysis of operational and nonoperational
(structural) measures. Other comments most
frequently voiced were:

.An alternative should be developed that
maximizes benefits to endangered species and
recreation.

.Alternative dam operations should be
considered to reduce the frequency of floods
and daily fluctuations.

.The reregulation dam is not a reasonable
alternative and should not be considered.

.Not only is a reregulation dam a viable
alternative, but a powerplant should be added
to help pay the cost.

.The historic or natural flow patterns should
serve as the baseline (No Action Alternative)
for comparison of alternatives.

.None of the alternatives should include
structural elements.

.The environmental, social, and economic effects
of reduced electrical generation should be
evaluated in steady flow alternatives.

.A lower fluctuating flow alternative should be
formulated with a maximum of 20,000 cubic
feet per second (cis) and a minimum of
8,000 cis. Ramp rates should be 1,000 cis per
hour up and 500 cis per hour down, with no
more than 3,000 cis change from day to day.
(Many flow regime variations were received.)
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All of the restricted fluctuating flow and steady
flow alternatives include the following elements
designed to provide additional resource protec-
tion or enhancement. These common elements are
discussed in detail later in this chapter.

.Adaptive management (including ongoing
monitoring and research)

.Monitoring and protecting cultural resources

.Flood frequency reduction measures

.Beach/habitat-building flows

.New population of humpback chub

.Further study of selective withdrawal

.Emergency exception criteria

Using this additional input, professional
judgment, and analysis of interim flows,
the EIS team reviewed and revised the prelim-
inary alternatives. Seven alternatives were then
identified for detailed analysis, and others were
considered and eliminated from detailed study.
Later, to present a full range of reasonable
operations, two more alternatives were
formulated. As a result of comments on both
the draft EIS and draft biological opinion and
discussions with the U.S. Fish and Wildlife Service
(FWS), the preferred alternative described in the
draft EIS was revised with the broad support of
the cooperating agencies (see Modified Low
Fluctuating Flow Alternative later in this chapter).
The EIS team and cooperating agencies attempted
to balance benefits to all resources (physical,
biological, cultural, and consumable) in
identifying a preferred alternative. Figure 11-1
summarizes the alternatives and their descriptions.

Table 11-2.-Percent of days that minimum and
maximum releases and daily fluctuations

occur under the alternatives

Minimum Maximum Daily
releases releases fluctuations

<8,000 cfs >20,000 cfs >6,000 cfs
(percent of days)

ALTERNATIVES CONSIDERED IN
DETAIL

Altemative

No action 90 72 97
The nine alternatives considered in detail are
described below I beginning with the No Action
Alternative (historic operations) to provide a
baseline for comparison. Table II-l presents a
summary of operating limits under the nine
alternatives identified for detailed analysis.

Maximum powerplant

capacity

90 73 97

High fluctuating flow 79 65 96

Moderate fluctuating
flow

41 23 89

Modified low
fluctuating flow

The eight action alternatives were designed
to provide a broad spectrum of options. One
alternative would allow unrestricted fluctuations
(within the physical constraints of the power-
plant) in flow to maximize the value of power,
four would impose varying restrictions on
fluctuations, and three others would provide
steady flows on a monthly, seasonal, or annual
basis. The names of the alternatives reflect the

operational regimes they represent.

29 19 54

Interim low
fluctuating flow

29 19 54

17to18Existing monthly
volume steady flow

<1 0

15 to 27Seasonallyadjusted
steady flow

<1 0

18 to 12Year-round steady flow <1 0

1 Depending on season.Table 11-2 shows the frequency of minimum
and maximum releases and daily fluctuations
under all Glen Canyon Dam EIS alternatives.
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Annual release volume is based on inflow and
remaining space in the two reservoirs. Annual
release volumes vary greatly I but all adhere to the
Long-Range Operating Criteria objectives of an
8.23-maf minimum annual release and equalized
storage between Lake Powell and Lake Mead.
Annual releases greater than the minimum are
permitted to avoid anticipated spills and to
equalize storage.

Unrestricted Fluctuating Flows

No Action Alternative

Minimum
releases

(cfs)

Maximum
releases

(cfs)

Daily
fluctuations

(cfs/24 hrs)

Ramp

rate

(cfs/hr)

1,000 Labor

Day to Easter

31,500 30,500 Labor

Day to Easter

Unrestricted

3,000 Easter
to Labor Day

28,500 Easter
to Labor Day

The No Action Alternative (historic operations) is
presented first to provide an understanding of
baseline conditions and operations at Glen
Canyon Dam. This alternative provides the basis
for impact comparison.

From 1966 to 1989, annual releases ranged from
8.23 maf to 20.4 maf (1984). The minimum release
has occurred in about half the years since the dam
was closed in 1963. Historic predam and postdam
annual flows at Lees Ferry are shown in
figure ll-2(a). This figure shows the reduced
variation in annual flows after closure of the dam.

Monthly Release Volume. Under the No Action
Alternative, the volume of water released from
Lake Powell each month depends on forecasted
inflow, existing storage levels, monthly storage
targets, and annual release requirements.
Demands for electrical energy I fish and wildlife
needs, and recreation needs also are considered
and accommodated as long as the risk of spilling
and storage equalization between Lakes Powell
and Mead are not affected.

Within the overall Colorado River Storage Project
purpose, the objective of the No Action Alterna-
tive is to produce the greatest amount of firm
capacity and energy practicable while adhering to
the releases required under the "Law of the
River." Under no action, Glen Canyon Dam
operations would be the same as they were from
1963-when the dam was placed in operation-
until the research flows began in June 1990. This
alternative would continue operations established
under the Criteria for Coordinated Long-Range
Operation of Colorado River Reservoir:s (Long-Range
Operating Criteria) (see attachment 3) as well as
daily fluctuating releases. The maximum allow-
able discharge during fluctuations is 31,500 cfs.
Fluctuating releases occur when the dam is being
operated to follow power system load changes, to
produce peaking power, to regulate the power
system, or to respond to power system

emergencies.

Power demand is highest during winter and
summer months, and recreation needs are highest
during the summer. Therefore, higher volume
releases are scheduled during these months
whenever possible to benefit these uses.

Spills are excess annual releases that cannot be
used for project purposes; they usually are the
result of inflow forecast changes. Floodflows are
the spills of principal concern. Floodflows are
releases greater than the designed powerplant
capacity that are discharged through the river
outlet works and spillways.

Annual Release Volume. The principal factors
considered in determining annual release volumes
are

Each month during the inflow forecast season
Ganuary to July), the volume of water to be
released for the rest of the year is recomputed
based on updated streamflow forecast informa-
tion. Scheduled releases for the remaining months
are adjusted to avoid anticipated spills and main-
tain conservation storage in accordance with the
Long-Range Operating Criteria.

.Releasing a minimum of 8.23 million acre-feet
(maf) (specified in the Long-Range Operating

Criteria)
.Maintaining conservation storage

.Avoiding anticipated spills

.Balancing storage between Lakes Powell and
Mead
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50,000 .
c. Daily Range in Releases

(t-Iighest and lowest hourly flows for each day)
1989 (low release year)

40,000

"- 30,000
m
0..
"G)
If 20,000
Q
:0
8 10,000
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50,000 I

d. Hourly Releases

Wednesday, July 5, 1989
(A day in a low release July)
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Figure ll-2.-Historic water releases from Glen Canyon Dam.
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Additional inflow

(mat)

Figure 11-2(b) shows historic monthly release
volumes for a low (minimum) release year, which
occurs the most frequently. Figure 11-3 presents a
comparison of historic monthly releases among
example low, moderate, and high release years.

Date

January 1

February

March 1

April 1

May 1

June 1

4.98

4.26

3.60

2.97

2.53

2.13

Under high storage conditions, fall and early
winter releases are designed to meet the January 1
storage target (22.6 maf). Under lower storage
conditions, releases are scheduled at a minimum
of about 550,000 acre-feet per month. January
through July releases are scheduled to create space
in the reservoir so that the forecasted runoff will
not produce spills but will fill the reservoir in July.
July through September releases are used to meet
the minimum annual release requirement and
reach the January 1 target of 22.6 maf.

3. Throughout the streamflow forecast season
(January 1 to July 1), operations are planned as
though Lake Powell has 500,000 acre-feet less
capacity than it actually has. This provides a
storage buffer to further protect against
unforecasted inflow.

Hourly Operations. Hourly releases are set to
reach the monthly release volumes, to maintain
established minimum flow rates, and to follow the
pattern of energy demand. Emergency condi-
tions-such as search and rescue operations,
generating equipment failures, or power system
emergencies-may cause extreme departures from
normal operations. Except for search and rescue
operations, these departures are short-lived
(generally 1 hour or less), and their effects on
water releases can be adjusted in a short time (less
than 4 hours).

Floodflow A voidance Measures. Methods for

providing protection against flood releases under
the No Action Alternative are:

1. Storage in Lake Powell is not allowed to
exceed 22.6 maf as of January 1 of each year
(before the forecast season) in preparation for
storing and regulating spring runoff.

2. On the first of each month from January to
June, a protection factor (error term) is added to
the forecasted inflow so that more water is
assumed to be coming into the reservoir than
indicated by the forecast. The error terms follow.

Hourly power operations are most flexible during
months with moderate release volumes. The need
to maintain minimum flows in months with low
release volumes limits flexibility to accommodate
changing hourly power demands. If the reservoir
is nearly full and inflow is extremely high,
monthly releases are scheduled at or near
maximum capacity most of the time, leaving little
flexibility for hourly releases to change in
response to power demand.

Typical hourly releases for a sample 24-hour
period are shown in figure 11-2(d). Also,
figure 11-4 compares 24-hour releases for typical
low, moderate, and high release volume days.
Fluctuating releases are made when the
generating units are being operated to follow
changes in power system load, produce peaking
power, regulate the power system, or respond to
power system emergencies. To the extent possible

Figure II -3.-Comparison of monthly
volumes released during low,
moderate, and high release years.
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Figure 1I-4.-Hourly releases for typical
summer days with low, moderate,
and high release volumes.

within higher priority operating constraints, the
following guidelines are used in producing

hydroelectric power:

.Maximize water releases during the peak
energy demand periods, generally Monday
through Saturday between 7 a.m. and 11 p.m.

.Maximize water releases during peak energy
demand months and minimize during low
demand months

.Minimize and, to the extent possible, eliminate
powerplant bypasses

Historic daily ranges of hourly releases are
shown for an entire minimum release year in
figure 11-2(c). During a minimum release year, the
greater the daily release volume, the greater the
daily fluctuation.

Minimum Flow.-Figure 1I-5(a) shows the
historic distribution of minimum flows. Mini-
mum flows are restricted to no less than 1,000 cfs
from Labor Day until Easter and 3,000 cis from
Easter until Labor Day (the recreation season). An
additional requirement during the recreation sea-
son is that weekday releases average not less than
8,000 cfs for the period from 8 a.m. to midnight.
The minimum flow for any given hour typically
depends on the monthly release volume and the
magnitude and predictability of electrical load

Figure Il-5.-Historic distributions of
daily minimums, maximums, and
fluctuations in cIs (1965-89).

across and within the hour. In some cases, dis-
patcher experience may be a factor. For a number
of reasons (typically for meeting monthly release
volumes), minimum flows are frequently above
the objective minimum. Occasionally, power
system emergencies occur that prevent meeting
the minimum release objectives.
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Maximum Flow.- The maximum flow is
determined by powerplant capacity , the power
demand at the time of release, and the amount of
water required and/ or available for release in a
given month. As much as 33,200 cis can be
discharged through the powerplant if the
reservoir is at the appropriate elevation. Flows
greater than 33,200 cis are discharged through the
outlet works first and then through the spillways,
as required. Peak discharges under normal no
action operations do not exceed 31,500 cfs. Any
releases greater than 31,500 cfs are steady on a
daily basis. Figure 11-5(b ) shows the historic
distributions of maximum flows.

Range of Fluctuating Flows.- The range of daily
fluctuations under the No Action Alternative is
restricted only to between the minimum and
maximum flows. Figure 1I-5(c) shows the historic
distribution of daily fluctuations.

Ramp Rate.-The ramp rate is the rate of change
in discharge, integrated across the hour, to meet
the electrical load by achieving either higher or
lower releases. North American Electric Relia-
bility Council {NERC) operating criteria require
Western Area Power Administration {Western) to
meet scheduled load changes by ramping up or
down beginning at 10 minutes before the hour
and ending at 10 minutes after the hour. Any
ramping to meet scheduled load changes occurs
during that same 20-minute period. The principal
times of change are in the morning, when releases
are ramped upward to respond to the peak
daytime demand, and at night, when releases are
ramped downward as the electrical demand
diminishes.

Historic Down Ramp Rates

>8,000 ;$.2,000 (2%)

6,OOo-B,OOO

4,000-6,000

Figure 1I-6.-Historic (1966-89) distribution
of 1-houi ramp rates in cfs per hour.
(Maximum daily values for moderate
monthly releases of 800,000 acre-feet.)

rates. The I-hour up ramp rates have been less
than 4,000 cfs per hour about 32 percent of the
time and greater than 8,000 cis about 11 percent of
the time. The down ramp rates have been less
than 4,000 cfs about 29 percent of the time and
greater than 8,000 cis about 7 percent of the time.

A computerized automatic generation control
(AGC) system controls the rate of release and
generation on an instantaneous basis. It also
measures the power flow at all electrical
interconnections with other control areas. Under
historical operations, scheduled ramping has
typically resulted in large changes in river stage.
However, the continuous small changes in
discharge caused by AGC rarely affect river stage
by more than a foot. Under the No Action
Alternative, the only restriction on ramp rates is
the physical capability of the generators.
Figure 11-6 shows the historic up and down ramp
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Maximum Powerplant Capacity
Alternative

compares operations under these alternatives with
historic operations for three different daily water
release situations in the peak pow~r month of July.

Minimum
releases

(cIs)

Maximum
releases

(cIs)

Daily
fluctuations
(cfs/24 hrs)

Ramp

rate

(cfs/hr)

Within the constraints of the alternatives,
maximum water releases would be scheduled to
coincide with times of peak electrical demand.
Low releases are made at night to maximize the
amount of water available for daytime generation
and thus minimize expensive daytime power

purchases.

11,0°° Labor
IDay to Easter

33,200 32,200 Labor
Day to Easter

Unrestricted

3,000 Easter
to Labor Day

30,200 Easter

to Labor Day

For any of the restricted fluctuating flow
alternatives, the scheduled annual and monthly
release volumes would be determined using
essentially the same considerations described
under the No Action Alternative. Beach/habitat-
building flows would modify monthly release
volumes when Lake Powell is drawn down (see
"Common Elements").

This alternative was developed to allow use of the
maximum powerplant discharge capacity that
resulted from the 1987 uprate and rewind (see
"Background" in chapter I). Operations under the
Maximum Powerplant Capacity Alternative
would be the same as under the No Action
Alternative except that full powerplant capacity
(estimated flows of 33,200 cis) would be allowed.
Monthly and annual operations, including flood
control, would be identical to those described
under the No Action Alternative. Releases in
excess of 31,500 cis would be possible only when
Lake Powell's elevation is greater than 3641 feet.
This additional capacity would be used when
power demand is high and typically would last
4 hours or less (based on historical operations).

Habitat maintenance flows-short-term high
releases during the spring-are included in the
Moderate and Modified Low Fluctuating Flow
Alternatives to transport and deposit sand for
maintaining camping beaches and fish and
wildlife habitat. These maintenance flows were
not included in the other restricted fluctuating
flow alternatives for the following reasons. With
habitat maintenance flows, the High Fluctuating
Flow Alternative would, over the long term, move
more sand than supplied by tributaries and would
result in net erosion. Maintenance flows were not
included in the Interim Low Fluctuating Flow
Alternative because this alternative was intended
to preserve the current interim flow operations for
which nearly 2 years of data have been collected.

Daily and Hourly Operations. Minimum releases
would be at least 3,000 cfs from Easter to Labor
Dayand 1,000 cfs for the remainder of the year .
The range in daily release fluctuations and ramp
rates would be unrestricted.

Restricted Fluctuating Flows

The common elements that are described later in
this chapter apply to all restricted fluctuating flow
alternatives.

The restricted fluctuating flow alternatives were
designed to provide a range of downstream
resource protection measures, while offering
varying amounts of flexibility for power
operations. All four alternatives-high, moderate,
modified low, and interim low fluctuating flows-
restrict daily fluctuations at Glen Canyon Dam as
compared to the No Action and Maximum
Powerplant Capacity Alternatives. Each
alternative also specifies ramp rate restrictions
and minimum release requirements. Figure 11-7
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Q)
c.

~
G)
u.
u
:c
~

()

Figure 1I-7.-Example hourly releases under fluctuatingflow alternatives
compared to historic operations for low, moderate, and high release days in
July. All restricted fluctuating flow alternatives would increase minimum
flows and decrease maximum flows when compared to no action.
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High Fluctuating Flow Alternative would be constant within a month, the minimum
and maximum flows might be different each day.

Daily and Hourly Operations. Minimum flows
would be 3,000, 5,000, or 8,000 cfs depending on
monthly release volume, finn load, and market
conditions (see table 11-3). The maximum flow
during hourly fluctuating releases would be
limited to 31,500 cis. When high inflow volumes
and storage conditions require releases greater
than 31,500 cfs, such releases would be steady on a
daily basis.

The limit on daily fluctuations often would be
more restrictive than the minimum and maximum
flow rates. Fluctuations would be limited to
15,000,20,000, 21,000, or 22,000 cfs over any
24-hour period, depending on the monthly release
volume. Maximum flows during a minimum
release year normally would not exceed 25,000 cfs.
Under this alternative, adverse market conditions
(when power demand is relatively high) are
assumed to occur during winter and summer:
November, December, January , June, July, and
August. All other months are considered
favorable market condition months (power
demand is relatively low).

The High Fluctuating Flow Alternative was
developed to slightly reduce fluctuating flows,
with the goal of protecting or enhancing
downstream resources while allowing flexibility
for power operations. Releases would be tied to
hydrology and power system demand. This
alternative would have the same annual and
monthly operation plan as described under the
No Action Alternative but would include
additional restrictions on daily and hourly
operations. Parameters such as minimum flows,
down ramp rates, and allowable daily fluctuations
were designed to provide some resource
protection, but without substantial impacts to
hydropower. Although daily fluctuation limits

The ramp rate would follow the power load for
increasing flows without restriction, but
decreasing flows would be limited to 5,000 cis per
hour in winter and summer and 4,000 cis per hour
during spring and fall.

Table 11-3.-Flow parameters under the High Fluctuating Flow Alternative

Minimum flows

Favorable market conditions

Firm load
>500 GWh 1 <500 GWh

(cfs) (cfs)

Adverse

market

conditions

(cfs)

Monthly
release volume

(1 ,000 acre-feet)

Mean

flow

(cfs)

Maximum
flow

(cfs)

Allowable

fluctuation

(cfs)

<650

650-850

850-1 ,000

<1,000

<11

10,900-1.

14,300-1

>1

3,000
3,000
5,000
8,000

3,000
5,000
8,000
8,000

3,000
3,000
5,000
8,000

31 ,500
31 ,500
31 ,500

31,500

15,000
20,000
21 ,000

22,000

4,000 cfs/hr 5,000 cfs/hrDown ramp rate

D,900
4,300
6,800
6,800
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Moderate Fluctuating Flow Alternative and maximum release limits and daily
fluctuations are as shown in table 11-4. The
equations used to determine minimum and
maximum flows are in attachment 6.

Daily
fluctuations

(cfs/24 hrs)

Ramp

rate

(cfs/hr)

Minimum
releases

(cIs)

Maximum
releases

(cIs)

Table 11-4.-Flow parameters under the Moderate
Fluctuating Flow Altemative

5,000 31,500 I .T. 45% of mean

flowforthe

month not to

exceed .T.6,OOO

14,000 up

2.500 down

Allowable

daily
fluctuation

(cIs)

Monthly
release
volume

(acre-feet)

Mean

flow

(cfs)

Minimum
flow

(cis)The Moderate Fluctuating Flow Alternative was
developed to reduce daily flow fluctuations below
no action levels and to provide special high steady
releases of short duration, with the goal of
protecting or enhancing downstream resources
while allowing intermediate flexibility for power
operations. This alternative would have the same
annual and essentially the same monthly
operating plan as described under no action
(except for the addition of habitat maintenance
flows) but would restrict daily and hourly
operations more than the No Action, Maximum
Powerplant Capacity , or High Fluctuating Flow
Alternatives. Parameters such as minimum flows,
ramp rates, and allowable daily fluctuations were
designed to provide resource protection through
consistent release patterns throughout each month

550,000
800,000

1 ,000,000
1 ,500,000

9,200
13,400
16,800
25,200

5, 100

7,400
10,800
19,200

13,400
19,400
22,800
31,200

:t4,150
:t6,000
:t6,000
:t6,000

Habitat Maintenance Flows. Habitat maintenance
flows are included in this alternative to re-form
backwaters and maintain sandbars, which are
important for camping beaches and fish habitat.
Habitat maintenance flows are high, steady
releases within powerplant capacity (33,200 cis)
for 1 to 2 weeks in March, although other months
would be considered under adaptive man-
agement. A more complete description of habitat
maintenance flows can be found under the
Modified Low Fluctuating Flow Alternative that
follows. The monthly release volumes during
such flows under this alternative are compared to
no action volumes in attachment 6.

Modified Low Fluctuating Flow Alternative

(Preferred Alternative)

Minimum

releases

(cfs)

Maximum
releases

(cfs)

Daily
fluctuations
(cfs/24 hrs)

Ramp

rate

(cfs/hr}

Daily and Hourly Operations. Minimum flows for
a given month would vary depending on the
monthly release volume but would be no less than
5,000 cis. The maximum release rate for a given
month also would vary depending on the
monthly release volume but would be no greater
than 31,500 cfs under normal operations. When
high inflow volumes and storage conditions
require releases greater than 31,500 cis, such
releases would be steady on a daily basis.
Maximum flows during a minimum release year
normally would not exceed 22,300 cis. The ramp
rate would be limited to 4,000 cfs per hour for
increasing flows and 2,500 cfs per hour for
decreasing flows.

4,000 up
1,500 down

8,000
between
7 a.m. and
7 p.m.

25,000 5,000
6,000 or
8,000

5,000 at night

Allowable daily fluctuations as well as minimum
and maximum flows would be detennined based
on the mean releases for the month. The
allowable fluctuation would be plus or minus
45 percent of the mean daily flow, not to exceed
plus or minus 6,000 cfs. Approximate minimum

The Modified Low Fluctuating Flow Alternative
was developed to reduce daily flow fluctuations
well below no action levels and to provide special
high steady releases of short duration, with the

Maximum
flow

(cfs)
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goal of protecting or enhancing downstream
resources while allowing limited flexibility for
power operations. This alternative would have
the same annual and essentially the same monthly
operating plan as described under the No Action
Alternative but would restrict daily and hourly
operations more than any of the previously
described fluctuating flow alternatives.

Daily and Hourly Operations. Minimum flows
would be no less than 8,000 cfs between 7 a.m. and
7 p.m. and 5,000 cfs at night. The maximum rate
of release would be limited to 25,000 cfs during
fluctuating hourly releases. Any releases greater
than 25,000 cfs (other than for emergencies) would
be steady on a daily basis and would be made in
response to high inflow and storage conditions.
The limit on daily fluctuations often would be
more restrictive than the minimum and maximum
flow rates. Fluctuations would be limited during
any 24-hour period, depending on monthly
release volumes (see table 11-5).

Additional information on the effects of dam
operations has been gathered since the interim
operating criteria were developed. Some of this
preferred alternative's parameters have changed
since the draft EIS was published based on new
information and public comments.

Habitat Maintenance Flows. Maximum releases
under the Modified Low Fluctuating Flow
Alternative normally would not exceed about
20,000 cis during a minimum release year.
Without higher flows:

.Portions of sandbars above the normal peak
stage could not be rebuilt.

.Sediment would accumulate at ~ow elevations,
including backwaters.

.Camping beaches and retum-current channels
would likely become filled with sediment and
eventually overgrown with vegetation.

Although an occasional floodflow (greater than
33,200 cfs) may rebuild high elevation beaches and
re-form backwaters, frequent floodflows would
likely transport more sand than could be supplied
by the tributaries-resulting in long-term sandbar
erosion. Therefore, habitat maintenance flows are
included in this alternative to re-form backwaters
and maintain sandbars, which are important for
camping beaches and wildlife habitat.

To reduce long-term flood frequency , a single
method is advanced under this altemative-
raising the height of the four spillway gates
4.5 feet to elevation 3704.5 feet (see "Flood
Frequency Reduction Measures"). However, since
other methods are available to accomplish the
same goal, a final decision about the method
ultimately used would not be made until
additional National Environmental Policy Act
(NEP A) compliance has been completed to
evaluate environmental impacts on Lake Powell
shoreline resources. Lake Powell's current
elevation is well below the level that would
require reserving additional storage space, thus
accomplishing the objective of reducing the
frequency of flood releases. The lake level is not
expected to reach full elevation for another 4 to
5 years. Until the spillway gates would be
installed, additional operational measures would
be implemented through the Annual Operating
Plan (AOP) process to provide the recommended
flood protection.

Table 11-5.-Flow parameters under the Modified Low and Interim Low Fluctuating Flow Alternatives

Monthly
release

volume

(acre-feet)

Allowable

daily
fluctuation

(cfs)

Mean

flow

(cfs)

Minimum
flow

(cfs)

Maximum

flOW1

(cfs)

<600,000

600,000-800,000

>800,000

<10,100
10,100-13,400

>13,400

5,000/8,000
5,000/8,000
5,000/8,000

25,000
25,000
25,000

5,000
6,000
8,000

1 Does not include habitat maintenance flows.
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would be scheduled in a year when there is con-
cern for a sensitive resource-such as sediment or
an endangered species.

Habitat maintenance flows are high, steady
releases within powerplant capacity (33,200 cfs1
for 1 to 2 weeks in March, although other months
would be considered under the Adaptive
Management Program. March was selected for
the following reasons:

Backwater channels could be re-formed prior to
the humpback chub spawning period.

More sediment is likely to be supplied by
tributary flow in March than later in the spring.

March is prior to the peak recreation use season.

Increasing the flow to 30,000 cfs for 10 days would
result in the release of an additional 412,000 acre-
feet of water in March, which would require
adjusting the release volumes in the other months.
This scheduling adjustment would be determined
during the Annual Operating Plan preparation
and may vary from year to year. The monthly
release volumes under this alternative are
compared to no action volumes in attachment 6.

Habitat maintenance flows would not be sched-
uled when the projected storage in Lake Powell on
January 1 is greater than 19 maf. Annual release
volumes under such conditions are typically
greater than the minimum annual release volume
(8.23 maf), and such flows already may be near or
exceed powerplant capacity.

Endangered Fish Research. The endangered fish
research described under this alternative in the
draft EIS has been moved to the scientifically
based Adaptive Management Program (see
discussion under "Common Elements" later in
this chapter).

Interim Low Fluctuating Flow Alternative

Minimum
releases

(cIs)

Maximum

releases

(cfs)

Daily
fluctuations
(cfs/24 hrs)

Ramp

rate

(cfs/hr)

8,000
between
7 a.m. and
7 p.m.

20,000 5,000
6,000 or
8,000

2,500 up
1 ,500 down

Although habitat maintenance flows are defined
as steady, minor fluctuations of up to plus or
minus 1,000 cfs would be permitted to regulate
voltage within the power grid. Maintenance flows
would begin by increasing flows at a rate no
greater than 4,000 cfs per hour and would
conclude by decreasing flows back to the normal
operating range at a rate no greater than 1,500 cfs
per hour. The limit on daily change in flow would
not apply during these transitions.

5,000 at night

The Interim Low Fluctuating Flow Alternative
was developed to reduce daily flow fluctuations
well below no action levels, with the goal of
protecting or enhancing downstream resources
while allowing limited flexibility for power
operations. This alternative would have the same
annual and monthly operating plan as the
No Action Alternative but would restrict daily
and hourly operations as much as or more than
under any alternative allowing fluctuating flows.

Habitat maintenance flows would differ from
beach/habitat-building flows (a common element
of the restricted fluctuating and steady flow
alternatives) because they would be within
powerplant capacity and would occur nearly
every year when the reservoir is low. Beach/
habitat-building flows would be of greater
magnitude than habitat maintenance flows and
would be less frequent. Habitat maintenance
flows would not occur in years when a
beach/habitat-building flow is scheduled (see
discussion under l'Common Elements" later in
this chapter). Neither of these special releases

Actual powerplant release capacity may be less under low reservoir conditions.
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maintain steady (unifonn) water releases for
selected durations, the ability to maintain a steady
flow from one period to the next would depend
on the accuracy of streamflow forecasts and the
space available in Lake Powell.

Minimum or maximum flow rates would be
determined by the monthly water volume to be
released. The goal would be to hold flows steady
to within plus or minus 1,000 cis per day and
adjust them between months in response to
forecast changes. Ramp rates within this flow
range would not be restricted because river stage
fluctuations would be within a few inches. The
maximum change in releases between months
would be 2,000 cis per day.

This alternative is the same as the interim oper-
ating criteria implemented on November 1, 1991
(except for the addition of the common elements).
Interim operating criteria were established prior to
obtaining results from GCES Phase II. Parameters
such as minimum flows, maximum flows, ramp
rates, and allowable daily fluctuations were
designed to protect downstream resources until
completion of the final EIS and record of decision

(ROD).

Daily and Hourly Operations. Minimum flows
would be no less than 8,000 cfs between 7 a.m. and
7 p.m. and 5,000 cis at night. The maximum rate
of release would be limited to 20,000 cis during
fluctuating hourly releases. Any releases greater
than 20,000 cfs (other than for emergencies) would
be steady on a daily basis and would be made in
response to high inflow and storage conditions.

Daily variations of plus or minus 1,000 cis per day
(approximately 42 megawatts) would allow some
minor flexibility in dam operations to be used
primarily for electrical system regulation. AGC
would cause minor fluctuations as the power-
plant's computerized regulation system made
adjustments every 2 to 6 seconds. Resulting
changes in river stage would not be noticeable
downstream. Flow fluctuations of this magnitude
were measured during steady research flows, and
the corresponding river stage fluctuations were
small (see figure 11-9).

The limit on daily fluctuations often would be
more restrictive than the minimum and maximum
flow rates. Fluctuations would be limited during
any 24-hour period, depending on monthly
release volumes.

Steady Flows

The steady flow alternatives were designed to
provide a range of downstream resource
protection measures by minimizing daily release
fluctuations. Flows would be steady on either a
monthly, seasonal, or year-round basis. The
monthly distribution of release volumes would
differ, but daily and hourly operating criteria
would be the same for all steady flow alternatives.
Flows would be the same each day within the
month or season (except during flood control
operations). Figure 11-8 compares operations
under the steady flow alternatives with historic
operations for low (8.23 maf), moderate (13.6 maf),
and high (21.1 maf) release years. The scheduled
annual release volume would be determined in
accordance with the Long-Range Operating
Criteria.

Water releases in excess of powerplant capacity
would flow through the outlet works and/ or
spillways during high water years or, as
necessary , during beach/habitat-building flows.

The habitat maintenance flows included in the
Seasonally Adjusted Steady Flow Alternative were
not included in the other steady flow alternatives.
Such flows would be contrary to the concepts for
which these steady flow alternatives were
developed, i.e., to keep flows steady under the
Year-Round Steady Flow Alternative and to retain
the pattern of historic monthly releases under the
Existing Monthly Volume Steady Flow
Alternative.

The "Common Elements" described later in this
chapter apply to all steady flow alternatives.Monthly or seasonal release volumes would be

based on the month-to-month pattern specified for
the alternative. Although the goal would be to
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50,000

Low Release Year (1989) Daily range for historic operations
Existing monthly volume steady flow
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Figure ll-8.-Steady flow alternatives compared to no
action for low, moderate, and high release years.
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Below Glen Canyon Dam

11

This alternative would have the same annual and
monthly operating plan as the No Action Alterna-
tive, but releases would be steady within months.
Also, beach/habitat-building flows would modify
monthly release volumes when Lake Powell is
drawn down (see "Common Elements"). See
figure 1I-8 for estimated operations under this
alternative, using historic low, moderate, and high
annual release situations.

!12 at lees Ferry
. Minimum Flow. Both minimum and maximum

flows would be within plus or minus 1,000 cfs of
the mean monthly release. Based on analysis of
historical releases, minimum flows would rarely
be below 8,000 cis (476,000-acre-foot monthly

volume).
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Figure 1I-9.-Changes in electrical load during
steady research flows caused minor
discharge fluctuations that were measured at
U.S. Geological Survey gauging stations
below the dam and at Lees Ferry. On
December 21, the 2,170-cfs fluctuation
measured 112 mile below the dam was
reduced to 1,105 cIs at Lees Ferry. This
release fluctuation resulted in a river stage
fluctuation of 10 inches at the gauge below
the dam and 3 inches at the Lees Ferry gauge.

Monthly Release Volume. The scheduled monthly
release volumes would be the same as the
monthly volumes under the No Action
Alternative. Based on the period 1963-89,
February has the lowest monthly median release
volume (556,000 acre-ieet-equivalent to
10,000 cis), and August has the highest monthly
median release volume (903,000 acre-ieet-
equivalent to 14,700 cis).

Seasonally Adjusted Steady Flow
Alternative

Existing Monthly Volume Steady Flow
Alternative

Minimum
releases

(cfs)

Maximum

releases

(cfs)

Daily
fluctuations

(cfs/24 hrs)

Ramp
rate

(cfs/day)

8,000 Monthly

volumes

prorated

:t1 1000 2,000

between

months

The Existing Monthly Volume Steady Flow
Alternative was developed to provide steady flow
on a monthly basis while continuing to maintain
flexible monthly release volumes to avoid spills
and maintain conservation storage. Steady flows
were included each month with the goal of
protecting or enhancing downstream resources,
especially the aquatic ecosystem that exists
downstream from the dam.

The Seasonally Adjusted Steady Flow Alternative
was developed to enhance the aquatic ecosystem
by releasing water at a constant rate within
defined seasons and by using habitat maintenance
flows. Seasonal variations in minimum flows and
habitat maintenance flows were designed with the
goal of protecting and enhancing native fish. See
figure 11-8 for estimated operations under this
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alternative. Monthly release patterns would differ
from the No Action Alternative as explained in
more detail below.

Year-Round Steady Flow Alternative

Minimum
releases

(cfs)

Maximum
releases

(cfs)

Daily
fluctuations
(cfs/24 hrs)

Ramp

rate

(cfs/day)This alternative would provide steady flows on a
1- to 3-month basis, providing seasonal variations
throughout the year to meet downstream resource
needs. The highest releases would occur in May
and June, with relatively low releases from
August through December.

Yearly
volume

prorated

Yearly
volume

prorated

11,000 2,000
between
months

The Year-Round Steady Flow Alternative was
developed to eliminate fluctuating flows, both
daily and seasonal. Year-round steady flows were
designed with the goal of protecting or enhancing
downstream resources by providing the greatest
amounts of river-stored sediment and biomass
possible in the postdam environment.

Minimum Flow. The mffiimum monthly constant
release for each season is shown above. These
minimum release requirements would be relaxed
to avoid spills during high storage or inaccurate
forecast situations.

Minimum Flow. The minimum flow would be
determined from the mean monthly release but
would correspond generally to the minimum
annual release volume of 8.23 maf, which is about
11,400 cfs. The minimum release requirement
would be relaxed to avoid spills during high
storage or inaccurate forecast situations.

Monthly Release Volume. Releases within each
month would be steady and would have to equal
or exceed the monthly minimums. Any additional
water in excess of the minimum annual release
volume would be distributed equally among the
12 months, subject to an 18,OOo-cfs maximum.
This 18,OOO-cfs maximum would be exceeded
when the annual release is more than 13.14 maf. If
forecasts changed, the volume of water to be
released during the remainder of the year would
be recomputed monthly based on updated
forecasts, and the constant rate of release would
be adjusted accordingly.

Habitat Maintenance Flows. Habitat maintenance
flows are included in this alternative to re-form
backwaters and maintain sandbars. Habitat
maintenance flows are high, steady releases
within powerplant capacity (33,200 cis) for 1 to
2 weeks in March, although other months would
be considered under the Adaptive Management
Program. A more detailed discussion of habitat
maintenance flows can be found under the
Modified Low Fluctuating Flow Alternative.

Monthly Release Volume. The monthly volume
would be approximately the annual volume
divided by 12, except when response to forecast
changes would be required. If forecasts changed,
the volume of water to be released during the
remainder of the year would be recomputed
monthly based on updated forecasts, and the
constant rate of release would be adjusted
accordingly. The ability to maintain a constant
rate of release for the entire year would depend on
the accuracy of streamflow forecasts and the
amount of space remaining in Lake Powell.
Approximately half of the time, lake elevation
would be high enough that forecast changes could
cause some variations in monthly volumes.

The monthly release volumes during habitat
maintenance flows under this alternative are
compared to no action volumes in attachment 6.

Common Elements

The elements common to all restricted fluctuating
flow and steady flow alternatives are described in
detail below. Impact analyses of these alternatives
were conducted taking these common elements
into account.



34 Chapter II Description of Alternativ'es

Adaptive Management

The completion of the Glen Canyon Dam EIS
process will result in a decision by the Secretary of
the mterior (Secretary) on the operation of C;len
Canyon Dam. It is intended that the ROD ~,ill
initiate a process of "adaptive management,"
whereby the effects of dam operations on
downstream resources would be assessed aJ1d the
results of those resource assessments would form
the basis for future modifications of dam
operations. Many uncertainties ~til1 exist
regarding the downstream impacts of water
releases from Glen Canyon Dam. The COnCE!pt of
adaptive management is based on the recognized
need for operational flexibility to respond to
future monitoring and research findings and
varying resource conditions.

responsibilities for managing certain resources.
For example, operation of Glen Canyon Dam is
the Bureau of Reclamation's (Reclamation)
responsibility , and Reclamation cannot relegate
this authority to any other entity .The AMP
would recommend other administrative
provisions, but these recommendations would in
no way supersede the basic management
responsibilities of any of the cooperating entities.

The purpose of the AMP would be to develop
modifications to Glen Canyon Dam operations
and to exercise other authorities under existing
laws as provided in the GCP A to protect, mitigate
adverse impacts to, and improve the values for
which the Glen Canyon National Recreation Area
and Grand Canyon National Park were estab-
lished. These values include, but are not limited
to, natural and cultural resources and visitor use.
Physical and economic conditions must also be
considered in any proposed modification to dam
operations. Long-term monitoring and research
are essential to adaptive management and would
be implemented to measure how well the selected
alternative meets resource management objectives
(see Appendix A, Long- Term Monitoring and
Research).

The Adaptive Management Program (AMP;I was
developed and designed to provide an orga:niza-
tion and process for cooperative integration of
dam operations, resource protection and manage-
ment, and monitoring and research information.
The program would meet the purpose and
strengthen the intent for which this EIS was
prepared and ensure that the primary mandate of
the Grand Canyon Protection Act of 1992 (GCPA)
is met through future advances in information
and resource management.

Authority. The AMP would be implemented
consistent with the Grand Canyon Protection Act
which requires the Secretary to:

The Secretary of the Interior will issue a ROD
outlining criteria and operating plans resulting
from this EIS and exercise other measures and
authorities under existing law, as appropriate, to
ensure that Glen Canyon Dam is operated it\ a
manner consistent with section 1802 of the C;CP A.
It is expected that the AMP would be irnple-.
mented as an element of the ROD and wouLd
provide the basis and process for developing an
annual report to the Congress and Governors of
the Colorado River Basin States. The annual
report would outline the operations underta.ken in
the current and projected years pursuant to the
GCPA.

(a) Adopt criteria and operating plans sepa-
rate from and in addition to those specified
in section 602(b ) of the Colorado River Basin
Act of 1968 and exercise other authorities
under existing laws, so as to ensure that Glen
Canyon Dam is operated consistent with
section 1802 and to fulfill consultation
requirements of section 1804(c) of the GCP A.

(b) Establish and implement long-term mon-
itoring and research programs and activities
that will ensure that Glen Canyon Dam is
operated in accordance with provisions of
section 1802 and consultation requirements
of section 1805(c).The AMP is not intended to satisfy all of the

mandates in the GCP A. Likewise, the progr'am is
not intended to derogate any agency's statu1tory In carrying out such provisions, the Secretary or

his designee would develop, as appropriate,
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modifications to operating criteria or other
management actions in consultation with all
interested parties and an Adaptive Management
Work Group (AMWG). The process would
include coordination of formal consultation
required in sections 1804(c) and 1805(c) of tlle
GCP A concerning additional operating critE!ria for
Glen Canyon Dam and long-term monitorirlg and
research programs, respectively. In addition, all
program activities would comply with applicable
laws and permitting requirements.

.All monitoring and research programs in Glen
and Grand Canyons should be independently
reviewed.

.Interested parties identified in the GCP A
should be provided opportunity for full and
timely participation in proposals and
recommendations.

Specific AMP goals include:

.Facilitating management response to moni-
toring and research information on affected
resource conditions, trends, and processes

.Ensuring compliance with section 1802 of the
GCP A and the statutory purposes for Glen
Canyon Dam (the "Law of the River"), Grand
Canyon National Park, and Glen Canyon
National Recreation Area

.Assuring resource management obligations are
defined and fulfilled in good faith without
abridgment of any Federal, State, Tribal, or
other legal obligation

.providing a mechanism for resolving disputes

Consultation would be maintained with appro-
priate agencies of the Department of the illb~rior,
including the U .5. Fish and Wildlife Service,.
National Park Service (NPS), Bureau of
Reclamation, and Bureau of illdian Affairs; l:he
Secretary of Energy; Governors of Arizona,
California, Colorado, Nevada, New Mexico, Utah,
and Wyoming; Havasupai Tribe, Hopi Tribe,
Hualapai Tribe, Navajo Nation, Pueblo of Zuni,
San Juan Southern Paiute Tribe, Southern Paiute
Consortium; and the general public, including
representatives of academic and scientific
communities, environmental organizations, the
recreation industry , and contractors for the
purchase of Federal power produced at Glen
Canyon Dam.

Principles. The principles that guided the design
of the AMP organization and process are:

Transition Period and Funding. Reclamation would
continue to provide staff and funding for
administering interim flow monitoring and
ongoing research programs until the ROD is
issued and/ or the AMP has been implemented. It
is anticipated that monitoring and research
functions would be transferred to a monitoring
and research center during late fiscal year 1995
and early 1996. The GCES Senior Scientist would
direct this transition to assure continuity and
efficient transfer of the GCES into the long-term
program. Subsequently, Reclamation would
continue to allocate funds for administration and
monitoring and research as outlined in
sections 1807 and 1808 of the GCP A. The funding
of other management actions would be the
responsibility of the agency administering the
affected resource.

Monitoring and research programs should be
designed by qualified researchers in direct
response to the needs of management agencies.

A process is required to coordinate and
communicate management agency needs to
researchers and to develop recommendations
for decisionmaking.

A forum is required for the transfer of moni-
toring and research investigation results to the
management agencies and to develop con-
sensus on management response to infonnation
on affected resource conditions, trends, atld
processes.

Organization. The Adaptive Management
Program would be administered through a senior
Department of the Interior official (designee) and
facilitated through an Adaptive Management
Work Group organized as a Federal Advisory
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Committee. The AMWG would be chaired by the
designee and supported by a monitoring and
research center and technical work group.
Independent review panels would provide
overview of technical studies and evaluatioJ:ls.
Figure II-I0 shows the organizational structure of
the AMP .

The program would be directed by the designee,
who would serve as the Secretary's principal
contact for the AMP and as the focal point for
issues and decisions associated with the program.
Responsibility would include ensuring that the
Department of the Interior complies with its
obligations under the GCP A and ROD for this EIS.
The designee would review, modify , accept, or
remand the recommendations from the AMWG in
making decisions about any changes in dam
operation and other management actions.

designee and facilitate consultation with all
interests. Non-Government representatives
would be reimbursed for travel and related
expenses for activities and meetings of the AMWG
in accordance with provisions of the Federal
Advisory Committee Act, the AMWG charter, and
other existing laws. The work group would:

.Provide the framework for AMP policy, goals,
and direction

.Develop recommendations for modifying oper-
ating criteria and other resource management
actions

.Facilitate coordination and input from
interested parties

.Review and forward the annual report to the
Secretary and his designee on current and
projected year operations

.Review and forward annual budget proposals

.Ensure coordination of operating criteria
changes into the Annual Operating Plan for
Colorado River Reservoirs and other ongoing
activities

Adaptive Management Work Group.- The
AMWG membership would be appointed by the
Secretary with representation from each of the
cooperating agencies associated with this EIS,
each of the Colorado River Basin States, and. two
representatives each from environmental groups,
recreation interests, and contractors for Federal
power from Glen Canyon Dam. It is recom-
mended that the representation from the latter
three interest groups be on a 2-year rotating basis
to allow more diverse participation. The AMWG
would make recommendations to the Secretary's

The following organizational elements are

proposed.

1. Monitoring and Research Center: To support
the designee and the AMWG, it is recommended
that the Secretary establish a research center
within the U .S. Geological Survey (USGS) and/ or
National Biological Service with a small
permanent staff in Flagstaff, Arizona. The center
would be responsible for developing the annual
monitoring and research plan, managing all
adaptive management research programs, and
managing all data collected as part of those
programs. All adaptive management research
programs would be coordinated through the
center.

~ ecretary of the

Interior

~

Adaptive Management
"-- Work Group

/ Long-term monitoring and research associated
with cultural resources would be carried out in
accordance with the approved Programmatic
Agreement on Cultural Resources (attachment 5).
All provisions as agreed upon by the consulting
parties would be implemented through the Moni-
toring and Remedial Action Plan and the Historic
Preservation Plan. Activities outlined in these

/
~
~-

--"""'

~ ;;:;;;;.~

~-~~

Figure II-l0.-Drganizational structure of
the Adaptive Management Program.
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documents would be coordinated through the
center to ensure integration with other facets of
the long-term monitoring and research pro~7am

.Manage and maintain the GCES infoImation
data base, monitoring and research programs,
and other data sources as appropriate

.Administer research proposals through a
competitive contract process, as appropriate

.Coordinate, prepare, and distribute technical
reports and documentation for review and as
final products

.Coordinate review of the monitoring and
research program with the independent review
panel(s)

.Prepare and forward technical management
recommendations and annual reports, as
specified in section 1804, to the AMWG

The center's administrative responsibilities would
include managing resource data, reporting
monitoring and research results, administering
contracts, and developing annual reports. l1te
center would emphasize long-term monitoring
and research design, integration, and progriim
management. It would be staffed by a research
director and a group of program managers
responsible for functions such as physical s(jence,
biological science, cultural resources, social
sciences, engineering and infrastructure
operations, and Native American coordination.
The research director would be selected by the
Secretary or his designee from a list of candidates
provided through Federal hiring authoritie~; with
recommendations by the National Academ)r of
Sciences, Indian Tribes, and other members of the
AMWG. The position would reside with the
National Biological Service and/ or the USGS at
the GS-14/1Slevel.

The Native American coordinator would facilitate
and manage monitoring and research related to
tribal needs. The coordinator also would ensure
integration of tribal concerns with all other
monitoring and research elements.

2. Technical Work Group: This work group would
be comprised of technical representatives from
Federal, State, and Tribal Governments, and other
interests represented on the AMWG. The Tech-
nical Work Group would be appointed by the
member agencies or interests represented on the
AMWG. The group would translate AMWG
policy and goals into resource management
objectives and establish criteria and standards for
long-tenn monitoring and research in response to
the GCP A. These would then be used by the
center in developing appropriate monitoring and
research. The Technical Work Group would meet
two to four times annually, as necessary.

The center's programs associated with long--term
monitoring and research would be funded by
power revenues and coordinated through tlle
Reclamation budget process. However, profes-
sional staffing for the center would be provided
by USGS, National Biological Service, and tile
participating agencies in the AMWG. The center
would closely coordinate its activities with the
Technical Work Group. The following specjlfic
duties would be assigned to the Monitoring and
Research Center:

It is recommended that the Secretary or his
designee appoint the chair for the group on a
2-year rotating basis, giving consideration to the
dominant or most pressing issues. The Technical
Work Group would:

.Develop criteria and standards for monitoring
and research programs within 3 months of the
formation of the group and provide periodic
reviews and updates

.Develop resource management questions for
the design of monitoring and research by the
center

.Provide infonnation as necessary for preparing
annual resource reports and other reports as
required for AMWG

Develop research designs and proposals for
implementing monitoring and research
identified by the AMWG

Manage all monitoring and research on
resources affected by dam operations

3. Independent Review Panel(s): The Independent
Review Panel(s) would be comprised of qualified
individuals not otherwise participating in the
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accordance with the reasonable and prudent
alternative developed by FWS in their biological
opinion (see attachment 4).

A set of research hypotheses and specific flows or
experiments to test these hypotheses would be
developed. Concurrently I a risk assessment of the
flows would be conducted using existing
literature and data and laboratory experiments.
Results from the risk assessment may lead to
reopening Endangered Species Act consultation
between Reclamation and FWS.

long-term monitoring and research studies. The
review panel(s) would be established by the
Secretary of the illterior in consultation with the
National Academy of Sciences, the tribes, and
other AMWG entities. The review panel(s) would
be responsible for periodically reviewing resource
specific monitoring and research programs and
for making recommendations to the AMWC; and
the center regarding monitoring, priorities,
integration, and management. Responsibilities of
this review panel would include:

When implemented, the research flows would
require as many as 5 low release years (annual
release at or near 8.23 maf). Since low water
release years are expected to occur only about half
the time, it is uncertain how many total years it
would take to complete the research program.
However, it is likely that research flows could be
completed within 10 years. The ideal situation
would call for uninterrupted research occurring
during consecutive low release years.

.Annual review of the monitoring and research

program

.Technical advice as requested by the center or
AMWG

.Five-year review of monitoring and research
protocols

Dispute Resolution. Recommendations would be
formulated by the AMWG and forwarded to the
Secretary's designee. In the event that one or
more entities do not support the recommendation,
the views or concerns of the nonconcurring
interests would accompany the recommendation
for consideration in the decision.

Endangered Fish Research. It has been deter-
mined through Endangered Species Act consul-
tation with FWS that the studies outlined below
are necessary and would be undertaken through
the Adaptive Management Program.

Endangered fish research flows would be between
8,000 and 20,000 cfs with a spring through fall
pattern and monthly release volumes similar to
the Seasonally Adjusted Steady Flow Alternative.
Results from the research program would be
monitored, and corrective action would be taken if
adverse effects on endangered species were
identified. Upon completion of the research flows
and analysis of the data, Reclamation would
implement any necessary changes in operating
criteria to comply with the Endangered Species
Act through the AMP .

Endangered and other native fish in Grand
Canyon are commonly thought to be limited
by cold, clear water releases from Glen Canyon
Dam; large daily flow fluctuations; and non-native
fish. However, uncertainty remains regarding the
impacts of dam operations on fish. Although a
considerable amount of research on endangered
fish has been conducted, there has been no
opportunity to study the effects of low, steady
flows in summer and fall combined with higher,
steady spring flows-which FWS believes are
critical to native fish in the Colorado River.
Therefore, studies to include endangered fish
research flows would be coordinated with the
long-term monitoring and research under the
AMP. These studies would be carried out in

Monitoring and Protecting Cultural
Resources

The existence and operation of Glen Canyon Dam
has had an effect on the historic properties within
the Colorado River corridor of Glen and Grand
Canyons. These properties include prehistoric
and historic archeological sites, along with Native
American traditional cultural places and sacred
sites. Impacts are likely to occur to some of these
historic properties regardless of the EIS alternative
chosen for implementation.
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The National Historic Preservation Act requires
Federal agencies to consider measures which
would avoid or minimize loss of historic
properties resulting from their actions. Due to the
potential impact from any dam operation, Federal
agency responsibilities for compliance with
sections 110 and 106 of the National Historic
Preservation Act will be required for each
alternative considered in this document.

The NPS will prepare agreements with all of the
affected tribes as required by the Native American
Graves Protection and Repatriation Act (1990).
Reclamation will develop agreements with the
Navajo Nation and Hualapai Tribe for the
treatment of human remains that may be affected
on their lands.

Flood Frequency Reduction Measures

Although infrequent floodflows may be con-
sidered beneficial to downstream resources,
frequent or unscheduled floods, particularly those
of long duration, are damaging to downstream
resources. Under this common element, the
frequency of unscheduled floodflows greater than
45,000 cfs would be reduced to no more than
1 year in lOO years as a long-term average. This
would allow for the management of the habitat
maintenance flows and beach/habitat-building
flows described later in this section. Floodflow
frequency of once in 100 years is considered rare
enough for resource needs, while not imposing
unreasonable requirements on Lake Powell water

storage.

Given the potential impacts of the existence and
operation of Glen Canyon Dam, Reclamation and
NPS have complied with documentation
requirements in established regulations (36 Code
of Federal Regulations 800). The Advisory
Council on Historic Preservation, Arizona State
Historic Preservation Officer, Reclamation, NPS,
and Indian Tribes completed a programmatic
agreement which ensures that both Reclamation's
section 106 responsibilities and NPS's section 110
responsibilities are satisfied (see attachment 5).
Administration, implementation, and refinement
of the program design are detailed in the
programmatic agreement and accompanying
monitoring and historic preservation plans.

The programmatic agreement and accompanying
plans will direct long-term monitoring, which
includes continuing consultation, identification,
inspection, analysis, evaluation, and remedial
protection actions as necessary to preserve
the historic properties within Glen and
Grand Canyons.

Two separate methods of reducing flood
frequency have been identified. These methods
focus on reserving additional storage space for
flood control.

1. Increase the capacity of Lake Powell
0.75 maf by raising the height of the four spillway
gates 4.5 feet to elevation 3704.5 feet (currently,
each gate is 40 feet wide and 52.2 feet high). This
additional capacity would be nonviolable flood
control space and would be used only in years
when existing flood protection measures were
insufficient. Construction of this project would
cost about $3 million. No permits under the Clean
Water Act or Rivers and Harbors Act would be
required to implement this element.

Potential remedial actions would be initiated in
consultation with all of the Federal and State
agencies and Indian Tribes involved in the agree-
ment. A range of actions are proposed, which are
presented in the Monitoring and Remedial Action
Plan in attachment 5.

This ongoing consultation process and revision of
preservation plans to maintain the integrity and
stability of the properties should help to minimize
the impacts of Glen Canyon Dam operations on
cultural resources.

2. Olange releases to target a maximum reser-
voir content of 23.3 maf (1 maf less than the
current active capacity) in the spring until the
runoff peak has clearly passed. This additional
space would allow improved management of
late-season forecast errors, the primary cause of
flood releases that exceed 45,000 cis. The amount
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of required vacant space in the spring months
would eventually decrease as Upper Basin
depletions increase.

water surface to be dry and suitable for wildlife
habitat or camping. Consequently, sandbars must
be deposited and formed by discharges somewhat
higher than the normal operating range.

By implementing either flood protection mE!aSUre,
additional reserved reservoir space would be
available from January 1 through July 1 to store
any additional unforecasted inflow.

Beach/Habitat-Building Flows

Under any EIS alternative, Grand Canyon simd-
bars that exist above the normal peak river stage
would continue to erode, and backwater habitat
within nonnal stage would tend to fill with
sediment. Therefore, beach/habitat-building
flows have been incorporated as an element
common to all restricted fluctuating and steady
flow alternatives.

Magnitudes would be at least 10,000 cfs greater
than the allowable peak discharge in a minimum
release year for a given alternative but not greater
than 45,000 cfs (see table 11-6). Graphs presented
by Leopold (1969) show that during the flood of
1948, flows of about 45,000-50,000 cis were needed
to initiate movement of substantial amounts of
sand from the riverbed at Lees Ferry .Burkham
(1987) provided understanding of the flows neces-
sary to degrade the riverbed and thus initiate
movement of sand and coarser sediment-
depending on the amount of sand stored on the
riverbed. Andrews (1991b) reported that
40,000-45,000-cis flows would be required in order
to rebuild sandbars. Deposition rates calculated
by Andrews are about 0.5 centimeter per day at
20,000 cfs and about 8 centimeters per day at
40,000 cfs.

Beach/habitat-building flows would be scheduled
high releases of short duration designed to rebuild
high elevation sandbars, deposit nutrients, restore
backwater channels, and provide some of the
dynamics of a natural system. As part of the Adaptive Management Program, a

test of a beach/habitat-building flow would be
conducted prior to long-term implementation of
this element to test the predictions made in

Magnitude. Replenishing sandbars require:) both
an available upstream sand supply and higller
than normal flows to deposit sand at high eleva-
lions. Sandbars must be several feet above the

Table 11-6.-Example beach/habitalt-building peak discharges and monthly volumes

Beach/

habitat-

building

flow

(cfs)

Additional
volume

required
(acre-feet
per month)

Reductions
from other

months

(acre-feet
per month)

Original
volume

(acre-feet)

Allowable
peakdischarge 1

(cfs)Alternative

31,500

30,000

30,000

20,000

41,500

40,000

40,000

30,000

607
607
607
607

627,

598,

598,

399,

57 ,000

54,300
54,300
36,300

Restricted fluctuating flow

High
Moderate
Modified low
Interim low

Steady flow
Existing monthly volume

Seasonally adjusted
Year-round

14,400
30,000
11 ,400

24,400
40,000
21 ,400

607 ,000
687 ,000

695,000

288,000
572,000
200,000

26,200
52,000
18,200

, Minimum release year (8.23 mat) without a beach/Ihabitat-buildinQ flow.

,000
,000
,000
,000

000
000
000
000
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chapter IV .Scheduled flows exceeding power-

plant capacity (33,200 cis) may require legislation
to implement.

sandbars, these sandbars would be subject to
natural erosion. How long these new deposits
would last would be determined through

monitoring.
Ramp Rates. Releases would be increased at a
maximum rate of 4,000 cis per hour and decreased
at a maximum rate of 1,500 cfs per hour .

Monthly Release Volumes. Additional water
would be scheduled in March/ April to support a
beach/habitat-building flow. The additional
release volumes needed in March/ April and the
volume to be taken from other months would
vary by alternative (see table 11-6) and would be
developed under the AOP .

Season and Duration. Beach/habitat-building
flows could be scheduled in the spring (to coin-
cide with the May /June peak in the natural
hydrologic cycle) or in late summer when, due to
local thunderstorms, tributaries are expected to
supply large quantities of sediment (especially silt
and clay) and nutrients. Initially, beach/habitat-
building flows would be scheduled in early spring
for a duration of 1 to 2 weeks. The duration
would be long enough to substantially rebuild
sandbars, considering the deposition rates
estimated by Andrews (1991b) but would bE!
constrained by the volume of water available. The
exact season and duration would be determined
through adaptive management. Releases would
be curtailed if monitoring showed detrimental
impacts to the ecosystem. A 1O-day flow in
March/ April is assumed when describing tile
environmental consequences in chapter IV .

New f'opulation of Humpback Chub

The Grand Canyon population of humpback chub
uses habitats in both the Colorado River mainstem
and the Little Colorado River (LCR). Conditions
in the mainstem (principally water temperatures)
are not conducive to humpback chub spawning or
survival of eggs and young. An aggregation of
humpback chub may now be reproducing in the
mainstem near river mile 30 (Valdez and Ryel, in
preparation); however, the numbers are small and
evidence is inconclusive. The only confirmed
successful spawning habitat for that population is
in the LCR, with individuals moving between that
tributary and the mainstem.

Since the only known humpback chub population
in the Lower Colorado River Basin depends on the
LCR for survival, a catastrophic event or a series
of incidents that would reduce the viability of this
spawning habitat could cause the loss of this pop-
ulation. This possibility will persist until or unless:

1. At least one more population is established
in the mainstem or one or more of the tributaries
below Glen Canyon Dam, and/ or

Water Year and Frequency. A recommendation
for a beach/habitat-buildmg flow would come
from the AMP I and such a flow would be
scheduled as part of the Annual Operating Plan
(developed in the summer for the following water
year). Such flows would be scheduled only in
years when the projected storage in Lake Powell
on January 1 is less than 19 ma! (low reservclir

condition). Scheduling beach/habitat-building
flows during high reservoir conditions would be
avoided because of the increased risk of
unscheduled flows greater than powerplant
capacity (see attachment 6).

2. Mainstem water temperatures are sufficiently
warmed to support spawning and recruitmentA beach/habitat-building flow would be reC'om-

mended during years when sufficient quantities of
sediment are available, but not following a year in
which a large population of young humpback
chub is produced (see chapter III, FISH). A fre-
quency of 1 in 5 years (when the reservoir is low)
was assumed for analyzing the environmenl:al
consequences presented in chapter N. Although
these flows would be expected to aggrade many

Therefore, in consultation with FW5, NP5,
Arizona Game and Fish Department (AGFD), and
other land management entities such as the
Havasupai Tribe, Reclamation would make every
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effort-through ftmding, facilitating, and techni-
cal support-to establish a new population of
humpback chub within Grand Canyon. Su<:h
efforts will necessitate a feasibility assessment to
report the natural distribution of the fish and the
appropriateness of any ecosystem manipulation
being considered. Policy implications for the
affected parties would be reviewed as part of
consultation.

many native species require thermal changes at
certain life-cycle stages and cannot reproduce in
these constant temperature conditions.

Except for draining the reservoir, no operational
method would prevent the continued release of
cold water. Multilevel intake structures (a means
of selective withdrawal) could be built at Glen
Canyon Dam to provide seasonal variation in
water temperature. A structure would be
attached to each of the eight existing 15-foot-
diameter penstocks to selectively withdraw
warmer water from upper levels of the reservoir.

Further Study of Selective Withdrawal

The structure would include a series of vertically
stacked gates to enclose each penstock intake.
Different configurations of gates could be opened
to mix water of varying temperatures. Gate
control would be automated, and adjustments
would be made in relation to reservoir elevation,
turbine operation, and water temperature.

Increasing mainstem water temperatures by
means of selective withdrawal structures installed
at Glen Canyon Dam offers the greatest potential
for creating new spawning populations of
humpback chub and other native fish in Grcmd
Canyon. Selective withdrawal directly addt'esses
the thermal constraints on recruitment and
growth of endangered and other native fish not
addressed by operational changes alone,

Prior to the dam, the water quality (including
temperature) of the Colorado River was much
different than today. Water temperatures varied
seasonally, directly influenced by spring snow-
melt and summer warming. Seasonal variations
in temperatures ranged from 32 degrees Fahren-
heit (Of) to 82 Of. Today, the cold water released
from the dam varies only a few degrees

year-round.

Preliminary studies (ferrari, 1988) indicated that
multilevel intake structures on each of the eight
existing penstocks could increase the downstream
river temperature 5 to 18 op above present
conditions (river temperatures between 54 and
69 of from May to October). This temperature
increase is still 7 to 16 of cooler than predam
conditions during the summer months and is the
warmest possible temperature (not necessarily the
optimum temperature) for native fish or other
resources. Withdrawal levels could be seasonally
adjusted to meet ecological objectives, although
this would involve complex factors.

Water released from Glen Canyon Dam to
produce hydroelectricity is withdrawn from the
cold depths of Lake Powell at an elevation of
3470 feet-230 feet below the water surface when
the reservoir is full (3700 feet). The river water
temperature at Lees Ferry , 16 miles downstream,
is nearly constant year-round and averages about
46 oF.

Releasing wanner water during the spring and
summer months could possibly raise river temper-
atures in some downstream reaches to a level that
would support spawning by humpback chub and
other native fish (Bureau of Reclamation, 1994a).
However, increasing the temperature of river
water may also create problems for species
currently inhabiting the Colorado River below
Glen Canyon Dam. The cold river temperatures
may act as a barrier to the upstream establishment
of non-native predatory fish from Lake Mead.
Higher water temperatures may encourage the
upstream migration of predatory fish, further

The nearly constant year-round release tempera-
tures have resulted in conditions "not unlike those
found in a well-balanced aquarium" (Carothers
and Brown, 1991). Onlya few species of aquatic
organisms thrive under these conditions, but
those few species are abundant. They account for
biomass production far exceeding that in more
diverse and species-rich environments. However,
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endangering humpback chub and other native
fish through increased predation or competi,tion.

to changes in frequency and load, provided an
additional 100 megawatts of power. As indicated
by records for the USGS gauging station below the
dam, the short-duration change in power genera-
tion caused a 4,340-cfs increase in 30 minutes (a
stage increase of 1.6 feet) during a scheduled
upramp. The change was undetectable at the Lees
Ferry gauging station, where the maximum
30-minute river stage increase was about 3 inches.

The cost of installing multilevel intake structures
at Glen Canyon Dam has been estimated at
$60 million. This estimate is based on actual costs
for similar structures at Flaming Gorge Dam.

Reclamation would implement a selective
withdrawal program and determine feasibility by
aggressively pursuing and supporting research on
the effects of multilevel intake structures at j::;len
Canyon Dam and would use the research results
to make a firm decision on construction. FW5, in
consultation with AGFD, would be responsible for
recommending to Reclamation whether or not
selective withdrawal should be implemented at
Glen Canyon Dam. Reclamation would be
responsible for design, NEP A compliance,
permits, construction, operation, and maintenance.

Mitigation

All environmental mitigation has been incorpo-
rated into the alternatives identified for detailed
analysis; no other mitigation elements are
presently included. Future measures that could
be considered as mitigation for the loss of power
are described below.

Power Adjustments

Emergency Exception Criteria The Grand Canyon Protection Act directs the
Secretary of Energy to consult with other agencies
and the public to identify economically and
technically feasible methods of replacing any
power generation that is lost through changed
operations at Glen Canyon Dam. The Secretary of
Energy must present a report of the findings and
draft implementing legislation, if necessary , not
later than 2 years after adoption of new operating
criteria (ROD). That process should result in
acquisition of permanent replacement power.

Normal operations described under any alterna-
tive would be altered temporarily to respond to
emergencies. NERC has established guidelines for
the emergency operations of interconnected
power systems. A number of these guidelines
apply to Glen Canyon Dam operations (see
attachment 6). These changes in operations would
be of short duration (usually less than 4 hours)
and would be the result of emergencies at tl1.e dam
or within the interconnected electrical system.
Examples of system emergencies include: The manner in which Western markets energy

and capacity from Glen Canyon Dam would differ
for each alternative (see chapter IV , HYDRO-
POWER). Some basic options that exist to replace
lost power are listed below:

.Insufficient generating capacity

.Transmission system: overload, voltage
control, and frequency

.System restoration

.Humanitarian situations (search and reSC"Lle) .Purchase power from alternate sources

.Increase energy conservation

.Change transmission system capability

.Build new generating facilities

A specific example of implementation of emer-
gency exception criteria is the response to a
magnitude 6.6 earthquake in the vicinity of
Los Angeles on January 17,1994. Damage to the
Los Angeles transmission system caused a
sequence of power surges and interruptions across
most of the Western States. Glen Canyon Dcun,
responding more quickly than the thermal plants

Some of these options may take 5 to 7 years to
fully implement. Continuing use of the financial
exception criteria allowed under interim opera-
tions is a potential short-term (5- to 7-year)
mitigation measure. These financial exception
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criteria relate to Western's ability to demonstrate
that unused generation capacity is available to
meet firm (guaranteed) contract commitments at
times when nonfirm (nonguaranteed) themlal
energy is being used to meet those commitnlents.
Under interim operating criteria, operational
limits can be exceeded for financial reasons up to
3 percent of the time (22 hours) in any conSE'cutive
30-day period, with no carryover.

be required, depending on the structure design
and the amount of fill material used in construc-
tion. The Corps would make a decision on issuing
a permit only after a public notice and public
interest review. Supplementary NEP A docu-
mentation might be required, including a
section 4O4(b)(1) alternatives analysis, if fill
material is involved.

Actually exceeding operating criteria for financial
reasons is unlikely. While Western's customers
have benefited from having financial exception
criteria available during interim operations,
Western has not had to exceed operating criteria
for financial reasons.

ALTE~~NATIVES CONSIDERED AND

ELIMINATED FROM DETAILED STUDY

During the scoping process, including fonnulation
of alternatives, various alternatives and concepts
were considered. Some were detennined not
reasonable for detailed analysis in this EIS, as
explained in this section.

Run-c,f-the-River Alternative

Environmental resources such as fish and wildlife
would be protected by avoiding use of finarlcial
exception criteria during specific periods of
vulnerability (i.e., during breeding and nestjing).
If operations to avoid purchases of high-cost
power were detennined to be occurring too
frequently or at inappropriate times, the Secretary
of the Interior could suspend those operations and
review the matter, making any necessary changes.

Many comments received during the scoping
process expressed a desire that the dam be
operated to mimic predam conditions in Grand

Canyon.

If financial exception criteria are part of the
selected alternative, the availability of capacity
and energy would be maintained, and costs to
customers would be expected to increase at a
slower rate.

The natural predam conditions of the Colorado
River were characterized by dramatic seasonal
fluctuations in flow, sediment, and temperature.
Flows typically ranged from less than 3,000 cfs in
late summer, fall, and winter to over 80,000 cfs in
spring. The river usually was turbid, and peak
sediment loads were carried by spring and late
summer floods. Water temperatures ranged from
near freezing in winter to more than 80 oF in late
summer.

Permits and Regulatory Approval~;

Steep sediment deposits were built annually
during the sediment-laden spring floods. These
deposits later tended to erode following the return
to lower flows. Native vegetation existed in the
old high water zone above the level of annual
scour but was sparse to nonexistent on deposits
influenced by seasonal fluctuations. Native plants
and animals were well-adapted to this system of
strong seasonal fluctuations.

No permits or regulatory approvals would be
immediately necessary to implement any of the
alternatives described in this document.
Depending on the results of long-term monitoring
and research under adaptive management,
permits under sections 402 and 404 of the Clean
Water Act may be needed in the future.

Implementing multilevel intake structures would
require additional NEP A compliance, congres-
sional authorization, and permits. A permit from
the U.S. Army Corps of Engineers (Corps) under
section 10 of the Rivers and Harbors Act and
possibly section 404 of the Clean Water Act might Non-native species were introduced to Grand

Canvon prior to dam construction. Warmwater
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non-native fish may have been introduced as early
as the late 1800's. Tamarisk, a non-native plant
that now dominates riparian vegetation, also was
present predam. However, tamarisk and other
vegetation were uncommon near the river where
floodflows annually restructured sediment
deposits. Lake Powe1l-formed behind the
dam-now inundates all but 16 miles of Glen

Canyon.

annual basis, so the sediment would not be
replaced naturally. The scouring of sediment
from Grand Canyon would damage environ-
mental, recreational, and cultural resources in the
canyon. Postdam sediment losses have been
reduced by regulating the frequency of high-flow
releases from Glen Canyon Dam.

Glen Canyon Dam has replaced seasonal flow
fluctuations with daily fluctuations that can range
from 1,000 cfs to 31,500 cis. Sediment is supplied
only by downstream tributaries, and water
temperatures are nearly constant year-round-
averaging a coo146 Of. Species and commwuties
that were rare or nonexistent before the danl are
nowabundant: Cladophora, Gammarus, trout, bald
eagles, peregrine falcons, and riparian vegetation
and its wildlife in the new high water zone.
Native and some species of non-native fish have
declined.

For these reasons, the Run-of-the-River
Alternative would require massive sediment
augmentation (1 to 10 million tons annually) in
order to replenish sediments transported out of
the system. Several technical issues concerning
sediment augmentation were considered, such as
sediment quantity and size (sand, silt, clay),
source, and type of delivery system. Potential
sediment delivery systems considered included a
barge and truck operation and a sediment slurry
pipeline to Lees Ferry .Sediment would be
dredged from a remote source and then
continually transported and deposited in the
Colorado River. The river would then carry the
sediment downstream for deposit in eddies and
main channel pools.The EIS team responded to scoping commer\ts by

formulating the Run-of-the-River Alternative. The
objective of this alternative was to mimic, as
nearly as possible, the natural predam conditions.
This would be achieved through operational
changes, sediment augmentation, and selective
withdrawal.

Any sediment source would have to be renewable
in order to indefinitely sustain the sandbars in
Grand Canyon under the suggested water release
regime. Therefore, sediment deltas of Lakes
Powell and Mead were considered as possible
sources for sediment augmentation. The areas of
Lake Powell considered as possible sources of
sediment were the upstream delta along the
mainstem (Cataract Canyon), the San Juan River,
and the Dirty Devil River .

To more closely approximate predam seasonal
patterns, some type of temperature modification
was needed in the Run-of-the-River Alternative.
To increase river water temperature, multilevel
intake structures would be placed on the dam
penstocks to draw warmer water from near the
reservoir surface for release downstream. This
approach would raise downstream water
temperatures 5 to 18 of above current conditions
during spring and summer.

The historic pattern of high spring flows and low
fall and winter flows would be achieved by
matching releases from the dam with inflow's to
Lake Powell. Spring releases would be limited to
48,000 cfs (combined capacity of powerplan1: and
outlet works), unless the spillway could be tlsed;
then releases would equal inflow. Under th,~se
operating principles and based on predam
inflows, flows in May could exceed 45,000 cis
about 40 percent of the time, and June flows could
equal or exceed 45,000 cfs about 60 percent of the
time. Low steady inflows and the resulting
releases as low as 1,000 cis would occur during
late summer and winter .

The frequency of high flows needed to simulate
predam conditions would scour most of the
sediment along the river corridor in Grand
Canyon. Tributaries below Glen Canyon Dam
cannot supply large amounts of sediment on an
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Evaluation of Alternative Canyon reach, which would adversely affect the
trout fishery .The high spring flows would scour
most of the sand deposits from the river upstream
from Lees Ferry .

Evaluation of the Run-of-the-River Alternative
focused primarily on flows/ sediment, environ-
mental concerns, and compact and treaty
requirements.

Flows/Sediment. Sediment augmentation would
be required to maintain a sediment balance in the
river system when high releases are frequent.
Without sediment augmentation, the Run-of-the-
River Alternative would eventually erode most of
the sediment from Grand Canyon-damaging or
destroying the canyon's environmental, recrea-
tional, and cultural resources.

Low flows during the winter spawning season
would reduce habitat for rainbow trout, and
extended low flows at any time would adversely
affect the Cladophora-Gammarus segment of the
aquatic food chain throughout Grand Canyon.
Important unanswered questions exist concerning
the types and amounts of contaminants that may
be found in some of the sediment sources
identified above and their effects on resources if
added to the aquatic system below the dam.

A slurry pipeline would likely take at least
15 to 20 years to implement. This timeframe
includes necessary research and data collection,
NEP A compliance, design, Federal permitting,
congressional authorization, land purchase/
easements, implementing mitigation procedures,
and construction.

The cost of building a slurry pipeline was
estimated at $400,000 per mile. For a completed
pipeline to the river deltas of the San Juan, Dirty
Devil, or mainstem (Cataract Canyon), costs were
estimated at $50, $80, and $85 million, respec-
tively. Operational costs could be $10 million per
year. Other means of sediment transport (barging
and trucking) would be more expensive than a
slurry pipeline.

Lastly, modification of water temperature in the
Colorado River below Glen Canyon Dam presents
both opportunities for enhanced management of
some resources and risks associated with
unknown responses. Higher water temperature
may benefit humpback chub and other native fish
but also may improve habitat conditions for
competing non-native species and permit an
invasion of striped bass from Lake Mead. The
current water temperature is below the optimum
for rainbow trout growth, but it is unknown how
the alga, Cladophora, and the shrimp-like
amphipod, Gammarus-which trout depend
on-would respond to higher temperatures.

Environmental Concerns. Any overland route for
sediment transport to the Colorado River below
Glen Canyon Dam would cross more than
100 miles of high-desert canyon landscape to
reach the nearest renewable source of sediment.
Construction would cause adverse environmental
impacts to fragile resources. Cultural and
archeological impacts on tribal lands would be
significant and would require additional compli-
ance with the National Historic Preservation Act
and other cultural resource legislation. A
submerged pipeline in Lake Powell would affect
recreation during construction and would require
an overland route to Lees Ferry .

Compact and Treaty Requirements. Releases from
Glen Canyon Dam under this alternative would
not meet the annual water release pattern
requirements of the "Law of the River,1I especially
the Colorado River Compact, the Colorado River
Basin Project Act, the Long-Range Operating
Criteria, and the treaty with Mexico. Therefore,
this alternative would violate existing laws.

Under the Run-of-the-River Alternative, releases
from the dam could only match high spring
inflows when Lake Powell was full and the
spillways could be used. Because of the way the
dam is designed, the spillways cannot be used
unless the reservoir is nearly full. Without using
the spillways, releases cannot exceed 48,200 cis.
Inflows to Lake Powell in June typically exceed
45,000 cfs, and the excess would have to be storedSediment would be augmented just below Lees

Ferry so as not to increase turbidity in the Glen
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in the reservoir. Lake Powell could be expected to
fill and spill at an average frequency of lout of
every 4 years under this alternative.

construction project to solve the environmental
problems of a previous construction project. ill
either case, sediment augmentation would take a
long time to implement-perhaps 15 to 20 years-
and a plan to operate Glen Canyon Dam would
still be needed in the interim.

Conclusions

Restricting releases to reservoir inflow during
prolonged drought periods would prevent Glen
Canyon Dam from meeting its statutory purposes.
Requirements under the Colorado River Compact
and treaty with Mexico could not be met.

Sediment augmentation would require data col-
lection; research and analysis; an EIS addressing
alternate sediment sources and delivery systems;
congressional authorization and funding; Federal,
State, and tribal permits; land purchases and
easements; and construction. A project of this
magnitude is beyond the scope of dam operations
and would be better addressed in a separate
NEP A document.

The natural environment along the river corridor
has been forever altered with the introduction of
non-native species and the construction of Glen
Canyon Dam. Under this alternative, the river
would be converted into a system very different
from existing conditions. Resources associated
with the aquatic food chain would be disrupted-
CladOPhora, Gammarus, aquatic insects, trout,
swallows, bats, bald eagles, and peregrine falcons.

Without sediment augmentation, the volumes of
clear-water releases defined in this alternative
would eventually eliminate most sediment
deposits along the Colorado River in Glen and
Grand Canyons. This loss would affect
recreational opportunities, cultural resources,
backwaters, marshes, and riparian vegetation.
Mitigating these impacts by reducing seasonally
high flows creates a flow regime incorporated into
the Seasonally Adjusted Steady Flow Alternative.

Most of these impacts would be associated with
the massive addition of sediment needed to
prevent the net loss of sediment and sediment-
dependent resources. Sediment augmentation
would cause significant impacts to water
quality-most notably increased turbidity .The
chemistry of various sediment sources and
corresponding impacts to Grand Canyon water
quality and aquatic resources are unknown.

In conclusion, the EIS team recognized the desire
of some to return riverflows to a more historic
(predam) pattern. A return to a seasonal
streamflow pattern emulating the magnitude of
historic spring flows would, however, be very
destructive to downstream resources unless a
large-scale, long-term sediment augmentation
program were added. This program would have
significant impacts-all of which are not yet
known. If sediment augmentation is desired in
the future, this action should be the subject of a
separate EIS. The Run-of-the-River Alternative
was therefore eliminated from further consider-
ation in this document.

The need for sediment augmentation has not been
demonstrated under alternatives with reduced
daily flow fluctuations. For example, sandbars
still exist in Grand Canyon and appear to be stable
under the interim operating criteria.

A sediment augmentation delivery system would
cause environmental damage along the route
during construction and operation and would be
expensive to build and maintain.

Some people consider sediment augmentation the
ultimate solution for Grand Canyon because a
portion of the natural sediment supply could be
restored and the life of Lake Powell could be
extended (there would be a corresponding
decrease in the life of Lake Mead). However,
others doubt the wisdom of using a major

Historic Pattern Alternative

Comments received during the scoping process
indicated that many respondents wished to alter
dam releases to return to predam flow patterns.
The Historic Pattern Alternative attempted to



48 Chapter II Description of Alternatives

follow predam water flow patterns more closely
while still managing flows within current

powerplant capacity.

Without sediment augmentation, the flows under
this alternative would cause more erosion to
sediment deposits below Glen Canyon Dam than
other steady or fluctuating flow alternatives,
including no action operations. Mitigating these
impacts by reducing seasonally high flows creates
a flow regime incorporated into the Seasonally
Adjusted Steady Flow Alternative. For these
reasons, the Historic Pattern Alternative was
eliminated from further consideration in this
document.

This alternative was a modification of the
Run-of-the-River Alternative. Minimum annual
releases of 8.23 maf would be met, and all
scheduled releases would be within powerplant
capacity .Flows would be steady each month
while following a seasonal pattern of higher
spring/ summer and lower fall/ winter flows.
Maximum flows would be limited to 33,200 cfs,
and minimum flows would be determined by the
forecasted annual release remaining after high
spring/ summer flows were allocated. The
Historic Pattern Alternative also included a
sediment slurry pipeline and multilevel intake
structures for the reasons discussed under the
Run-of-the-River Alternative.

Reregulated Flow Alternative

The EIS team responded to scoping comments
requesting full use of Glen Canyon Dam

Powerplant's generating capacity by developing
the Reregulated Flow Alternative. The objective
of this alternative was to initiate operational
changes to fully use the powerplant's generating
capacity (flows of 33,200 cis) while reducing, to
the extent possible, existing adverse impacts to
downstream resources by constructing a
reregulation dam.

Evaluation of Alternative

Although the high flows under the Historic
Pattern Alternative would be of less magnitude
and perhaps of shorter duration than under the
Run-of-the-River Alternative, sediment
augmentation would still be required to prevent
long-term adverse impacts to downstream
resources. Without sediment augmentation, the
sediment resources along the Colorado River
would be more subject to erosion under the
Historic Pattern Alternative than under any of the
steady or fluctuating flow alternatives, including
the No Action Alternative. The Historic Pattern
Alternative was not expected to conflict with the
"Law of the River ."

Releases from Glen Canyon Dam under this
alternative would be similar to those described
under the No Action Alternative, with maximum
flows increased to 33,200 cis and minimum flows
of no less than 1,000 cis year-round. Annual and
monthly releases would be based on the following
factors: meeting water deliveries to the Lower
Basin States, maintaining conservation storage in
Lake Powell, avoiding anticipated spills,
balancing storage between Lakes Powell and
Mead, and seasonal power demand patterns.
Daily releases would be patterned to meet power
demand within the limits of the required monthly
release volume. Ramp rates would be constrained
only by physical limitations of the powerplant.

Conclusions

This alternative was eliminated from detailed
study for most of the reasons given for the
Run-of-the-River Alternative. Specifically,
sediment augmentation would cause an increase
in turbidity and disrupt the aquatic food chain
below Lees Ferry, and high and low flows would
adversely affect resources above Lees Ferry .
Other potentially adverse impacts are unknown.
Sediment augmentation would require 15 to
20 years to implement, and a plan to operate the
dam in the interim still would be needed.

An increase in the magnitude of daily fluctuations
would cause additional impacts to downstream
resources at levels above those documented for
the No Action Alternative at 31,500 cfs. To reduce
new and existing impacts, a reregulation dam
would be constructed approximately one-
half mile upstream of the gauge at Lees Ferry to
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provide steady flows downstream of the reregu-
lation dam. The top of the dam would extend
about 20 feet above the downstream water surface.

Flows below the reregulation dam would follow a
daily pattern of steady flows but would be
adjusted daily and monthly. Minimum steady
flows would be about 8,000 cfs, and maximums
would be dictated by the monthly and daily
volume to be released. Downstream of the
reregulation dam, changes in river stage between
weekdays and weekend days would likely occur
because the average daily release may be lower on
a weekend day than on a weekday; however, the
transition between flows would be gradual.
Effects of ramping would be virtually
unnoticeable below the reregulation dam.

Fluctuations in flow above the reregulation dam
would be considerably higher than under historic
operations. In the Glen Canyon reach, sediment
exposed to these higher release fluctuations would
continue to be lost. Further, because river stages
would be from 4 feet to 20 feet higher in elevation,
sediment deposited above historic normal
operational ranges would be subject to fluctu-
ations and loss. Because this reach lacks a source
of sediment input, these operations eventually
would eliminate most of the sand and fine-
grained sediment from sandbars and banks in the
Glen Canyon reach.

Riparian and Terrestrial Resources. Stabilized
flows downstream from the reregulation dam
would promote further development of riparian
resources on stabilized sandbars in Grand
Canyon. Terrestrial wildlife linked to riparian
resources would benefit from the stabilized
riparian corridor .

Between Glen Canyon Dam and the reregulation
dam (Glen Canyon reach), the river would be
converted to a fluctuating reservoir storing water
during the day for release later at night. Mini-
mum water elevation at the upstream face of the
reregulating dam would increase 4 feet, and the
water level would fluctuate up to 17 feet daily.
This fluctuating reservoir would act as the damper
to accept the fluctuating releases of Glen Canyon
Dam and would convert them to nearly steady
releases below the reregulation dam.

The AGFD categorizes the riparian habitat found
in the Glen Canyon reach as Resource Category I
habitat (of the highest value to wildlife) and
recommends that all potential losses of existing
habitat values be prevented. Riparian habitat
associated with perennial streams in Arizona is
considered unique and irreplaceable on a
statewide basis.

Evaluation of Alternative
The loss of sandbars through inundation in the
reach above the reregulation dam would result in
the direct loss of riparian resources. Riparian
vegetation near the reregulation dam would be
immediately inundated, and virtually all riparian
resources in this reach would be eliminated as
sandbars eroded due to rapid fluctuations in
water level.

The Reregulated Flow Alternative would provide
complete flexibility in power operations at Glen
Canyon Dam while providing a mechanism for
protecting physical and biological resources
downstream from Lees Ferry (260 miles).
However, the river reach between Glen Canyon
Dam and the reregulation dam (15 miles) would
be altered by increased fluctuations.

Aquatic Resources. The placement of the reregu-
lation dam would not directly disturb habitat used
by the endangered humpback chub. Reregulated
flow to the river reaches below the LCR could
stabilize backwaters and promote warming that
would provide rearing habitat for larval or
juvenile chub. River temperatures would remain
cold, thus limiting the movement of larval
humpback chub out of the LCR. Stabilized flows
would not guarantee that backwaters would be

Flows and Sediment Resources. Steady flows
below a reregulation dam would virtually
eliminate rapid changes in flows and would
reduce the capability of the river to transport
sediment. Under these conditions, natural input
of sediments from tributaries (Paria and Little
Colorado Rivers) would allow sediment to
accumulate in the river corridor at relatively low
elevations.
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maintained through time. As backwaters devel-
oped into riparian areas over time, they would
eventually lose their value as fish-rearing habitat.
Reregulated flows would not create additional
spawning habitat for humpback chub in the main
channel nor would they encourage establishment
of new spawning populations in tributaries.

Recreation Area. Increased beach erosion and the
inundation of additional areas of the Glen Canyon
reach would affect the cultural heritage associated
with the last remaining miles of Glen Canyon.
This National Register Historic District contains
one individually listed property, the Charles H.
Spencer Steamboat, downstream from the poten-
tial damsite. Activities that may impact sites
listed on the National Register ofHistoric Places,
especially those that would alter the setting that
justified registration, are considered adverse
effects.

The aquatic system above the reregulation dam
would be altered. Accelerated sandbar erosion
caused by increased fluctuations-<:ombined with
lake-like conditions in the reach above the
reregulation dam-would favor planktonic algal
forms, which could decrease water clarity .
Changes in water clarity , combined with wL"ekend
minimum stages, could reduce the zone occupied
by the alga, Cladophora. Reduced Cladophora
and/ or reductions in its transport out of the
reregulating reservoir could result in the entire
food chain being restructured throughout the
river in Grand Canyon.

Recreation. White-water boating would not be
inhibited by the near-steady flows below a
reregulation dam; steady flows above 8,000 cfs are
considered desirable conditions. However,
recreation above a reregulation dam would
change dramatically. The Glen Canyon reach
typically is used by day rafters and fishermen.
Under the Reregulated Flow Alternative, access to
this reach was an unresolved issue. However, the
type of access and the recreational fishery
undoubtedly would change.

Restructuring the food chain above and below the
reregulation dam would affect the existing trout
fishery .This resource would change from a
"stream" to a "lake" fishery above the reregula-
tion structure, with very different management
needs and expectations. Natural reproduction
would be reduced. Impacts to Cladophora and the
algal/ invertebrate community associated with it
would reduce the probability of maintaining a
blue ribbon trout fishery within the Glen Canyon
reach. See chapter III for more information
concerning fish needs.

Safety would be a major concern for those using
the reregulating reservoir. A policy decision on
safety would be required from the NPS. If boating
were permitted, a ramp would provide access
upstream from the reregulation dam. Sustained
high flows above powerplant capacity would
overtop the reregulation dam spillway. Therefore,
boat launching or operation near the reregulation
dam under high flow conditions would be dan-
gerous. Recreational use of this segment of Glen
Canyon would likely be prevented for extended
periods. Such closures would have exceeded
24 months as a result of the 1983-86 high flows.

Cultural Resources. More than 40 cultural sites
have been documented within the Glen Canyon
reach. In addition, two locations currently under
evaluation could be Hopi spiritual sites. Greater
fluctuations would increase the erosion affecting
these sites. Some impacts to cultural sites could be
mitigated by collecting data during excavation,
but impacts to others cannot be mitigated because
of their complexity or traditional nature. If these
sites are determined to be sacred to Native
Americans, by their very nature they cannot be
moved, transferred, or excavated.

Economics. Construction cost of a reregulating
dam is estimated at $60 to $110 million. A
reregulation dam would permit the powerplant to
operate at maximum capacity whenever enough
water was available (Lake Powell elevation
greater than 3641 feet) and electrical demand was
high. Estimates show that, under these criteria,
the powerplant would operate at maximum
capacity about 25 days per year (7 percent of the
time) for less than 4 hours at a time.The reregulation dam would be built within the

historic district of Glen Canyon National
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Existing Legislation. The Grand Canyon Protection
Act directs the Secretary to operate Glen Canyon
Dam

NEP A compliance, design, Federal permitting,
consultation with the Arizona State Historic
Preservation Officer and the Advisory Council on
Historic Preservation, excavation of cultural sites,
consultation under the Endangered Species Act,
congressional authorization, implementation of
mitigation procedures, and construction.
Construction impacts would be irreversible.

...and exercise other authorities under
existing law in such a manner as to protect,
mitigate adverse impacts to, and improve
the values for which Grand Canyon
National Park and Glen Canyon National
Recreation Area were established. .. Conclusions

The 1916 act establishing the National Park
Service defined those purposes generally as being

Construction of a reregulation dam in Glen
Canyon National Recreation Area would require a
change in existing law. While most downstream
resources would experience improved conditions
over the No Action Alternative, resources in the
Glen Canyon reach would experience negative
impacts under the Reregulated Flow Alternative.

...to conserve the scenery and the natural

and historic objects and the wildlife therein

and to provide for the enjoyment of the

same in such manner and by such means as

wiIlleave them unimpaired for the

enjoyment of .future generations. Resources in the Glen Canyon reach that would be
adversely impacted include sandbars, riparian
vegetation and associated terrestrial wildlife,
Cladophora and associated algal and invertebrate
communities, a regionally important trout fishery ,
recreation potential, Native American cultural and
sacred sites, and archeological and historic
areas/sites. Impacts to the Cladophora-based
aquatic food chain could have effects throughout
Grand Canyon.

Section 3 of the Colorado River Storage Project Act
(1956) states: "It is the intention of Congress that
no dam or reservoir constructed under the
authorization of this Act shall be within any
national park or monument," Congress declared
in 1970 and reemphasized in 1978 that all National
Park Service areas, including Glen Canyon
National Recreational Area, are interrelated and
part of one national park system,

Most of these impacts would result from the
greater frequency and magnitude of fluctuations
behind the reregulating dam constructed to
protect downstream resources from those same
fluctuations. A reregulating dam would require
$60 to $110 million to construct and 5 to 15 years
to implement without any opposition.

Impacts in the Glen Canyon reach could be
mitigated by reducing the frequency and
magnitude of daily river fluctuations. However,
without maximum fluctuations, there would be no
need for a reregulation dam. Reduced fluctu-
ations and elimination of the reregulation dam
create conditions identical to those evaluated
under other fluctuating flow alternatives,
including no action.

Public Acceptance. Planning and constructing a
reregulating dam would be guided by the Federal
Government's Economic and Environmental
Principles and Guidelines for Water and Related Land
Resources Implementation Studies (Water Resources
Council, 1983) that govern all implementation
studies. These principles and guidelines apply the
four tests of completeness, effectiveness,
efficiency , and acceptability to all project
alternatives that are considered reasonable.
Although some segments of the public would find
a reregulation dam acceptable, diverse groups
have expressed strong opposition to placing a
dam in the last remaining reach of the Colorado
River in Glen Canyon.

Administrative Clearance. A reregulation dam
would take at least 5 to 15 years to construct after
the ROD. This estimate includes such activities as
research and data collection, additional

In summary , predicted impacts to resources,
required changes in existing law, acceptability
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problems under the principles and guidelines, and
the scrutiny required under section 404 of the
Clean Water Act combine to render this
alternative unreasonable at this time.

The barrier would be removed at the end of the
pumping operation. The newly deposited sand
would form a more natural slope after being
reworked by wind and water.

The sand pumping operation would most likely
take place during January or February when
recreation use is lowest. This concept would be
flexible because both the number of beaches
targeted and the frequency of sand pumping
could be varied, assuming channel-stored sand is
available.

Concepts Eliminated From Detail,~d

Study

Cost estimates for pumping river bottom sand
range from $30,000 to $150,000 per year.

Some comments received during the scoping
process suggested concepts that were not
formulated into detailed alternatives. A short
discussion of those concepts follows. Although
sand pumping and beach protection were
eliminated from detailed study in this EIS, both
could be considered during long-term monitoring
under adaptive management. Evaluation of Concept. Grand Canyon sandbars

are scarcest in narrow reaches. However, sand
pumping in these reaches would be difficult
because of strong river currents and may not be
possible due to scarcity of riverbed sand.

Sand Pumping

Pumping sand from the river channel to rebuild
eroded sandbars on a systemwide basis currently
is not necessary and may not be in the future.
Also, such an operation is not compatible with
NPS management policies for reasons of visitor
use and potential wilderness designation. In the
future, NPS might decide to consider sand
pumping on a site-specific basis, if needed. If so,
NPS would be responsible for obtaining any
required permits and NEPA compliance.

If long-term net erosion of low elevation sandbars
were to occur, it would likely be due to a shortage
of sand in the river channel, and sand pumping
would not be a feasible method of sandbar
restoration because of lack of supply. Results
from the long-term monitoring program may
identify sites where sand pumping should be
considered. The feasibility of sand pumping
would have to be evaluated on a case-by-case
basis.Description of Concept. Sandbars could be built

by pumping sand from the river channel to a
nearby site during low or normal flow. This could
be done at specific locations identified by NPS to
protect the base of slopes containing prehistoric or
historic resources or to enhance sites for
recreational purposes.

Beach management by sand pumping would be a
minor project involving only a few beaches but
would require a permit from the Corps under
section 10 of the Rivers and Harbors Act and
section 404 of the Clean Water Act. A formal
application must be submitted to the Corps by
the agency proposing such work. A separate
NEP A document also would be required, which
would establish a site-specific project purpose and
include a section 404(b)(1) analysis to identify the
least-damaging practicable alternative in terms of
cost, logistics, and available technology .

This action could be taken only where channel
sand deposits are available. A source of river
channel sand nearest each selected site would be
located. Small portable pumping equipment
would be transported downstream by raft, and a
temporary, small barrier or berm to contain the
pumped sand would be constructed on a site. A
sand-water mixture would be pumped into the
contained area. Water would then drain back to
the river through the barrier or underlying
sandbar, and the pumped sand would remain.

Beach Protection

Beach protection on a systemwide basis is not
currently necessary and likely will not be needed.
NPS will determine if beach protection at certain
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sites is feasible and appropriate and, if so, obtain
any required permits and NEP A compliance.

be considered. The feasibility of beach protection
would have to be evaluated on a case-by-case
basis.

Description of Concept. Rock jetties or riprap
lining (layer of rock) could be placed to protect or
rehabilitate existing sandbars. A jetty would be
used to divert high velocity flow away from a
sandbar and create a small eddy on the
downstream side of the structure. Riprap lining of
the channel bank would help prevent sandbar
erosion by high water velocities and recreational
activity. Either of these protection measures
would work well in conjunction with a sand

pumping operation.

Beach management by bank protection would be a
minor project involving only a few beaches but
would require a permit from the Corps under
section 10 of the Rivers and Harbors Act and
section 404 of the Clean Water Act. A formal
application must be submitted to the Corps by the
agency proposing such work. A separate
NEP A document would be required that would
establish a site-specific project purpose and
include a section 404(b)(1) analysis to identify the
least damaging practicable alternative in terms of
cost, logistics, and available technology .

Remove Glen Canyon Dam

Removal of the dam is considered unreasonable in
viewof:

All structures would consist of native rock and
vegetation and would be designed to blend with
the natural environment. No steel, wires, or
concrete would be used. Rock would be obtained
from nearby tributary debris fans and not from
talus slopes or canyon walls. All rock would be
placed by hand or with small mechanized
equipment. Because of logistical difficulties, only
sites that are within a few hundred yards of a
debris fan could be protected this way.

Any necessary equipment and personnel would
be transported by raft from Lees Ferry .These
sh"uctures would require a maintenance program
with access by raft. Cost estimates for beach
protection have not been determined.

.The many established beneficial uses that it
now serves

.The legal framework ("Law of the River") that
now exists, including the Grand Canyon
Protection Act of 1992

.The investment that the dam represents

.The adverse social, economic, and other
impacts to the existing human environment
that would result from its removal

Evaluation of Concept. Grand Canyon sandbars
are scarcest in narrow reaches. However, beach
protection in these reaches would be difficult due
to strong river currents and may not be possible
due to the scarcity of nearby debris fans (source of

rock).

Most importantly, Reclamation was directed by
the Secretary to evaluate alternative operations for
Glen Canyon Dam. The concept of removal is an
alternative to operating the dam and, thus, does
not address dam operations. Since dam removal
is outside the scope of dam operations, it violates
the Secretary's charge to Reclamation. As a result,
this concept was eliminated from further study.

Due to the unique logistical problems in Grand
Canyon, sandbars could be protected with rip rap
only above the low river stage. High water
velocities could scour the sandbar below the
riprap and cause the entire beachface to fail.
Sandbar erosion due to a rapid drop in river stage
during fluctuating flows has been documented
(Beus and A very , 1992). However, rip rap would
not be effective against this type of erosion.

Move Hydropower Peaking From Glen
Canyon Dam to Hoover Dam

Both Glen Canyon and Hoover Powerplants
already are operated as hydroelectric power
peaking plants. No excess capacity or energy is
available at Hoover to substitute for reduced

Results from the long-term monitoring program
may identify sites where beach protection should
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peaking at Glen Canyon, as all of the capacity and
energy at Hoover is allocated by existing
contracts.

The impacts on each of the affected resources are
described in more detail in "Chapter IV , Environ-
mental Consequences." These resources include:
water, sediment, fish, vegetation, wildlife and
habitat, endangered and other special status
species, cultural resources, air quality , recreation,
hydropower, and non-use value.

It has been suggested that more units could be
added at Hoover to increase capacity and to
supply the peaking that now occurs at Glen
Canyon. However, Hoover modification is
already being considered by the Arizona Power
Authority and the Colorado River Commission of
Nevada to augment their peaking needs. There-
fore, power produced at Hoover may not be
available for use in the area served by Glen
Canyon power.

Resource Management Objectives

Federal, State, and Tribal Governments develop
management objectives to define the desired
condition of specific resources. The attainment or
nonattainment of these objectives drive the
implementation of management actions intended
to maintain or reestablish the resource condition.
In some cases, objectives must be reevaluated if
they are not achieved.

It may be possible in the future to apply addi-
tional computer tedmology on a regional or
system basis to refine and enhance the efficiency
of the power network, including Glen Canyon and
Hoover Powerplants. This could facilitate some
peaking and spinning reserve adjustments
between the two projects.

SUMMARY COMPARISON OF
ALTERNATIVES AND IMPACTS

As outlined in the Grand Canyon Protection Act
of 1992, the actions considered in this EIS are
intended to protect and mitigate adverse impacts
to and improve the natural and cultural resource
values for which Grand Canyon National Park
and Glen Canyon National Recreation Area were
established. Many resources in Glen and Grand
Canyons developed in response to conditions
created by the dam. Reasonable objectives,
developed by the management agencies, are goals
for future management of these resources and
provide meaning to the terms "protect,"
"mitigate," and "improve."

Table 11-7, presented at the end of this section,
summarizes the impacts of the alternatives
considered in detail on the affected environment.
Impacts of the Maximum Powerplant Capacity
and High Fluctuating Flow Alternatives would be
very similar to those of the No Action Alternative.

Reclamation, NPS, FWS, Western, AGFD,
Hualapai Tribe, and Navajo Nation have
management responsibilities associated with Glen
and Grand Canyons and have developed resource

management objectives.

Impacts under the Moderate and Modified Low
Fluctuating Flow and Seasonally Adjusted Steady
Flow Alternatives would be similar for most
resources (because they include habitat main-
tenance flows) except hydropower. The habitat
maintenance flows of these three alternatives
would provide some ecosystem variability that
was characteristic of the predam environment.

The agency resource management objectives and
the potential for the alternatives to meet those
objectives are assessed below. Attainment of
objectives for all resources will require complex
interagency planning and management. Some
issues would remain unresolved under any
alternative.

Impacts under the Interim Low Fluctuating Flow
and Existing Monthly Volume and Year-Round
Steady Flow Alternatives would be similar for
most downstream resources and result in a
relatively static environment. WATER: Reclamation's water management

objectives are to use Colorado River Storage
Project (CRSP) reservoirs for the statutory
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Some actions taken to benefit Grand Canyon may
have negative consequences in the Glen Canyon
reach, and such consequences must be considered.

purposes of flood control, river regulation,
beneficial consumptive uses, water quality
control, enhancement of fish and wildlife, other
environmental factors, and power production.
This is to be accomplished consistent with other
applicable Federal laws, the Mexican Water
Treaty, interstate compacts, and decrees.

Assessment: All management objectives for
sediment (except high terraces) in Grand Canyon
would be accomplished under the Moderate and
Modified Low Fluctuating Flow Alternatives and
the Seasonally Adjusted Steady Flow Alternative.
These alternatives provide the greatest cycles of
deposition and erosion and maintain sandbars at
the highest elevations, since daily release fluctu-
ations would be restricted and seasonal variability
would be added-primarily through habitat
maintenance flows. However, high terraces
would continue to erode under any alternative.
Glen Canyon sediment would be subject to
long-term net erosion under any alternative.

The Navajo Nation seeks to ensure that dam
operations will not affect existing or future water
rights or the use of those rights.

NPS objectives are for releases that have a degree
of variability to sustain sediment deposits and
promote a dynamic ecosystem. Water released
from the dam should meet or exceed State of
Arizona standards for full-body contact use.

The Hualapai Tribe's objective for water releases
is to establish a flow pattern that maintains
long-term sustainable and balanced multiple use
of its resources which include: cultural resources,
fish, wildlife, vegetation, water supply and
quality , and recreation enterprises.

FISH: NPS, Hualapai, and AGFD objectives for
native fish are to ensure viable populations in
Grand Canyon. The Hualapai seek to completely
eliminate carp from Glen and Grand Canyons.
FWS objectives for native fish are to closely mimic
the natural, predam ecosystem process under
which native fish evolved.Assessment: All of the alternatives would likely

accomplish Reclamation objectives for
CRSP reservoirs. NP5, AGFD, Hualapai, and Navajo objectives for

the trout fishery are to provide a recreational
resource while maintaining and recovering native
fish in Grand Canyon. In the Glen Canyon reach,
their objective is to encourage natural repro-
duction, survival, and growth of trout to blue
ribbon quality sizes. In Grand Canyon, the
objective is to sustain a wild trout fishery .

Raising the height of the spillway gates to reduce
flood frequency would meet Navajo Nation
objectives. The other flood frequency reduction
measure (increasing exclusive flood control space)
would decrease Upper Basin yield.

NPS and Hualapai objectives would be accom-
plished under the Moderate Fluctuating, Modified
Low Fluctuating, and Seasonally Adjusted Steady
Flow Alternatives. Water quality objectives
would likely be attained under all alternatives.

Assessment: To assure future accomplishment of
agency objectives for native fish, additional
research is needed on native and non-native fish
interaction, the feasibility of selective withdrawal,
the potential for reintroduction of extirpated
native fish, and potential for eliminating carp.SEDIMENT: NPS, Hualapai, and Navajo seek to

maintain a long-tenn balance of river-stored
sediment and the entire range of predam sediment
deposits-including an annually flooded bare-
sand active zone, a less frequently flooded vegeta-
tion zone, and predam terraces. They prefer a
diversity of dynamic, higher-elevation sediment
deposits over stable, low elevation deposits.

Achievement of objectives for native fish vary by
species. None of the alternatives appear to
increase spawning habitat for native fish in the
mainstem. Selective withdrawal may be required
to allow warmer releases. Reproduction and
recruitment of razorback sucker in Grand Canyon
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is virtually unknown; it is unlikely that any of the
alternatives in and of themselves will reverse this
trend.

Assessment: Objectives for vegetation-and thus
aquatic and terrestrial habitat-would be best met
under the Moderate and Modified Low
Fluctuating Flow Alternatives and the Seasonally
Adjusted Steady Flow Alternative, therefore
providing the greatest potential for accomplishing
wildlife objectives.

Flannelmouth sucker appear to be favored by
those alternatives that create or maintain rearing
habitats in the mainstem (i.e., Modified Low
Fluctuating and Seasonally Adjusted Steady Flow
Alternatives). ENDANGERED AND OTHER SPECIAL

STATUS SPECIES: NPS, FWS, AGFD, Hualapai
Tribe, and Navajo Nation objectives are to
monitor, protect, and recover populations of
endangered species, candidate species, and State-
listed species.

All steady flow alternatives and the Modified Low
and Interim Low Fluctuating Flow Alternatives
would likely meet AGFD, NP5, Hualapai, and
Navajo objectives for the trout fishery and its food
base.

Recovery plans developed for threatened and
endangered species specify FWS and AGFD objec-
tives. Final recovery plans have been approved
for the bald eagle, peregrine falcon, and
humpback chub; a recovery plan for the razorback
sucker is being developed. FWS and Navajo
Nation objectives specific to the humpback chub
and other native fish are to protect the LCR and
restore mainstem populations.

VEGETATION: NP5, Hualapai, and Navajo
objectives for vegetation in the river corridor are
to maintain a dynamic ecosystem made up of
diverse groups of native, riparian plant species at
different stages of succession and at different
elevations above the water line. Emergent marsh
vegetation should be sustained as a functioning,
dynamic resource providing wildlife habitat that
changes in location and extent in response to flow
and sedimentation processes. Assessment: It may not be possible to accomplish

these objectives for some native fish under any of
the alternatives without adopting other measures
such as selective withdrawal. Objectives for
terrestrial species, including bald eagle, peregrine
falcon, and willow flycatcher, would likely be met
by sustaining the processes needed to accomplish
sediment and ecosystem objectives (i.e., Moderate
Fluctuating, Modified Low Fluctuating, and
Seasonally Adjusted Steady Flow Alternatives).
However, dam operations alone cannot meet
some objectives for endangered fish over the
long term.

The Hualapai Tribe seeks to remove non-native
vegetation, as necessary, to maintain campsites.

Assessment: Habitat maintenance flows, which
are components of the Moderate Fluctuating,
Modified Low Fluctuating, and Seasonally
Adjusted Steady Flow Alternatives, provide the
greatest potential for accomplishing the
NPS, Hualapai, and Navajo objective for
sustaining a dynamic ecosystem. Other alter-
natives result in system stability or eventual loss
of ecosystem components. Because of the
regulated flows, it would be difficult under any
alternative to achieve the NPS objective of main-
taining dynamic marshes. However, alternatives
with habitat maintenance flows and variable
water releases among years should maintain some
marsh dynamics.

The entire Grand Canyon humpback chub popu-
lation is in jeopardy, partly because of the limited
distribution of the fish. Establishment of a second
spawning population of the humpback chub is an
express objective of AGFD, FW5, Hualapai Tribe,
and Reclamation. This objective may be met by
establishing a spawning population either in
another tributary or in the mainstem, which is a
common element under all restricted fluctuating
and steady flow alternatives. Humpback chub

WILDLIFE AND HABITAT: NP5, Hualapai, and
Navajo objectives are to provide for diversity of
wildlife species, giving priority to native species
and associated natural processes.
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would appear to be able to maintain a viable
population under all alternatives but only because
the LCR provides spawning habitat.

ribbon angling opportunity and to provide safe
boating and access for boaters, waders, and
campers. AGFD seeks to provide access for
hunting waterfowl in this reach.

FWS believes that their management objectives
can best be accomplished under the Seasonally
Adjusted Steady Flow Alternative during low
release years (see attachment 4).

CUL TURAL RESOURCES: NPS and cooperating
tribe objectives are to maintain the integrity of all
cultural resources within the river corridor, with
site preservation as the optimal condition, and to
maintain biological and spiritual resources
important in preserving Native American values.

The Hualapai Tribe also promotes motorized
white-water boating, hunting, camping, and
sightseeing in lower Grand Canyon. The Navajo
Nation also seeks to provide recreational
opportunities for Navajo people and to support
and enhance recreation and tourism industries in
northern Arizona.

Assessment: The steady flow alternatives would
offer the most immediate benefits for recreation
activities and attributes. However, the Moderate
Fluctuating, Modified Low Fluctuating, and
Seasonally Adjusted Steady Flow Alternatives
would best meet the long-term recreation
objectives of NPS, Hualapai, and Navajo.

For the cooperating tribes, preserving traditional
cultural properties-including access to cultural
properties and perpetuation of cultural practices
within Glen and Grand Canyons-is the highest

priority.
All alternatives except the Maximum Powerplant
Capacity Alternative would improve boating
access and navigation over no action.

Assessment: Moderate Fluctuating, Modified Low
Fluctuating, and Seasonally Adjusted Steady Flow
Alternatives would contribute most toward
preserving sites in place. However, management
actions other than dam operations may be
required to meet NPS and cooperating tribe
objectives over the long term.

AGFD and Hualapai objectives for fishing,
hunting, and safety would be realized most under
the steady flow alternatives and, to a somewhat
lesser degree, under the Modified Low and
Interim Low Fluctuating Flow Alternatives.

HYDROPOWER: Western's objective is to serve
the public interest by marketing and delivering
the greatest amount of long-term firm power and
energy from Glen Canyon Dam Powerplant while
striving to protect and enhance environmental
values both downstream of Glen Canyon Dam
and throughout the marketing area.

The same three alternatives would most likely
preserve and maintain biological and spiritual
resources important to Native Americans.
Objectives for biological resources would not be as
well met under the other steady flow alternatives
and Interim Low Fluctuating Flow Alternative.
Cultural resource objectives, in general, would not
be met under the unrestricted fluctuating flows or
the High Fluctuating Flow Alternative.

Assessment: Western's objective is most readily
accomplished under the Moderate Fluctuating
Flow Alternative. The Interim Low and Modified
Low Fluctuating Flow Alternatives offer
approaches to achieving a balance between
enhancing benefits to natural resources and
reducing impacts to hydropower.

RECREATION: NPS, Hualapai, and Navajo
objectives are to provide opportunities for
recreational experiences along the river corridor
that do not diminish natural or cultural resource
values and to protect and preserve environmental
and wilderness conditions that contribute to
quality recreation experiences. Flows should
allow navigation by white-water boats in Grand
Canyon and power boats in Glen Canyon. In Glen
Canyon, AGFD and NPS seek to maintain a blue
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Table 11-7.-Summary Comparis.on of Alternatives and Impacts

Maximum

Powerplant
Capacity

High

Fluctuating
Flow

Moderate

Fluctuating
FlowNo Action

WATER

Streamflows (1,000 acre-feet)

Annual streamflows

Median annual release 8,573 8,573 8,559 8,559

Monthly streamflows (median)
Fall (October)
Winter (January)

Spring (May)
Summer (July)

568

899

587

1 ,045

568

899

587

1 ,045

568
899
592

1,045

568

899

592

1,045

Hourly streamflows can be found in table 11-2

SEDIMENT

Riverbed sand (percent

probability of net gain)

After 20 years

After 50 years
50
41

49
36

53
45

61

70

44 to 74 47 to 77 33 to 53 28 to 47
41 to 66
6 to 10
9 to 14

10t015 10 to 16 7to 1

Sandbars (feet)

Active width

With habitat maintenance flows

Potential height

With habitat maintenance flows

FISH

Aquatic food base Limited by reliable
wetted perimeter

Same as
no action

Minor increase Moderate increase

Native fish Stable to

declining

Same as
no action

Same as
no action

Same as
no action

Non-native warmwater and
coolwater fish

Stable to

declining

Same as
no action

Same as
no action

Same as

no action

Interactions between native
and non-native fish

Some predation and

competition by
non-natives

Same as

no action

Same as
no action

Same as
no action

Trout Stockin!~-
dependent

Same as

no action

Same as
no action

Increased growth

potential, stocking-
dependent
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Modified
Low

Fluctuating
Flow

Interim
Low

Fluctuating
Flow

Existing
Monthly
Volume

Steady Flow

Seasonally
Adjusted
Steady
Flow

Year-Round

Steady

Flow

8,559 8,559 8,559 8,554 8,578

568
899
592

1,045

568
899
592

1,045

568
899
592

1,045

492
688

1,106
768

699
703
699
699

64

73

69
76

71

82

71

82

74

100

24 to 41

41 to 66

6 to 9

9 to 14

24 to 41 10 to 19 16 to 29
37 to 60

4to7
8 to 13

0

6 to 9 3toS O to 1

Potential

major increase

Potential
major increase

Major increase Major increase Major increase

Potential minor
increase

Potential minor
increase

Uncer1ain potential
minor increase

Uncer1ain potential
major increase

Uncertain potential
minor increase

Potential minor
increase

Potential minor
increase

Potential minor
increase

Potential minor
increase

Potential minor
increase

Potential minor
increase in warm,

stable microhabitats

Potential minor
increase in warm,

stable microhabitats

Potential minor
increase in warm,

stable microhabitats

Potential minor
increase in warm,

stable microhabitats

Potential minor
increase in warm,

stable microhabitats

Increased growth

potential, stocking-
dependent

Increased growth

potential, stocking-
dependent

Increased growth

potential, possibly
self-sustaining

Increased growth

potential, possibly
self-sustaining

Increased growth

potential, possibly
self-sustaining
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Table 11-7.-Summary Comparison of Alternatives and Impacts-Continued

Maximum

Powerplant
Capacity

High

Fluctuating
Flow

Moderate

Fluctuating
FlowNo Action

VEGETATION

Woody plants (area)

New high water zone No net change O to 9% reduction 15 to 35%

increase

23 to 40% increase

With habitat maintenance
flows

O to 12% increase

Species composition Tamarisk and
others dominate

Tamarisk and
others dominate

T amarisk, coyote

willow, arrowweed,

and camelthom

dominate

Emergent marsh plants

New high water zone

Aggregate area of

wet marsh plants

No net change Same as
no action

Same as or less
than no action

Same as or less
than no action

WILDLIFE AND HABITAT

Riparian habitat See vegetation.

Wintering waterfowl
(aquatic food base)

Stable Same as
no action

Same as
no action

Potential
increase

ENDANGERED AND OTHER SPECIAL STATUS SPECIES

Humpback chub Stable to

declining

Same as
no action

Same as
no action

Same as
no action

Razorback sucker Stable to

declining

Same as
no action

Same as
no action

Same as

no action

Flannelmouth sucker Stable to

declining

Same as
no action

Same as
no action

Same as

no action

Bald eagle Stable Same as
no action

Same as
no action

Potential
increase

Peregrine falcon No effect No effect No effect No effect

Kanab ambersnail No effect Some

incidental take

Some

incidental take

Some

incidental take

Southwestern willow flycatcher Undetermined
increase

Same as
no action

Same as
no action

Same as
no action

Tamarisk, coyote
willow, arrow weed,

and camelthorn
dominate
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Modified
Low

Fluctuating
Flow

Interim
Low

Fluctuating
Flow

Existing
Monthly
VOIIJme

Steady Flow

Seasonally
Adjusted
Steady
Flow

Year-Round

Steady

Flow

30 to 47% increase 30 to 47% increase 45 to 65% increase 38 to 58% increase 63 to 94% increase

O to 12% increase O to 12% increase

Tamarisk, coyote
willow, arrow weed,

and camelthorn
dominate

Tamarisk, coyote
willow, arrow weed,

and camelthorn
dominate

Tamarisk, coyote
willow, arrow weed,

and camelthorn
dominate

Tamarisk, coyote
willow, arrowweed,

and camelthorn
dominate

Tamarisk, coyote
willow, arrow weed,

and camelthorn
dominate

Same as or less
than no action

Same as or less
than no action

Less than

no action

Less than
no action

Less than
no action

Potential
increase

Potential

increase

Potential
increase

Potential
increase

Potential
increase

Potential minor
increase

Potential minor
increase

Uncertain potential
minor increase

Uncertain potential
major increase

Uncertain potential
minor increase

Potential minor
increase

Potential minor
increase

Uncertain potential
minor increase

Uncertain potential
minor increase

Uncertain potential
minor increase

Potential minor
increase

Potential minor
increase

Uncertain potential
minor increase

Uncertain potential
major increase

Uncertain potential
minor increase

Potential
increase

Potential
increase

Potential
increase

Potential
increase

Potential
increase

No effect No effect No effect No effect No effect

Some

incidental take

Some

incidental take

Some

incidental take

Some

incidental take

Some

incidental take

Same as
no action

Same as
no action

Same as
no action

Same as
no action

Same as
no action
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Table 11-7.-Summary Comparis;on of Alternatives and Impacts-Continued

Maximum

Powerplant
Capacity

High

Fluctuating
Flow

Moderate

Fluctuating
FlowNo Action

CULTURAL RESOURCES

Archeological sites

(Number affected)

Major

(336)

Major
(336)

Potential to
become major

(263)

Moderate

(Less than 157)

Traditional cultural properties Major Same as
no action

Potential to
become major

Moderate

Traditional cultural resources Major Same as
no action

Same as
no action

Increased

protection

AIR QUALITY

Regional air quality

Total emissions (thousand tons)

Sulfur dioxide

Nitrogen oxides
1,960
1 ,954

Same as
no action

Slight
reduction

Slight
reduction

RECREATION

Fishing

Angler safety Potential

danger

Same as
no action

Same as
no action

Moderate

improvement

Day rafting

Navigation past 3-Mile Bar Difficult
at low flows

Same as
no action

Negligible
improvement

Major
improvement

White-water boating

Safety High risk at very high
and very low flows

Same as
no action

Negligible
improvement

Minor

improvement

Less than
7,720 square feet

Same as
no action

Same as
no action

Minor
increase

Camping beaches
(average area at

normal peak stage)

Wilderness values Influenced by range
of daily fluctuations

Same as

no action

Minor

increase

Moderate

Increase

Economic benefits

Change in equivalent annual net

benefits (1991 nominal $ million)

Present value (1991 $ million)

0 0 0 +0.4

0 0 0 +4.6
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Modified
Low

Fluctuating
Flow

Interim

Low

Fluctuating
Flow

Existing
Month Iy
Volume

Steady Flow

Seasonally

Adjusted

Steady

Flow

Year-Round

Steady

Flow

Moderate
(Less than 157)

Moderate
(Less than 157)

Moderate
(Less than 157)

Moderate

(Less than 157)

Moderate

(Less than 157)

Moderate Moderate Moderate Moderate Moderate

Increased

protection

Increased

protection

Increased

protection

Increased

protection

Increased

protection

Slight
reduction

Slight
reduction

Slight
reduction

Slight
reduction

Slight
reduction

Moderate

improvement

Moderate

improvement
Major

improvement
Major

improvement
Major

improvement

Major
improvement

Major
improvement

Major
improvement

Major
improvement

Major
improvement

Potential to become

major improvement

Moderate

improvement

Minor

improvement

Minor

improvement
Major

improvement

Minor
increase

Minor
increase

Major
increase

Potential to become
major increase

Major
increase

Moderate to
potential to become

major increase

Moderate to
potential to become

major increase

Major

increase

Major
increase

Major
increase

+3.7 +3.9 +3.9 +4.8 +2.9

+43.3 +45.6 +45.6 +55.0 +23.5
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Table 11-7.-Summary Comparison of Alternatives and Impacts-Continued

Maximum

Powerplant
Capacity

High
Fluctuating

Flow

Moderate

Fluctuating
FlowNo Action

POWER

o
o

-1.5
O

2.1

2.5

54.0
36.7

Annual economic cost

1991 nominal $ million

Hydrology
Contract rate of delivery

o
o

-17.3

O

24.3

28.9

624.5
424.5

Present value (1991 $ million)
Hydrology
Contract rate of delivery

Wholesale rate

(1991 mills/kWh)

18.78 18.78 19.38

[+3.2%)

22.82

(+21.5%)

Retail rate (1991 mills/kWh)

70% of end users No change No change No change to
slight decrease

No change to
slight decrease

23% of end users No change No change Slight decrease
to moderate

increase

Slight decrease
to moderate

increase

64, 64.1 64.6

(+0.8%)

69.7

(+8.8%)

7% end users

(weighted mean)

NON-USE VALUE No data.
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Modified
Low

Fluctuating
Flow

Interim
Low

Fluctuating
Flow

Existing
Monthly
Volume

Steady Flow

Seasonally
Adjusted
Steady
Flow

Year-Round

Steady

Flow

15.1
44.2

36.3
35.6

65.9
68.7

88.3
123.5

69.7
85.7

174.6
511.2

418.7
411.7

761.4
794.6

1 ,021.2
1 ,428.4

805.0
991.2

23.16

(+23.3%)

23.18

(+23.4%)

25.22

(+34.3%)

28.20

(+50.2%)

26.78

~+42.6%)

No change to
slight decrease

No change to
slight decrease

No change to
slight decrease

No change to
slight decrease

No change to
slight decrease

Slight decrease
to mode rage

increase

Slight decrease
to mode rage

increase

Slight decrease
to moderate

increase

Slight decrease Slight decrease

70.5

(+10.0%)

70.2
(+9.6%)

72.9

(+13.8%)

75.8

(+18.4%)

74.5

(+16.3%)

to moderate
increase

to moderate
increase





CHAPTER III

Affected Environment

This chapter describes the general setting,
Colorado River system resource linkages, and
resources in the study area that would be affected
by any of the alternatives if implemented. The
conditions described are those that existed in 1990,
prior to the Glen Canyon Environmental Studies
(GCES) research flows, under the water and
power operating regimes that existed at that time.
These conditions establish the baseline for analysis
of effects, found in chapter IV .The resources
presented are: water, sediment, fish, vegetation,
wildlife and habitat, endangered and other special
status species, cultural resources, air quality ,
recreation, hydropower, and non-use value.

into Lake Mead, part of Lake Mead National
Recreation Area. All of these areas are admin-
istered by the National Park Service (NPS). The
Navajo Indian Reservation is adjacent to GRCA
and GLCA. Kaibab National Forest, administered
by the Forest Service of the U .5. Department of
Agriculture, adjoins GRCA on the north and
south. The Hualapai Reservation includes
108 miles of Grand Canyon south of the river from
National Canyon (river milel (RM) 166.5) to
RM 273. The Havasupai Reservation adjoins
GRCA south of the river and west of the Kaibab
National Forest.

Between Glen Canyon Dam and Lake Mead, the
Colorado River falls about 1,900 feet, or from
approximately 3100 to 1200 feet above sea level.
More than 100 rapids, some having drops of up to
40 feet, account for most of this elevation loss.
Numerous tributaries enter this stretch of river,
the principal ones being the Paria and Little
Colorado Rivers, and Bright Angel, Tapeats,
Kanab, Havasu, Diamond, and Spencer Creeks.

SEnlNG

The affected environment includes two areas:
(1) the immediate or Glen Canyon Dam area and
(2) the region. The immediate area is the Colorado
River corridor through Glen, Marble, and Grand
Canyons in Coconino and Mohave Counties in
northwestern Arizona. This area extends from
Lake Powell downstream into Lake Mead. While
the focus of the environmental impact statement
(EIS) is on this river corridor, some alternatives
may lead to regional impacts outside of the
immediate geographic area. The following map
shows the regional extent of the Colorado River
Basin.

The Colorado River can be reached by two
highways: u.s. 89 crosses the river immediately
below Glen Canyon Dam, and u.s. 89 Alternate
crosses about 20 miles downstream near the
community of Marble Canyon (near RM 4). Year-
round access to the south rim of Grand Canyon is
provided by U .S. 180 and Arizona 64. Access to
the north rim is provided by Arizona 67, but the
part of that road between the GRCA boundary
and the north rim is open only from about
mid-May to rnid-October.

Immediate Area (see frontispiece)

Access to the south and north rims and the river at
other locations is provided by a few unimproved
roads and several trails. Some of the unimproved
roads and trails access the canyon via the Navajo
Indian Reservation, and permits for their use must

Lake Powell and the first 15.5 miles of the
Colorado River downstream of Glen Canyon Dam
are part of Glen Canyon National Recreation Area
(GLCA). The river flows another 278 miles
through Grand Canyon National Park (GRCA)

1 River mile designates distance downstream from Lees Ferry (RM 0), which is located 15.5 miles downstream from Glen Canyon

Dam. Negative numbers (i.e., RM -9) indicate distance upstream between Lees Ferry and the dam.



be obtained from the Navajo Nation in Cameron
or Window Rock, Arizona. Access to the river is
also available from Supai via a hiking trail
through the Havasupai Reservation and from
Peach Springs to Diamond Creek via the Hualapai
Indian Reservation. An NPS road provides access
to Lees Ferry from Marble Canyon.

division between the two basins is at Lee Ferry , a
reference point in the mainstream of the Colorado
River 1 mile below the mouth of the Paria River
(not to be confused with Lees Ferry, which is the
site of the u.s. Geological Survey (USGS) stream
gauge above the Paria River confluence).

GeologyTwo cities in the area are Flagstaff, Arizona, about
80 miles south of the south rim of Grand Canyon,
and Page, Arizona, about 2 miles southeast of
Glen Canyon Dam. Commercial air service is
available at both cities and near Grand Canyon
Village on the south rim. Commercial boat trips
on the Colorado River begin immediately below
Glen Canyon Dam and at Lees Ferry (RM 0);
private trips begin only at Lees Ferry. Also, the
Hualapai Tribe provides commercial river trips
from Diamond Creek to Lake Mead. Mule trips
are conducted from Grand Canyon Village and
the north rim.

For more than 5 million years, the Colorado River
and its tributaries-along with geologic uplift and
weathering-have carved the Grand Canyon. The
canyon is about a mile deep and varies in width
from a few hundred feet at river level to as much
as 18 miles at the rim. The river cut only a narrow
gorge; running water from the canyon walls,
freezing and thawing, and abrasion of rock
against rock excavated most of the canyon. The
Colorado River is like a huge conveyor belt for
transporting finer particles to the ocean,
temporarily (geologically speaking) dropping its
load into Lake Mead.

Colorado River Region

The Colorado River has its headwaters in the
mountains of Colorado and flows southwestward
to its mouth at the Gulf of California. It drains an
area of approximately 244,000 square miles, of
which 242,000 are in the United States and 2,000
are in northern Mexico. The basin extends from
the Wind River Mountains in Wyoming to south
of the United states-Mexico border, a straight line
distance of approximately 900 miles. Basin width
varies from about 300 miles in the upper reaches
to more than 500 miles in the lower reaches. It is
bounded on the north and east by the Continental
Divide in the Rocky Mountains, on the west by the
Wasatch Mountains, and on the southwest by the
San Jacinto Mountains. Colorado River tributaries
drain parts of seven Western States: Arizona,
California, Colorado, Nevada, New Mexico, Utah,
and Wyoming.

In cutting the canyon, the river has exposed rocks
of all geologic eras, covering a span of nearly
2 billion years. The rocks of Grand Canyon are
part of the Colorado Plateau, a 130,000-square-
mile area covering most of the Colorado River
Basin. The elevation of the canyon rim varies
between about 5000 and 8000 feet above sea level,
with the north rim about 1,000 feet higher than the
south rim.

A river trip starting at Glen Canyon Dam is a trip
backward through geologic time (Beus and
Morales, 1990). Glen Canyon is cut through the
massive Navajo Sandstone of the Mesozoic
era-about 200 million years old. Downstream
from Lees Ferry , the great sequence of nearly
horizontal sedimentary rocks of the Paleozoic era
appear at river level in descending order,
beginning with the Kaibab Formation that caps
much of the canyon rim. In Marble Canyon, river
runners pass through the cavernous Redwall
Limestone. The river is narrower here and in
other places where the Paleozoic rocks are
relatively hard and wider through more easily
eroded formations. The shelves of the Tapeats
Sandstone (more than 500 million years old) at the
base of the Paleozoics appear near the mouth of

The Upper Colorado River Basin drains an area of
108,000 square miles; its tributaries include the
Upper Colorado, Green, Gunnison, San Juan, and
Paria Rivers. The Lower Colorado River Basin
drains an area of 136,000 square miles, and its
tributary basins include the Lower Colorado,
Little Colorado, Virgin, and Gila Rivers. The
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mountains and arid in the lower southern areas.
Annual precipitation in the higher mountains
occurs mostly as snow, which results in as much
as 60 inches of precipitation per year. Thousands
of square miles in the lower part of the basin are
sparsely vegetated because of low rainfall and
poor soil conditions. Rainfall in this area averages
from 6 to 8 inches, mostly from cloudburst storms
during the late summer and early fall.

the Little Colorado River (LCR). For the rest of the
trip, the narrowest reaches are cut through the
dense, dark-colored Vishnu Schist of the
Proterozoic era (about 1.7 billion years old). In the
Toroweap area, river runners are greeted wj.th a
spectacular display of the youngest rocks in the
canyon-remnants of lava flows that poured over
the north rim about 1 million years ago during the
Cenozoic era. The hardened lava still clings to the
canyon walls, and basalt boulders still affect
riverflow-providing thrills for river runneJ~ at
Lava Falls Rapid. The trip ends in Lake Mead at
Grand Wash Cliffs, the southwestern edge of the
Colorado Plateau and the mouth of Grand

Canyon.

COLORADO RIVER SYSTEM

RESOURCE LINKAGES

Resources downstream from Glen Canyon Dam
through Grand Canyon are interrelated, or linked,
since virtually all of them are associated with or
dependent on water and sediment. This section
gives an overview of linkages to better illustrate
the interdependence of processes and resources in
the study area. A detailed description of resources
follows this overview.

Climate

Climatic conditions in the area vary considerably
with elevation. At Bright Angel Campground
(elevation 2400 feet) near Phantom Ranch, tile
climate is characterized by mild winters, hot
summers, and low rainfall. Average high
temperatures range from about 59 degrees
Fahrenheit (OF) in winter to 103 oF in summer.
Low temperatures range from about 39 to 7lj oF.
Average annual precipitation-mostly in the form
of rain-is about 11.2 inches. Precipitation occurs
uniformly in summer, fall, and winter and is
somewhat less in spring.

This resource linkage overview specifically
responds to the EIS scoping process. Many
comments from the public called for consideration
of the "Grand Canyon ecosystem:' showing
public awareness of the interrelationships among
resources. The term " ecosystem II refers to the

system formed by interactions between commu-
nities of organisms and their environment. A
IIsystemll is based on the concept that resources
and the processes that drive them are linked. In
an ecosystem, changes in a single process can
affect resources throughout the entire system.

In contrast, the climate at the north rim (elevation
7800 to 8800 feet) is characterized by cold winters,
cool summers, and abundant precipitation with
snowfall. Average high temperatures range from
39 oF in winter to 75 oF in summer; low tempera-
tures range from about 18 to 43 OP. Average
annual precipitation is 33.6 inches. The south rim
(elevation 7000 feet) receives about 16 inches of

precipitation annually. Average high tempera-
tures range from 41 oF in winter to 84 op in
summer; average low temperatures range from
18 oF in winter to 54 oF in summer.

This EIS emphasizes the holistic pattern of system
behavior rather than impacts on separate
elements. However, it cannot provide a complete,
scientific study of the Grand Canyon ecosystem
because such an approach is too technically
detailed for the purpose and scope of this
document. Also, all the linkages among resources
of the Grand Canyon ecosystem are not fully
understood at this time. As discussed in
chapter II, a program of monitoring and adaptive
management is required to expand our under-
standing of how changes in processes affect this
system.

The Upper Colorado River Basin can be generally
classified as semiarid and the Lower Basin a:s arid.
The climate varies from cold-humid at the
headwaters in the high mountains of Colorado,
New Mexico, Utah, and Wyoming to dry-
temperate in the northern areas below the



The Glen Canyon Dam EIS focuses on the
following processes, resources, and their linkages:

Water Volume and Pattern
of Release

Water release and sediment transport patterns
Aquatic and terrestrial "indicator resources"
within the system

The system of concern in this study is the
Colorado River corridor-from Glen Canyon Dam
through Grand Canyon to Lake Mead-and
includes resources located in the river channel and
in a narrow band of adjacent land (figure 111-1).
Resources within this system depend on factors
outside these operationally defined boundaries,
including the physical and biological constraints
of Lake Powell and, to a lesser extent, Lake Mead
and tributaries such as the LCR.

The major function of Glen Canyon Dam (and
Lake Powell) is water storage. The dam is
managed to release at least 8.23 million acre-feet
(maf) of water annually to the Lower Basin. In
this EIS, riverflows below the dam are referred to
as releases or discharge. The measure of riverflow
is in cubic feet per second (cis). Annual and
monthly volumes are measured in acre-feet. To
put these relationships in perspective, Glen
Canyon Dam would have to release approxi-
mately 11,400 cis, 24 hours per day, every day of
the year to release 8.23 maf. The amount of water
and its pattern of release directly or indirectly
affect physical, biological, cultural, and recrea-
tional resources within the river corridor.

Predam flows ranged seasonally from spring
peaks sometimes greater than 100,000 cfs to winter
lows of 1,000 to 3,000 cfs. During spring
snowmelt periods and flash floods, significant
daily and hourly flow fluctuations often occurred.
While annual variability in water volume was
high, a generally consistent pattern of high spring
flows followed by lower summer flows provided
an important environmental cue to plants and
animals in the river and along its shoreline.

The Grand Canyon ecosystem originally
developed in a sediment-laden, seasonally
fluctuating environment. The construction of
Glen Canyon Dam altered the natural dynamics of
the Colorado River. Today, the ecological
resources of Grand Canyon depend on the water
releases from the dam and variable sediment
input from tributaries. The alternatives evaluated
through this EIS must take into account not only
the short-term needs of the environment but also
the long-term requirements for maintaining and
supporting the ecological elements of Grand

Canyon.
The frequency of daily and hourly fluctuations has
increased since the dam was completed. Water is
released to maximize the value of generated

power by providing peaking power during
high-demand periods. More power is produced
by releasing more water through the dam's
generators. Daily releases can range from 1,000 to
31,500 cfs, but actual daily fluctuations have been
less than this maximum range. These fluctuations
result in a downstream "fluctuating zone"
between low and high river stages (water level
associated with a given discharge) that is
inundated and exposed on a daily basis. For
purposes of this analysis, flows are defined as
fluctuating if they both increase and decrease
more than 2,000 cfs in a 24-hour period.

Lake Powell traps water, sediment, and associated
nutrients that previously traveled down the
Colorado River. mterruption of riverflow and
regulated release of lake water now support
aquatic and terrestrial systems that did not exist
before Glen Canyon Dam. Some changes are
lamented while others are valued. The following
discussion addresses the current systems, their
resources, and how dam operations affect them
either directly or through linkages among
resources. The present interactions among water
volume and release patterns, sediment transport,
and downstream resources have created and
support a complex system much different from
predam conditions.

Hydropower conserves nonrenewable fuel
resources and is cleaner, more flexible, and more
responsive than other forms of electrical
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Photo by Gary Ladd
Figure III-l.-Photograph of Colorado River corridor

looking downstream from Nankoweap Creek.
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developing and maintaining backwater fish
habitats, for transporting nutrients, and for
supporting vegetation that provides wildlife
habitat.

Large annual floodflows-sometimes greater than
lOO,OOO cfs-historically transported tremendous
quantities of sediment that accumulated in high
deposits and sometimes formed terraces. Wind
and water eroded these deposits after the return to
lower flows. Natural cycles of deposition and
erosion generally prevented establishment of
vegetation near the river.

generation. Glen Canyon Powerplant is an
important component of the electrical power
system of the Western United States. The
powerplant has eight generating units with a
maximum combined capacity of 1,356 megawatts.
When possible, higher releases are scheduled in
high-demand winter and summer months to
generate more electricity. Glen Canyon
Powerplant historically has produced about
$55 million in revenue in a minimum water
release (8.23-maf) year.

Glen Canyon Dam also affects downstream water
temperature and clarity. Historically, the
Colorado River and its larger tributaries were
characterized by heavy sediment loads, variable
water temperatures, large seasonal flow
fluctuations, extreme turbulence, and a wide
range of dissolved solids concentrations. The dam
has altered these characteristics. Before the dam,
water temperature varied on a seasonal basis from
highs around 80 op to lows near freezing. Now,
water released from Glen Canyon Dam averages
46 of year round. Very little warming occurs
downstream. Lake Powell traps sediment that
historically was transported downstream. The
dam releases clear water, and the river becomes
muddy only when downstream tributaries
contribute sediment.

Sediment supply and the river's capacity to
transport sediment (especially sand and larger
particles) both have been reduced. Maximum
water releases (31,500 cfs) are much lower than the
peak flows that occurred before Glen Canyon
Dam. During normal operations, the riverbed and
low elevation sandbars tend to build up (aggrade),
and high elevation sandbars tend to erode. The
only sources for resupplying sediment to the river
below the dam are tributaries-primarily the Paria
River, LCR, and Kanab Creek.

The 1983-86 floodflows (similar to predam spring
peaks) transported sand stored within the river
channel, eroded low elevation sandbars, and
aggraded high elevation sandbars in wide reaches.
In many places, vegetation that had developed
since darn construction was scoured, drowned, or
buried. Some archeological sites also were
damaged. The high elevation sandbars eroded
following the return to lower flows (as they did
predam). Because floods of predam magnitude
and sediment concentration can no longer occur,
erosion of high terraces will continue.

Sediment Transport and Its Effect on
Other Resources

Sediment can be considered a basic resource',
linked in some way to most of the resources
within Glen and Grand Canyons. The discussions
in this document deal mainly with sand-sized
particles, although all sizes of sediment-from the
smallest clays and silts to the largest boulders-
are important system components. Sediment
occurs both above and below the river's surj:ace,
and its transport and deposition are important
considerations in many resource analyses.

The future existence of Grand Canyon sandbars
depends on sand supplied from tributaries, daily
water release patterns, and the long-term
frequency and magnitude of flood releases from
the dam. Cycles of sediment deposition and
erosion are a natural process for rivers in the
Southwestern United States. High flows-
whether daily or annual-are necessary to
replenish sand deposits, but high flows occurring
too frequently in the dam-altered river will lead to
long-term net erosion.

Exposed and submerged sediment deposits
throughout Glen and Grand Canyons are very
important for cultural, recreational, and biological
resources. Sediment is critical for stabilizing
archeological sites and camping beaches, for
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Flows, Sediment, and Downstreann
Resources

The Colorado River is the main influence in this
dynamic ecosystem: changes in its flow ripple
outward to affect both aquatic (water) and
terrestrial (land) resources downstream. The
system now contains a mixture of native and
non-native plant and animal communities that
began developing prior to the dam, with the
introduction of non-native fish and vegetation.
Dam construction and operation further modified
this mixture and created the current system that is
supported by postdam conditions. The river is
forever changed. That change-brought about by
Glen Canyon Dam-permitted this ecosystem to
develop and establish itself.

Several species of fish, including trout, were
stocked in the Colorado River and some of its
tributaries before construction of Glen Canyon
Dam. Trout could not survive in the seasonally
warm, muddy river. The postdam conditions
described above, including the Cladophora-
diatom-Gammarus food chain, now support a blue
ribbon rainbow trout fishery in the Glen Canyon
reach below the dam. However, water quality
changes with distance from the dam, and aquatic
communities change in response. While water
temperature increases only slightly downstream,
sediment from tributaries accumulates, turbidity
increases, and the abundance of food-chain
organisms decreases. The sediment particles'
abrasive action also decreases the abundance of
food organisms. As their food supply decreases
downstream, trout decrease in abundance and
condition (figure 111-2).Aquatic Resources

Before the dam, eight native and several
non-native fish species inhabited the river. Today,
three native species have been extirpated, two are
listed as endangered, and one is a candidate for
listing under the Endangered Species Act. Two
natives remain relatively common in tributaries
and certain sections of the river. Non-native carp
and channel catfish also have declined, while trout
have increased. The reasons for extirpations or
declines are undoubtedly complex, but principal
known factors are competition and predation by

The predam aquatic system supported an array of
native and non-native fish. Non-native caq> and
channel catfish have probably been present since
the late 18{)()'s. Channel catfish comprised
90 percent of fish captures in Glen Canyon in the
late 1950's. At the time of the dam closure in 1963,
at least eight species of non-native fish also were
present in the system. During the 4 years follow-
ing dam closure, when water temperature still
varied seasonally from 45 to 70 oF, relative abun-
dance of native fish increased over non-natives in
the Glen Canyon area. By 1968, non-native fish
once again became more abundant than natives,
with trout dominating the now cold water system
immediately below the dam.

The biological foundation of the aquatic system in
the postdam Colorado River below Glen Canyon
Dam is Cladophora glomerata, a filamentous g;reen
alga. River conditions created by the dam--low
temperatures, nutrients from Lake Powell, and
clear water-make possible the abundant growth
of Cladophora. Cladophora filaments provide
attachment sites for diatoms and hiding places for
insect larvae. The non-native small crustacean,
Gammarus lacustris, feeds on diatoms and uses
Cladophora as a refuge. Together, Cladophora,
diatoms, and associated invertebrates (Gammarus
and insects) provide an important food source for
other organisms in the aquatic food chain.

Figure 1II-2.-As the river's sediment load
increases downstream, the abundance of

Cladophora, aquatic macroinvertebrates, and
rainbow trout decreases.



74 Chapter III Affected Environment

non-native fish and habitat changes brought about
by construction and operation of Glen Canyon
Dam. The following linkages are believed related
to changes in water quality .

.Low water temperature prevents mainstem
spawning and threatens survival of young fish,

.Low water temperature may affect food
consumed during certain fish life stages.

.Increased water clarity may make some native
fish more vulnerable to competition and
predation from non-native fish.

Flow fluctuations affect the spawning attempts of
all fish. Although the trout fishery is maintained
by stocking, mature trout attempt to spawn at
suitable river sites and in certain tributaries.
Rapid decreases in disdlarge can strand spawning
trout, and low river stages can expose their nests
and limit their access to tributaries. Fluctuating
releases also may affect fish access to tributaries
and backwater habitat. Flow fluctuations
destabilize backwaters and nearshore areas and
may force fish out of these more favorable habitats
into the harsher conditions of the mainstem.

Bald eagles-which only passed through Grand
Canyon before the dam-now stop during winter
at sites along the river to feed on spawning trout
and fish stranded by fluctuating flows
(figure 111-3).

Because of cold water temperatures, suitable
habitats for young native and non-native fish in
Grand Canyon are confined to tributaries,
tributary mouths, and backwaters. Reproduction
of warmwater fish species is restricted to within
the tributaries, which are mostly outside the
influence of the dam.

Water release patterns also affect recreation.
Three groups account for almost all recreational
use of the Colorado River corridor: anglers, day

The slow-moving water in backwaters and
nearshore areas protects young fish from the
stress and dangers of the main channel. Under the
proper conditions, backwaters have higher water
temperatures than the main channel and better
food conditions for young fish.

Those native fish populations that remain iJ1
Grand Canyon may derive some indirect pro-
tection from cold water releases. Year-round
releases of uniformly cold water may discourage
further invasion and reproduction of warm water
non-native fish that prey on native fish or compete
with them for food or other resources.

Figure IlI-3.-The effects of dam operations on
linkages behveen aquatic and terrestrial
resources are exemplified by the trout fishery.
Fluctuating flows can affect food abundance,
trout spawning in the river and tributaries, the
availability of trout as prey for eagles, and the
sport fishery. These resources were not found
in the Colorado River corridor through Grand
Canyon before construction of Glen Canyon
Dam.

Not only do the physical characteristics of water
.affect aquatic resources, but how water is released
from the dam also affects them. For example,
periods of exposure can adversely affect
Cladophora and its associated invertebrates
through drying, freezing, or ultraviolet light.
Fluctuating discharges may dislodge segments of
Cladophora and temporarily increase drifting
clumps of this important food-bearing resource
downstream for trout and other organisms. The
fluctuating zone supports fewer aquatic inverte-
brates than those sites that remain continuously
inundated. Insect larvae are uncommon in the
fluctuating zone.
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rafters, and white-water boaters. Most trout
fishing occurs in the 15-mile Glen Canyon reach
below the dam. While some bank fishing occurs,
most anglers are also boaters who motor upstream
from Lees Ferry .Low flows can expose sub-
merged cobble bars and make navigation difficult.

Riparian vegetation in the NHWZ grows on
sediment deposits. While high flows can rapidly
and dramatically restructure sandbars and
associated riparian vegetation, daily dam release
patterns influence the distribution of plants on
sediment deposits. Below the level of maximum
flow, sediment deposits are unstable and
generally unsuitable for the establishment of
woody vegetation. NHWZ plants grow in the
area between the river's maximum stage and the
level where limited ground water no longer

supports growth.

Terrestrial Resources

Emergent marsh vegetation, such as cattails, often
develops in areas with low water velocity , high
concentrations of silt and clay, and a reliable water
supply-typically backwaters. Under fluctuating
dam releases, these important sites are periodic-
ally flooded and dewatered, allowing patches of
emergent marsh plants to become establish'ed.
Marshes probably did not occur in Glen and
Grand Canyons before dam construction. Even
though emergent marsh vegetation now makes up
less than 2 percent of the total riparian vegetation,
it greatly enhances plant diversity in the river
corridor.

Riparian (near water) vegetation is a major
terrestrial "indicator resource" below the dam.
Before Glen Canyon Dam, seasonally high
riverflows reworked sediment deposits and
scoured most vegetation from the river corri.dor
below the 100,0 00- to 125,OOO-cfs river stage
elevation. The only riparian vegetation present
along the river developed above this scour 2:one in
what is known as the old high water zone
(OHWZ). Dominant plants in the OHWZ include
acacia, mesquite, and hackberry .

While riparian vegetation supports its own insect
populations, it also provides habitat for insects
emerging from the river. Structural diversity of
the riparian plant communities and abundant
invertebrates make the riparian zone-especially
the NHWZ vegetation resulting from dam-
regulated flow&-valuable wildlife habitat. The
riparian zone is attractive to mammals because it
provides them with cover and food, and some
mammals-like bats-eat the abundant insects in
the river corridor.

Following dam construction, protection from
annual high flows permitted riparian vegetation
to develop below the OHWZ in what has become
known as the new high water zone (NHWZ).
Today, this new zone of vegetation provides over
1,000 acres of additional habitat for native wildlife
A mixture of native and non-native plant species
provides habitat for numerous species of
mammals, birds, amphibians and reptiles, and
terrestrial invertebrates. Many of these plants and
animals have cultural significance to Native
Americans.

Riparian vegetation reflects water flow patterns
and sediment dynamics and is an excellent
example of how system processes affect linked
resources. High flows transport available
sediments. Some sediments are deposited and
become sandbars after flows recede, while other
sediments are carried out of the system to bE!COme
part of Lake Mead's delta. Before the dam, annual
high flows carried large sediment loads through
Glen and Grand Canyons, scouring or burying
any vegetation below the OHWZ. With the dam,
flows are regulated, sediment supplies are limited,
and riparian vegetation has established in the
NHWZ.

Birds are more dependent than mammals on
riparian vegetation for cover, specifically nesting
cover. Over half of the bird species nesting along
the river corridor nest in riparian vegetation.
Many birds eat insects or feed insects to their
young, relying on the river and riparian vegeta-
tion for this important food. Some breeding bird
densities in the riparian zone are among the high-
est recorded for their species. One of the highest
known densities of peregrine falcons in North
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America resides in Grand Canyon, feeding on the
swallows, swifts, and bats there (figure 111-4).

The reader should keep in mind that this system
exists within the boundaries of conditions dictated
by Glen Canyon Dam. None of the alternatives
considered in this EIS has the potential to return
the system to predam conditions. Well-defined
volumes of cold, clear water annually pass
through Glen and Grand Canyons. Native and
non-native fish that could not tolerate these
conditions have declined or disappeared from the
canyon. Other species and communities that were
rare or nonexistent before the dam are now
abundant: Cladophora, Gammarus, trout, bald
eagles, peregrine falcons, and riparian vegetation
and its wildlife in the NHWZ. The following
discussions present the details surrounding the
affected resources necessary to understand and
evaluate the effects of each alternative.

The importance of riparian zone resources as
wildlife habitat is easily demonstrated by the
distribution of four common lizards. These
species are most abundant near the shoreline
where invertebrates, including insects, are
common. Densities of lizards in some Colorado
Riyer corridor locations are higher than anywhere
else in the Southwest.

Summary

As described above, the processes (water releases
and sediment transport) that control downstream
resources and the resources themselves (water,
sediment, fish, vegetation, and wildlife and their
habitat) are interconnected within a system
operationally defined as the Grand Canyon

ecosystem.
WATER

Swifts and

~

Most of the Colorado River water flowing into
Lake Powell and ultimately released into Glen
Canyon originates in the Rocky Mountains.
Runoff from spring snowmelt in the Rockies is
high during April through July, and flow in the
Colorado River above Lake Powell reaches its
annual maximum, then recedes for the remainder
of the year. During the summer and fall,
thunderstorms cause flooding in tributaries
originating on the Colorado Plateau, producing
additional peaks in the river, but usually smaller
than the snowmelt peaks and of much shorter
duration. Since Glen Canyon Dam was completed
in 1963, flows immediately below the dam have
consisted almost entirely of water released from
Lake Powell. Downstream, the river gains
additional water from the few perennial
tributaries, ground-water discharge, and
occasional flash floods from side canyons.

Flow regulation by the dam has resulted in a
slight increase in median flows and a large
decrease in the magnitude and frequency of major
floods in the Colorado River, although flash floods
in tributaries continue to produce temporary
uncontrolled peak flows in the river. Because
demands for hydroelectric power determine the

Figure 1II-4.-Insects are an important linkage
between aquatic and terrestrial systems in
Grand Canyon. Some insects emerge from
the river as adults and become food for
various wildlife species using the river
corridor. For example, swallows, swifts, and
bats feed on emerging insects; peregrine
falcons, an endangered species, feed on these

foraging species.
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hourly schedule of discharges, water releases vary
over a 24-hour cycle. The peak daily discharge
below the dam generally occurs in the daytime,
and the minimum discharge occurs at night. The
times at which the peak and minimum occur
downstream vary with distance from the dam.

additional resource management agencies and
organizations were invited and became involved.

This section provides historic perspectives on the
following water issues:

.Streamflows

.Floodflows and other spills

.Reservoir storage

.Water allocation deliveries

.Upper Basin yield determination

.Water quality

In addition to reservoir capacity , annual runoff,
and discharge capacity , Glen Canyon Dam
operations also are affected by legal and
institutional constraints specified in various
Federal laws, interstate compacts, international
treaties, and Supreme Court decisions-the "Law
of the River."

Streamflows

The closure and water release management of
Glen Canyon Dam have affected Colorado River
flows in Glen and Grand Canyons. Figure 111-5
illustrates the changes in the pattern of annual
flows at Lees Ferry for the predam period (from
1922, when continuous records began, through
1962) and postdam period (1963-89).

Predam Streamflows

Section 602 of the Colorado River Basin Project
Act (Public Law 90-537) directed the Secretary of
the Interior to develop operating criteria to
comply with and carry out the provisions of the
Colorado River Compact, the Upper Colorado
River Basin Compact, and the Mexican Water
Treaty. This resulted in the 1970 Criteria for
Coordinated Long-Range Operation of Colorado
River Reservoirs (Long-Range Operating Criteria).
These Long-Range Operating Criteria cover the
coordinated operations of the Upper Basin
reservoirs and Lake Mead and are reproduced in
attachment C.

Predam flows were characterized by large
year-to-year and seasonal variability (figure 111-6).
Melting of the mountain snowpack typically
produced high runoff of long duration during the
late spring and early summer. Spring flows often
were characterized by double peaks. Annual
maximum daily flows greater than 80,000 cfs were
not uncommon; in some years they exceeded
100,000 cfs. In contrast, flows less than 3,000 cfs
were typical throughout late summer, fall, and
winter. Figure 111-7 illustrates the occurrence of
predam and postdam daily flows for 4 repre-
sentative months (the higher flows are shaded
darker) and shows that spring flows were much
higher and winter flows much lower predam than

postdam.

The Long-Range Operating Criteria are subject to
review at least every 5 years. The most recent
review was completed in 1993. As part of the
review process, comments are invited and
received from numerous individuals and groups.

In 1985, the Colorado River Management Work
Group was formed to "seek consensus regarding
operating flexibility available in the existing
operating criteria and to develop procedures and
analytical tools to be used for formulating future
annual operating plans'l (Bureau of Reclamation,
1986). Since formation, the work group has met
several times each year to develop annual
operating plans and to conduct studies with the
objective of improving overall operations. Until
recently, the work group has consisted principally
of representatives of the Basin States, Bureau of
Reclamation (Reclamation), and the Western Area
Power Administration (Western). In 1991,

Throughout most years, an additional variability
pattern was superimposed on the general seasonal
pattern of predam flows, particularly during the
summer-fall monsoon season. Increases and
decreases of short duration, but occasionally very
high magnitude, commonly occurred (and still do)
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at intervals of a few days or less due to floods
from tributaries-perennial tributaries such as the
Paria River and LCR and hundreds of usually dry
side canyons. Thus, while predam flow did not
resemble the daily fluctuations of dam operations,
neither was it steady, as shown in figure III-6.

Table 111-1.-High predam and postdam
Colorado River flows below Glen Canyon Dam

(daily values)

Percent of
days 33,200 cfs

exceeded
Maximum flows

(cfs)

Predam Postdam Predam Postdam
Month (1922-62) (1963-89) (1922-62) (1963-89)

April 16 0 75,000

May 61 9 119,000 48,000

June 77 13 124,000 93,000

Before closure of Glen Canyon Dam, flows below
the damsite typically exceeded 33,200 cis

(powerplant capacity) during April through July.
Occasionally, flows exceeded 33,200 cfs in August
and into the fall in response to floods from
tributaries-mainly the Paria River and LCR (a
few of the largest floods in the LCR have occurred
in mid-winter). Table 111-1 summarizes maximum
predam and postdam flows and the frequency
with which powerplant capacity was exceeded.
These data show that high flows were larger and
more frequent before the dam was built.

July 17 7 119,000 88,000

August 3 2 65,000 45,000
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Figure IlI-5.-The pattern of annual flows at Lees Ferry changed with
completion of Glen Canyon Dam in 1963.
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Lake Powell began storing water in March 1963
and filled in June 1980. Very little water was
released through Grand Canyon for the first
2 years after dam closure (about 2.5 maf each
year). In 1964, Lake Powell achieved the
minimum elevation necessary for power
production (3490 feet). Since 1965, the minimum
annual release from Glen Canyon Dam has been
about 8.23 maf, and variability in annual releases
has been reduced. Figure 111-7 compares the
postdam daily flows with predam flows. Of
particular note is the substantial reduction of high
spring flows in the postdam period.

Monthly Streamflow. Predam monthly flow
volumes reflect high spring flows and low winter
flows. Table 111-2 presents predam and postdam
median monthly volumes for representative
months of the four seasons. Postdam volumes
have been much less extreme than predam
volumes.

Table 111-2.-Median predam and postdam
monthly flows at Lees Ferry

(1 ,000 acre-feet)

Predam

(1922-62)

Postdam

(1963-89)

Fall (October)

Winter (January)

Spring (May)

Summer (July)

412

319

609

745

2,805 845

1,357 827

Hourly Streamflow. Figure 111-8 shows the daily
range in flows for low, moderate, and high water
release years. The range is represented by a plot-
ting of the lowest and highest hourly releases for
each day of the water year. Greater fluctuations
occur in years with low and moderate release
volumes. See chapter II (figure II-4) for typical
daily fluctuations during 24-hour periods with
high, moderate, and low daily release volumes.

Figure Ill-6.-Predam stage hydrographs at
Phantom Ranch. Day-to-day variations
caused by tributary floods are superimposed
on the seasonal variation caused by snowmelt
in the Rocky Mountains.

Postdam Streamflows

Daily flow maximums, minimums, and
fluctuations are important when comparing
EIS alternatives. Figure 1I-5 in chapter II shows
postdam daily occurrences of these parameters by
month. Table 111-3 provides such postdam daily
occurrences by season.

Historic operations (prior to existing interim
flows) are described under the No Action
Alternative, chapter II. Additional historical
perspective on monthly and hourly releases is
provided here.
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Daily Flows (1000 ,
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Figure 1II-7.-Predam and postdam daily flows at Lees Ferry (percent of
days that the specified flows occu"ed).

releases are ramped downward as the electrical
demand diminishes. Ramp rates are of concern
because of their effects on sediment, aquatic
resources, rafting, and fishing downstream of the
dam. The historic down and up ramp rates are
shown in chapter II (figure II-6).

Rate of Change in Streamflow (Ramp Rate). The
ramp rate is the rate of change in instantaneous
discharge to achieve either higher or lower
releases in responding to electrical load. The
principal times of change are in the morning,
when the releases are ramped upward to respond
to the peak daytime demand, and at night, when
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Table 111-3.-Historic minimum and maximum hourly
releases and daily fluctuations. 1965-89

(percent of days)

Minimum hourly releases

<5,000 cfs <8,000 cfs

height) decreases. The rising limb of the flow
fluctuation, or wave, becomes steeper, and the
falling limb becomes flatter. Such changes are
important considerations for determining impacts
on sediment resources, fish habitat, riparian
habitat, and recreation. See Appendix B,
Hydrology, for additional information about wave
transformation. ,Fall (October)

Winter (January)

Spring (May)

Summer (July)

70

54

81

76

6444 Travel Time of Water

49 66

Maximum hourly releases

>20,000 cfs >25,000 cfs

Fall {October)

Winter {January)

Spring {May)

Summer {July)

32

64

11

39

9699

70 47

Daily fluctuations

>8,000 cfs >12,000 cfs >20,000 cfs

Information about travel time of water released
from the dam to sites of interest downstream is
important for assessing water quality and
sediment transport. Travel time is determined by
water velocity, which varies with discharge.
Dissolved materials, such as oxygen or a tracer
dye, travel at the same velocities as the water in
which they are mixed. Suspended materials, such
as silt, tend to travel at slightly lower velocities,
and floating materials-when not trapped in an
eddy-travel at the highest water velocities at the
water surface. The energy waves produced by
fluctuating releases from the dam, however, travel
at substantially greater velocities than the water
that initially forms them, so wave travel times
through a given reach are much shorter than
travel times of the released water. Additional
information about travel time of water is provided
in appendix B.

Fall (October)

Winter (January)

Spring (May)

Summer (July)

77

83

49 7

69

49

67

23

74 10

2283

Tributary Flows
Downstream Transformation of Fluctuating
Releases

Daily fluctuations in releases from Glen Canyon
Dam produce long waves that travel the length of
the canyon. To an observer at a fixed location,
these waves resemble ocean tides. The waves
produced by fluctuating releases transfer the
energy of the released water downstream by
continuously displacing an equivalent amount of
water. As a wave passes a fixed location, an
observer sees displaced water, not the released
water that initially formed the wave.

Principal tributaries to the Colorado River below
Glen Canyon Dam are the Paria and Little
Colorado Rivers, and Bright Angel, Tapeats,
Kanab, and Havasu Creeks. Streamflow records
are available for the Paria River (at Lees Ferry), the
LCR (near Cameron, Arizona), and Bright Angel
Creek (near Grand Canyon). Table 111-4 presents
USGS water records for maximum and minimum
flows by day, month, and year for each of these
tributaries.

Floodflows and Other Spills
The size and shape of the waves change as the
waves travel downstream. Minimum flows at
wave troughs increase with distance below the
dam, and the range in flow fluctuation (wave

Floodflows are defined in this EIS as flows in
excess of the powerplant capacity of 33,200 cfs
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Figure 1II-8.-The magnitude of daily fluctuations has been greater for
low to moderate release years than for high release years.

Spills other than floodflows are excess annual
release volumes greater than legally required
owing to scheduling difficulties.

The ideal operating plan would enable Lake
Powell to fill each year without risking floodflows.

Floodflows are undesirable because they move
sediment out of the system, they bypass the
powerplant, and they exceed diversion capacities
( often causing loss of downstream water uses).
Unfortunately, inflow forecasts have a large
degree of uncertainty , which increases the risks of
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Table 111-4.-Recorded flows of principal tributaries to the
Colorado River in Grand Canyon through 1990

Little

Colorado

River

(1947-90)

Bright
Angel
Creek

(1923-74)

Paria

River

(1924-90)

Minimum day (cfs)
Maximum day (cfs)

0

18,400

10

2,5006,750

Minimum month (acre-feet)
Maximum month (acre-feet)

119

24,596

O

257,766

795

30,019

Minimum year (acre-feet)
Maximum year (acre-feet)

8,280
45,900

16,873
815,855

10,562

62,845

begirming in 1976 and a more recent one that
started in 1988. Lake Powell first filled in 1980
and, under historic and present operations, is not
allowed to exceed 22.6 maf on January 1 to allow
receiving spring inflows. A typical storage
pattern is to draw the reservoir down begirming in
July or August through February or March of the
next water year. With spring inflow beginning in
March or April, Lake Powell begins to rise to its
maximum storage in June or July. During
drought periods, its annual increase in storage is
very slight or nonexistent.

either flood releases or not filling the reservoir.
Since the closure of Glen Canyon Dam, floodflows
(releases in excess of powerplant capacity-
33,200 cfs) have occurred almost exclusively in the
months of May, June, July, and August.

The present methods of scheduling releases to
avoid floodflows are discussed under the
No Action Alternative in chapter II. These
operating measures are thought to provide
protection against floodflows for all years except
those with extreme inflows compounded with a
high forecast error. If the reservoir was near full
when such hydrologic events occurred, floodflows
would be difficult, if not impossible, to avoid.

Lake Mead is somewhat insulated against
dramatic drawdowns due to drought because of
the minimum annual release requirement from
Lake Powell under the Long-Range Operating
Criteria. Also, annual fluctuations at Lake Mead
are smaller than those at Lake Powell. Storage in
Lake Mead rises and falls as a result of scheduled
releases from Lake Powell and Lake Mead to meet
downstream demands or to comply with flood
control regulations.

Reservoir Storage

If monthly release volumes were altered, storage
patterns at Lake Powell within the year could be
affected. Further, if annual release volumes were
changed (such as by increasing or decreasing
spills), carryover storage from one year to the next
could be affected. Storage amounts in Lakes
Powell and Mead are operationally tied together
because the Long-Range Operating Criteria re-
quire storage equalization between the two reser-
voirs under certain conditions. Figure 111-9
presents the end-of-month storage in the two
reservoirs since 1963.

Water Allocation Deliveries

Water allocation deliveries are the deliveries of
Colorado River water to entities in the seven
Colorado River Basin States and Mexico, in
accordance with the "Law of the River ."

Since first reaching storage equalization with Lake
Mead in 1974, Lake Powell has had two significant
periods of drawdown due to drought-one

In recent years, Lower Basin water demands have
approached their 7.5-maf entitlement, thus
requiring rationing and innovative solutions to
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-Historic Colorado River consumptive water use, Lower Basin 1

(in 1 ,000 acre-feet)

Table 111-5.

Mexico

Excess2Year Arizona California Nevada Total Basic

Basic

apportion ment

1986

1987

1988

1989

1990

1991

2,800

1,357

1,734

1 ,923

2,230

2,260

1 ,864

4,400

4,804

4,891

5,040

5,144

5,219

5,006

300

112

109

129

156

178

180

7,500

6,273

6,734

7,092

7,530

7,657

7,050

1,500

1,700

1,700
1 ,700

1,500

1,542

1,521

9,224
3,044

759
228
134
141

1 Published in accordance with the Supreme Cour1 decree in Arizona v. California.
2 Includes amounts ranging from 98,000 to 148,000 acre-feet per year pursuant to minute No.242 of the Mexican Water Treaty.

Table 111-6.-Colorado River consumptive water use, Upper Basin

(in 1 ,000 acre-feet)

Year Arizona Colorado New Mexico Utah Wyoming Total

Basic
apportionment 1

1981

1982

1983

1984

1985

50
42
40
42
44
44

3,079.5

2,086
2, 106

1,920
1 ,865

1 ,994

669.5

342

425

426

417

401

1,368
782

746

718

762

879

833
341
330
346
307
336

6,000

3,551

3,607

3,410

3,351

3,610

1 In accordance with 1988 hydrologic determination.

Water QualityThe determination concluded that annual water
depletion for the Upper Basin reasonably can be
allowed to increase to 6 maf. The determination
further certifies the availability of interim excess
supplies of 69,000 acre-feet annually through
year 2039 for marketing in New Mexico. Subsec-
tion (b) of article II of the Upper Colorado River
Basin Compact permits New Mexico (or any other
Upper Basin State) to use water in excess of its
percentage allotment, provided such excess does
not prohibit any of the remaining States from
using their allotment.

The study area for evaluation of water quality
includes Lake Powell and the Colorado River and
its tributaries between Glen Canyon Dam and the
inflow area of Lake Mead. This section describes
chemical, physical, and biological characteristics
of the study area and their influence on river
system water quality .More detailed information
can be found in Appendix C, Water Quality.

Lake Powell

Lake Powelllimnology-Qr water quality and
aquatic ecology-is a story of change, both over
years and seasons. Changes include:

Any reduction in the 6-maf determination (as a
result of implementation of an alternative or
otherwise) would cause a corresponding
reduction in the 69,000 acre-feet determined to be
available to New Mexico through 2039.
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Thus, winter inflows travel primarily along the
bottom of Lake Powell, pushing oxygen-poor,
saline water up toward the penstock intakes. Late
summer inflows are intermediate in density and
travel about mid-depth in Lake Powell.
Figure 111-10 illustrates these general current

patterns.

.The reservoir's stages of development, from
initial filling to a full reservoir, and subsequent
stages of drawdown and refilling

.Seasonal changes in climate

.Variable quality and quantity of inflow

Lake Powell was filling nearly continuously
from 1963 unti11980. Through 1982, the reservoir
periodically stratified into chemical layers through
most of the year and thermal layers from spring
through early fall. The depth of stratification
was to about the penstocks. The reservoir
completely filled and spilled for the first time in
1980 and remained full through 1987. Releases
through the river outlets and spillways during the
1983-84 high flows helped flush out the reservoir
and mix the layers, forestalling stratification for
over a year. The major drought in the Southwest
that began in 1987 caused the elevation of Lake
Powell to drop over 80 feet from full pool between
1988 to 1992. Lake Powell has reestablished its
stratifications, but winter vertical mixing has not
been strong enough to mix as thoroughly.
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Long-term hydrologic cycles cause large changes
in reservoir depth and volume which influence
vertical mixing, nutrient distribution, sedimenta-
tion patterns, and circulation in the reservoir.

Inflows. The Colorado River is the major tributary
to Lake Powell, followed by the Green River-
which joins the Colorado River upstream of Lake
Powell-and the San Juan River. Together, the
three tributaries contribute about 95 percent of the
total reservoir inflow. Each tributary has a unique
chemical, physical, and biological composition
stemming from diverse basin geology , develop-
ment, and seasonal and annual hydrologic
variations, among other factors.
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Figure 1II-10.-Generalized seasonal circu-
lation patterns in Lake Powell (modified
from Merritt and J ohnson, 1977).

Three distinct seasonal inflows from the Colorado
River form currents which travel in different ways
through Lake Powell. Spring inflows are warm
and less dense than the cold reservoir water,
allowing the inflow to flow over the top of the
reservoir surface. These inflows may reach the
dam in 2 to 7 months, depending on the volume of
water in the reservoir and amount of spring
inflow. In contrast, winter inflows are cold and
saline, so they are denser than reservoir water.
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When reservoir water is drawn through the
penstock intakes at elevation 3470 feet--0r about
230 feet below full pool-a withdrawal current
forms, which further influences other currents in
Lake Powell. The vertical extent of the with-
drawal current increases with the amount of dis-
charge and reaches a maximum of about 100 feet
above and below the intakes Oohnson and Merritt,
1979). The intakes usually withdraw water from
within the bottom layer of the lake, the hypolim-
nion, which is discussed later in greater detail.

decreases with depth, so Lake Powell is thermally
stratified through much of the year. The epilim-
nion is the topmost and warmest layer, ranging
from 30 to as much as 80 feet in depth (J ohnson
and Merritt, 1979). However, the thickness varies
with seasons and location (Hammer and
MacKichan,1981). Although temperatures within
this layer vary slightly with depth, summer
temperatures reach about 80 of, and winter
temperatures may drop to 45 Of. Temperatures of
45 of or less can be lethal to the threadfin shad,
which comprise much of the prey base for the
Lake Powell sport fishery .The metalimnion, or
the middle layer, often ranges from 30 to as much
as 80 feet in depth. Here sunlight is limited, and
water temperatures decrease with depth. The
hypolimnion, or bottom layer, is too deep for
sunlight to reach, and water temperatures remain
nearly constant at about 46 of. This uneven heat
distribution also creates circulation in the
reservoir.

Studies. Lake Powelllimnology has been studied
at various levels of detail since about 1968,
providing a basic background of some limno-
logical components and processes at particular
stages of reservoir development. Reservoir
fisheries have been studied in greatest detail.
Since about 1972, Reclamation's water quality data
collection program has focused on salinity and
temperature; dissolved oxygen (DO), circulation,
and other data also were collected. Recently, the
Lake Powell Monitoring Program has been
gathering data at more regular intervals.
Short-term and single-event studies, often not
conducted reservoir wide, have provided
additional information on nutrients, plankton,
sediment chemistry , pH, and trace elements such
as mercury, selenium, and lead. The U.S. Fish and
Wildlife Service (FWS) also has collected fish
samples for trace chemical analysis, and NPS
conducts bacteriological studies in recreation
areas for human health concerns.

Nutrients. Most of the incoming nutrients to Lake
Powell are associated with or attached to
sediments, and essentially all sediment settles to
the reservoir bottom. Lake Powell retains over
97 percent of the inflowing phosphorus, primarily
with sediments (Miller et al., 1983). Algae cannot
readily consume nutrients attached to sediments.
Nutrient concentrations near the surface are high-
est during June and July, stimulating growth of
plankton. As plankton populations grow, the
nutrient supply diminishes. Typically, planktonic
algal blooms occur in the summer, mainly in shal-
low, sunny inflow areas where tributaries enter
the reservoir carrying nutrient-rich sediments.

Since data was not collected at regular intervals,
limited comparisons may be made between
seasons and years. Accordingly, general
statements characterizing all components and
processes of reservoir limnology and quantitative
predictions of future changes cannot be made
with confidence. In the absence of a complete
data history, alternate means were used to assess
past and future conditions, such as comparing the
characteristics of Lake Powell with other
reservoirs and lakes.

Temperature. Most of Lake Powell is extremely
clear; sunlight penetrates to depths of 82 to
113 feet. Sunlight's ability to warm water

Other Characteristics. Other water quality
characteristics also vary with reservoir depth.
Atmospheric reaeration and wind-induced mixing
of reservoir water is limited to the epilimnion,
thus restricting reaeration of deeper water
throughout the summer. The shallow epilimnion
is generally well oxygenated, averaging over
8 milligrams per liter (mg/L). 00 concentrations
in the metalimnion may range from 5 to 10 mg/L,
except when associated with the summer
development of the minimum DO layer, described
below. Concentrations of 00 deep in the
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hypolimnion can be as low as 2 to 3 mg/L, and
overall water quality remains nearly constant in
this layer. Salinity, nutrients, selenium, and
mercury concentrations are highest in the
hypolimnion and lowest in the epilimnion.

The intakes withdraw water mostly from the
hypolimnion when Lake Powell's elevation is
above about 3590 feet. As Lake Powell is drawn
down (below 3590 feet), the reservoir surface
drops, and water may be withdrawn from'the
metalimnion and epilimnion, where reservoir
water differs in quality .A 00 minimum layer periodically develops in the

metalimnion between 45 and 60 feet below the
reservoir surface during the summer with
concentrations as low as 2 mg/L (Johnson and
Page,1981). Its formation results from DO con-
sumption by algae, bacteria, zooplankton, fish
respiration, and the chemical processes of organic
decay. The DO minimum layer typically begins
forming in tributary inflow bays and may extend
over most of the reservoir by September.

A water quality inventory conducted for Lake
Powell analyzed tributary delta sediments and
surface and bottom waters for lead, mercury ,
selenium, and other trace elements primarily
associated with sediments (Kidd and Potter, 1978).
This study concluded that Lake Powell traps most
of the elements investigated, except lead. More
dissolved lead left the reservoir than came in,
attributable to gas spills from boating. Mercury
and selenium occur naturally in the Colorado
River Basin and accumulate in tissues of living
organisms in the lake (Wood and Kimball, 1987) .

Most of Lake Powell's influences on the Colorado
River below the dam center on flow, sediment,
and water quality .Reservoir releases have
changed variation and magnitude of downstream
riverflow, turbidity, temperature, salinity ,
nutrients, and other water quality characteristics.
Below the dam, both temperature and salinity
change little with the seasons. Salinity fluctua-
tions downstream now vary less over several
years than the predam cycles changed in months.
Downstream salinity is of major economic
significance to water users in the Lower Colorado
River Basin because high salinity causes problems,
such as damage to irrigated crops and municipal
water systems.

River temperatures at Lees Ferry are inversely
related to Lake Powell water surface elevations.
Releases from Glen Canyon Dam have ranged
from 43 to 54 OF and average about 46 oF. River
temperatures increase slowly downstream of the
dam but seldom exceed 60 op at Diamond Creek,
about 240 miles downstream (Sartoris, 1990). The
greatest warming occurs during June through
August. The average annual downstream river
temperature is about 55 OF (48 to 62 OF), and actual
river temperatures have deviated very little in
recent years (Sartoris, 1990). As the reservoir
surface elevation falls below 3590 feet, release
temperatures, and thus river temperatures, begin
to rise measurably.

Lake Powell also traps sediment. It is estimated
that within about 300 to 500 years, sediment will
fill the reservoir to near the elevation of the
penstocks. As the lake fills with sediment, the
reservoir will shrink-affecting changes in
temperature distribution, DO and nutrient
content, circulation, plankton communities, and
other reservoir components.

Colorado River Below Glen Canyon j~am

Two major influences on Lake Powell and
downstream water quality are:

Releases from Glen Canyon Dam are relatively
clear, lacking nutrient-rich sediments or any algae,
and are resultingly low in nutrients. The clear
water allows greater sunlight penetration,
enhancing productivity in spite of low nutrient
concentrations. Tributaries below the dam have
somewhat higher nutrient concentrations than the
mainstem, yet contribute little to overall main stem
nutrient concentrations.

Reservoir elevation (the amount of water in
Lake Powell)
The intake level where water is withdrawn
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as campsites by boaters and are substrate for
vegetation and wildlife habitat. Next in size are
the gravels and cobbles, which-together with
small boulders-armor the streambed in some
places. Some fish species use shallow gravel beds
for spawning.

the Paria River and the LCR. Together these
rivers have delivered an average of 12 million tons
per year of sediment to Grand Canyon since 1941

(Andrews,1991a).

Most of the sediment delivered to and transported
by the Colorado River is silt and clay. Because
these finer particles can be carried in suspension
by most dam releases, the quantity of silt and clay
transported depends mainly on tributary supply.
Although sandbars along the banks of the Color-
ado River contain some silt and clay, their exist-
ence primarily depends on the transport of sand.

The largest particles are boulders, some larger
than automobiles, which fall from the canyon
walls or reach the river in debris flows from steep
tributary canyons. Boulders create and modify
most of the major rapids and are a major factor in
the creation of sandbars. Although its riverbed is
bedrock in some places, the Colorado River
generally is a cobble- and gravel-bed stream,
through which sand is transported. Sand is stored
throughout Grand Canyon in "patches" on the
riverbed and in eddies (Graf et al., 1993).

As bed-materialload (mainly sand and gravel)
enters the Colorado River from the tributaries, it
begins the long and slow journey to Lake Mead.
During the course of this journey, sand particles
may go through numerous cycles of temporary
transport and deposition. The riverbed is made
up of bedrock, boulders, cobbles, gravel, and
sand. The location of these materials depends on
the local geology, river velocity, and the supply of
incoming sediment. The riverbed is highly
irregular and contains many deep pools, rapids,
and eddies, where sands, gravels, and cobbles are
stored during periods of low discharge (Graf et al.,

1993).

The river's capacity to transport sediment
increases exponentially with the amount of water
flowing in the river. All sediment particles weigh
more than water, so they tend to settle to the
bottom. The turbulence of flowing water is the
uplifting force that causes sediment particles to be
carried in suspension or roll along the strearnbed.
The greater the river's flow, the greater the
velocity and the greater the turbulence. Clayand
silt particles commonly are carried in suspension
by nearly all dam releases. Flows in the river
often are large enough to carry sand grains in
suspension or to roll them along the riverbed,
depositing the grains temporarily in areas where
water velocity is insufficient to move them. Even
larger flows and velocities are needed to move
gravel and cobbles. The largest boulders remain

Because of reduced capacity to transport sand, the
Colorado River now can store more sand and
larger-sized sediments in low velocity areas. The
amount of sand stored within the riverbed each
year depends on the tributary sand supply (which
is highly variable), the pattern of water release,

source for building sandbars during periods of
high releases. The probability of net increase in
sand stored in the river channel is used as an
indicator of impacts of the alternatives.

Riverbed Sand

Delivery to the Colorado RiverThe decreased annual peak flows reduced the
river's capacity to transport sand (figure lII-l1).
Measured suspended sediment loads (sand, silt,
and clay) at Phantom Ranch averaged 85.9 million
tons per year during 1941-57. Since constru(iion
of Glen Canyon Dam, this average has been
reduced to an estimated 11 million tons per :year,
approximately 70 percent of which comes fr,Dm

The quantity of sand stored in a given reach-and
thus available for deposition on sandbars-
depends upon the supply of sand from the
upstream channel and tributaries and the rate at
which sand is removed from the reach by
transport downstream.
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Figure III-11.-Annual peak flows (a) ana' estimated sand transport capacity (b) for the Colorado
River at Lees Ferry from 1922 to 1990, both of which have been substantially reduced since dam
closure. Sand transport capacity wa:; estimated from an accumulation of daily sand loads.
Daily loads (both predam and postdtjim) were determined from mean daily flow at Lees Ferry,
using the Pemberton (1987) sand loaa' equation for Phantom Ranch. Actual predam loads may
have been greater than those computed, and actual postdam loads much smaller than
computed. Postdam transport capac1!ty at Lees Ferry is much greater than sand supply.

Many tributaries supply sediment, including sand,
to the Colorado River downstream from Glen
Canyon Dam. The Paria and LCR are estimated to
supply over 70 percent of the total sediment (sand,
silt, and clay) entering Grand Canyon. Other
tributaries typically deliver sediment during flash
floods or debris flows. There are no tributaries
that deliver substantial quantities of sediment

between the dam and the Paria River, although
sediment occasionally is delivered to that reach by
side-canyon flash floods.

Gauged Tributaries. Sand contribution from the
Paria and Little Colorado Rivers and Kanab
Creek, estimated at USGS gauging stations, varies
greatly from year to year (see figure 111-12) but
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generally has decreased in the 20th century .Sand
delivery is subject to long-term climate variations
that affect sediment storage in the flood plains of
these streams (Hereford and Webb, 1992; Graf
et al., 1991).

Paria River at Lees Ferry
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In spite of the reduced sand-transport capacity of
the Colorado River, there has been a net decrease
in sand storage between the dam (RM -15.5) and
the LCR (RM 61) since closure of the dam. Most
of the decrease has occurred since the floods of
1983-86. Also, annual sand deliveries from the
Paria River (RM 1) have been below average since
1980 (figure 1II-12; also see Graf et al., 1991); how-
ever, Topping and Smith (1993) are reevaluating
the flood history and transport capacity of the
Paria. A well-documented large flood on the LCR
during interim flows delivered large quantities of
sand and silt to the river (Beus et al., 1993; Hazel
et at., 1993; Kaplinski et al., 1994). Downstream
from the LCR, there has been a net increase in
sand storage.
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Under normal fluctuating flows, a long-term sand
balance is likely downstream from the LCR but
may not be achieved upstream. However, future
long-term changes in the sand supply from
tributaries could alter this conclusion. Smilie,
Jackson, and Tucker (1993) analyzed the frequency
of annual sand delivery from the Paria River
(1949-76) in relation to Colorado River transport
capacity. Their results for a minimum release year
(8.23 maf) suggest that, when the range in daily
flow fluctuations exceeds about 18,000 cfs on an
annual basis, transport capacity exceeds the
long-term supply from the Paria River (about
790,000 tons) in the reach between the Paria River
and LCR .Even when transport capacity and
long-term sand supply are in balance, however,
there would be periods of fairly substantial
short-term losses and gains in sand storage
between the Paria River and LCR.
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0 Ungauged Tributaries. Smaller tributary canyons
typically form along faults or joints in the rocks
(Oolan et al., 1978). Much of the sand and coarser
debris (gravel, cobbles, and boulders) from these
ephemeral tributaries is delivered to the river by
debris flows and flash floods.

I
o
cc
0)

Figure IlI-12.-Annual sand contributions from
the Paria River, LCR, and Kanab Creek. Com-
puted from mean daily flows using sand load
equations of Randle and Pemberton (1987).
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The quantity of sand supplied from ungauged
tributaries is not well known and is difficult to
estimate due to the variability of debris flows and
flash floods. However, Randle and Pemberton
(1987) made a rough estimate of 0.7 million tons
per year based on the relationship between
drainage area and sediment yield derived for the
semiarid States. The long-term cumulative
average annual sand delivery from all tribul:aries,
gauged and ungauged, is shown in figure lli-13.
The amounts are listed by reach in appendix D,
table D-l.

The occurrence and size of both debris flow:; and
flash floods are influenced by geologic and
geomorphic conditions within the watershed and
prior history of flows, as well as by rainfall
amount and intensity. For example, HaVaStl
Creek has not had a debris flow in recent geologic
time, but it had a spectacularly destructive flash
flood in September 1990. Slope failures in the
steep tributary valleys commonly trigger debris
flows. Geologic conditions favorable for debris
flows from side canyons vary throughout Grand
Canyon. Therefore, the potential for sand delivery
from these tributaries to the river also varie~:
throughout the canyon (Webb et al.,1989).

.Flash floods, including debris flows,
periodically occur in about 525 tributaries of
the Colorado River in Grand Canyon.

.The 525 tributaries are potential sources of sand
to replenish sandbars in Grand Canyon.

.On the average, debris flows occur one to four
times per 100 years in any given tributary .The
frequency of occurrence varies with the
geologic formations of the side canyons.

.Debris flows are initiated by high-intensity
precipitation and failure of either bedrock or
rock fragments that accumulate on steep slopes
or at the foot of cliffs.

.Debris flows in Grand Canyon are high-
magnitude, short duration events. They
contain about 10 to 40 percent sand and are
capable of transporting extremely large
boulders into the Colorado River .

.Debris flows create and maintain the rapids
that are the hydraulic controls of the Colorado
River. They also control the sizes and locations
of eddies-

.Tributary flash floods, including debris flows,
can erode sandbars. Some debris flows may
cover sandbars with gravel, cobbles, and
boulders.

The major points concerning sediment delivered
to the Colorado River by ungauged tributaries are
summarized below (Melis and Webb, 1993; "Webb
et al.,1989, 1991).

Main Channel Transport and Storage
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Sand transport capacity of the Colorado River is
the amount of sand that the river could transport
if sufficient sand were available. The amount of
sand actually transported {sand load), therefore,
may be less than the transport capacity, which
mainly depends on the velocity of the water.
Velocity, in turn, varies with riverflow and local
channel characteristics. For a given riverflow,
velocities-therefore, transport capacities-are
greater in narrower, steeper reaches than in wider,
flatter reaches. Narrow and wide reaches
alternate throughout the length of the canyon
{table 111-7 and figure 111-14). Where the rocks are
very resistant to erosion, the river flows between
the rock walls of a narrow gorge. Where the rocks
are more easily eroded, the river has a relatively
wide channel bounded by deposits of sand,
gravel, and cobbles.

Figure 1II-13.-Cumulative sand supply incr,eases
with river mile, with large increases at j'he
confluences of the Paria and Little Colorado
Rivers.
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Table 111-7.-Hydraulic characteristics of geologic reaches within
Grand Canyon (modified from Schmidt and Graf, 1990)

Average
channel

width2

(feet)

Channel

slope3

(feet per

mile)

Average

depth2

(feet)

Reach

number

River
miles1

Width

type

Percent-
age of

bed com-
posed of
bedrock

and
boulders4Reach name

0 450

280

210

220

350

27

24

27

24

18

1.4

5.2

7.4

7.9

5.3

>80

42

81

72

364

5

6

61.5-77.4

77.4-117.8

Wide 390

190

15

27

11.1

12.1

30

62Narrow

7 117.8-125.5

125.5-140

Narrow

Narrow

230

210

21

26

9.0

10.6

48

688

9

10

11

140-160

160-213.8

5213.8-236

Narrow

Wide

Narrow

180

310

240

23

19

30

6.3

6.9

8.4

78

32

58

12 236-278 [No data]

, See figure 111-14.
2 Average of cross-section data at about 1-mile intervals at 24,000 cfs (Randle and Pemberton, 1987).
3 Based on predicted water-surface elevations at 24,000 cfs (Randle and Pemberton, 1987).
4 From channel-bed material maps (Wilson, written communication,1987).
5 Results from miles 213.9-225.

Essentially all sand in the main channel between
Glen Canyon Dam and Lees Ferry was deposited
before the dam was closed. Since closure, the
channel has degraded (Pemberton, 1976;
Burkham,1987). Loss of sand from this reach is
irreversible without artificial resupply of sand
because contribution from tributaries is very
small, and transport capacity of the river is large.

The narrowest, steepest, and shallowest places of
all are the rapids, which account for about
90 percent of the river elevation drop through the
canyon but only about 10 percent of the length
(Leopold,1969). Water velocities typically are
10 times greater in the largest rapids than in the
long pools that extend upstream from the rapids
(Kieffer, 1988, 1990). Thus, while nearly all
sediment particles but the largest boulders can be

transported quickly through high velocity rapids,
much of the sand is stored temporarily in low
velocity pools and eddies.

During the initial filling of Lake Powell, sand
scoured upstream from Lees Ferry and sand
contributed by tributaries downstream from Lees
Ferry accumulated in the river channel. The
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Figure 1II-15.-Cumulative sand storage between Lees Ferry and Phantom Ranch. Sand
accumulated in the river during the relatively low releases while Lake Powell was
filling, coupled with large sand contributions from the Paria and Little Colorado
Rivers in 1972, 1979, and 1980. Sand was eroded from the channel during the
1983-86 high water years. Computation method is described in text.

so degradation stops. This process, called
annoring, has happened in the Glen Canyon reach
(Pemberton, 1976).

If the supply of sand is sufficient, the amount
transported by the river is exponentially
proportional to the riverflow (i.e., the rate of
increase in sand load is much greater than the rate
of increase in flow). Fluctuating flows, therefore,
will transport more sediment than steady flows of
the same volume because the fluctuating flows are
higher than steady flows during part of each day.
As the wave shape changes downstream (see
WATER in this chapter), sediment transport
capacity is reduced.

Computed sand loads at the gauge above the
LCR for steady and fluctuating water releases of
the same volume for 1 day are compared in
figure m-16. Computed sand loads are based on
the river's transport capacity .Actual sand loads
may be smaller than computed loads when the
tributary supply is less than transport capacity .
As the bed elevation continues to increase, the
annual transport through Grand Canyon will
approach the amount delivered annually by
tributaries. The sand that accumulates during low
release years may be available to build sandbars
during periods of sufficiently high discharge.
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30 000 --
, Kearsley and Warren,1993). Sandbars are

important for vegetation, riparian habitat for fish
and wildlife, and recreation. Beaches are sandbars
that have recreational value. Backwaters are low
velocity areas formed by low elevation sandbars
(see FISH, this chapter).
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Sandbar deposition and erosion, both predarn and
postdam, are natural processes. Rates and
amounts of deposition and erosion vary with:J I I I

o

.Flow magnitude and duration

.Tributary sediment supply

.Amount of sand stored in river channel pools
and in eddies

.Local channel hydraulics

The pattern of sandbar deposition and erosion has
been altered by Glen Canyon Dam. Before
completion of the dam in 1963, sandbars in Glen
and Grand Canyons were aggraded and eroded
cyclically by seasonal and long-term variation in
flow and sand transport (V .S. Department of the
Interior, 1988; Howard and Dolan, 1981). During
1965-82 (following the flood release of 1965), high
elevation sandbars generally eroded and low
elevation sandbars generally aggraded; erosion
rates decreased with time (Schmidt, 1992). During
the floods and prolonged high releases of 1983-86,
sand was deposited on higher sandbars but
removed from lower sandbars. Generally, high
rates of erosion were observed during the nearly
steady high releases and during the return to
normal fluctuating releases between October 1985
and January 1986 (Schmidt and Graf, 1990).
Between 1987 and 1991, aggradation and erosion
patterns were similar to those of 1965-82, but
erosion rates were greater (Schmidt, 1992).

Sandbars (Beaches and Backwa'ters)

Sandbars commonly found along the banks of the
Colorado River in Grand Canyon are dynamic.
Sandbars are derived from sand transported by
the river and exchange sand with the river. These
bars are composed mainly of sand; however, they
may contain some silt, clay, or gravel. In this EIS,
the term "sandbar" is used to mean any of the
fine-grained alluvial deposits that intermittently
form the banks of this otherwise talus- and
bedrock-lined river (at low flows, some sandbars
may appear to be separated from the main
riverbank). There are more sandbars used as
campsites in wider reaches than in narrower
reaches (U.S. Department of the Interior, 1988;

Since implementation of interim flows, sandbars
have cyclically aggraded and eroded, with
negligible net change overall (Beus and Avery ,
1992). Also, sandbars between the 20,000- and
30,000-ds levels have eroded and not been rebuilt,
riparian vegetation is encroaching into the
20,000 to 30,000-cfs zone, and backwater habitats
have filled with silt (Patten, written communi-
cation,1993). Floods in the LCR during January-
February 1993 added much sand to the system
and substantially aggraded many sandbars
downstream; however, postflood erosion removed

Figure 1II-16.-Comparison of riverflow and
computed sand load at the gauge above the
LCR under steady and fluctuating flouls
within a 24-hour period. Cumulative sand
loads in this example are 1,500 tons for the
steady flow and 2,500 tons for the fluctuating
flow. At Phantom Ranch, the cumulative
loads increased to 3,100 tons for the steady
flow and 5,100 tons for the fluctuating flow. -
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much of the newly deposited sand from higher to
lower elevations (Hazel et al., 1993; Kaplinski
et al., 1994).

main channel and the riverbank. The location of
the reattachment point and length of the
recirculation zone vary with riverflow. The
recirculation zone lengthens with increasing
discharge and shortens with decreasing discharge.Recirculation Zones (Eddies)

There is great potential for deposition of sand, silt,
and clay within a recirculation zone, where water
velocities are much lower than velocities in the
main channel (Schmidt, 1990). Figure 111-18 shows
that water with relatively high sand concentration
moves into the eddy near the streambed, and
water with relatively low sand concentration
moves out of the eddy near the surface (Nelson,
1991). Sandbars form in low velocity areas at the
downstream and upstream ends of the recircula-
tion zone. These sandbars usually are continuous
deposits, although the retum-current channel
connecting them may be submerged at most
riverflows. Sand deposition and erosion in

Nearly all sandbars in Grand Canyon are
associated with recirculation zones that consist of
one or more eddies. As the river flows around an
obstruction, such as protruding bedrock or a
debris fan, the flow becomes constricted, and the
downstream-directed current becomes separated
from the riverbank (figure 111-17). Downstream
from the constriction, the channel is wider, the
main current reattaches to the riverbank, and
some of the water is redirected upstream. This
change in flow direction forms a zone of
recirculating water and sand between the points
of separation and reattachment and between the

Rapid or Riffle

\/\I\r~ Separation
£' Flow
, Reattachment

~J~

~,...:0;(;:,. :-t»$1

"m~
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Intermittently Submerged
Reattachment Bar

, Return-Current

Channel (backwater)

Tributary

Figure 1II-17.-Relationship of sandbars and flow patterns. Riverflow is constricted in a rapid,
causing an eddy downstream. Sand is suspended in the highly turbulent currents of the
rapid and deposited on sandbars associated with the relatively tranquil eddy currents.
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Figure 1II-18.-Cross section of the Colorado River. Eddies are very efficient
sediment traps. Water with relatively high sand concentration (near the
streambed) moves toward the eddy and builds a sandbar. Water with
relatively low sand concentration (near the surface) moves from the eddy
back to the main channel.

recirculation zones is dynamic, varying with
changes in riverflows and the dimensions of
debris fans.

Retum-current channels, whether submerged or
exposed, are components of reattachment bars.
Retum-current channels are excavated when the
velocity of recirculating flow is strong enough to
transport more sand from behind the reattach-
ment bar than is being transported across the bar
face. Responses of retum-current channels to
various flow-release patterns are not well under-
stood; however, there is general agreement that
they are destined to fill with sand and silt unless
flushed occasionally by high flows-probably
greater than powerplant capacity.

Sandbars are classified as reattachment bars,
separation bars, or channel margin bars, according
to their position in a recirculation zone or location
along the river (Schmidt, 1990; Schmidt and Graf,

1990).

Backwaters are open retum-current channels
connected to the river that have little or no
velocity and have potential for warming by
exposure to the sun (see FISH in this chapter).
The channel must be inundated, but the crest of
the reattachment bar must be above water.
Suitable backwaters are formed within certain
ranges of riverflow; higher flows inundate the
reattachment bar, and lower flows may leave the
channel dry or disconnected from the river.
According to Schmidt (verbal communication,
1992), floods increase the number of backwaters
by removing vegetation and scouring the retum-
current channels; the number of backwaters
decreases between floods as they fill with

Reattachment bars, formed in low velocity areas
near the downstream end of recirculation zones,
extend upstream from the point of flow reattach-
ment and typically are broader but lower than the
other types of sandbars (figure 111-17). Theyare
inundated more frequently and have been
subjected to a greater range of aggradation and
degradation (Schmidt and Graf, 1990). Reattach-
ment bars and the retum-current channels directly
associated with them are important for back-
waters and emergent marshes. Boaters use these
sandbars for campsites where they are high
enough to avoid inundation-mostly in wide
reaches. In the narrowest gorges, reattachment
bars may be submerged by all but the lowest
flows.
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sediment (figure 111-19). The effects of a flood of
given magnitude and duration could vary
considerably, depending on antecedent
conditions-especially riverbed sand storage.

(figure 111-17). They generally are steeper and
higher than reattachment bars; many extend
above the level of 30,000 cfs. Usuallyassociated
with eddies, separation bars are built with sand
transported upstream from the reattachment
point. Therefore, separation bars are composed of
finer-grained sand than reattachment bars. They
are preferred as campsites because they are less
likely to be inundated by rising river levels, and
because the low velocities in the upper ends of
eddies make it easier to moor boats (see
REcREAnoN in this chapter).

Deposition of silt and other fine sediment is
important for establishment and maintenance of
marshes (see VEGETAnON in this chapter).
Marshes became established along wide reaches of
the Colorado River in Grand Canyon after flow
regulation began in 1963, developing where large
reattachment bars became overgrown by cattails
and other marsh vegetation. The 1983-86 floods
scoured the marsh vegetation and probably
eroded several vertical feet of sand from these
reattachment bars (Stevens et al., 1991). Since that
time, emergent marsh vegetation has reestablished
on many new reattachment bars. Vegetation
becomes established on stable sandbars; however,
the vegetation apparently does not prevent
erosion (Stevens and Ayers, 1993).

Channel margin bars are elongated sand deposits
along the margins of the Colorado River that have
the form of terraces. Channel margin bars are not
directly associated with large eddies; instead, they
typically form in small eddies related to some sort
of flow obstruction, such as a large boulder
(Schmidt and Graf, 1990). Typically, channel mar-
gin bars cover bedrock or talus. In some reaches,
particularly where the channel is wide, these bars
line the channel from a few hundred feet to nearly
a mile and often are heavily vegetated.

Separation bars (typically high elevation bars) are
formed in the low velocity areas near the up-
stream ends of recirculation zones and commonly
mantle the downstream surface of debris fans Downstream from RM 236, riverflow and deposi-

tion and erosion of sand and silt are affected by
the level of Lake Mead (see discussion of Lake
Mead delta later in this section).~~~~~lIcfj'li9Q
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Although most of the silt and clay delivered to the
river is transported directly through the canyon,
an important fraction is carried by currents into
low velocity areas such as retum-current channels,
where silt and clay are deposited. Silt and clay
add nutrients to the slackwater environment.
Clay contributes to cohesion of sand on sandbars.
The presence of silt and clay in sandbars can
reduce permeability and make them more
susceptible to seepage-induced erosion. Like that
of sand, the only source of silt and clay in the
canyon is the tributaries. Unlike sand, however,
transport of silt and clay is not a function of the
magnitude of dam releases. Silt and clay particles
are readily transported by almost any discharge in
the Colorado River, but the height of deposition in
eddies depends on river stage-a result of both
dam release and tributary inflow.

1965 1970 1980 1990

Figure 1II-19.-Conceptual change in relative
number of backwaters (open return-current
channels) during low flow seasons since the
1965 flood release, based on interpreta-
tion of aerial photographs (source:
Schmidt, verbal communication, 1992).
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Little silt or clay would be deposited, however,
when the riverflow is high and the supply of
silt/ clay entering from tributaries is small. In fact,
previously deposited silt and clay are susceptible
to being washed out of an eddy by any high,
turbulent flow. Thus, the likelihood of deposition
of fine sediment in the eddies would be greatest
during the tributary flood season, coupled with
higher-than-average dam releases.

Normal Operations. Sandbars experience cycles of
deposition and subsequent erosion during normal
operations. Generally, net erosion decreases
downstream, with the attenuation of the daily
extremes in river stage and the addition of sand
from tributaries.

Sandbar erosion can result from any of three
mechanisms: main-current erosion, seepage-
induced erosion, and wave-induced erosion. At a
particular sandbar and at a particular time, one of
these mechanisms may be predominant. Up ramp
rates have not been linked to sandbar erosion.

Sandbar Deposition and Erosion

Main-current erosion is caused when the main
channel current is in direct contact with part of a
sandbar. Exposure of sandbars to this type of
erosion may be increased by the contraction of the
recirculating zones during periods of low dis-
charge or when debris fans are overtopped during
periods of high flow. Main-current erosion is
believed to cause greater net loss of sand from
recirculation zones to the river than the other
types of erosion, but this has not been docu-
mented quantitatively.

Deposition requires high flows, whether annual or
daily; erosion occurs following the return to lower
flows (Schmidt and Graf, 1990; Schmidt, 1992;
Hazel et al., 1993; Kaplinski et al., 1994). Without
occasional periods of sustained high releases
(above powerplant capacity), high elevation
sandbars eventually will erode and not rebuild
(Andrews,1991a). Sandbars typically were not
vegetated prior to the dam. Unvegetated
sandbars are dependent on cycles of deposition
and erosion. Active erosion is a part of this
natural process.

Comparison of photographs taken of the same
sites in 1890 and in 1990 provides some informa-
tion about the long-term change of sandbars
(Webb, in press). In eastern Grand Canyon
(RM 0-126), a relatively high percentage of
sandbars had eroded between 1890 and 1990. In
western Grand Canyon (downstream from
RM 126), more sandbars were about the same size
or had aggraded than had eroded. This compar-
ison, however, does not take into account the
short-term variability of sandbars, which could
affect the conclusions.

Seepage-induced erosion affects most sandbars in
Grand Canyon and is responsible for rivulet
formation, slope failures, bank cuts, and piping
and tunneling (Budhu, 1992). Seepage-induced
erosion is affected by fluctuations in river stage,
down ramp rates, and the duration of minimum
flow. Erosion caused by rapid upramping has not
been documented.

Wave-induced erosion is caused by turbulence in
nearby rapids, wakes from motor boats, and wind.
At each sandbar, effects of wave-induced erosion
are concentrated at a specific river stage under
steady flow but are distributed over the range of
river stages under fluctuating flow. There is some
evidence that waves agitate bottom sediments,
enhancing the possibility of sand transport (Bauer
and Schmidt, 1991, 1993).

Short-term changes in sandbars have been
documented since completion of the dam. During
periods of low releases (1966-82 and 1987-90),
channel banks in wide reaches aggraded while
high elevation sandbars used as campsites eroded.
Erosion rates decreased with time. During
periods of relatively high discharge (1983-86),
reattachment bars eroded, but high elevation
sandbars aggraded. Aggradation rates during
1987-91 were equivalent to those of 1966-82, but
erosion rates during 1987-91 were about twice as
great as those of 1966-82 (Schmidt, 1992).

During increasing flow, eddies expand down-
stream, and sand deposition rates within the eddy
systems increase (Andrews,1991b). During
decreasing flow, the downstream areas of eddies
shift upstream (contract), and sand deposition
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rates within the eddy system decrease. Sand
deposited near the reattachment point during
higher flows is subjected to main-current erosion
by the river. Water stored within the sandbars
begins to flow toward the river.

up conditions for bar failure. The next rising river
stage (at almost any ramp rate) could easily cause
a failure to occur.

Sandbar height and active width for the range of
daily and annual flow fluctuations are used as
indicators of impacts of the alternatives. These are
the height and width of the inundated zone
(figure 1II-20).

Ground-water processes occur on every sandbar
during daily and hourly fluctuations. Ground-
water levels within exposed sandbars rise and fall
with increases and decreases in river stage
(Werrell et al., 1993; Carpenter et al., 1991; Budhu,
1992). If river stage decreases rapidly, seepage-
induced erosion may occur. Water table fluctua-
tions within sandbars attached to the bank are
greatest near the river and decrease with distance
from the river. When river stage declines faster
than ground water can drain from the sandbar,
the exposed barface becomes saturated. Water
seeping from the saturated barface forms rills that
move sand particles toward the river (Werrell et
al., 1993). When the rate of river stage decline is
equal to or less than the rate at which ground
water naturally drains from the barface, a seepage
face will not form.

Unanticipated Floods. Large unanticipated floods
of sediment-free water generally have a much
greater effect on sandbars than releases under
nonnal operations. The magnitude and extent of
the effects depend on the magnitude and duration
of the flood and the supply of sand in eddies and
the main channel prior to the flood. Floods may
be beneficial to backwaters by removing
vegetation and re-fonning retum-current channels.

Floods occurring when sand storage in the main
channel is low probably would cause more
extensive loss of sand-dependent resources than
when pools and eddies are relatively full of sand.
The 1983 flood, with plenty of stored sand
available, aggraded many sandbars. However,
Schmidt and Graf (1990) reported evidence that
the floods of 1984-86 did not deposit as much as
the flood of 1983 and caused greater erosion. If
sand contribution from tributaries is sufficient to
balance the sand removed from Grand Canyon
over the long term, the net change in sandbars
would be small.

The sandbar slope stability model of Budhu (1992)
is applied in this EIS (see figure 111-20). Sandbars
are initially deposited at angles ranging from 20 to
45 degrees with an average of 26 degrees. As the
river stage recedes, this slope may be unstable.
Seepage-induced erosion tends to reduce the slope
of new deposited sands to about 11 degrees. On
some sandbars, a rapid decrease in river stage sets

Figure 1II-20.-Conceptual cross section of a sandbar affected by fluctuating
flows. Daily fluctuations create an unstable zone within the sandbar.
The minimum stage determines the boundary between the stable and
unstable zones.
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The amount of erosion is thought to be small
in comparison with other causes of erosion.
Valentine and Dolan (1979) estimated that on
a typical camping beach, human foot traffic moves
about 4 cubic yards of sand (less than 1 percent)
per year into the river. Sand eroded from eleva-
tions above maximum flow would be perma-
nently lost; sand eroded from lower elevations
could be replaced by subsequent high flows.

The number of sandbars used as campsites
increased between the inventories of 1973 and
1983 in both narrow and wide reaches as a result
of the 1983 flood (Kearsley and Warren, 1993).
The floods and prolonged high releases of 1984-86,
followed by fluctuating releases in 1985-86, caused
net erosion of many campsites. The 1991 inven-
tory indicated that erosion has reduced the
number of campsites to slightly more than the
1973 count in wide reaches and less than the
1973 count in narrow reaches (see figure 111-21).
Vegetative overgrowth further reduced the
number of campsites in all reaches.

High Terraces

High elevation alluvial terraces in wide reaches of
Grand Canyon support native vegetation and may
contain buried or partly buried archeological
remains. The archeological remains are suscep-
tible to exposure and loss by erosion. Most of this
discussion of high terraces is based on the work of
Hereford et al. (1993).

Other Factors. Sandbars also are eroded by
natural forces not influenced by dam operations,
such as wind, waves, rainfall, flash floods, and
debris flows. Sandbars that are not inundated by
dam releases are susceptible to erosion by wind
and the effects of camping use.

Recreation causes sandbar erosion, but this
erosion is primarily limited to camping beaches.

The high terraces were deposited by large
floodflows (100,000 cfs and greater) prior to the
dam and commonly have been reworked by wind
and runoff from local rainfall. The larger the
floodflow, the higher the terrace and the older the
deposit (see figure III-22). The highest terraces are
more than 1,000 years old, while the lowest terrace
is about 30 years old.
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Many high terraces are eroded by runoff from
local rainfall resulting in networks of deep
water-carved gullies (arroyos). Such erosion was
extensive during the heavy rainfall of 1978-85, one
of the wettest periods on record. This erosion
does not occur if runoff filters into the ground
before draining to the next lower terrace.
However, if runoff drains to the next lower
terrace, arroyos will erode to that level, exposing
or eroding archeological remains, if present.
Arroyo-cutting of even the lowest terraces
indirectly causes erosion of higher terraces. In
some cases, windblown sand may refill the

arroyo.
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Figure 1II-21.-Comparison of sandbars used
as campsites based on inventories
conducted in 1973, 1983, and 1991. The
number of campsites increased in both
narrow and wide reaches as a result of the
1983.flood. By 1991, erosion reduced the
number of campsites to slightly above
1973 levels in wide reaches and below
1973 levels in narrow reaches; vegetative
overgrowth further reduced the number of
campsites (source: Kearsley and Warren,
1993).

The oldest and highest terraces eroded prior to the
dam and will continue to erode. However,
predam annual floodflows maintained the lowest
high terrace and prevented some arroyos from
cutting all the way to the Colorado River (see
figure 111-22). The lower peak discharges and
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temporary storage of substantial amounts of
riverbed material-mostly sand and gravel. As
discussed in the section on riverbed sand, debris
fans that constrict the river channel also create
downstream eddies in which most of the camping
beaches used by river runners are deposited.

As future debris flows deposit new material in a
rapid, riverflows within the operational range of
Glen Canyon Dam Powerplant will remove some
of the new material. However, floods of 100,000
to 200,000 cfs or more probably would be
necessary to remove the largest boulders from
some debris fans, to increase the constriction ratio,
and to decrease the elevation drop (Kieffer, 1985).
For example, the 1966 debris flow on Bright Angel
Creek (Cooley et al., 1977) deposited material in
Bright Angel Rapid (RM 87.9) that could not be
reworked completely by riverflows in the range of
powerplant releases. The 1983-86 floods and
sustained high releases returned this rapid to its
pre-1966 condition but could not do the same at

Crystal Rapid.

For a given flow, the constriction width and
riverbed elevation at a rapid control the velocity
and water surface elevation of the upstream pool,
which in turn control the amount of sand and
gravel that can be deposited in the pool.
Aggraded debris fans will allow the channel to
store more sand in the associated pools and
eddies.

More than 100 rapids and numerous riffles
between Lees Ferry (RM 0) and Bridge Canyon
(RM 235) were documented by Stevens (1983).
The debris fans that form rapids will continue to
be replenished and enlarged by infrequent debris
flows, but Glen Canyon Dam has greatly reduced
the magnitude and frequency of floodflows and,
thereby, the capability of the river to move
boulders from the rapids. In fact, many debris
fans are accumulating sediment finer than
boulders (Melis and Webb, 1993).

Formation of new rapids and steepening of
existing ones will continue. Debris flows created
rapids at RM 127.6 in 1989 and at RM 62.5 in 1990,
and recent debris flows steepened 24-Mile,
Specter, and Bedrock Rapids (Webb, in press).

In 1966, a debris flow in Crystal Creek (RM 98.1)
changed this previously minor rapid to one of the
largest in the canyon. The debris fan temporarily
dammed the river completely, and the channel
that subsequently was cut through the debris fan
was constricted to 25 percent of the upstream
width. The 1983 flood release of nearly 100,000 cfs
increased the constriction ratio to about 40 percent
(Kieffer,1985). Thus, Crystal Rapid will remain a
fonnidable obstacle for river runners in the fore-
seeable future. It serves as an example of what
may happen at other rapids when they aggrade
with new debris flows in the absence of large
floods in the Colorado River. For purposes of this
EIS, relative capacity to move boulders from
debris fans will be used as an indicator of impacts.

Lake Deltas
In the absence of floods, there will be a continuing
buildup of boulders and smaller particles on
many rapids (Graf, 1980; Melis and Webb, 1993).
The channel will become more constricted,
resulting in steeper rapids. Such rapids could
become more dangerous to navigate. Constriction
ratios and elevation drops at rapids can be used as
measures of long-term hydraulic effects of
changes in debris fans that intersect the river. The
constriction ratio described by Kieffer (1985,1987,
1990) is the ratio of channel width at the narrow
part of the rapid to the channel width of the pool
upstream. Many rapids have a constriction ratio
of 0.5, which may be an indicator of equilibrium
(Kieffer, 1985,1987, 1990).

The ultimate destiny of all reservoirs is to be filled
with sediment. The coarser particles (mostly
sand) carried into the reservoirs by tributaries are
deposited as deltas in the tributary arms. Most of
the finer particles (silt and clay) are carried far into
the reservoir, where they settle out as lakebed
deposits. Deltas fill the upstream parts of the
tributary arms first, building toward the
submerged mainstem channel and eventually the
dam. Some sediment deposited in upstream parts
of deltas may be transported downstream by
floodflow when the reservoir is low.
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a heavily sedimented river subject to extreme
seasonal variability in flow and temperature. This
ecosystem was characterized by relatively low
productivity and species diversity .Eight native
fish species were known to have inhabited Glen
and Grand Canyons.

relatively high is exposed to erosion during subse-
quent periods when the lake level is lower.
Exposed deposits tend to have steep faces (many
nearly vertical), which are more susceptible to
erosion; bank caving is common. Without
replenishing flood releases, predam flood deposits
of sand and finer sediment above high lake level
are subject to long-term erosion by wind and
local runoff.

Human influence began when wannwater
non-native fish species were introduced, possibly
as early as the late 1800's (Carothers and Brown,
1991). These species would have affected the
abundance of native fish through competition and
predation. However, due to the very limited data
collected prior to construction of Glen Canyon
Dam, the predam distribution and relative
abundance of native and late non-native fish is
largely unknown and subject to much speculation.
Limited sampling in Glen Canyon by Woodbury
et al. (1959) and McDonald and Dotson (1960)
resulted in only two fish species reported from the
Colorado River mainstem: channel catfish, a
non-native (about 90 percent), and flannelmouth
sucker, a native (about 10 percent). Tributaries
had a more diverse fish assemblage, including
20 species: 14 non-native, 6 native. Flannelmouth
sucker and speckled dace, both native species,
dominated.

The shape of the Colorado River delta profile is
affected mainly by lake level. The delta surface in
Lower Granite Gorge and upper Lake Mead is
relatively flat and is mostly sand. The delta face
dips steeply, constantly building towards Hoover
Dam as new sediment arrives. The elevation of
the delta crest where the slope changes from rela-
tively flat to relatively steep (see figure 111-25) can
be used as an indicator of changes in the delta.
According to a 1948-49 survey of the delta
deposits (Smith et al., 1960), the delta crest was at
RM 278; by 1963-64 (Lara and Sanders, 1970), it
had progressed to RM 286. In 1963-64, the maxi-
mum thickness (depth) of the delta was about
250 feet. The lakebed deposits consisted of
12 percent sand, 28 percent silt, and 60 percent
clay (Lara and Sanders, 1970). The delta contains
a much higher percentage of sand.

Construction of the dam permanently altered the
Colorado River downstream, creating a relatively
clear river with near constant year-round cold
temperatures and daily fluctuating, but seasonally
modulated, flows. The result has been a more
productive aquatic ecosystem with a higher
species diversity than existed before the dam. The
dam shifted the basis for river productivity from
material of terrestrial origin to predominantly

algal production.

Lara and Sanders (1970) estimated that the closure
of Glen Canyon Dam extended the life of Lake
Mead to about 500 years. Average accumulation
of sediment in Lake Mead was estimated by Smith
et al. (1960) to be about 100,000 acre-feet per year
during the first 14 years after closure of Hoover
Dam in 1936. Lara and Sanders (1970) estimated
about 91,000 acre-feet per year during the first
30 years, for a total accumulation of about
2.72 maf. Since construction of the dam, the rate
of accumulation has declined substantially. This river ecosystem is a mixture of native and

non-native plant and animal communities. It is
characterized by a food base (the Cladophora-
diatom-Gammarus food chain) and by introduced
coldwater fish (predominantly rainbow trout) that
were only present in cold tributaries before the
dam. These dam-induced river conditions are
most evident in the upstream reaches of the
mainstem closest to the dam. With distance
downstream, the river tends to become more
turbid and slightly warmer, productivity

FISH

The present Colorado River aquatic ecosystem
downstream of Glen Canyon Dam differs from
the "natural" system that predated human
influence. The natural ecosystem contained
communities of native species that evolved in
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Angradi and Kubly, 1993). Angradi and Kubly
(1993) reported that gross primary productivity of
pennanently inundated Cladophora was 10 times
that of the surviving algae in the zone subject to
daily fluctuation.

In summary , Cladophora depends on and is sus-
ceptible to influences of dam operations. The
cold, clear water released from the dam promotes
its establishment, but fluctuating river stages
result in stranding of some Cladophora for varying
periods. The GCES (Leibfried and Blinn, 1987;
Usher et al., 1988; Blinn et al., 1992; Angradi et al.,
1992; Angradi and Kubly, 1993) showed that
Cladophora isolated out of the water for more than
12 hours (and perhaps as little as 6 hours) would
dry out and die. Much of the drift that feeds fish
and other aquatic organisms is Cladophora-either
dead from drying or scoured loose by water
flow-and invertebrates forced to move to avoid
drying. That drift also settles to the bottom in
eddies and backwater areas where it is fed on by
organisms and recycled through the food chain.

Cladophora is the dominant alga in the reach below
the dam (Blinn et al., 1992). Algal production is
maintained because of the clear, cold releases from
the dam. Downstream, a blue-green alga
(Oscillatoria sp.) becomes codominant in the
middle canyon and dominant in the lower canyon
(figure m-26), likely because of its tolerance of
exposure and lower light levels (Blinn et al. 1992).
Inundation with cold, nutrient-carrying water
permits abundant growth of Cladophora, while
exposure can cause mortality (Angradi and Kubly,
1993). For example, Pinney (1991) recorded
highest biomass of Cladophora from areas beneath
the fluctuation zone and less biomass from areas
exposed by large daily fluctuations. Usher and
Blinn (1990) reported that exposure of more than
12 hours can cause decreases in Cladophora
biomass from drying (summer), freezing (winter),
or ultraviolet light damage. Angradi found that
even 6 to 8 hours of exposure caused significant
decreases in Cladophora biomass (Angradi and
Kubly, 1993; Arizona Game and Fish Department,
1993).

Other Aquatic Food Sources

The drift also contains zooplankton that originate
from Lake Powell (Haury , 1988) and consequently
may reflect the level at which water is withdrawn
from the reservoir .Years in which the reservoir is
quite low may see shifts in the composition and
density of these plankton as waters are withdrawn
from layers closer to the surface. These micro-
scopic animals are important food sources for fish
and other aquatic organisms. They typically are
important to recently hatched larval or juvenile
fish (trout, flannelmouth sucker, and bluehead
sucker) (Haury,1988;Maddux etal.,1987;Arizona
Game and Fish Department, 1994).

Once affected, Cladophora is not very resilient.
Pinney (1991) suggested recovery times of 2 weeks
to 1 month under steady flow conditions. Other
researchers have suggested that "disturbances
severe enough to destroy the periphyton
(Cladophora) will have protracted (several months
to greater than 1 year) ecosystem level effects
under fluctuating flows" (Angradi et al., 1992;

Larger aquatic invertebrate organisms (macroin-
vertebrates) are extremely important members of
the aquatic community (and aquatic food base) of
the Colorado River and may even bridge the gap
into the terrestrial community. Gammarus lacustris
has become an important member of the macro-
invertebrate community .Gammarus was first
introduced into Bright Angel Creek during the
1930's by the NPS and began colonizing the river

Figure lll-26.-Cladophora declines with
distance from the dam and Oscillatoria
becomes codominant (source: Blinn
et al., 1992).
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wetted perimeter together become an important
index of algal biomass and reflect the strength of
the aquatic food base.

shortly thereafter (Carothers and Minckley, 1981).
Gammarus and a species of snail (Physa sp.) were
also introduced to the river below Glen Canyon
Dam by the Arizona Game and Fish Department
(AGFD) during 1967-68 as a food source for the
developing trout fishery (Arizona Game and Fish
Department, 1968). Other important species
probably already resided in the Colorado River,
including aquatic worms (oligochaetes), chiro-
nomid midges, and buffalo gnats (Carothers and

Minckley,1981).

Algal colonization experiments by Angradi
(Angradi et al., 1992) illustrated the concept of
reliable minimum flow by anchoring sandstone
tiles in the river to measure the accumulation of
growing Cladophora at different river stages.
Figure 1II-27 shows the accumulation of algae at
different river stage levels (-10.5-mile bar above
Lees Ferry) during the spring of 1991. The figure
illustrates the ability of the aquatic food base to
develop in response to minimum flow. Even tiles
that were dewatered only 20 to 30 percent of the
time showed less accumulation of attached algae
than tiles that were always inundated.

Researchers have found that wide canyon reaches
(Blinn et al., 1992), eddies, and backwater areas
are very important to the production of aquatic
invertebrates (Carothers and Minckley, 1981).
These areas of slower current tend to accumulate
organic material from the drift (detritus ) that
forms the basis for their food source. fu addition
to habitat, the constant cold water temperature
influences the diversity and density of these
invertebrates.

Aquatic invertebrate drift appears to be controlled
by discharge from Glen Canyon Dam. Valdez
et al. (1992) observed little drift of invertebrates
during steady flows under interim operations.
Significantly lower drift density for macro-
invertebrates was found in samples collected
around the LCR during interim operations than
before (Valdez et al., 1992). At Lees Ferry, Blinn
et al. (1992) found significantly greater drift
densities for macroinvertebrates during
fluctuating flows than during steady flows.

In total, the aquatic food base of the Colorado
River below Glen Canyon Dam is a community of
algae and invertebrate animals that fonns the
powerhouse for the aquatic ecosystem and, in
some cases, an energy transfer route between the
aquatic and terrestrial ecosystems. Solar energy ,
captured by CladopJiora and the diatoms that
encrust it, is transmitted through the food chain to
many invertebrate and vertebrate species. The
amount of energy that can be captured and made
available to the food chain appears to be
determined by the area of cobble bars inundated
on a reliable basis (Blinn et al., 1992). Reliable
minimum stage (the river stage that can be relied
upon over extended periods of time) and reliable

Figure 1II-27.-Accumulation of Cladophora
measured as (a) Chlorophyll a, and (b) in
biomass. Tiles placed below 5,000 cfs
were always inundated (modified from
Angradi et al., 1992).
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captured during recent surveys (1984-90). It is
uncertain whether they reproduce in the area.
While the historical status of the species is
unknown, the canyons may have been refuges
from high water temperatures or droughts that
occasionally plagued the basin (Minckley, 1991).
Historic habitat for the species may have included
large backwaters and oxbows of the Colorado
River and its large tributaries. While successful
natural reproduction and recruitment in riverine
habitats has not been documented recently, the
species does reproduce and recruit in ponds and
other similar habitats where there are no fish
predators (Minckley et al., 1991).

identity of the humpback chub throughout the
Grand Canyon is being investigated in a
basinwide study of the genus Gila (U.S. Fish and
Wildlife Service, 1991a).

The humpback chub evolved under seasonally
variable environment with seasonally changing
temperatures, large annual spring-summer floods,
and short-term rainfall flood events. Since the
closure of Glen Canyon Dam, the species has
experienced daily stage fluctuations in a
consistently cold environment.

Razorback suckers, like other "big river"
endangered fish, are long-lived. Ages of
individuals from Lake Mohave ( downstream from
Lake Mead), determined from polished and
sectioned ear bones, range from 24 to 44 years
(McCarthy and Minckley,1987). Many of these
fish would have hatched at or prior to reservoir

impoundment.

Habitats of adult and juvenile humpback chub in
the Colorado River mainstem have not been
satisfactorily determined, and response of adult
humpback chub to daily fluctuations is the subject
of an ongoing radio tracking research study in the
Grand Canyon (Valdez, Masslich, and Leibfried,
1992). Preliminary information from that study
and from studies conducted in the upper
Colorado River (Valdez and Nilson,1982; Kaeding
et al., 1990) found humpback chub have an
affinity for specific locations and use habitats such
as eddies, retum-current channels, and runs. In
Grand Canyon, 48 humpback chub moved an
average of 0.8 mile over a period of 5 to 149 days
(Valdez, Masslich, and Leibfried,1992).

Adult razorback suckers are found in the
Colorado River above Lake Powell and in the
lower San Juan River. Recent collections of
razorback suckers from the western portion of
Lake Mead (sjoberg, written communication,
1990) have renewed investigations and interest in
increasing this limited population in Lake Mead.
An enhanced Lake Mead population would have
access to over 250 miles of habitat in Grand and
Marble Canyons.

Daily habitat use and movement of adult
humpback chub are influenced by time of day,
riverflow and fluctuations, and turbidity.
Movements of humpback chub in response to
changes in flow may be due to increased
availability of food or to changes in the above
habitats (Valdez, Masslich, and Leibfried, 1992).
In February , adults were found to form
aggregations in eddies and deep pools, while in
March through May they moved toward the
mouth of the LCR, apparently to stage for
spawning (Valdez and Hugentobler, 1993).
Valdez and Hugentobler (1993) hypothesized that
these movements were triggered by daylight
length. The lower 9 miles of the LCR are
important habitat for the humpback chub
(Kaeding and Zirnrnerman, 1983).

Flannelmoufh Sucker (Federal Candidate). The
£1annelmouth sucker is now listed as a category 2
species under the Endangered Species Act. The
species is found in the Paria and Little Colorado
Rivers; Shinumo, Bright Angel, Kanab, and
Havasu Creeks; as well as in various locations in
the mainstem (Arizona Game and Fish
Department,1993). During GCES Phase I, most
juvenile and larval £1annelmouth suckers were
collected in the lower reaches of the river, while
larger adults were found in the upper reaches-
including the reach above Lees Ferry (Maddux
et al., 1987). Recent collections in the Paria River
have found £1annelmouth suckers in reproductive
condition, but survival of young-of-year life stages

Razorback Sucker (Federally Endangered). The
razorback sucker is rare in the Grand Canyon
reach of the Colorado River, with only a few
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has not been documented (Gorman et al., 1993;
S.J. Weiss, 1993). Larval through adult-size
£1annelmouth suckers are found in the LCR
(Arizona Game and Fish Department, 1993).

and the chapter on management of the razorback
sucker by Minckley et al. (1991). This last
reference also includes information on native and
endangered fish in the Western United States.

Other Native Fish Mainstem Reproduction

Other native fish of the Colorado River through
Glen and Grand Canyons include the speckled
dace and bluehead sucker. Bluehead sucker and
speckled dace are most common in the lower
reaches of the river (Maddux et al., 1988) and use
tributaries extensively (Maddux et al., 1988; Allen,
1993; Gorman et al., 1993; Otis, 1993; Mattes, 1993).
Native fish depend on the diversity of habitats
available in the river system. Backwaters, eddies,
tributaries, and the mouths of tributaries appear to
be essential to their life cycles, particularly
reproduction and recruitment.

Water temperatures in the river are too low to
allow development of eggs spawned there, which

Water temperature is an overriding constramt for
native fish in the Colorado River mamstem
(figure 111-28). Minckley (1991) indicated that
"water temperature too low for reproduction or
larval development clearly results in loss of
populations and is the culprit excluding natives
from Marble/Grand Canyons." In discussing the
larger causes of collapse of native fish populations
throughout the basin, he indicates that "intro-
duction and enhancement of non-native fishes as a
result of river alterations forced the native species
to extinction." At the same time, the "cold water
of today is as large a deterrent for non-native
warmwater species as for natives" (Minckley,
1991). Because the temperature of dam releases is
not altered by any of the alternatives, other factors
become important, including 1) access to tribu-
taries for reproduction and 2) availability of
warmer, low velocity environments in the main
channel for rearing of young fish flushed from the
tributaries.

General information on the biology and habitat
requirements for the humpback chub, razorback
sucker, and other native fish of the Grand Canyon
can be found in the individual species accounts by
Minckley (1991); the Humpback Chub Recovery Plan
(U.S. Fish and Wildlife Service, 1990b); a compen-
dium of existing information on the four "big
river" endangered fish (Miller and Hubert, 1990);

Figure III-28.-Spawning and egg
incubation temperatures for native and
non-native fish. Shaded area denotes
current temperature range.
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with warm springs (Valdez and Ryel, in prepara-
tion; Arizona Game and Fish Department,1994).

directly limits successful reproduction to
tributaries (Hamman, 1982; Marsh, 1985; Valdez,
1991; and Maddux et al., 1987). Under extended
drought conditions when the elevation of Lake
Powell is very low (approximately 5 percent of the
time), the released water may be slightly warmer
than under normal conditions. Therefore, access
to tributaries and tributary mouths for spawning
is of primary importance to these species. Major
tributaries (primarily the Paria and Little
Colorado Rivers and Kanab Creek, but also
Shinumo, Bright Angel, Diamond, Havasu, and
Spencer Creeks) appear to contribute to native fish
productivity .

Besides water temperature, other environmental
conditions important to spawning and egg
development include streamflow and habitat
(Valdez, Masslich, and Leibfried, 1992); however,
quantities or measures of these conditions have
not been verified.

Eggs and larval fish can be flushed into the main-
stem by periodic floodflows in the tributaries.
Angradiet al. (1992) reported measurable drift of
native fish eggs and larvae from the LCR near its
mouth. Temperature shock to these flushed eggs
and larval fish may be lethal (Hamman, 1982;
Marsh, 1985; Maddux et al., 1987; Hendrickson,
1993; Lupher and Clarkson, 1993). Research with
larval humpback chub demonstrated that coma or
reduced activity was induced by cold shock (from
68 of to 50 Of), with potentially severe implications
for survival (Lupher and Clarkson, 1993). It was
further demonstrated that growth of larval and
juvenile chub was markedly reduced at 50 of and
58 of. Thus, there is some dependence on
tributaries to accommodate the earliest life stages
of native fish, and mainstem rearing habitats
would be limited to relatively warm refuge areas
(backwaters).

Tributary Reproduction
Very young native fish are found in specialized
mainstem habitats, suggesting that refuge areas
playa role in recruitment of native fish. Hump-
back chub hatched in the LCR in the spring grow
to sufficient size to be able to withstand the cold
temperatures of the mainstem by October
(Maddux et al., 1987). This life stage and 1-year-
old humpback chubs have been found in the
mainstem in backwater eddies, connected back-
waters, and nearshore channel margins (Angradi
et al., 1992; Valdez, Masslich, and Leibfried, 1992).
Backwaters, eddies, and nearshore areas are the
habitats used by early life stages of humpback
chub in the Upper Colorado River Basin (Holden
and Stalnaker, 1975; Tyus et al., 1982). The AGFD
(Maddux et al., 1987; Angradi et al., 1992) found
similar habitats important to early life stages of
native fish, particularly backwaters connected to
the mainstem during June through September.
Compared to mainstem eddy habitats, backwaters
offer higher zooplankton and benthic invertebrate
densities (Kubley, 1990; Arizona Game and Fish
Department, 1994), lower current velocities, and
refuge from predatory fish. Other mainstem
nearshore habitats, adjacent to riffles and runs
with cobble and gravel substrates, are very
productive. Data reported by Leibfried and Blinn

Low flows of 1,000 cfs (Labor Day until Easter) or
3,000 cis (Easter until Labor Day) may limit access
to tributaries (except perhaps the LCR), especially
at night, when adult spawners likely would be
moving. Indirectly, this fluctuation pattern may
further limit reproduction of native fish. Evalua-
tion of aerial videography indicates that flows
above 5,000 cfs are clearly sufficient to allow
access to major tributaries for spawning (with the
exception of Havasu Creek, which is inaccessible
under all normal operational flows due to the
presence of a prominent physical barrier) (Arizona
Game and Fish Department, written communi-
cation,1993). Other detailed accessibility surveys
have not been performed on any major tributary .
Reliable minimum flow is used as the indicator for
accessibility to tributaries for reproduction.

The cold water released from the dam limits egg
and larvae survival of most native fish in the
mainstem, and successful reproduction and
development of early life stages of humpback
chub in the Grand Canyon is known only in the
LCR. Under interim operations, there has been
some evidence of limited chub reproduction in the
mainstem in the vicinity of RM 30 in association
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Mainstem Recruitment and Growth seasonality in their collections of striped bass in
Grand Canyon (April through July). Primary
concerns of this research include whether
operational changes would encourage greater
movement of striped bass upstream into Grand
Canyon, whether bass might become resident in
the river, and whether they might feed on native
fish. Predation by striped bass has been an issue
of some concern. The level of that concern has
been tempered somewhat by recent findings. Of
21 striped bass stomachs examined, only one
contained a fish (rainbow trout) (Valdez and

Hugentobler,1993).

Growth of wannwater non-natives is limited by
temperature, as is growth of native fish. The
aquatic food base is used as the indicator for
growth potential of non-native wannwater and
coolwater fish.

Interactions Between Native and
Non-Native Fish

The striped bass is not the only predator of native
fish. Other non-native wannwater fish are
already established in the river. Perhaps prime
among those established is the channel catfish.
The channel catfish is an omnivore by nature and
can compete with as well as prey upon native fish
Channel catfish are established in and around the
LCR and are potential predators of native fish,
including the endangered humpback chub. Their
numbers appear to increase with distance from
the dam, reaching peak abundance below Lava
Falls at the western end of Grand Canyon (Haden,
1991). Examinations of channel catfish and
striped bass stomachs reported by Valdez and
Hugentobler (1993) revealed fish remains, but no
humpback chub were identified. Several native
suckers were found in the stomachs of channel
catfish near the LCR. Largemouth bass and green
sunfish, currently restricted to the lower river
reaches, also are potential predators of native fish.
Recent work in Grand Canyon (V aldez and
Hugentobler, 1993) documented little predation
on native fish by these species. They have been
implicated as significant predators elsewhere in
the basin.

The presence of warmwater, coolwater, and
coldwater species is an issue of considerable
importance. Competition from and predation by
non-native fish has been cited along with habitat
modification as causes of the decline of native fish
in the Colorado River system (Holden and
Stalnaker, 1975; U.S. Fish and Wildlife Service,
1990b; Minckley, 1991). The cold waters released
from Glen Canyon Dam not only put some of the
warmwater native fish at risk by limiting natural
reproduction but also may benefit them by
limiting the numbers and activities of non-native
predators and competitors.

Striped Bass and Other Predators

One way that non-native fish directly influence
native fish is through predation upon one or more
of their life stages. Because of its position in the
large lakes above and below Glen and Grand
Canyons and its reputation as a voracious
predator, the striped bass could become an
important influence on native fish populations.
Generally, striped bass are found in the lower
reaches of Grand Canyon below Lava Falls, but in
recent years isolated individuals have been
captured near the mouth of the LCR.

Striped bass in the Southwest are far from their
native range on the Atlantic coast, where they
typically reside at sea but ascend rivers along the
coastal plain to spawn. After spawning, they exit
the riverine spawning areas (Crance, 1984), but
some individuals stay in cool tailwater areas
(Coutant, 1985). Striped bass appear to display
this ascent and retreat spawning behavior in the
Southwest, and recent research by Valdez and
Hugentobler (1993) has recorded a definite

Trout, among the most numerous fish in Glen and
Grand Canyons, also have the potential to act as
predators of native fish. Brown trout, usually
concentrated between Clear and Bright Angel
Creeks (Valdez, 1991), typically feed on fish
(piscivorous) at larger sizes. Rainbow trout,
though generally not considered piscivores, also
have been implicated as possible predators on
young native fish and fish eggs (Maddux et at.,
1987; Haden, 1991; Angradi et al., 1992; Valdez,
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usually are striking. Native fish living in altered
habitats and/ or competing with non-native fish
for limited resources most often have been
restricted, or even excluded, in their native range.

Potential competitors with native fish include
carp, fathead minnow, killifish, rainbow trout,
and red shiner and may include some of the
omnivorous species that also prey on native fish.
These competitors may share rearing habitats in
backwater areas and eddies, on which native fish
appear to be dependent.

1991). Rainbow trout stomachs examined by
Maddux et al. (1988) and BIO/WEST, Inc. (Valdez
and Hugentobler, 1993) did not contain any
evidence of predation on native fish. Following
exceptional production of humpback chub in the
spring of 1993, an examination of rainbow trout
stomachs collected near the LCR's confluence with
the main stem found very small but identifiable
bones of humpback chub, suggesting some
predation (Paul Marsh, written communication).

Native fish species dominate over non-native
species in tributaries. Of nine tributaries sampled
by Angradi et al. (1992) in Marble and Grand
Canyons, seven were found to be dominated by
native species, and only two were found to be
dominated by non-native species (the coldwater
rainbow trout).

Brown trout, more piscivorous than rainbow
trout, have been implicated as an important
predator upon humpback chub (Valdez and
Hugentobler,1993). The only documented
predation on humpback chubs during 1991 and
1992 in the mainstem was by brown trout (Valdez
and Hugentobler, 1993). Thirteen percent (3 fish)
of the 23 brown trout collected near the mouth of
the Little Colorado River contained identifiable
chub remains. Coldwater fish species such as
brown trout, cutthroat trout, and brook trout
usually prey on other fish, and the recovery plan
for the humpback chub recommends against
stocking predatory or competitive non-native fish
into waters occupied by threatened and

endangered species.

Trout populations use some of the same tribu-
taries for spawning as native fish. It was
suggested by Maddux et al. (1987) that trout and
native fish use tributaries in different seasons, and
thus partition the habitat seasonally. Native fish
rely on the tributaries during spring months for
spawning and during summer months for rearing,
while trout rely on tributaries during winter
months for spawning and spring months for
rearing. Carothers and Minckley (1981) char-
acterized the overlapping use of tributaries by
native fish and trout as an example of competition.

Other coolwater fish also could be introduced
accidentally from Lake Powell. The walleye and
smallmouth bass (both piscivores), currently
expanding their distribution in Lake Powell, could
reside in reaches in Glen and Grand Canyons.
One walleye has recently been collected in Grand
Canyon (Valdez and Hugentobler, 1993). In the mainstem, cold water releases from the

dam-and possibly daily fluctuations and flood
events-have considerably reduced the numbers
of individuals and kinds of non-native species that
are currently resident (Minckley, 1991). Main
channel habitat conditions for all warmwater
non-natives are marginal. Channel catfish, carp,
and fathead minnow persist and probably rely
upon tributary spawning (and backwater
spawning in the case of fathead minnow) to
maintain their populations.

Establishment and Expansion of Other
Competitors

While predation has a very direct effect on the
abundance of native fish, competition has an
indirect-but no less important-effect on their
abundance and well-being. Fish life require-
ments include both the physical characteristics of
where they live and reproduce, as well as the food
resources they depend on for energy and growth.
When access to food resources and shelter is
limited through competition, the abundance of the
disadvantaged competitor is often reduced. While
competition is difficult to document, its results

Trout

The issues defined for detailed analysis under this
topic include trout spawning and recruitment and
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percentage) is used as the indicator. Ultimately,
this proportion may determine whether the
fishery must be maintained by stocking or could
become self-sustaining (a condition desired by the

angling public).

Downstream Reproduction and
Recruitment

While the trout in Glen Canyon spawn in the main
channel, it is assumed that downstream popula-
tions in Grand Canyon are largely maintained by
tributary spawning. It is unknown whether main
channel spawning significantly contributes to the

population.

considerably from consuming it. It can be argued
that Cladophora is consumed coincidentally when
trout forage for bottom dwelling invertebrates like
Gammarus. It also has been argued that trout
benefit directly from feeding on Cladophora as well
as indirectly by consuming the invertebrates that
depend upon it (Pinney ,1991). Montgomery et al.
(1986) and Leibfried (1988) proposed that the high
fat content of the diatoms encrusting Cladophora
provide a ready energy source and may be
partially responsible for the enhanced growth of
trout in the tailwater area. The amount of
Cladophora in the diet of adult rainbow trout
generally declines from upstream populations at
Lees Ferry to downstream populations in the
lower Grand Canyon, which probably reflects
availability (Maddux et al., 1988). The aquatic
food base is used as the indicator for growth and
condition of trout.

VEGET A TION

Plant communities found in north central Arizona
reflect the influences of climate, topography, soil,
and elevations that characterize the area. For
example, the uplands surrounding Grand Canyon
support a unique blend of plants influenced by
three adjacent deserts: the Mohave to the west,
the Sonoran to the south, and the Great Basin to
the east and north (Carothers and Brown, 1991).
However, the Colorado River and operation of
Glen Canyon Dam have little effect on the
majority of plant life surrounding Grand Canyon.
The river, as influenced by dam operations, affects
a narrow band of vegetation along the river
corridor known as the riparian zone. The riparian
zone will be the focus of this discussion and
chapter IV analyses.

Tributary populations may have persisted for
many years with limited use of the main channel.
NPS and the U.S. Forest Service began stocking
tributaries in the 1920's (Carothers and Minckley,
1981), and trout use of the mainstem was likely
limited in summer months when water tempera-
tures were unsuitable. Tributary populations
have persisted without augmentation since
stocking ended in 1964. Accessibility to tributaries
is the prime issue for maintaining these popula-
tions. It is assumed that trout access has been
sufficient under pre-1989 operational criteria,
since trout dominate in these upper river reaches.
Only extremely low flow in the mainstem,
especially when coupled with low discharge from
the tributary, would preclude its use.

Growth and Condition

Trout tend to be opportunistic feeders and often
consume foods based on their size. In Glen and
Grand Canyons, trout fry appear to be rather
dependent on zooplankton in the mainstem
(Haury, 1988; Maddux et al., 1988). Adults,
on the other hand, feed on chironomid midge
larvae, Cladophora, Gammarus, and decaying
organic material. Fish material appeared in
less than 1 percent of stomach samples (Maddux
et al., 1988).

Riparian Vegetation

Plant communities affected by releases from Glen
Canyon Dam exist in a restricted zone at the
juncture between the river's aquatic communities
and upland plants adapted to desert conditions.
Riparian zones are supported by inflowing
water-either perennial, intermittent, or
ephemeral-and occur in a continuous area

Rainbow trout usually are not considered herbi-
vores, but some researchers have indicated that
the occurrence of Cladophora in their stomachs is
no accident, or at least that they have benefited
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Daily fluctuations not only affect area coverage of
vegetation but also species composition to some
degree. At many sites, tamarisk marks the
30,OOO-cfs stage-unable to expand to higher
elevations without the disturbances of higher
flows and unable to expand to lower elevations
because of daily fluctuations. Sediment deposited
by the high flows of 1983 is no longer wetted and
is being colonized by coyote willow and arrow-
weed via rhizomes or underground running
shoots from adjacent stands.

deltas of Lakes Powell and Mead, permit clay / silt
particles to settle from suspension. These deposits
provide a higher quality substrate for seed
germination and seedling establishment than
underlying sand because of their greater nutrient
levels and moisture-holding capacity .With an
appropriate water regime, these are the sites that
support emergent marsh vegetation.

Marsh plants were selected as one of the
indicators of riparian vegetation because their
requirements place them between the aquatic and
terrestrial systems at the aquatic end of the
riparian zone. Together with woody plants
(which require drier conditions), these indicators
are assumed to represent the range of riparian
system responses to dam operations.

Plant species composition also depends on loca-
tion in Grand Canyon. River elevation decreases
almost 2,000 feet from Lees Ferry to Lake Mead,
and the accompanying climatic changes affect
plant community composition. For example,
coyote willow is more common in the upper
canyon, while arrow weed and horsetail are more
common in the lower canyon. While various
herbaceous plants form a ground cover near the
high water stage below woody plants in the upper
canyon, bermuda grass becomes the dominant
ground cover at many sites below Havasu Creek.

Lakes Powell and Mead. Woody riparian vegeta-
tion also is associated with Lakes Powell and
Mead. Lake levels have declined since the high
floodflows of 1983-86 because of a regional
drought. Riparian vegetation has increased on
sediment exposed by declining water levels, and
woody vegetation has become abundant below
Separation Canyon into Lake Mead.

Marsh Plants Along the Colorado River. Patches of
marsh vegetation can be found in backwaters,
channel margins, seeps and the mouths of
tributary streams, and in other isolated sites
within the fluctuating zone located between the
NHWZ and the rninirnum discharge stage. Prior
to closure of Glen Canyon Dam, annual flood-
flows prevented the establishment of marsh plants
along the Colorado River in Grand Canyon
(Stevens and Ayers, 1993). By 1976,65 distinct
sites supported about 12 acres of marsh
vegetation. Further expansion occurred until
1983-86, when floodflows eliminated cattails and
bulrushes from all but 17 sites.

Stevens and Ayers (1991) identify two types of
marsh plant associations. Wet marsh plants
include cattails, bulrushes, and some less common
emergent plants. These associations develop on
sediment deposits containing about half clay / silt
and half sand, at sites between 10,000- and
20,000-cfs stages that are inundated once every
1.1 to 2.5 days (figure 1II-31). Patches of dry
marsh plants (horsetail, giant reed) occur between
discharge stages of about 20,000 to over 31,500 cfs
that are inundated once every 3 days.

Emergent Marsh Plants

Common emergent marsh plants found in the
study area include cattails, bulrushes, and giant
reed. Another plant-horsetail-is not generally
considered emergent marsh vegetation but is
included in this discussion because it develops
and grows under conditions similar to the other
species listed. These conditions include a reliable
water source and sediment properties found only
at certain sites.

Emergent marsh plants commonly occur in small
patches along the river between the dam and Lees
Ferry (Stevens and Ayers, 1991). The average size
ranges from 0.05 (dry) to 0.1 (wet) acre, with the
largest (Cardenas Marsh), just over 1 acre in size.

Deposits containing clay / silt sediments are
necessary for development of emergent marsh
vegetation (Stevens and Ayers, 1993). Low water
velocity sites, such as eddies and retum-current
channels along the river (see figure 111-16) and the
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Riparian Habitat (Woody and
Emergent Marsh Plants)

It is reasonable to assume that, as riparian

vegetation increased, wildlife also increased to the
levels observed today.

MammalsRiparian vegetation, and particularly that in the
NHWZ, is among the most important wildlife
habitat in the region. The structural diversity of
the plant species and thick growth found in the
riparian zone provides many habitat resources in
a relatively small area. Riparian plants provide
food and cover for insects emerging from the
river, as well as providing habitat for its own
resident invertebrate populations. The plants,
insects, and other resources found in the riparian
zone, in turn, support numerous mammals, birds,
reptiles and amphibians, and other invertebrates.

Wintering waterfowl found along the river
corridor cannot be directly linked to riparian
vegetation, but they are attracted to and use the
clear open water of the Colorado River within
Glen and Grand Canyons. Although no predam
survey data are available, the turbid river water
was probably not very attractive to waterfowl.
Dam construction resulted in clear, cold water that
now supports an abundant green alga, Cladophora
glomerata, and the aquatic food chain associated
with it. Increased waterfowl numbers are
probablya response to this increased aquatic
productivity (Stevens and Kline, written
communication,1991).

Some 26 species of mammals are considered
uncommon to abundant along the Colorado River
corridor in Grand Canyon (Carothers and Brown,
1991). Of these species, only the deer mouse
depends directly on the riparian zone for its
existence. Deer mice were not found along the
river prior to construction of Glen Canyon Dam.
Riparian vegetation may have provided a
competitive edge for deer mice over cactus mice
along the river's banks. Both the brush mouse
and pinyon mouse have increased in numbers
since closure of the dam and subsequent
development of the NHWZ. Small mammals use
all types of vegetation, from dense patches of
marsh plants to scattered desert shrubs.

The beaver is a large aquatic rodent that lives in
dens in stable deposits above the fluctuating zone
and feeds on riparian vegetation. Although the
river corridor through Grand Canyon may not
appear to be beaver habitat, Stevens (written
communication, 1992) developed a conservative
1991 estimate of 200 beavers between Lees Ferry
and Diamond Creek (225 miles). Beavers can
affect plant species composition and coverage by
their feeding activities. Cuttings and drag marks
from these animals are common on beaches
supporting stands of coyote willow.

Six bat species are uncommon to abundant along
the river corridor (Carothers and Brown, 1991).
While these species also inhabit desert habitats,
they may be attracted to the river corridor by the
insects associated with the river and riparian
vegetation. Bats are important prey for peregrine
falcons (B.T. Brown, 1991b).

The variety of animals present in the river
corridor, their habitats, and how they use their
habitats result in a complex system that would be
difficult to evaluate in detail. However, like other
resources in the study area, this system is linked to
the river and ultimately to Glen Canyon Dam
operations. These linkages and anticipated
changes form the basis for analyses in the
remainder of this document. Two resources were
selected for detailed evaluation to serve as
indicators of wildlife: riparian habitat (woody
and emergent marsh plants), to represent
terrestrial wildlife, and the aquatic food base, to
represent wintering waterfowl requirements. The
following discussion explores existing wildlife
and habitat and how they reflect predam
conditions and dam operations.

There is one record of the spotted bat in the river
corridor. This species is mentioned here because
it is a candidate species under the Endangered
Species Act. Very little is known about the
spotted bat or its habitat requirements. The single
record indicates that it is rare, and this species will
not be treated in detail in this document.
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30 bird species that nest exclusively in the OHWZ,
NHWZ, or both, 13 are insectivors; and at least
10 more bird species feed insects to their young.
Other species that may not nest in riparian vege-
tation-such as phoebes, swifts, and swallows-
feed on the insects associated with this zone.

Ringtail and the western spotted skunk are among
the most common small mammals in the study
area. These species may have become more
abundant since construction of the dam. Whether
riparian vegetation has contributed to this
increase or human use at beach campsites has
increased their food supply is unknown
(Carothers and Brown, 1991).

Desert bighorn sheep and mule deer are the
largest mammals that use sections of the river
corridor. Bighorn sheep come to the river to drink
and feed during the heat of summer (Carothers
and Brown, 1991). Although rapidly increasing
discharges may occasionally strand individual
animals, the size, strength, and mobility of these
two species make it unlikely that river discharge
causes direct effects.

Little direct effect has been recorded on birds
nesting along the river corridor under historic
dam operations. Bird populations were studied
during the flood years of the 1980's when
segments of riparian vegetation were inundated
for long periods. Brown and Johnson (1988)
recorded only one nest lost at flows up to
31,000 cfs. At higher discharges, bird nests located
near water or on the ground risk inundation.
Discharges of 40,000 cis inundated 90 percent of
common yellowthroat nests. Above 40,000 cfs,
nests of Bell's vireo, yellow-breasted chat, black
and Say's phoebe, and violet-green swallow were
affected.

Birds

The importance of riparian vegetation as wildlife
habitat, specifically in the NHWZ, is exemplified
by bird use. Some 303 species of birds have been
recorded in the Grand Canyon region, with
250 (83 percent) of these in the river corridor
Gohnson,1991). Most birds use the corridor as a
travel lane through the desert and are not affected
by dam operations. However, birds that nest in
the riparian zone along the river corridor are
directly and indirectly affected by flows.

Mallards nest in dense vegetation-such as
patches of emergent marsh plants-above the
high water stage. Dense vegetation provides
cover and abundant insects for foraging young.
Mallard pairs were observed in almost every large
eddy in Marble Canyon and upper Grand Canyon
reaches in the summer of 1991 (Stevens, written

communication,1992).

Some 48 species of birds nest along the river
(modified from Carothers and Brown, 1991).
Fifteen species nest in both the OHWZ and
NHWZ, with an additional 14 species nesting
exclusively in the NHWZ (figure 111-32). One
species nests primarily in the OHWZ. The
number of nests at some sample sites in the
riparian zone exceeded densities comparable to
800 pairs per 100 acres, among the highest ever
recorded in North America (Brown and Johnson,
1988). Bell's vireo, summer tanager, hooded
oriole, and great-tailed grackle have expanded
their nesting ranges into Grand Canyon in
response to riparian vegetation development
(Carothers and Brown, 1991).

Vegetation within the riparian zone is not
continuous but rather occurs in disconnected
blocks or patches. Factors that affect the patch
sizes of vegetation-such as disease, fire, beach
erosion, or colonization of barren sites---can
indirectly affect habitat use by breeding birds. For
example, patches of vegetation in the NHWZ
must be at least 1.2 acres in size before black-
chinned hummingbirds will use them for nesting
(B.T. Brown, 1991c). Habitat patch size also is
important to other species. Factors that decrease
patch size would limit subsequent habitat use,
while factors that permit increases in area would
promote increased use by some nesting birds.

Amphibians and Reptiles

Riparian vegetation supplies both cover and food
to birds and to a principal prey: insects. Of the

Some 27 species of amphibians and reptiles
(herpetofauna) inhabit the river corridor
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and open tamarisk sites, support lizard densities
equal to or higher than any other sites reported in
the Southwest (Warren and Schwalbe, 1988). The
river is the source of abundant invertebrate food,
while riparian vegetation-together with various
other substrates including cliff faces-provides
structural diversity. Together, these features
create habitat conditions for some species of
herpetofauna that may be unique in southwestern
riparian zones.

Terresfriallnverfebrafes

While mammals and birds use riparian vegetation
primarily for cover and secondarily for insect
food, amphibians and reptiles focus their feeding
activities on the many insects associated with
riparian vegetation (Carothers and Brown, 1991). .

The importance of insects to herpetofauna is
illustrated by the distribution of four common
species: the side-blotched, the western whiptail,
the desert spiny, and the tree lizard. Individuals
of these species are most abundant within 16 feet
of the water's edge, moderately abundant in the
NHWZ and OHWZ, and least abundant at upland
sites adjacent to the riparian zone (Warren and
Schwalbe, 1988).

Invertebrates playa major role in both aquatic and
terrestrial food chains in Grand Canyon. Some
insects hatching and emerging from the river may
swarm into the NHWZ and land on riparian
vegetation, rocks, and other substrates, supplying
abundant food for various forms of mammals,
birds, and herpetofauna. Vegetation within the
riparian zone also supports resident insect popu-
lations that are independent of the river. To date,
several thousand species of insects, representing
260 families, have been identified along the river
corridor (Stevens and Waring, 1986). Spiders,
scorpions, and other invertebrates also are present
in the varied substrates of the riparian zone.

Aquatic/ Aerial Forms. The Colorado River
mainstem supports a relatively low diversity of
invertebrates, but these few species have high
populations and produce a high biomass (see
discussion of macroinvertebrates under FISH in
this chapter). In contrast, the tributaries support
high species diversity, with each tributary and
spring supporting a different assemblage of
species. Chironomid midges, simuliid black flies,
and amphipod crustaceans dominate the aquatic
food chain in the river (Carothers and Brown,
1991).

The NHWZ fluctuating zone is a particularly
important source of food. The western whiptail
commonly feeds in the fluctuating zone on
harvester ants, stranded Gammarus, and black flies
(Carothers and Brown, 1991). Warren and
Schwalbe (1988) observed eight western whip tails
and five desert spiny lizards feeding along a
section of shoreline at Cardenas Marsh. Some
species select specific substrate within the riparian
zone. For example, side-blotched lizards are most
commonly observed in open areas with rocks or
bare soil, western whiptails on bare soil or litter,
desert spiny lizards on large boulders or large tree
trunks, and tree lizards on vertical cliff faces along
eddies and quiet shorelines just above the splash
zone (Warren and Schwalbe, 1988).

Species that develop in the clear, cold river water
and then emerge to live in the air above are often
important in terrestrial food chains. For example,
black flies develop as larvae attached to under-
water rocks. Instead of emerging directly from the
water as adults like chironomid midges, black flies
must first reach land and dry their wings
(Carothers and Brown, 1991). These vulnerable
emerging flies are an important source of food for
numerous species that forage in the zone of

fluctuating discharge.

Adult chironomid midges are a significant food
resource available to predacious insects, amphi-
bians, reptiles, and birds in this system (Stevens
and Waring, 1986). Following emergence, chiron-
omids prefer to alight on willows rather than on
tamarisk. Adult chironomid populations were
lowest during years of high flood discharges and
large fluctuations.

Numbers of lizards observed in the NHWZ were
lowest in dense tamarisk sites (Warren and
Schwalbe,1988). Along the Gila River-a similar
desert habitat with dense tamarisk-only desert
spiny and tree lizards were captured in dense
tamarisk Gakle and Gatz, 1985). Jakle and Gatz
speculated that dense stands of tamarisk do not
provide suitable habitat for lizards.
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Wintering Waterfowl (Aquatic Food

Base)

Leibfried and Blinn (1987) noted a lack of
invertebrates at sample sites exposed to
fluctuating flows. More recently, Blinn et al.
(1992) found a total of only 33 invertebrates in
900 samples from 10 sites in the fluctuating zone
between Lees Ferry and Diamond Creek.

The numbers of waterfowl using Grand Canyon
increase in late November, peak in late December
and early January, and then decrease in February,
March, and April (Stevens and Kline, written
communication,1991). During peak winter
concentrations in 1990-91, some 19 different
species of waterfowl used the river between Lees
Ferry and Soap Creek at a denSity of 136 ducks per
mile. An average density of 18 ducks per mile
occurred over the entire upper Grand Canyon
(RM 0-77). It is assumed that the birds are
attracted to and use the river because of the open
water and abundant food resources available.

Ground-Dwel/ing Forms. Another group of insects
important in terrestrial food chains are species
that live just below or on the ground. One of these
species best known to campers is the harvester
ant. Before Glen Canyon Dam, annual flooding
removed colonizing harvester ants from the scour
zone. Populations rose to 2.4 nests per 100 square
yards after closure of Glen Canyon Dam but were
reduced to predam levels by the 1983-86 floods
(Carothers and Brown, 1991). Current population
levels,have stabilized at about 0.35 nest per
100 square yards. Harvester ants feed on
vegetation or other insects, human food debris,
and black flies. They are in turn fed upon by
predacious insects, herpetofauna, birds, and
mammals.

No specific information on feeding is available for
wintering waterfowl in Grand Canyon. However,
the diets of individual species are well known
from other studies and indicate that foods taken
from the river would range from plants through
invertebrates to small fish. The variety and
abundance of waterfowl using the river during
winter indicate that a productive aquatic system
exists below the dam. As described in the section
on aquatic resources under FISH in this chapter,
this system is supported by clear, cold releases
from the dam and is based on the linkages
between Cladophora, diatoms, Gammarus, and
larval insects.

ENDANGERED AND OTHER SPECIAL
ST A TUS SPECIES

Vegetation-Using Forms. Although most terrestrial
insects use plants to some extent, several forms
exhibit important relationships with riparian
vegetation. While tamarisk is the most abundant
woody plant along the Colorado River in Grand
Canyon, it supports only four or five species of
insects. Among these are leafhoppers and
armored scales restricted to tamarisk, a lady bug
that preys on the armored scales, and Apache
cicadas (Carothers and Brown, 1991). In contrast,
coyote willow-second only to tamarisk in
abundance-supports many different species of
insects. Tamarisk produces a much greater
amount of insect biomass primarily due to large
outbreaks of leafhoppers (Carothers and Brown,
1991). Leafhopper outbreaks provide food that
may be used by native predacious insects,
amphibians and reptiles, birds, and mammals.

The Federal endangered species considered in this
report include the humpback chub, razorback
sucker, bald eagle, peregrine falcon, and Kanab
ambersnail. The southwestern willow flycatcher
has been proposed for listing as endangered, and
the flannelmouth sucker is a candidate species
being considered for listing. Other Arizona
species of concern in Grand Canyon are the south-
western river otter, osprey, and belted kingfisher.

The insect community continues to develop as
riparian vegetation becomes established.
Tributaries support different insect species than
the river corridor and may serve as population
reservoirs for mainstem colonization.
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An "endangered species" is defined as a species in
danger of extinction throughout all or a significant
portion of its range. Candidate species include
category l-a species for which there is substan-
tial information to support listing as threatened or
endangered-and category 2-a species for which
some information indicates that listing is possibly
appropriate, but biological data on vulnerability
and threat are not currently available.

.Impacts of warming the release water

.Ecological needs of endangered species below
Glen Canyon Dam

.Reducing known factors constraining
humpback chub populations

.The relationship between mainstem and
tributary habitats

Endangered Species

Humpback Chub

Following GCES Phase I, Reclamation in 1987
requested formal consultation on the existing
operation of Glen Canyon Dam. A draft biological
opinion was prepared but not made final.
Discussions between FWS and Reclamation
resulted in an agreement for Reclamation to fund
seven conservation measures that would identify
actions to assist in removing jeopardy for the
humpback chub. AGFD, FWS, Hualapai Tribe,
NPS, Navajo Nation, and Reclamation have been
working cooperatively to implement the conserva-
tion recommendations.

The humpback chub evolved in the Colorado
River system 3 to 5 million years ago but was not
described as a species unti11946 (Miller, 1946). It
was on the origina11967 Federal list of
endangered species and remains endangered
today. The Grand Canyon population of
humpback chub is considered especially
important to the recovery of the species (U.S. fish
and Wildlife Service, 1990b).

fu 1978, a FWS biological opinion found that Glen
Canyon Dam operations had an adverse affect on
essential humpback chub habitat and were
jeopardizing the continued existence of this
species by limiting its distribution and population
size. The opinion also stated that dam operations
were modifying major portions of humpback chub
and Colorado squawfish habitat and were limiting
recovery of both species. A jeopardy biological
opinion was not included for the Colorado
squawfish since it was considered extirpated from
Grand Canyon in 1978 and remains in that status
today. The opinion suggested Reclamation fund
long-term studies on:

With the announcement of the preparation of this
EIS, FWS recommended that a biological opinion,
including the seven conservation measures, be
prepared for the preferred alternative. The draft
biological opinion was submitted to Reclamation
in October 1993. The preferred alternative was
revised to be consistent with the reasonable and
prudent alternative contained in the draft
biological opinion. Comments on the draft EIS
and the draft biological opinion led to further
refinements of both documents. FWS issued a
final biological opinion with a jeopardy finding
for humpback chub and razorback sucker (see
chapters IV and V). The final reasonable and
prudent alternative can be found in attachment 4.

Information on designation of critical habitat for
the humpback chub is included in the next section
on the razorback sucker. Humpback chub habitat
requirements and general biology are described in
the FISH section of this chapter.
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Razorback Sucker The limited information on razorback sucker
habitat requirements is presented in the FISH
section of this chapter.

Bald Eagle

The razorback sucker was listed as an endangered
species throughout its range on October 23, 1991
(U.S. Fish and Wildlife Service, 1991b). Specific
habitat requirements for the species are not well
known and are the subject of several research
programs. However, two major causes for its
decline throughout its range were cited in the
listing rule: The bald eagle was listed as endangered in 1978

and retains that status in 42 states. On July 12,
1994, FWS proposed to reclassify the bald eagle as
threatened.

1. Modification of the natural riverine habitats
(including impoundment of rivers), modification
of historic hydrologic patterns, and cold water
from bottom release darns

2. Predation by and competition with non-
native fish introduced into the razorback's native

range

FWS has completed the process of determining
critical habitat for all of the "big river II endan-

gered fish species. Critical habitat is defined by
the Endangered Species Act as habitat containing
the physical and biological features essential to the
conservation of a listed species and may include
occupied or unoccupied habitat. A proposed rule
was published in January 1993 and the final rule
in March 1994. Critical habitat for the humpback
chub includes the lower 8 miles of the LCR and
Colorado River from RM 34 to RM 208. For the
razorback sucker, critical habitat includes the
Colorado River from the confluence with the Paria
River (RM 0) to and including Lake Mead.

The Colorado River corridor through Grand
Canyon is used by migrating bald eagles in the
winter. While eagles are capable of taking fish
from a river system with characteristics identical
to the Colorado River before Glen Canyon Dam,
they were not often observed in Grand Canyon
until after the rainbow trout fishery was
established. Eagles were first recorded in the
winter of 1985-86 (4 birds) and have increased to a
high of 26 birds counted in a single day at
Nankoweap Creek in the winter of 1989-90. Some
70 to 100 bald eagles moved through the area in
February and March of 1990 (National Park
Service, 1992). Bald eagle use of the river corridor
is opportunistic and currently concentrated
around Nankoweap Creek, where the birds
exploit an abundant food source in the form of
winter-spawning trout.

Use of the river by eagles may increase and
eventually expand to other locations. For
example, bald eagles are regularly located along
the river corridor above the LCR and occur
around Lake Powell (National Park Service, 1992),
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Bald eagles have been recorded wintering on
Lake Powell in numbers ranging from 30 to
50 individuals since the early 1980's (Stevens,
written communication, 1993). They are present
from November through March, apparently
using the recreation area both as a migration
route and as a winter stopover.

Peregrine falcons were 1
1970 but have generally
since the prohibition on

Eagles eat trout stranded in isolated pools along
the river near the creek mouth, but the main
feeding activity is in Nankoweap Creek itself
(National Park Service, 1992). Eagles appear to
shift foraging strategies in response to food
availability .At low riverflows, foraging is
concentrated at the creek mouth and the lower
150 feet of stream. Bald eagle foraging locations
appeared to be flow dependent. Increasing
riverflows are directly related to an increase in
bald eagle foraging attempts more than 150 feet
above the creek mouth. However, the success rate
for prey capture is the same at the creek mouth or
150 feet above it.

Grand Canyon and surrounding areas support the
largest known breeding population of peregrine
falcons in the contiguous United States (Carothers
and Brown, 1991). Between 1988 and 1990,
71 different breeding areas were identified in
Grand Canyon National Park. Extrapolation
estimates indicate that 96 pairs of peregrine falcon
may exist in the study area (B.T. Brown, 1991b).
The birds using Grand Canyon appear to be part
of an increasing Colorado Plateau peregrine falcon
population. For example, more than 60 territories
around Lake Powell have been geographically
defined and confirmed to be occupied, within
which about 50 peregrine breeding areas have
been specifically located (Stevens, written

communication,1993).

It appears that the number of eagles at
Nankoweap Creek is related to the number
of spawning trout. More than 500 trout have
been recorded at Nankoweap Creek during
recent years, with the spawning run peaking at
1,500 fish in 1990 (National Park Service, 1992).
The number of trout attempting to ascend and
spawn depends on the number of spawning trout
in the river and conditions in Nankoweap Creek.

Eagle numbers at Nankoweap Creek were down
in 1990-91, as were the numbers of spawning
trout. Low discharges in Nankoweap Creek,
low water temperature, and ice may have
limited the number of trout attempting to
ascend and spawn in the creek.

Although relationships are still under
investigation, it is assumed that the peregrine
falcon's success in the area is at least partially due
to the abundant prey: violet-green swallows,
white-throated swifts, several species of bats,
ducks, and other prey. Prey species are plentiful
because of large insect populations produced in
the clear river water.

The relationships between aquatic productivity,
insects, prey species, and peregrine falcons are
largely speculative. No specific data are available
that could be used to refute or confinn the above
relationships, and no data are available on
peregrine falcons in Grand Canyon before Glen
Canyon Dam. Swifts and swallows make up a

isted as endangered in
increased nationwide
use of certain pesticides.
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Other Special Status Species

FJanneJmouth Sucker

The £1annelmouth sucker is listed as a category 2
species under the Endangered Species Act. The
species is found in the Paria and Little Colorado
Rivers; shinumo, Kanab, and Havasu Creeks; as
well as various locations in the mainstern, espe-
cially western Grand Canyon (Arizona Game and
Fish Department, 1993). Habitat requirements
and general biology of the £1annelmouth sucker
are discussed in this chapter under FISH.

significant part of the diets of peregrine falcons
elsewhere in the Southwest where falcon densities
are identical to those in Grand Canyon (Hays and
Tibbitts, 1989; Tibbitts and Ward, 1990; Bemer and
Mannan,1992). At those sites, surface water is
often unregulated, limited (small perennial
streams), or virtually absent (ephemeral streams).

Kanab Ambersnail

Southwestern Willow Flycatcher

Nesting pairs of the southwestern willow
flycatcher in Grand Canyon increased following
closure of Glen Canyon Dam. In the 1980's, the
population along the Colorado River in Grand
Canyon was believed to be no more than a few
dozen pair but represented the largest population
of willow flycatchers in Arizona (Unitt, 1987).
Carothers and Brown (1991) attribute this
response to increases in riparian vegetation
following reduced high flood discharges.

The Kanab ambersnail was designated an
endangered species in 1992. Only three known
populations exist-two near Kanab, Utah, and one
in Grand Canyon on land around a perennial
stream that plunges from the canyon wall to the
Colorado River (Spamer and Bogan, 1993). Since
the listing of this species in 1992, one of the Utah
populations is believed extirpated.

In a 1991 survey conducted in Glen Canyon and
the upper portion of Grand Canyon to Cardenas
Creek, only two pair of nesting birds were
detected. It has been speculated that changes in
the numbers of nesting pairs may be related to
brown-headed cowbird parasitism and habitat
fragmentation (B. T .Brown, 1991a). On July 23,
1993, this bird species was proposed to be listed as
endangered (see discussion under "Consultation"
in chapter V).

Arizona Species of Concern

The Kanab ambersnail is a terrestrial snail in the
family Succineidae. It has a mottled grayish to
yellowish-amber shell and lives in marshes and
seeps located at bases of sandstone cliffs.
Vegetative cover is necessary for this mollusk.
Inclividuals in Grand Canyon are associated with
cardinal monkey flower and water cress. The
assumed habitat is a densely vegetated, wetted
area of about 340 square yards. The availability of
cardinal monkey flower or other vegetation and
the presence of rock ledges influence the
distribution of this species towards the river.
Since implementation of interim flows in 1991,
Kanab ambersnail habitat has increased down to
an elevation equivalent to the 20,OOO-cfs river

stage.

The State of Arizona lists three species of concern
that may use the river corridor and tributaries in
Grand Canyon: the southwestern river otter,
belted kingfisher, and osprey.

The southwestern river otter is considered an

endangered species by the State of Arizona. River
otters have always been considered rare in Grand
Canyon, with the last sighting reported in 1983
(Bravo, verbal communication, 1991). The
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southwestern river otter is listed as a category 2
species under the Endangered Species Act but
generally is believed to be extinct.

The osprey is a rare fall, spring, or accidental
transient in the canyon listed by the State as a
"State threatened" species (Arizona Game and
Fish Department, 1988). The belted kingfisher is a
"State candidate" species found in low numbers
year round in the canyon and its tributaries. Both
birds are rare or uncommon in Grand Canyon.

.Havasupai

.Hopi

.Hualapai

.Navajo

.Southern Paiute

.Zuni

Archeological Sites

Archeological research in Grand Canyon began in
1869 with the first report of "Moqui" ruins by
John Wesley Powell, the first Anglo-American to
travel the length of the Colorado River (Powell,
1875). Professional archeological work was begun
in the Lees Ferry area by Julian Steward in the
early 1930's (Steward, 1941) and by Walter Taylor
along the Colorado River in Grand Canyon in
1953 (Taylor, 1958). Site reporting over the years
and limited surveys of the rims and the inner
canyon have recorded over 2,600 sites in Grand
Canyon and 2,300 sites in Glen Canyon. A
complete archeological inventory of the river
corridor, encompassing all traversible terrain from
the river up to and including predam river
terraces, was completed for this EIS.

CULTURAL RESOURCES

Cultural resources include prehistoric and historic
archeological sites, traditional cultural properties,
sacred sites, collection areas, and other resources
that are important to Native Americans in main-
taining their cultural heritage, lifeways, and
practices. Both archeological sites and Native
American traditional cultural properties exist in
the corridor of the Colorado River between Glen
Canyon Dam and Separation Canyon, a 255-mile
section of the Colorado River within Grand
Canyon and Glen Canyon. The affected area also
includes lands adjacent to the Navajo Nation, the
Havasupai and Hualapai Reservations, and Lake
Mead National Recreation Area.

A total of 475 prehistoric and historic sites were
located within the affected environment, many
representing use by Puebloan people including
the Hopi and Zuni, Pai and Paiute, and the Navajo
and Anglo-Americans. A total of 323 sites have
been determined eligible for inclusion on the
National Register of Historic Places (National
Register) as contributing elements to the Grand
Canyon River Corridor Historic District. One site
has been recommended for archeological testing
before the determination of eligibility is made.
The remaining sites either were ineligible or were
not evaluated because they are outside the zone of

potential impact.

Both historic and prehistoric resources relate
to cultural traditions beginning with the
Archaic peoples (ca. 2500 B.C.), continuing
through the Puebloan and Cohonina peoples
(ca. AD. 500-1200), the Cerbat tradition
(ca. AD. 1300-1700), and Paiute groups (possibly
Archaic through historic times). Apachean
occupation of the Grand Canyon region is
documented by the late 17th century, and use by
numerous groups continues to the present.
Historic Angle-American use of the area began in
1869 with the first attempt to explore the Colorado
River and subsequent exploration and economic
exploitation of the area.

The following Native American groups have
ancestral claims to the canyon and continue to use
the area today:

Anglo-American historic resources within the
affected area total 71 sites or components and
represent use of the area between 1869 and 1940.
One historic resource located in the Colorado
River, the Charles H. Spencer Steamboat, was
listed on the National Register in 1974 as part of
the Lees Ferry Historic District. A separate
nomination was prepared for the steamboat, and
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locations of medicinal herbs, and other sacred
places in Grand Canyon are important because of
their role in perpetuating Hopi life and culture.
These places provide a vital spiritual and physical
link between the past, the present, and the future.

Hopi people have a number of concerns about
their ancestral homesites being damaged by
erosion. The Hopis value these sites as markers
on the landscape that serve to physically
document their cultural claim to the land. Many
of these sites contain the remains of Hopi
ancestors. Proper respect for and treatment of the
dead are extremely important values in Hopi
culture. Hopi people feel that human graves
should not be excavated solely to satisfy scientific
curiosity. When graves are disturbed by erosion,
however, most Hopis believe these graves should
be reburied away from danger, not taken out of
the canyon. Nondestructive study of human
remains during the process of relocating graves is
acceptable to most Hopi people.

Like ruins, rock art ties modem Hopi people to
land inhabited by their ancestors. The Hopis have
a rich interpretive scheme for assigning meaning
to rock art. Their oral history records a number of
clans residing in Grand Canyon. Hopi elders have
observed the symbols of the Fire, Strap, Spider,
Kachina, Lizard, Turkey, Bow, Water, Bear,
Greasewood, and Badger Clans immortalized in
petroglyphs in the canyon. The many handprints
at rock art sites are interpreted as the markings left
by clan leaders during Hopi migrations.

Hopi culture begins with the emergence of the
people into this present world from the Sipapu, a
travertine cone in Grand Canyon. After their
emergence, Hopi people migrated around the
Southwest until all clans came back together at the
center of their universe: the Hopi Mesas. For
many clans, these migrations included residence
in Grand Canyon. This is well documented in the
archeological record (Fairley et al., 1994). Of the
475 cultural resource sites identified by the NPS
during its survey of the canyon bottom, at least
180 consisted of the remains left by a prehistoric
Puebloan people. Conventional archeological
theory , as well as Hopi oral history , holds that
these sites were produced by the ancestors
(Hisatsinom in the Hopi language) of the present

day Hopi people.

All of the springs in Grand Canyon have spiritual
importance to the Hopi people. One of these
springs, Vasey's Paradise, was specified by
Spanish priests as the location from which the
Hopi people were to collect holy water and
drinking water for the Catholic missions. It is
important to the Hopi that these springs are not
damaged in any way by the Glen Canyon Dam

operations.

Evidence shows that use of Grand Canyon by the
Hisatsinom began around AD. 700-800. These
people increased in number and began to use all
portions of the northern and eastern canyon
bottom, as well as both the north and south rims.
By the lOth century, small pueblos dotted much of
the arable land in the canyon bottom. Associated
with some of these pueblos were kivas, ceremonial
structures found in every modern Hopi village
and centers of religious life. By AD. 1200, the
Hisatsinom had largely moved from Grand
Canyon, migrating to areas nearer to the present
day Hopi Mesas. Ties to the Grand Canyon
region were not severed, however, as evidenced
by Hopi ceramics dating to post-AD. 1300 found
throughout the canyon. Similarly, ritual pilgrim-
ages to Grand Canyon for salt, minerals, and other
resources-as well as to visit shrines-have
continued into the 20th century.

Just as modem Hopi villages have shrines
associated with them, so do their prehistoric
counterparts. Any pueblo that contains a kiva can
be assumed to have shrines. While people may no
longer regularly deposit offerings at these shrines,
they are still sacred areas.

Hopi people continue to use Grand Canyon for
important ceremonial and ritual purposes. The
Hopi Salt Mines on the Colorado River are the
focus of an arduous pilgrimage associated with
initiation rites of Hopis. The Twin War Gods
established the steep trail down the walls of
Grand Canyon for this salt pilgrimage and
identified many shrines where offerings and
rituals are conducted along the way. Hopis
continue to us~ these places for prayer and make
offerings at them during winter ceremonies
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bands of the Pai but also with neighboring tribes
such as the Hopi, Paiutes, Mohaves, and Navajos

and lived there for several years. The canyon
continued to provide protection to Navajos and
their herds of sheep, goats, and horses during the
federally imposed livestock reduction program of
the 1930's and 1940's.

The Hualapai Indians have occupied and used the
lands and waters lying within their ancestral
territory , as well as within the present reservation,
for more than 1,000 years-long before the records
and history of white society in the area. Evidence
of their occupancy, use, and ownership of the
territory is contained in their family and tribal
records, traditions, and legends-unwritten, but
faithfully transmitted from parent and leader to
offspring and follower, from a people that lived in
the distant past to the present.

The boundary of the traditional Navajo homeland
is symbolized by the four sacred mountains
(although the aboriginal use area extends beyond
these mountains): Sis Naajinii on the east (Blanca
Peak near Alamosa, Colorado), Tsoo Dzil on the
south (Mount Taylor near Grants, New Mexico),
Dook'o'oosliid on the west (San Francisco Peaks
near Flagstaff, Arizona), and Dibe Ntsaa on the
north (La Plata Mountains near Durango,
Colorado).Navajo Nation

Navajos believe they originated from three under-
worlds and emerged through a series of events
into this, the fourth world. These worlds were
given to the Navajo people by the Holy People.
Water is the basis for the origins of many Navajo
clans and is important in oral tradition and many
ceremonies.

The Navajo Reservation borders part of the
affected environment, from Glen Canyon Dam to
the confluence of the LCR-a distance of
76.5 miles. Throughout the Colorado River
corridor are places of historical, cultural, and
religious importance to Navajo people.

Archeological and linguistic evidence suggests
that the Apacheans (Athabaskan-speaking
ancestors of the modem Navajos and Apaches)
entered the North American Southwest sometime
between A.D. 1000 and the 1400's (Brugge, 1983;
G.M. Brown, 1991). During this time, the
Apacheans traded and intermarried with neigh-
boring Puebloan and other groups. Traditional
Navajo culture of today is the result of these
interactions (Brugge, 1983; Kelley et al., 1991).

The Colorado River is a sacred female being to the
Navajo's, forming a protective boundary on the
western border of Navajo land. It is inseparable
from the larger sacred landscape of which it is an
integral part. Oral traditions and physical places
connect Grand Canyon to its tributaries and the
landforms that surround it. Prayers are offered to
all these places. The LCR is considered a sacred
male being. These rivers provide protection to the
Navajo people, not only in the water that is
ceremonially used, but in the refuge the canyons
have provided to Navajos throughout history .
These are among the many sacred and secular
resources these canyons, collectively called Grand
Canyon, provide to the Navajo people.

In addition to ceremonial uses of water, the
Colorado River and its tributaries have provided
water for both people and livestock for many
generations. The beaches provided arable land for
corn fields, and the river terraces provided habitat
for the deer, bighorn sheep, and other game that
Navajos hunted. The beaches and terraces also
support the vegetation that continues to be used
for medicinal, ceremonial, and daily domestic

Historical accounts refer to ancestral Navajo
interactions with Havasupais in the Grand
Canyon region by the 1600's (Navajo Nation,
1962). Evidence clearly establishes Navajo
settlement on the plateaus surrounding Grand
Canyon by the 1700's (Navajo Nation, no date).
By at least the mid-1800's, Navajos were fully
using resources in and around Grand Canyon for

farming,livestock grazing, plant gathering,
hunting, and religious purposes, as well as
seeking refuge from Mexican slave raiders and
non-Navajo Indian Tribes. During the 1860's,
when Navajos were conquered by the U.S. Anny
and incarcerated at Fort Sumner, New Mexico,
many Navajo families escaped into the canyon
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purposes. The salt mines also provide salt that is
still used ceremonially and was historically used
for seasoning food. The many trails used to access
the canyons also serve both sacred and secular

purposes.

refuge. Thus, Grand Canyon became the final
refuge for traditional Southern Paiute life and, as
such, assumed additional cultural significance.

Modern Southern Paiute people continue to use
Grand Canyon and the Colorado River in
traditional ways because they believe the Creator
requires them to do so. If a land and its resources
are not used in an appropriate manner, the
Creator becomes disappointed or angry and
withholds food, health, and power from humans.
For this reason, Paiute people continue to visit the
canyon and river to harvest plants and fish and to
conduct ceremonies-even though access to these
areas is now limited.

Any effects on Grand Canyon and its resources
from the operation of Glen Canyon Dam
ultimately affect the stories that are told about
them. These stories are the most irreplaceable of
Navajo cultural resources.

Southern Paiute Tribe

Zuni Tribe

The traditional lands of the Southern Paiute
people are bounded by more than 600 miles of
Colorado River from Kaiparowits Plateau in the
north to Blythe, California, in the south. Accord-
ing to traditional beliefs, Southern Paiute people
were created in this traditional land. Through this
creation, the Creator gave Paiute people a special
supernatural responsibility to protect and manage
this land, including its water and natural
resources. Puaxant Tuvip (sacred land) is the term
that refers to traditional ethnic territory.

The traditional territory of the Zuni Tribe is
bounded by the San Francisco Peaks on the
northwest corner and by portions of the LCR and
the Pueblo Colorado Wash on the far northern
boundary .Although they do not reside in the
directly affected environment, Zunis have close
ties to the Colorado River and Grand Canyon.
The area of Zuni traditional use extends
considerably beyond their traditional territorial
boundaries and includes Grand Canyon.

Southern Paiute people express a preservation
philosophy regarding Puaxant Tuvip and the
water, minerals, animals, plants, artifacts, and
burials existing there. Natural resources are
perceived as having their own human-like life
force. The Colorado River is one of the most
powerful of all natural resources within
traditional lands. Elders tell children about its
power and the gifts it provides when talked to
and treated with great respect. Traditionally,
Southern Paiutes lived, farmed, collected plants,
and hunted along the Colorado River where it
passed through their land. For this reason, the
riverbanks are full of culturally meaningful
human artifacts and natural elements.

Archeological sites, traditional cultural properties,
and other sacred locations along the Colorado
River corridor and the LCR are important to Zuni
traditional and cultural values, providing
important spiritual linkages to the place of
emergence for the Zuni Tribe. Areas where soil,
water, plants, and rocks are collected for
ceremonies, as well as a portion of the Zuni Grand
Canyon Trail, are located within the affected
environment of the Colorado River.

From the moment that the Zunis arrived on the
surface of the earth, Grand Canyon and the
Colorado River have been sacred. Creation
narratives describe the emergence of the Zuni
people from Earth Mother's fourth womb, coming
out into the sunlight at the bottom of Grand
Canyon. The narratives also describe the Zunis'
subsequent search for the center of the world, the
Middle Place. The people moved up the Colorado
River and then up the LCR, periodically stopping

Historically, most Southern Paiute people died
when Europeans encroached upon Puaxant Tuvip,
bringing domestic animals and diseases. Paiute
people soon lost control over most of the tribu-
taries of the Colorado River, including the Santa
Clara River, the Virgin River, and Kanab Creek.
As Paiute people were forced out of these riverine
oases, they retreated to Grand Canyon to live in







SO2 is now a regulated pollutant associated with
adverse health effects. Nitrogen oxide (NOx}
emissions also are produced from burning fossil
fuels and react in the atmosphere to form ozone
and acid aerosols. Most utilities presently
concentrate their efforts on reducing SO2 and NOx
emissions, so changes in these emissions will be
tracked under this analysis.

RECREATION

Dam operations affect the experience of recrea-
tionists using the Colorado River in Glen Canyon
and Grand Canyon, as well as those using Lake
Powell and Lake Mead. The recreationists most
affected by different flows are anglers, day rafters,
and white-water boaters.

Figure 1II-35.-Sources of sulfates at
Grand Canyon, 1981-85.

year to year as well. For example, during 1980-85,
there was a 50-percent increase in summer sulfate
levels measured at the canyon (Maim, 1989).

The 15-mile segment of the Colorado River below
Glen Canyon Dam, located within the Glen
Canyon National Recreation Area, is the last
remaining riverine section of the 189-mile river-
carved channel that was once Glen Canyon. This
segment, the Glen Canyon reach, is used by a
variety of recreationists including fishermen,
boaters, day rafters, campers, and hikers.

One source of sulfate in Grand Canyon is Navajo
Generating Station, identified as a major 502 con-
tributor by an NPS study. In response to the
study, the Environmental Protection Agency
mandated modifications to reduce emissions
beginning in 1995. These modifications are
scheduled to be in service for all three powerplant
units by August 1999.

The Colorado River through Marble and Grand
Canyons is the longest stretch of river (278 miles
long, with over 160 recognized rapids) for recrea-
tional use entirely within a national park. The
river is surrounded by more than 1 million acres
of land with little human development. Some of
the world's most challenging and exciting white
water occurs here. The river's isolation in the
mile-deep gorge of Grand Canyon gives it
primitive recreational qualities and enhances
off-river hiking, climbing, and sightseeing.

Regional Air Quality

Changes in dam operations may affect regional air
quality. Glen Canyon Powerplant is integrated
into a regional power system (chapter III,
HYDROPOWER). Although the total annual
generation would not vary significantly if power
production at Glen Canyon Dam was shifted from
daytime to nighttime (or from peak to off-peak
months), power for those periods would have to
be replaced elsewhere in the system. This
replacement power could be generated by new,
cleaner-buming powerplants, which would result
in less emissions than generation by existing
powerplants. This change could be apparent
either in the region, or elsewhere in the marketing
area served by the Salt Lake City Area Integrated

Projects.

Hoover Dam impounds the water of the Colorado
River, forming Lake Mead-the largest reser-
voir in the Western United States. About
lOO,OOO boaters annually use the stretch of Lake
Mead and Grand Canyon from South Cove to
Separation Canyon for scenic boating, camping,
fishing, water-skiing, and other recreational
pursuits.
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fish. Blue ribbon fishery management limits the
harvest of fish through special regulations that
encourage "catch and release" by implementing
low daily bag limits, size limits, and gear
restrictions.

The fishery in Glen Canyon is one of only two
blue ribbon stream fisheries in Arizona, which
increases its importance to anglers and AGFD.
Blue ribbon fishery waters can be maintained
through natural reproduction or by stocking.
Under historic dam operations and current fishing
regulations, supplemental stocking is necessary in
order to maintain catch and harvest rates.
Rainbow trout spawning occurs on gravel bars in
Glen Canyon, and naturally reproduced fish
represent about 28 percent of the average trout
harvest (U.S. Department of the Interior, 1988).

In 1978, the bag limit was reduced from 10 to
4 trout in an attempt to protect the resource from
ever-increasing fishing pressure. In 1980, a rule
was enforced requiring that trout either be
released or killed immediately after being caught.
This rule was an attempt to discourage people
from keeping fish alive for extended periods and
then releasing them if a larger fish was taken, a
practice resulting in high mortality rates for the
released fish. Even though the fishery has
declined in productivity since 1978, fishing
pressure continued to escalate unti11984. Janisch
termed the period 1978-84 the "quality" fishery
era. Creel census reports still showed a very
respectable average weight of 2.79 pounds for fish
caught and kept through this period. However,
the days of the trophy fishery were ending, and
the average weight of fish taken steadily declined.

Bishop et al. (1987) stated that Janisch char-
acterized the current era (beginning in 1985) as
"something less than quality but not put-and-
take." Further, catch rates are still relatively high
and some large fish are taken, but most fish are
small in comparison to the trophy era (Bishop
et al., 1987). Management strategy is to reduce
fishing pressure and stock trout so the fishery can
be restored to the quality , if not trophy, level.

]anisch summarized the history of the Glen
Canyon fishery in four stages (Bishop et a1., 1987).

.Put-and-take era (1964-71)

.Trophyera (1972-78)

.Quality era (1978-84)

.Something less than quality but not
put-and-take (1985-present)

From 1964 to 1971, the "put-and-take" era,
catchable-sized trout were stocked and most were
caught within a few months. The average weight
of the rainbow trout taken was less than
0.75 pound during this period, and fishing
pressure was relatively light.

Fish over 20 inches long made up about 25 percent
of the harvest in the period 1979-83 and less than
10 percent during 1985-88. In 1984-85, fish less
than 15 inches long accounted for about
50 percent of the harvest; this decreased to about
20 percent in 1986. However, the harvest
percentage of fish less than 15 inches long has
been increasing ever since (Reger et al., 1989).

Angler Safety. This flat water section of river is
fished predominantly from boats launched at Lees
Ferry .Bank fishing, including fly fishing by
wading fishermen, occurs in the area around Lees
Ferry .They wade out into the channel to the
depth their wading gear permits. The rate of
increase in flow directly affects the safety of
fishermen, in terms of their ability to move toward
shore once they notice changing water levels. Lee
and Grover (1992) found that anglers believe high
flows (30,000 cfs or more) reduce the potential for

Around 1971, Gammarus became a major part of
the trout's diet, and the trout growth rate appar-
ently increased. This resulted in the "trophy"
fishery era from 1972 through 1978. Bag limits of
10 fish weighing a total of 40 pounds were not
unusual during this period. In response, the
number of angler days rapidly increased. Water
temperature and habitat seemed conducive to
natural reproduction, so the AGFD fish stocking
strategy shifted from introducing catchable-sized
trout (as practiced during the put-and-take era) to
stocking fingerlings. Research subsequently
showed that the fishery heavily depends on stock-
ing and that only limited natural reproduction is
taking place (Persons et al., 1985).
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safely wading in the river. At least three drown-
ings in the past 12 years possibly are related to
river stage or stage change.

and mainstem fisheries (table III-ll) for rainbow
and brown trout in Grand Canyon are managed
under the wild:fish concept.

Camping and Day Use Sites. Within the Glen
Canyon reach are six designated camping areas
above the high water zone, generally on terraces.
There are up to three campsites per camping area,
designated by pit toilets and fire grates. Beaches
in this reach are used mainly by anglers and day
rafters, with over 50,000 visitors each year.
Although the camping surfaces generally are
located well above the river, discharge and its
influence on sediment deposits and sedimentation
processes ultimately will influence the size and
distribution of these sites. Other flow-related
problems include accessibility to sites and
physical space for mooring boats at campsites.

Table 111-11.-Wild trout fishery designations
in Grand Canyon (AGFD, 1990)

Bright Angel Creek (12.9 miles)

Clear Creek (4.1 miles)

Colorado River (229.0 miles)

Crystal Creek (5.2 miles)

Deer Creek (0.1 mile)

Havasu Creek (3.5 miles)

Nankoweap Creek (0.1 mile)

Phantom Creek (3.9 miles)

Pipe Creek (0.5 mile)

Royal Arch Creek (0.7 mile)

Shinumo Creek (0.1 mile)

Stone Creek (5.0 miles)

Tapeats Creek (4.5 miles)

Thunder River (0.4 mile)

Vishnu Creek (1.8 mile)

Kearsley and Warren (1993) inventoried sites
available in the Glen Canyon reach for camping
and day use. Of the potential 18 camping and
day-use sites in this reach, only 12 normally are
available. The other 6 are low water sites avail-
able only when flows are 15,000 cfs or less.

Fishing in Grand Canyon
Wild fisheries are sustained entirely by natural
reproduction. Since most of the waters within
Grand Canyon are accessed by trail or raft, angler
density is limited, thus protecting the fishery from
overharvest. The daily limit is four fish for the
Colorado River from the Marble Canyon Bridge
through Grand Canyon to Separation Canyon,
including all tributaries. Trout taken from these
areas must be either immediately released or
killed and retained as part of the bag limit.

Fishing in Grand Canyon is largely an activity
incidental to white-water boating or backpacking.
The exceptions are found mostly in the vicinity of
Jackass Canyon and in other side canyons around
Marble Canyon.

NPS controls most access to these wild trout
fisheries by issuing back country and river
permits. Commercial river companies are not
allowed to offer trips that are primarily for fishing
within Grand Canyon; however, fishing is
allowed as an incidental activity on river trips.
The only restrictions on anglers are localized
closures to protect endangered species and a
required fishing license from the State of Arizona.

Angler Safety. Most Grand Canyon fishing is
conducted from either a raft or the riverbank; few
anglers wade into the river to fish. As a result,
angler safety is not considered a major issue.

Day RaftingWild Trout Fishery. The Arizona Coldwater Sport-
fisheries Plan uses a wildfish concept to "provide
anglers the opportunity to catch fish that are
naturally reproduced in the wild." The tributary

A Glen Canyon raft trip is a leisurely 15-mile,
1-day float trip. In 1991, more than 33,000 visitors
took ha1f-day raft tours of the Glen Canyon reach.
All Glen Canyon raft trips have professional
guides to run the rafts and explain the river
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attractions. Wilderness River Adventures is the
only concessionaire authorized to provide
commercial Glen Canyon raft trips. Several tour
companies support these trips by busing raft
passengers from Grand Canyon south rim and
other areas to Glen Canyon.

of low flow. Certain types of equipment, such as
jet boats, can better negotiate the river during
periods of low discharge.

Trip Attributes

During flows of 3,000 cfs and less, few boaters are
able to go upriver past 3-Mile Bar (RM -3), a
shallow riffle (Welsh, verbal communication,
1991). Damage to boats and motors is more
frequent than at higher water levels. In addition,
fishing activities at flows less than 3,000 cfs are
concentrated within the 3 miles above Lees Ferry ,
especially on weekends and other high-density
days; some boats are stranded upstream of 3-Mile
Bar following lowering of flows. If tied too tightly
to banks, boats are left "high and dry" above
water stage, only to become swamped when
discharge increases. During 5,000-cfs flows, about
75 percent of boaters are able to negotiate 3-Mile
Bar, while nearly all boaters can do so during
8,000-cfs or greater flows.

Up to 23 rafts are launched daily by the rafting
concession. Discharge from the dam becomes an
influence on these rafts at constrictions in the
channel, causing the most problems during
periods of flows less than 5,000 cfs (O'Mary ,
verbal communication, 1993).

Bishop et al. (1987) found that the only flow-
sensitive attribute of a Glen Canyon day-raft trip
may be its origin. At low to moderate flow levels
(generally less than 29,500 cis), the 2o-person tours
depart from a dock near Glen Canyon Dam and
float or motor downstream to Lees Ferry. When
releases are above 29,500 cfs and outlet works are
in use, departure from the base of the dam is
unsafe due to the volume and turbulence of the
water. In these cases, rafts normally depart from
Lees Ferry carrying fewer people (10) and motor
part way upstream before floating back down-
stream. The decreased raft capacity occurs
because the pontoons are removed to reduce
water resistance while motoring upstream, which
reduces stability. Most trips departing from Lees
Ferry do not go all the way up the river, and
passengers do not get a view of Glen Canyon Dam
from the river.

White-Water BoatingLee and Grover (1992) found that-at low flows-
day rafters were more likely to feel that the water
was too low and slow, more likely to wait longer
to launch, or more likely to experience minor
motor or raft damage. At high flows, rafters were
more likely to notice beach erosion at shore stops.
Overall trip satisfaction remained high and not
significantly different at all flow levels.

The history of nmning the Colorado River in
Grand Canyon can be traced back to 1869, when
John Wesley Powell led the first expedition down
the Colorado River through Grand Canyon.
Commercial river trips began in 1938. Today,
white-water boating in Grand Canyon is a major
industry , with 17 companies having permits to
conduct commercial raft trips in the park. Also,
the Hualapai Tribe conducts river trips from
Diamond Creek to Lake Mead.

Raft trips stop at channel margin sediment
deposits for day-use and lunch stops. These sites
are beach-like in character and likely to be
influenced by discharge from the dam. Prior to the early 1960's, there was little concern

about resource impacts along the river. Glen
Canyon Dam was yet to be completed, and few
visitors entered the canyon or ran the river. From
1960 to 1972, the number of boaters annually
running the river grew from 205 to 16,432 persons,
paralleling a dramatic increase in white-water
boating nationwide. In 1972, increasing problems
with management of campfires, human waste,

Navigability, Access, and Boating Safety

Individuals who boat in the Glen Canyon reach
must launch at Lees Ferry and motor upstream.
The narrow constrictions and riffles within the
reach cause the greatest difficulties during periods



RECREATION 153

and trash along the river; damage to fragile soils
and vegetation; unofficial trails; and destruction of
prehistoric sites prompted NPS to regulate river
use more closely.

Approximately 15,000 to 20,000 commercial and
private boaters annually run the river. This range
reflects the changing trends in the length of com-
mercial trips-presently, short duration trips. The
number of user days is restricted to 115,500 for
commercial trips and 54,450 for private parties.
Motorized trips are allowed to launch from mid-
December through mid-September. Oar-powered
craft can be used throughout the year and
exclusively during the "oar-only" period from
September 15 to December 15. Noncommercial
group size averages below the limit of 16, while
commercial group size usually is 36 people. The
Lower Gorge, beginning at Diamond Creek, is
used for the Hualapai Tribe concession as well as
by other commercial and private rafters.

Private parties furnish their own boats, rafting
equipment, food, and guides or boat operators.
Individuals must apply for private permits, which
are awarded in the order that applications are
received. Currently, the waiting list for private
permits is about 10 to 12 years, although
40 percent of the individuals on the list are able to
take trips sooner due to cancellations.

River Trip Attributes

Bishop et al. (1987) asked white-water boaters,
including commercial passengers, to report the
attributes that contribute most to an excellent
Grand Canyon trip. Good weather, good social
interaction, good guides, an unrushed pace (time
for layovers and stops at attraction sites), and a
wilderness experience were the attributes
mentioned most often by respondents. Of the
attributes listed by at least 15 percent of all
respondents, four are potentially affected by

discharges:

.Time for layovers and stops at attraction sites

.Good/ exciting rapids

.A wilderness experience

.Not feeling crowded

Bishop et al. (1987) asked white-water boaters and
commercial white-water guides to provide self
reports on the quality of Grand Canyon white-
water trips. Both the guides and the passengers
reported that the quality of trips was highest
during periods of constant flows in the range of
25,000 cfs to 30,000 cfs.

The number of visitors on the river is not solely a
reflection of increased popularity of white-water
sporting nationwide. Before the dam, riverflows
were highly variable and ranged from low flows
frequently less than 3,000 cfs to peak flows
occasionally in excess of 100,000 cfs in spring and
early summer. Now, riverflows are within a
much narrower range-from 3,000 to
31,500 cfs-and show less seasonal variation,
making it possible to raft during all months of the
year because of the reduced high and low water
risks. However, many people have rafted the
river through Grand Canyon (predam) at and
below 1,500 cfs. Most commercial and private raft
trips take place during May through October.

Commercial trip passengers contract with an
outfitter to provide a boat, other rafting
equipment, food, and a guide. Commercial trips
use both oar- and motor-powered rafts and
typically run from 3 to 4 days for a motor trip
( only the upper stretch of the river from Lees
Ferry to Phantom Ranch) to 20 days for an
oar-powered trip (the ful1255 river miles through
the park). One- to 2-day trips launch from
Diamond Creek.

Rapids are important attributes of white-water
boating trips (Bishop et al., 1987). Rapids are flow
related since a number of small to medium rapids
become "washed out" at relatively high flows,
while other larger rapids become more exciting to
run. Constant daily flows affect trip procedures at
major rapids differently for commercial motor,
commercial oar, and private trips. Most
commercial oar guides stop to scout major rapids
no matter what the flow level. In contrast,
commercial motor guides are more likely to stop
when flows are below 10,000 cfs and above
50,000 cfs. (Releases higher than 31,500 cfs are
rare and unscheduled.) Private trip leaders are
most likely to scout rapids at moderately high
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levels of 25,000 to 35,000 cis. Guides and trip
leaders also are more likely to have passengers
walk around major rapids at flows above
35,000 cfs. At low flows (5,000 cfs or less), it often
becomes necessary to either walk passengers
around some rapids or wait for higher water.

recommendation was for designating 82 percent
of the park area as wilderness and an additional
10 percent as potential wilderness. Following
incorporation of comments, a final EIS was
completed in August of 1980 and forwarded to the
Department of the Interior. In August 1993, NPS
updated this wilderness recommendation, and
action by the Congress is pending.Flow levels also can affect trip schedules.

Commercial guides are more likely than private
trip leaders to attempt to compensate for the
speed of the current at high or low constant flows.
Nearlyall commercial guides will row or motor
more at flows of 10,000 cis or lower, while most
will row or motor less at flows higher than
35,000 cis.

NPS is mandated by the Wilderness Act to protect
wilderness values in the park, including those
along the river, and to take no action that would
potentially compromise future wilderness suita-
bility. Motorized rafts are still in use on the river,
and it is anticipated that the Congress, if it enacts
a wilderness designation for the park, will stipu-
late the conditions under which motor use will or
will not continue (under the direction of the
Secretary of the Interior) on the Colorado River
within Grand Canyon.

Numerous attractions are found along the tribu-
taries and side canyons of the Colorado River .
River trips make planned stops at many of these
and schedule short or extended dayhikes. These
stops are important attributes of white-water trips.
During low flows, both commercial and private
trip passengers may have to miss one or more
attraction sites because of the additional time
needed on the river to maintain a trip schedule.

Finally, white-water boaters may feel more
crowded at high flows because the number and
size of beaches for camping are significantly
reduced. In addition, during daily fluctuations in
flows, boaters may congregate above rapids as
they wait for the water level to rise. Jalbert (1992)
found no relationship between flows and the
incidence of on-river contacts between river
rafters, probably because other factors-such as
launch dates and itineraries-have a greater
influence.

Wilderness is both a legal and philosophical
concept-an area that appears to be influenced
primarily by the forces of nature. The presence
of Glen Canyon Dam does not preclude wilder-
ness designation for the Colorado River through
Grand Canyon, but dam operations can have an
influence on the wilderness setting. The feeling of
being in a wilderness area can be affected by
fluctuations in daily flows since changes in
releases from the dam would continually remind
boaters of human control over riverflow and thus
the recreational environment.

Wilderness Values

It should be noted that short duration, some-
times high magnitude changes in flow occurred
predam-commonly at intervals of a few days or
less-due to floods from tributaries and side
canyons. Thus, while predam flow did not
resemble the daily fluctuations of dam operations,
neither was it steady (see WATER in this chapter).
However, predam fluctuations did not detract
from the wilderness value in that they were
"forces of nature" and evidently not "the hand of
man."

One of the attributes of an excellent or perfect
river trip most often identified by river runners is
a wilderness experience. Enjoying a "wilderness
experience" is more important to private

Studies of wilderness values in Grand Canyon
were begun in the early 1970's but postponed
due to the controversy over motorized raft use
on the Colorado River. An amendment (Public
Law 94-31) to the Grand Canyon Enlargement
Act of 1975 called for completion of a wilderness
study within 2 years. NPS released for public
comment a draft environmental impact statement
(DES 76-28) and a preliminary wilderness
recommendation in 1976. The preliminary
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(noncommercial) rafters and oar trip passengers
and least important to motor passengers. Most
river runners are aware of wide daily fluctuations,
and most feel that the fluctuations make the trip
seem less like a natural setting (Bishop et al., 1987)

Safety

Riverflow levels affect accident rates (although the
element of risk is a factor that attracts rafters to
Grand Canyon); floodflows and low flows are
believed to be the most hazardous. Fluctuating
flows are not considered a significant factor in
river safety .At low flows, major rapids (such as
Hance) become difficult to navigate. Depending
on the craft being used and the skill of the
boatman, it often is necessary to camp above a
rapid to wait for the river to rise. As the average
daily flow increases, boaters become more tolerant
of wider fluctuation ranges (Bishop et al., 1987).

Taking into account a boatman's judgment of risk
and the actions taken to avoid accidents, high
flows (16,000 to 31,500 cfs) are safest for both
private and commercial trips, with medium and
low flows presenting increased hazard for both.
During flows less than 5,000 cfs, commercial
motor trips have the highest rate of all types of
accidents, but private oar-powered trips sustain
more equipment damage and more frequently
have their passengers walk around rapids (Jalbert,
1992). During floodflows, accident risk is much
greater for private than for commercial trips.

The risk of accidents varies by the type of boat
employed. At extremely low flows (less than
5,000 cfs), motor rigs have the highest incidence of
accidents, followed by small (typically private
group) rafts (Jalbert, 1992). At flows higher than
powerplant capacity , smaller craft-such as small
rafts, dories, kayaks, and canoes/inflatables-
have more accidents (Brown and Hahn, 1987). It
appears the large, oar-powered rafts had the
lowest incidence of accidents over the range of
flows (Brown and Hahn, 1987; Jalbert, 1992).

Handicapped Accessibility

Commercial guides believe that minimum
constant flows must be over 8,000 cfs to safely run
river trips with passengers. Commercial motor
guides prefer flows around 20,000 cis, while
commercial oar guides and private trip leaders
prefer higher mean discharges of 25,000 to
26,000 cis. The preferred mean maximum flow for
commercial guides is over 50,000 cis, while a great
number of private trip leaders prefer 40,000 cis or
less (Bishop et al., 1987).

White-water boating in Grand Canyon-though a
rigorous activity-is in demand by many,
including handicapped individuals. Federallaw
ensures that special populations with mobility
difficulties can take white-water trips. Since 1991,
two such trips annually have been chartered
specifically for special populations.

It is likely that many commercial and private
rafters could accommodate handicapped indi-
viduals for a raft trip down the Colorado River.
Potential inconveniences might include steep-
pitched beachfaces and poor mooring sites (for
example, a highly armored beachface). Where a
party might otherwise be required to carry gear
around a rapid, it might be necessary to alter an
itinerary, set up camp, and wait for more suitable
flows.

Accident Occurrence. Although the actual
boating accident rate is not high, the very nature
of the Colorado River in Grand Canyon presents
an unusually severe hazard for white-water
boaters since rapids are difficult to navigate and
people might fall into the water. In addition to the
high water velocities and turbulence, the cold
water is life threatening.

Flows in the range of 10,000 to 17,000 cfs appear to
be the safest (Brown and Hahn, 1987). The chance
of hitting rocks generally decreases as flow
increases. The chance of going overboard,
flipping boats, and sustaining injuries increases
with higher flows. Actions taken to avoid
rapids-such as walking passengers around a
rapid and portaging-increase at extremely high
(above 31,000 cfs) and low (below 5,000 cis) flows.

The greatest risk to disabled populations occurs
during flows that have the highest incidence of
accidents resulting in persons going overboard.
This risk is compounded by the probability that
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encroachment accounted for nearly 50 percent of
the campsite degradation in wider (noncritical)
reaches (figure 111-36).

another person will go into the water to help
rescue the disabled individual. Dam operations
have the greatest influence on handicapped
accessibility during low flows, especially those
below 5,000 cis, when passengers (possibly
handicapped) need to walk around a potentially
unsafe rapid. Eroded

Overgrown

Other

Eroded/Overgrown

Camping Beaches 7% (3}

Sandbars form the camping beaches used by river
runners (see SEDIMENT in this chapter). Camp-
ing is possible in only a limited number of
locations along the river between Glen Canyon
Dam and Lake Mead because most of the
shoreline is unsuitable. An inventory of these
camping beaches in 19751isted about 333 camp-
sites within the river corridor, but these were
unevenly distributed in size and location. These
beaches were resurveyed to assess how high flows
influence individual beaches (Brian and Thomas,
1984). At least 227 were verified as being inven-
toried in both surveys. A survey of the Lower
Gorge (Ross, written communication, 1992)
inventoried 14 camping beaches. Non-Critical Reaches

The 1983-84 flood releases caused numerous
changes in camping beaches. Of inventoried
beaches, 30 percent increased in size, 28 percent
decreased in size, and 42 percent remained the
same. Beach degradation occurred in narrow,
upstream reaches, while aggradation occurred
mostly in wide, downstream reaches. The result
was 24 beaches removed or nearly eliminated and
50 new campsites deposited. Brian and Thomas
(1984) hypothesized that the system was not in
equilibrium after the 1983 floods and that the
number, size, and distribution of beaches would
change depending on the stability of the sediment
deposited at the new beaches.

Figure 1II-36.-Number of camps degraded by
reach type and type of degradation.

While flood releases may dramatically impact the
size and number of camping beaches, normal dam
operations also can affect the long-term charac-
teristics of beaches. Sand storage, erosion, and
transport vary with pattern and magnitude of
dam releases, as discussed in the SEDIMENT
section of this chapter. At a given time, however,
campable area depends on the local stage (height)
of the river, which is determined by the
magnitude of releases and local topography.

Campable Beach Area. Flows affect the usable
area of a camping beach. The rise and fall of
water levels, as a result of fluctuating discharges,
inundates portions of the beaches, strands boats,
and influences the wild character of the setting.
Daily fluctuations influence campsite selection;
many river runners will not choose a campsite
that does not offer protection against water level
changes (Bishop et al., 1987).

A survey by Kearsley and Warren (1993) revealed
that the total number of suitable camping beaches
above the new high water zone had declined to
226 sites, a 48-percent decline in the number of
sites considered usable. This reduced number of
usable camping beaches can be attributed to
erosion and vegetation growth. In narrow (criti-
cal) reaches of the river, erosion was the primary
cause of campsite degradation. Vegetation
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An average of 35 percent of potential campsite
area is inundated when releases increase from
5,000 to 25,000 cfs. About 36 percent of the small
and medium sites available at 25,000 cfs become
large enough to change size class when dam
releases are reduced to 15,000 cfs or less (Kearsley
and Warren, 1993).

Beach Availability and Distribution. The location
and distribution of beaches, by reach, set the
absolute limits on visitor carrying capacity; i.e.,
the numbers of groups in a critical reach must be
equal to or less than the number of campsites
available in that reach. The distribution of
camping beaches by reach is shown in table 111-13.

Kearsley and Warren (1993) evaluated the average
area for small, medium, and large campsites
(based on size of group accommodated) at several
discharges. They concluded that camp able areas
differed significantly under the discharges
evaluated. Table 111-12 shows the average area of
camping beaches by size class and discharge,
while figure 111-37 shows the percent of beach area
change between evaluated discharges. Although
large campsites lose more area at higher levels of
discharge, this loss is not important in terms of
carrying capacity for many camps. The camp able
area of most large camps far exceeds that needed
for the maximum trip size of 36 people. The
percent change in area of campsites between
discharges for critical reaches was not
significantly different than that for noncritical
reaches at any discharge level.

The number of campsites averages 1.0 per mile,
with campsites in critical reaches averaging
0.7 per mile and campsites in noncritical reaches
averaging 1.1 per mile (Kearsley and Warren,
1993) (figure 111-38). Campsite availability is
critically limited in four narrow sections of the
river:

.Supai and Redwall Gorge

.Upper Granite Gorge above and below
Phantom Ranch (RM 76-117)

.Muav Gorge above and below Havasu
(RM 140-165)

.Lower Granite Gorge and Lake Mead
(RM 226-270)

Critical reaches have disproportionately fewer
large campsites per mile at 0.20 per mile com-
pared to 0.51 large site per mile in noncritical
reaches. Deer Creek reach (RM 131-139) has more
sites per mile than any other river reach at 2.3 sites
per mile. However, because of the popularity of
attractions in the area, it is not uncommon for

5-8 5-15 15-25 5-25
Change in Riverflow (in thousand cis)

Figure III-37.-Percentage of beach area

inundated between discharges.

Table 111-12, -Average area in square feet of campsites by size class and discharge for 1991

Small 2,660 3,560

Medium 4,950 4,940 6,490 7,210

Large 1,720 13,980 17 ,660 19,340

All 7,720 9,200 11 ,740 12,910

Note: Low water campsites not included.
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thus, the number of suitable campsites. Competi-
tion for prime camping areas may result in
unavoidable crowding, which in turn may
influence the recreational experience.

Canyon. Also, the channel changes with fluctu-
ating flows, making it hard for even small boats to
stay in the channel.

Economics of Recreational UseLake Level and River Rafting. Lake levels have an
influence on commercial raft trips taken on the
San Juan River and on the Colorado River through
Cataract Canyon. The lake is considered a take-
out point for raft trips, and most operators are
more concerned about lack of water volume in the
San Juan and through Cataract Canyon than they
are about low lake levels. Lake levels do have an
influence on operating costs (in the form of wear
and tear on equipment and increased labor costs)
and on trip duration.

This section describes the existing quantity, distri-
bution, and economic impact of recreation in the
study area. Two economic measures-the net
economic value of recreation and the regional
economic impact of recreation-are introduced.
These measures are used to illustrate the national
and regional economic impacts of the proposed
alternatives.

Navigability of Upper Lake Mead

The net economic value of an activity is the net
addition to the Nation's output of goods and
services measured in dollar terms. The term "net
economic value" is used to emphasize that it is a
measure of the value over and above the costs of
participating in a recreational activity. The costs
of participation in a recreational activity are
simply the expenditures made by recreationists.

Boats usually are launched at Pierce basin, South
Cove, or Temple Bar for excursions into Grand
Canyon. Rental houseboats also travel to the
Grand Wash Cliffs area on their week-long trips.
Because there are no gas facilities on the lake
upstream from Temple Bar, boaters must carry
enough fuel to complete a round trip to their
destination. Sightseeing in the Lower Gorge is a
popular activity for boaters on upper Lake Mead.
Popular points of interest on these trips are
Columbine Falls, Bat Cave, Spencer Creek, and
Separation Canyon. Overnight beach camping is
often a part of the itinerary for people enjoying the
lower Grand Canyon by powerboat.

Regional economic impact is a measure of the
importance to the local economy of the expendi-
tures made by recreators. Since such expendi-
tures reflect the costs of participation, they are not
considered benefits from the national point of
view and are excluded from the calculation of net
economic value.

Recreation Use

The amount and distribution of recreational use in
the study area have important implications both
for estimating regional economic impact and for
estimating the net economic value of recreation.
The distribution of visitation during calendar
year 1991 by recreational activity is shown in
figure III-40. As shown, much of the white-water
boating use occurs during the summer months
when most Americans take their vacations. Most
of the angling use occurs during the spring and
fall. This pattern of use has an important effect on
the generation of net economic benefits. To the
extent that net economic benefits are directly
determined by flow, changes in flow during
periods of high recreational use produce larger

Before construction of Glen Canyon Dam, spring
runoff carried heavy loads of sediment down the
Colorado River to Lake Mead, where the sediment
dropped out and settled at the lake bottom in the
vicinity of Grand Wash to Pierce basin. After the
dam was completed, sediment continued to be
transported down the river, but in smaller quan-
tities from side canyons and the beaches below the
dam. Over the years, these sediment deposits
have built up and are now exposed as broad mud
flats in the vicinity of Pierce basin when lake
levels fall below 1180 feet. Because no well-
defined river channel has been established
through these flats, the river is too shallow at low
flows for boaters to navigate up to the Grand
Wash Cliffs and into the lower reaches of Grand
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from other individuals and local businesses.
These individuals and businesses, in turn, spend a
portion of their revenue in the region, and so on.
A portion of each dollar spent by nonresident
recreators is re-spent over and over in the region,
and the impact of each dollar of direct expenditure
by visitors is greater than $1.

of nonresident expenditure. Multipliers allow the
impact of nonresident expenditures to be more
fully assessed. For instance, suppose that a
nonresident visitor spent a total of $101.00 in the
hypothetical county discussed previously. Using
the multiplier of 1.66, this direct expenditure
would create $101.00 x 1.66 = $167.77 in local
economic activity .

The u.s. Forest Service's Impact Analysis for
Planillng (IMPLAN) model (Taylor et al., 1992), a
sophisticated framework for assessing regional
impacts, was used to estimate multipliers for this
analysis. These multipliers are based on the
concept described above. However, unlike the
example discussed, IMPLAN multipliers are
disaggregated into business sectors.

Two Arizona counties, Coconino and Mohave,
were assumed to capture the bulk of the local
economic impacts generated by river-based
recreation in Glen and Grand Canyons. River-
based recreators who reside outside of these two
counties are described as nonresidents for the
purposes of this analysis. River-based recreators
who reside in either Coconino or Mohave
Counties were classified as residents.

An example can be used to demonstrate this
concept more clearly. Suppose that all of the
businesses, government agencies, and households
in a hypothetical county spent 40 percent of the
money they receive from nonresident expendi-
tures on goods and services in the local area. They
spent the other 60 percent of the money to buy
goods and services outside of the region. Each
dollar spent by nonresident visitors will stimulate
an initial $1 worth of local economic activity. That
$1 is re-spent by businesses, government agencies,
and households. Of that $1, $0.60 is spent outside
the county and $0.40 is spent inside the county.
Of that $0.40, $0.40 x 40 percent = $0.16 is re-spent
in the region and $0.40 x 60 percent = $0.24 is
spent outside of the county. After six successive
re-spendings, the money that circulates inside the
hypothetical county is less than $0.01. In this
example, the effect of each $1 of direct expendi-
tures by nonresident visitors is:

Using IMPLAN, multipliers were developed for
the local impact region and were used to develop
the results reported in table 1II-16.

Initial expenditure

$1.00 x40%

$0.40 x 40%

$0.16 x 400;0

$0.06 x 400;0

$0.03 x 40%

Total impact

= $1.00

= $0.40

= $0.16

= $0.06

= $0.03

=$Q..Q.1
= $1.66

Estimates of average expenditures by anglers and
white-water boaters were obtained by Bishop
et al. (1987). Expenditures by white-water boaters
below Diamond Creek are unknown. Estimates of
their expenditures were derived by apportioning
the trip costs found in Bishop et al. (1987) on a
daily basis and by substituting their commercial
trip fees as appropriate.

This example illustrates that each additional dollar
of direct expenditure by a nonresident visitor
produces $1.66 in local economic activity. A
simple multiplier is calculated from this result:
($1.66/$1.00) = $1.66.

As shown, commercial white-water boaters
generate most of the economic activity in the
region. In total, river-based recreational users

generated approximately $23 million in local
economic activity in 1991.

A multiplier relates the amount of direct
nonresident expenditure to the total amount of
local economic activity produced by the visitor's
spending. The size of a multiplier differs
depending on the economic structure of the
region. In general, the more complex the
economy, the larger the multiplier and the more
the impact on the local economy from each dollar
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Table 111-16.-Number of nonresident trips. direct expenditures by nonresident
river-based recreators, and estimated local economic activity generated in the region in 1991

Estimated

regional
expenditures

per trip
(1991 $)

Number of 1991

trips by
nonresidents

Glen Canyon (scenic) rafting 32,816 72

Total direct

expenditures by
nonresidents

(1991 $)

Local
economic

activity
generated
(1991 $)

Glen Canyon anglers 10,270 122 1,252,000 ,833,000

Private white-water boating
in Grand Canyon

2,926 255 747,000 124,000

Commercial white-water boating
in Grand Canyon

13,478 71 9,581,000 15,420,000

Commercial white-water boating
below Diamond Creek

Private white-water boating
below Diamond Creek

1 ,504 299 450,000 735,000

467 103 48,000 75,000

Total 61 ,461 14,452,000 23, 115,000

Recreation, Economics, and Indian Tribes

Hualapai Tribe. Recreation access fees and
commercial recreation enterprises generate a
significant percentage of the total revenue earned
by the Hualapai Tribe. This revenue supports the
reservation's economy and creates employment
for tribal members.

Recreational use of Hualapai resources in Grand
Canyon has increased in the past decade and is
anticipated to increase over time. Figure 111-41
illustrates this trend. As shown, recreational use
has increased substantially over the period that
data is available.

Figure IIl-41.- Total recreation permits
sold by Hualapai Tribe, 1985-91.The revenues generated by recreational activities

on the Hualapai Reservation are earned by tribally
owned enterprises. The Hualapai Tribe's
recreational enterprises can be classified into two

types:

.River-based recreational activities

.River-related recreational activities
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River-based recreational enterprises are those that
are directly flow dependent, including such
activities as fishing and white-water boating.
Conversely, river-related activities such as
sightseeing and camping take place in the river
corridor but are not directly influenced by flow.

Currently, Grand Canyon West only provides
river-related activities that are not directly flow

dependent.

The Hualapais sell permits for sightseeing and
camping on the reservation. Much of this
river-related use is concentrated along the river
corridor. In addition, the Hualapai Tribe derives
approximately one-fourth of its gross revenue
from the sale of permits to hunt desert bighorn
sheep. Some of these sheep are known to use
riparian zones in Grand Canyon.

Commercial white-water boating below Diamond
Creek may have net economic value and regional
economic impact. However, Bishop et al. (1987)
did not investigate the net economic value of
white-water boating in this reach.

Based on use data provided by the Hualapai Tribe
and several assumptions about boater expenditure
patterns, estimates of the regional economic
impact of boating below Diamond Creek were
developed. These estimated impacts are shown in
table 111-16.

Navajo Nation. The Navajo Reservation borders
portions of Glen Canyon National Recreation
Area and Grand Canyon National Park. There has
been little development of business enterprises in
this region due largely to the "Bennett Freeze."
Imposed by the Federal Government in 1966, this
statutory freeze precluded construction or
development on this portion of the reservation
pending resolution of a territorial dispute. The
Bennett Freeze has recently been lifted, and
river-based enterprises may develop in the near
future. At the present time, however, no
river-based enterprises owned or operated by the
Navajo Nation have been documented.

At various times, the Navajo Nation has planned
to construct a marina at Antelope Point on Lake
Powell. Should such a marina be constructed, it
would be subject to the same impacts as existing
NPS facilities on the lake. These impacts are
described under "Lake Activities and Facilities."

River-Based Recreation.-A substantial
portion of the Hualapai Tribe's gross revenue is
derived from river-based recreational activities.
The largest of these activities is white-water boat-
ing. The Hualapai Tribe owns and operates
Hualapai River Runners, a commercial white-
water boating company. Hualapai River Runners
is one of four tribal enterprises and was the major
source of tribal income in the 1980's. In addition
to offering white-water boating trips, Hualapai
River Runners provides shuttle services, tows
across Lake Mead, and access for river takeouts at
Diamond Creek. In 1987, Hualapai River Runners
earned 49 percent or approximately half of the
Hualapai's total gross income.

A number of tribally owned or operated
businesses in Cameron, Tuba City, Grey
Mountain, and elsewhere on the reservation are
dependent on Grand Canyon visitors. The many
jewelry stands along Arizona Highway 89 and
other approaches to the park are especially
prominent examples. Owned and operated by
individual Navajo families, these small enterprises
are frequented by visitors to the region.

The tribe has diversified its business interests and
now depends less on river-based recreation acti-
vities than it did in the past. Nevertheless, the
tribe earned about 33 percent of its total 1991 in-
come from such activities.

River-Related Recreation.-The Hualapai
Tribe also owns and operates Grand Canyon
West, an enterprise based on the natural beauty of
Grand Canyon and the Colorado River. This
enterprise offers guided tours of the Hualapai
Reservation at the west end of the canyon.

Other Tribes. Portions of the Havasupai
Reservation border Grand Canyon National Park.
No river-based enterprises owned or operated by
the Havasupai Tribe have been documented. The
Hopi Tribe, Pueblo of Zuni, and Southern Paiute
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western Colorado and eastern Utah, down to
northern New Mexico, across northern Arizona,
and finally into the south-central Arizona area.
The WAUC is interconnected with six other
Federal and private load control areas:

Emergencies and Outage Assistance. Western's
operating procedures meet North American
Electric Reliability Council guidelines for
emergency operating criteria. NERC guidelines
state that under emergencies, generation must be
available to quickly restore the transmission
system and start the return to normal operating
conditions within 10 minutes. Generally,
emergency services are needed only for short
periods (1 hour or less).

Glen Canyon Powerplant is important in
responding to interconnected transmission system
emergencies. Western has existing contractual
agreements to use Glen Canyon capacity to restart
thermal powerplants in the area in the unlikely
event of a widespread power outage.

.Public Service Company of Colorado

.PacifiCorp (including Utah Power and Light)

.Public Service Company of New Mexico

.Western Area-Lower Missouri

.Arizona Public Service Company

.Western Area-Lower Colorado

Western's transmission lines transport electricity
from Glen Canyon Dam and other generating
sources to customer utilities that serve end users,
such as residential, irrigation district, and
commercial and industrial consumers.

Both hydroelectric and thermal generation are
affected by transmission limitations when lines do
not have enough capacity to transport electricity
from the point of generation to the point of
demand. At times, Western can mitigate existing
limitations on Glen Canyon's eastern transmission
line by exchanging power with the Salt River
Project (SRP), as explained later in this section.

Emergency assistance is similar to emergency
operations, but generally involves smaller outages
that last longer. Under this service, each
IPP member utility is obligated to provide up to
its spinning reserve amount of capacity and
energy for 72 hours if an unplanned outage
occurs. Western's ability to supply IPP emergency
assistance is limited by two factors: available
transmission capacity and generation capability .

Western's ability to deliver emergency assistance
varies on an hourly basis, depending on firm load
obligations and available generation from project
resources. Under historic operations, with a full
reservoir and average loads, Glen Canyon
Powerplant has provided emergency assistance
beyond its required reserves.

The amount of power scheduled for transmission
varies from season to season, day to day, and hour
to hour. Scheduling limits are derived from
physical limits and determine how many trans-
actions may occur. Actual transmission refers to
the actual measured flow of power on the line.
NERC requires monitoring of the actual and
schedule power flow for system operation.

When an unplanned outage extends beyond
72 hours, the affected utility may arrange to
purchase or exchange firm capacity and/ or
energy with another utility. SLCA/IP often
provides scheduled outage assistance due to its
central location within IPP and the flexibility of its
hydroelectric resources.

Transmission System. The CRSP /W AUC
transmission system has approximately
2,300 miles of transmission lines. The following
map shows the CRSP Interconnected Trans-
mission System. The CRSP transmission system
stretches from southern Wyoming through

Transmission Service.-Western, like many
utilities, offers both firm and nonfirm transmis-
sion service. Firm transmission service is
contractually guaranteed for the term of the agree-
ment. Nonfirm transmission service is provided
as available and is not guaranteed. Western parti-
cipates in electricity transfers through "wheeling,"
which occurs when two indirectly connected
utilities agree to purchase or sell power to each
other. The purchaser or seller must make
arrangements to use the transmission system that
electrically connects them. Western offers
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commitments, either through generation alone or
by generation combined with purchases. Long-
term firm commitments vary seasonally according
to project loads and customer requirements.

energy and arrange for interchange transactions,
depending on revised water release estimates.
Nonfirm energy sales are not guaranteed and may
be interrupted with advance notice. The price for
this service is based on market conditions.

Seven of SLCA/IP's customers are considered to
be "large" systems-utilities that buy capacity and
energy to supplement their own generating
resources. The rest of Western's customers are
"small" systems that have little or no generating
capacity and rely on purchases for most or all of
their capacity and energy needs. Almost all
SLCA/IP customers have supplemental suppliers
to meet additional capacity needs.

Nonfirm sales also are known as economy energy
or fuel replacement sales, terms related to substi-
tution of hydroelectric generation for oil- and gas-
fueled generation. The fuel replacement program
began in the early 1980's to encourage this
substitution. Economy energy sales are scheduled
as market and hydrologic conditions allow.

SLCA/IP Post-1989 Power Marketing
CriteriaThe SLCA/IP marketing area and some of the

many customers are shown on customer service
maps in appendix E, along with a detailed listing
of their firm capacity and energy allocations.

In 1980, Western began to review and modify its
marketing and allocation criteria because existing
power contracts were due to expire on
September 30,1989. The associated public process
in 1986 resulted in the post-1989 marketing
criteria. Western is preparing an EIS on the
post-1989 marketing criteria (Western Area Power
Administration, 1994).

Short-Term Firm Power

Marketable Resources

Short-tenn finn sales of capacity or energy can be
made seasonally or monthly. Short-term firm
sales are based on resource availability projections
that exceed long-tenn finn commitments. Prior to
each 6-month marketing season, Western
determines whether excess capacity or energy will
be available for a season or a month. This short-
term firm resource is made available first to
Reclamation for project needs, then to preference
customers (municipalities, public corporations,
cooperatives, and other nonprofit organizations).
Any remaining resources are offered to nonpref-
erence customers. Prices are based on long-tenn
finn power rates.

The SLCA/IP hydropower resources supply the
marketable energy and capacity under the
post-1989 power marketing criteria. Capacity
and energy are marketed on a seasonal basis-
winter season (October-March) and summer
season (April-September). Under the post-1989
marketing plan, SLCA/IP has contractual
commitments for 1,407 MW of capacity and
3,105,848 megawatthours (MWh) of energy in the
winter season and 1,315 MW of capacity and
2,904,403 MWh of energy in the summer season.
These amounts are explained in greater detail in
the following sections.

Nonfirm Energy

Capacity. The CRSP and Fontenelle Powerplant
components of the SLCA/IP totallong-term firm
capacity values are based on the amount of
capacity available 9 of every 10 years.3 Critical

Nonfirm sales are short duration energy trans-
actions, always less than 1 year. Normally
scheduled 1 day in advance, they can be deter-
mined up to the hour of transaction. The flexi-
bility of hydropower operations allows actual
deliveries to be modified hourly, as system
conditions warrant. Western may market nonfirm

3 Marketable firm capacity and energy are based on attempts to ensure a reliable level of capacity and energy, while maintaining an

acceptable level of risk. This level of acceptable risk was approved by Western's customers following review of the September 1984
"Revised Proposed General Power Marketing and Allocation Criteria " (U .5. Department of Energy , 1985).
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Retail Rates. Approximately 180 public power
utilities currently purchase electric power from
the SLCA/IP. Most of these utilities are located in
Arizona, Colorado, Nevada, New Mexico, Utah,
and Wyoming (figure I11-43), though some extend
into California, Nebraska, and Texas.

indirectly from Glen Canyon Dam (Electric World,
1993). The power rates paid by these users
potentially could increase as a result of changes in
dam operations.

Regional Economic Activity

All (or the vast majority) of the power produced

in the region is consumed in the region.

As the supply of peaking power falls, for any
given level of demand the price of electricity rises.
Supply-induced price changes may affect the
production of final goods and services and the
demand for many other goods in the impact
region. To further complicate matters, loss of
capacity at Glen Canyon Dam is likely to result in
the construction of new powerplants in the region
earlier than would otherwise be the case. Large-
scale construction projects may create employ-
ment and stimulate local economic activity.

NON-USE V ALUE

The previous sections on recreation and
hydropower focused on the human uses for
Colorado River flows in Grand Canyon. These
uses include fishing, white-water boating, and the
production of electric power. Analyses of the
impact of riverflows on all of these uses are
presented in chapter IV .Until recently, most
descriptions of these uses of resources probably
would have ended there.

Figure IlI-43.- The SLCAIIP markets
power to approximately 180 utilities,
mostly in six States.

However, social scientists have long acknow-
ledged the possibility that humans could be
affected by changes in the status of features of the
natural environment even if they never visit or
otherwise use these features, These individuals
may be classified as non-users, and expression of
their preferences regarding the status of the
natural environment may be termed "non-use
value," Non-use value is the term used in this EIS
to describe the monetary value non-users place on
the status of the natural environment,

The retail rates charged by these public power
entities normally are set to cover system operation
and capital costs. The largest portion of these
obligations, in the case of Glen Canyon, is
attributed to operating expenses. As costs of these
individual components change, the retail rates are
adjusted to ensure enough revenue is collected to
meet the utility's financial obligations.

There are approximately 5.6 million residential
industrial, and commercial power customers in
the six-State area where power from Glen Canyon
Dam is sold (U .S. Department of Energy, 1994).
The majority of these end users, approximately
3.9 million (70 percent), do not receive power from
the dam. The remaining 1.7 million (30 percent)
end-use customers receive power directly or











CHAPTER IV

Environmental Consequences

sections on FISH and HYDROPOWER. Potential
impacts on the other resources, which are
expected to be minimal, are addressed later in this
chapter under "Cumulative Impacts."

This chapter describes and analyzes the impacts of
alternatives considered in detail on the affected
resources. The analyses are organized by
resource: water, sediment, fish, vegetation,
wildlife and habitat, endangered and other special
status species, cultural resources, air quality,
recreation, hydropower, and non-use value.

WATER

The linkages among these Colorado River system
resources are described in chapter III. Where
possible, the impacts described for each resource
take into account the impacts on other related
resources. For example, each alternative affects
streamflows, which in turn affect sediment.
Sediment affects vegetation, which in turn affects
wildlife and habitat-al1 of which affect recreation.

The conditions that existed in 1990, prior to the
Glen Canyon Environmental Studies (GCES)
research flows and the subsequent interim oper-
ations, establish the baseline for analyses of effects
(see "Chapter III, Affected Environment"). Some
anticipated impacts are a result of the existence of
Glen Canyon Dam and will occur in the future
regardless of which alternative is implemented.

The area of potential impacts on water includes
the Colorado River downstream from Glen
Canyon Dam, Lakes Powell and Mead, and the
Upper and Lower Basin States. Computer
modeling studies projected operations for 50 years
to determine long-term impacts and for 20 years
to determine short-term impacts.

Analysis Methods

The Colorado River Simulation System (CRSS)
was used in analyzing impacts on annual and
monthly streamflows, floodflows and other spills,
water storage, water allocation deliveries, and
Upper Basin yield determinations for this
environmental impact statement (EIS). CRSS is a
package of computer programs and data bases
designed to assist water resource managers in

Existing information was used to develop the
detailed impact assessments of the alternatives
that follow. However, existing information is
limited for some resources, as is knowledge of
how changes in Glen Canyon Dam operations
would affect these resources. For example, limited
data permit opinions to vary concerning
interactions between native and non-native fish
and how operational changes would affect these
interactions and ultimately resident fish
populations. Endangered fish research, which
may include experimental flows, would be
developed through the adaptive management
process to address these uncertainties.
Endangered fish research may have additional
consequences, and these potential impacts are
evaluated in the summaries of the following
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180 Chapter IV Environmental Consequences

Unrestricted Fluctuating Flows

No Action Alternative

level of Lake Powell to increase by 4.5 feet (to
elevation 3704.5 feet) over no action. This increase
would inundate an additiona13,710 acres
(2-percent increase) for about lor 2 months at an
expected frequency of once in 20 to 40 years.
Since the 8-foot increase in 1983 did not affect
Rainbow Bridge National Monument, this
increase would not affect the monument.

Streamflow. Annual, monthly, and hourly
streamflows, daily fluctuations, and ramp rates
would remain as defined in chapter II under the
No Action Alternative and chapter Ill, WATER.

Potential impacts on water quality were assessed
based on analysis of existing limited data on
chemical, physical, and biological processes
influencing water quality in Lake Powell.

Projected annual release patterns are similar to the
historic patterns summarized in chapter II. The
average annual release would be 10.16 million
acre-feet (maf), and the projected median would
be 9.37 maf. The minimum release of 8.23 maf
would be expected to occur about 30 percent of
the time in the next 20 years and 46 percent of the
time in the next 50 years. Projected monthly
release volumes, presented in table IV-2, are
similar to the historic patterns discussed in
chapters II and III.

Table IV-2.-Projected median monthly release
volumes under the No Action Alternative in

1 ,000 acre-feet

Under normal hydrologic conditions, changing
release patterns under any alternative would not
affect reservoir or release water quality .Under
any alternative, greater amounts of certain
constituents (salinity, nutrients, sediment,
selenium, and mercury) enter Lake Powell than
are discharged. Therefore, these constituents
would tend to increase in concentration, primarily
in sediment and deep reservoir waters that rarely
circulate. Lead concentrations also would
continue to increase, as a result of leaded fuels
used in motorized recreation on the lake. Other
factors, such as future Upper Colorado River
Basin depletions, development, and land use, may
also influence water quality in Lake Powell and
downstream.

20-year 50-year

568
899
587

1,045

Fall (October)
Winter (January)

Spring (May)
Summer (July)

568

1,045

715

1,032

Extended droughts cause low reservoir conditions
(Lake Powell storage at or below half its capacity,
or less than elevation 3590 feet) 5 percent or less of
the time. When this does occur, intakes may draw
water from nearer the reservoir surface, and large
areas of delta may be exposed.

The median monthly releases would range from
568,000 acre-feet in October to 1,045,000 acre-feet
in July for the 50-year analysis. Figure IV -1 showl
the 50-year projected distribution of monthly
flows under all alternatives. Effects of habitat
maintenance flows are not included in this figure.

As a result of these events:

The results of the peak-shaving model 20-year
projections of daily minimum and daily maxi-
mum flows and daily fluctuations are shown in
figures IV-2, IV-3, and IV-4, respectively, along
with projections for the restricted fluctuating flow
alternatives. Effects of habitat maintenance flows
are not included in these figures. Under the
No Action Alternative, the minimum releases are
projected to be less than 3,000 cubic feet per
second (cis) about 26 percent of the days and less
than 8,000 cis about 90 percent of the days.

.Release temperatures may increase by
3 degrees Fahrenheit or less

.Release lead and dissolved oxygen
concentrations may increase

.Release salinity, nutrient, mercury, and
selenium concentrations may decrease
compared to hypolimnetic release
concentrations
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annual releases from Lake Powell (greater than
legally required) caused by scheduling
difficulties-usually a substantial decrease in
actual inflow from the initial forecasts.

Under the No Action Alternative, frequencies of
floodflows in excess of 45,000 cis are projected to
be once in 30 years for the 20-year period and once
in 40 years for the 50-year period of analysis.

1,000 to 2,999 cIs

3,000 to 4,999 cIs

5,000 to 7 ,999 cIs

8,000 cIs and greater

No Action

-Fall (October)
E::] Winter (January)

-Spring (May)
D Summer (July)

High Fluctuating
Flow Alternative

Figure IV-l.-Fifty-year projected distribution of
monthly volume releases (flood frequency
reduced by increasing height of spillway gates),

Maximum flows are projected to be greater than
25,000 cfs 14 percent of the days and greater than
20,000 cfs about 72 percent of the days. Daily
fluctuations would be greater than 20,000 cfs
about 13 percent of the days and greater than
8,000 cfs about 95 percent of the days.

Modified Low and
Interim Low

Fluctuating Flow
Alternatives

Floodnows and Other Spills. Floodflows are
releases in excess of the powerplant capacity of
33,200 cfs. Spills other than floodflows are excess

Figure IV-2.-Projected 20-year minimum hourly
releases under the fluctuating flow
alternatives (percentage of days that the
minimums would occur).



(Frequencies of floodflows in excess of 33,200 cfs
would be about once in 20 years for both the
20- and 50-year periods of analysis.)

floodflows may be of concern under each of the
alternatives. The expected no action median
20- and 50-year annual releases would be 9.4 and
8.6 maf, respectively.

Median annual water release patterns are used as
indicators of the extent to which spills other than

Greater than 20,000 cfs

16,000 to 20,000 cfs

12,100 to 15,999cfs

8,000 to 12,099 cfs

"""""' 6,000 to 7,999 cfs

5,000 to 5,999 cfs

E:=] Less than 5,000 cfs

52.
2.6%

23.
No Action

3.3% 0.9%1Maximum Powerplant
Capacity Alternative

4%41
High Fluctuating
Flow Alternative

26.7%
1

Moderate Fluctuating
Flow Alternative "'"C"CCC

C":'",;"cccc..,c
23.5% ,,"~C""'19.6%

Modified Low and
Interim Low

Fluctuating Flow
Alternative

1 The model-estimated

flows in this range are just
slightly over 8,000 cfs (the
limit for these alternatives).

Figure IV-3.-Projected 20-year maximum hourly
releases under the fluctuating flow
alternatives (percentage of days that the
maximums would occur).

Figure IV-4.-Projected daily fluctuations under
the fluctuating flow alternatives (percentage
of days that the specified fluctuation would
occur).





184 Chapter IV Environmental Consequences

Extended droughts (a natural hydrologic
variation) that cause low reservoir conditions are
expected to occur less than 5 percent of the time.
The magnitude of such drought-related water
quality changes would depend on the amount of
reservoir drawdown and inflow, circulation, and
other factors. As the reservoir refills and reaches
normal levels, changes are expected to diminish.

differ from those of the No Action Alternative
(and those of each other) and are therefore
discussed individually below. The annual
patterns would be essentially the same as no
action; monthly patterns would differ negligibly
from no action, since the manner of scheduling
monthly volumes would be the same. However,
habitat maintenance flows (under the Moderate
and Modified Low Fluctuating Flow Alternatives)
and beach/habitat-building flows would about
double March or April releases in years when the
reservoir is low. Other monthly volumes would
be reduced by about 5 to 10 percent under such
circumstances .

Under low reservoir conditions, the intakes may
withdraw water from nearer the surface in the
middle layer, the metalimnion, or even the top
layer, the epilimnion. Since water quality in the
upper layers differs from that in the hypolimnion,
changes in reservoir and release water quality
would result. Figure IV -1 shows the projected monthly patterns

for the SO-year analysis without habitat main-
tenance or beach/habitat-building flows. Further,
as shown in table IV-1, the projected median
annual and monthly volumes are similar to those
of no action. Tools are not available for projecting
the frequencies of ramp rates, but ramp rates for
all alternatives would be limited as defined in
chapter II.

A complete discussion of the effects of abnormally
low reservoir conditions on water quality can be
found in Appendix C, Water Quality.

Maximum Powerplant Capacity
Alternative

Annual and monthly streamflow patterns under
this alternative would be the same as under the
No Action Alternative. The results of the
peak-shaving model projections of daily
minimum and daily maximum flows and daily
fluctuations are shown in figures IV-2,IV-3, and
IV -4, respectively. These hourly minimums,
maximums, and fluctuations would differ little
from no action.

The expected frequency and magnitude of
floodflows under the restricted fluctuating flow
alternatives would be reduced to less than 1 in
100 years due to the addition of flood frequency
reduction measures. Reclamation, in consultation
with the Colorado River Management Work
Group, would devise specific operating methods
to achieve frequencies no greater than once in
100 years.

Effects on floodflows and other spills, reservoir
storage patterns, water allocation deliveries,
Upper Basin yield determination, and water
quality would all be the same as under the
No Action Alternative.

Restricted Fluctuating Flows

Annual water release patterns from Lake Powell
have been used as an indicator of the extent to
which spills other than floodflows may be of
concern when flood frequency reduction
measures are added. The projected median
annual releases would be essentially the same as
under no action for both the 20- and 50-year
analyses using either method of reducing flood
frequency. Therefore, the alternatives would have
a negligible effect on spills other than floodflows.

The four restricted fluctuating flow alternatives
would result in some common impacts, which are
discussed in this section. Differences among
alternatives are described under the individual
alternatives that follow this section.

Hourly streamflow patterns under each of the
restricted fluctuating flow alternatives would

Long-term monthly and annual reservoir storage
would be the same under the restricted fluctuating
flow alternatives as under the No Action
Alternative for both Lakes Powell and Mead,
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Effects on the Upper Basin yield limit the ultimate
amount of water that each State in the Upper
Basin can deplete. This is particularly critical in
New Mexico, where uses are approaching their
compact allocation. Thus, even though the Upper
Basin yield would be reduced by only 0.67 per-
cent, the water users who could receive a reduced
or no allocation due to the overall reduction
would be impacted substantially.

except for slight differences due to addition of
flood frequency reduction measures and habitat
maintenance and beach/habitat-building flows.
The lowest storage projected for the next 50 years
would be the same as under the No Action
Alternative for all restricted fluctuating flow
alternatives. The end-of-analysis storages would
be very nearly the same as no action (table IV-l).
Generally I storage effects would be negligible to
minor.

High Fluctuating Flow Alternative
Water allocation deliveries under the restricted
fluctuating flow alternatives would be essentially
the same as under no action.

Hourly streamflow patterns, daily fluctuations,
and ramp rates would differ slightly from those
under the No Action Alternative. The frequencies
of minimum and maximum daily flows and daily
fluctuations are summarized in figures IV-2,IV-3,
and IV-4.

Moderate Fluctuating Flow Alternative

CRSS analyses indicated that under projected
depletion levels, water allocation deliveries in the
Upper Basin for the next 20 and 50 years would be
affected negligibly by either of the methods of
reducing flood frequency. However, if Upper
Basin depletions would reach the levels permitted
in the Colorado River Compact, a reduction in
maximum allowable storage by reserving
exclusive flood control space in Lake Powell
would have a measurable impact on consumptive
use. The reservoir system yield available for
Upper Basin depletion would be reduced. This
yield is defined as the sustainable annual quantity
of water that could be depleted by the Upper
Basin while making the required releases to the
Lower Basin during periods of Upper Basin

drought.

Hourly streamflow patterns, daily fluctuations,
and ramp rates would differ from those under the
No Action Alternative. The frequencies of
minimum and maximum daily flows and daily
fluctuations are summarized in figures IV-2, IV-3,
and IV -4. The effects of habitat maintenance flows
are not shown in these figures. However, such
flows would increase the maximums and mini-
mums and reduce fluctuations in March or April
when the reservoir is low (about half the years).

During the habitat maintenance flow period, in-
creases in turbidity are likely, which would
decrease the depth that sunlight reaches in the
water and thus affect water quality .Primary
productivity may be temporarily reduced. How-
ever, resuspending sediment and organic material
also may reintroduce nutrients and other constit-
uents associated with the particles into the water.
These nutrients may stimulate algal growth.

Using the critica125-year hydrologic period
1953-77 and assuming full reservoir starting
conditions, the current estimated annual Upper
Basin yield is 6 maf. The impact of lower storage
levels on yield can be estimated as follows: a
1-maf reduction in available storage would reduce
the yield by 40,000 acre-feet per year (1 maf
divided by 25 years). This would be only 0.67
percent of the total Upper Basin yield. Reducing
flood frequency by increasing the height of the
spillways would have no effect on Upper Basin
yield determination. The increased spillway
height method was assumed for impact analyses.
U.S. Department of the Interior (1989) provides a
more thorough explanation of yield methodology .

The river stage would not be significantly reduced
by shifting water from one month to another for
habitat maintenance flows. Thus, instream
temperatures and Cladophora exposure would not
change from no action.
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reservoir storage and the corresponding impacts
on Lakes Powell and Mead would be negligible.

[=:] 8,000-9,900 cfs

(:::::::::,: 10,000-14,900 cfs

15,000-19,900 cfs

>20,000 cfs Monthly release volumes would be the same as
under the restricted fluctuating flow alternatives,
so impacts on water allocation deliveries under
this alternative would be negligible. Also, the
Upper Basin yield determination would be
essentially the same as no action.

15.2%

1.6%

3.5%

0.2%

17.7%
Fall (October)

Water quality impacts would not vary substan-
tially from no action. Steady, lower flows may
allow for a relatively small increase in river
temperatures, particularly during the summer, but
this increase has not been quantified (see
chapterIV , FISH). Temperatures in Lake Mead
would not increase significantly.

Seasonally Adjusted Steady Flow
Alternative

Winter (January)
The annual release averages and medians would
be the same as under the No Action Alternative
using the increased spillway height method of
reducing flood frequency and would differ
negligibly using the lower storage method.
Therefore, this alternative would have a negligible
effect on annual releases.

0.1%
11.9%

Spring (May)

Summer (July)

Figure IV-6.-Projected release patterns under the
Existing Monthly Volume Steady Flow Alter-
native (50-year analysis, percent of months
that specified releases are projected to occur).

Monthly release volumes are based on the steady
schedules for the alternative as defined in
chapter II. Streamflows would be steady, except
during transitions from one month to the next.
The median monthly values for 4 months are
shown in table IV-4, along with their steady cfs
equivalents. The fourth graph in figure IV -1
shows the monthly volume distribution for those
4 representative months. Also, figure IV-7 shows
the frequencies of the steady flows in cis for the
same 4 months. The monthly distributions would
differ in years when habitat maintenance or
beach/habitat-building flows are scheduled.
March or April volumes would about double, and
other monthly volumes would decrease between
5 and 10 percent.

The expected frequency of floodflows under the
Seasonally Adjusted Steady Flow Alternative
would be reduced to less than 1 in 100 years

Since monthly release volumes under the Existing
Monthly Volume Steady Flow Alternative would
be the same as they are under the restricted
fluctuating flow alternatives, monthly and annual
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floodflows. The annual release patterns under
this alternative would differ negligibly from the
No Action Alternative.

Since monthly release volumes would be different
under the Seasonally Adjusted Steady Flow
Alternative than under no action, monthly
reservoir storage (within each year) also would be
different for both Lakes Powell and Mead.
Median elevation differences at Lake Mead would
be 4 feet lower in February and 4 feet higher in
June than under no action. Median elevation
differences at Lake Powell would range from
about 4 feet more than no action in February to
4 feet less than no action in June. Figure IV-8

Example Lake Mead S1orage DIfference.
1989 Flow Conditions

Figure IV-7.-Projected release patterns under the
Seasonally Adjusted Steady Flow Alternative
(50-year analysis, flood frequency reduced by
raising spillway gates). Figure shows the
percentage of months that the specified
releases are projected to occur.
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---Year-Round Steady Flow
because of flood frequency reduction measures.
Annual water release patterns from Lake Powell
are used as an indicator of spills other than Figure IV-8.-Comparison of monthly storage

(1989.flow conditions) under the steady .flow
alternatives and no action.
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Table IV-4.-Seasonally Adjusted Steady Flow Alternative projected median streamflows

20-year analysis 50-year analysis

1 ,000

acre-feet

1,000
acre-feetcfs cfs

Fall (October)
Winter (January)

Spring (May)
Summer (July)

492
798

,156
768

8,000
13,000
18,800
12,500

492
676

1,106
768

8,000
11,000
18,000
12,500

shows storage and elevation for the steady flow
alternatives compared to no action for example
water year 1989.

Detailed frequencies of monthly storages are
presented in appendix B. End-of-analysis storage
values would be nearly the same as no action for
the lower rule curve method of reducing flood
frequencies, but the lakes would see a 100,000- to
400,000-acre-foot increase in average end-of-
analysis (50-year) storage using the increased
capacity method. Lowest storage would be the
same as under the No Action Alternative. The
effects on annual storage would range from a
negligible decrease to a minor increase over
no action, depending on streamflow conditions.

Water quality impacts would not vary
significantly from no action under normal
hydrologic conditions. Under low reservoir
conditions, monthly reservoir levels would be
approximately 2 to 8 feet lower than under no
action from May through July. Additional
reductions in reservoir levels due to seasonally
adjusted steady flows may intensify impacts
associated with low reservoir conditions (see
discussion of water quality in chapter III and
appendix C). As the reservoir refilled and reached
normal levels, some of these impacts would be
expected to diminish.

Steady, lower flows may allow for increased river
temperatures, particularly during the summer, but
this increase has not been quantified (see
chapter IV , FISH). Greater minimum releases
would increase flow depth, which may enhance

Cladophora growth.

Habitat maintenance flows would result in a
scenario similar to that described under the
Moderate Fluctuating Flow Alternative.

Since monthly release schedules could be relaxed
under high storage or inaccurate streamflow
forecast conditions, water allocation deliveries
under this alternative would be the same as under
no action. Flood frequency reduction by
increasing the height of the spillways would not
affect water allocation deliveries. Upper Basin
deliveries are projected to be the same as under
the No Action Alternative. Lower Basin deliv-
eries and deliveries to Mexico would differ
negligibly from no action. Upper Basin yield
determination would not be affected.

Year-Round Steady Flow Alternative

The annual release averages and medians would
be the same as under the No Action Alternative.

Table IV-5.-Year-Round Steady Flow Alternative projected median streamflows

20-year analysis 50-year analysis

1,000

acre-feet

1 ,000

acre-feetcfs cfs

Fall (October)
Winter (January)

Spring (May)
Summer (July)

699
835
820
699

11,400
13,600
13,300
11 ,400

699
703
699
699

11,400

11 ,400

11 ,400

11 ,400



Monthly release volumes are based on the steady
schedules for the alternative as defined in
chapter II. Streamflows would be steady under
the Year-Round Steady Flow Alternative, except
during transitions from one month to the next.
The median monthly values for 4 months in
acre-feet and cis are shown in table IV-5. The fifth
graph in figure IV -1 shows the monthly volume
distribution for those 4 representative months.
Also, figure IV -9 shows the frequencies of flows in
cis for the same representative months.

CJ 8,000-9,900 cfs

10,000-14,900 cfs

15,000-19,900 cfs

>20,000 cfs

11.8%

3.7%

The expected frequency of floodflows under the
Year-Round Steady Flow Alternative would be
reduced to less than 1 in 100 years by the addition
of flood frequency reduction measures. Spills
other than floodflows would differ negligibly
from no action.

8.1% 1.0%

Fall (October)

Since monthly release volumes would be different
under the Year-Round Steady Flow Alternative
than under the No Action Alternative, monthly
reservoir storage also would be different within
each year for both Lakes Powell and Mead. The
monthly storage patterns within the year are
found in appendix B. Median elevation
differences at Lake Powell would range from
about 3 feet less in June to no change from no
action in September. Elevation differences at Lake
Mead would be about the same except that the
lake would be 3 feet higher than under no action
in June. Figure IV -8 shows example storage and
elevation differences for the steady flow alterna-
tives compared to no action for water year 1989.

Winter (January)

2.0%

Spring {May)8.3%

End-of-analysis storage values would be nearly
the same as under the No Action Alternative for
the lower rule curve method of reducing flood
frequencies. With higher spillway gates, the lakes
would have a 100,000- to 400,000-acre-foot
increase in average end-of-analysis storage.
Lowest storage would be essentially the same as
under the No Action Alternative. Effects on
annual storage would range from a negligible
decrease to a minor increase, depending on
streamflow conditions.

Summer (July)

Figure IV-9.-Projected release patterns under the
Year-Round Steady Flow Alternative (50-year
analysis, percent of months that the specified
releases are projected to occur).

forecast conditions, water allocation deliveries
under this alternative would be the same as under
no action. Flood frequency reduction measures
would not affect water allocation deliveries.

Since monthly release schedules could be relaxed
under high storage or inaccurate streamflow



SEDIMENT 191

Upper Basin deliveries are projected to be the
same as under the No Action Alternative; Lower
Basin and Mexico deliveries would differ
negligibly. Upper Basin yield determination
would not be affected.

by the magnitude, pattern, and duration of
powerplant releases from Glen Canyon Dam.

Long-term impacts (20 to 50 years) would occur as
sediment resources reached a state of dynamic
equilibrium. Dynamic equilibrium means that the
average sediment load transported by the
Colorado River is in balance with the sediment
loads being supplied by its tributaries. Sediment
deposits (including sandbars) would increase and
decrease in size and number as transport capacity
and tributary supply varied, but monthly and
annual changes would balance out, resulting in no
net change over the long term.

Impacts on water quality would be essentially the
same as no action under normal hydrologic
conditions. Under low reservoir conditions,
monthly reservoir levels would be approximately
1 to 5 feet lower from May through July. Water
quality changes would be comparable to those
discussed under the Seasonally Adjusted Steady
Flow Alternative.

SEDIMENT

Flood releases may result in immediate and
potentially large changes that diminish over a
decade. Floods transport sand stored in the
riverbed, erode low elevation sandbars, aggrade
and erode high elevation sandbars, and widen the
channel at debris fans and rapids. Floodflows
greater than 45,000 cis are assumed to occur over
the long term.

Analysis Methods

To the extent possible, a "system" approach, as
discussed in the resource linkages section of this
chapter, was used to evaluate impacts. Sediment
resources, such as riverbed sand and sandbars, are
linked-just as most other resources discussed in
this EIS are linked to sediment. Impacts were
analyzed on the basis of the following categories
of information provided by the GCES program:

This analysis of impacts to sediment resources is
limited to the following areas:

.Colorado River corridor between Glen Canyon
Dam and Lake Mead

.Deltas in Lake Powell and Lake Mead

Direct impacts to sediment resources are those
that vary with riverflow. These include changes
in riverbed sand storage, aggradation and
degradation of sandbars, and changes in capacity
to move large boulders from rapids.

Short-term impacts to sediment resources would
occur within 20 years after an alternative is
implemented. Flood releases are assumed not to
occur in the short term. In the absence of floods,
sediment resources would be affected primarily

.Records of river stage, streamflow, and
sediment discharge at U.S. Geological Survey
(USGS) gauging stations along the river and on
the principal sediment-producing tributaries

.Measurements and observations at selected
sites during floods, various powerplant
operations, specially designed research flows,
and interim flows

.Scientific conclusions about depositional and
erosional processes that result in riverbed sand

storage changes

.Results from the CRSS and peak-shaving
models (see WATER in this chapter)
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A comprehensive, mathematical flow and
sediment-transport model of the river and
associated eddies is under development in GCES
(Wiele and Smith, 1991; Graf et al., 1993). The
model should be useful in the Adaptive Manage-
ment Program. Some preliminary results from
model development-wave transformation and

reach-averaged hydraulic properties-were
available for use in this impact analysis.

Canyon sandbars by Budhu (1992). An illustra-
tion of these principles is shown in figure IV -10.
Sand and smaller-size sediment is deposited
during high river stages at slopes of about
26 degrees. As the river stage recedes, this slope
may be unstable due to seepage, high velocities, or
wave action. Under any of these conditions,
erosion would likely occur until a stable slope of
about 11 degrees was achieved. Assuming
sufficient quantities of riverbed sand, an eroded
sandbar would likely rebuild during subsequent
periods of high river stage.

Sand deposits (and sand-dependent resources) are
affected by the amount of riverbed sand trans-
ported under a given alternative. A long-term net
loss of riverbed sand would result in long-term
loss in the number and size of sandbars, with
corresponding changes in aquatic and riparian
habitat. Future changes in riverbed sand depend
primarily on tributary sand supply and the
magnitude, frequency I and duration of floods.

The active width of a sandbar is that part of the
bar subjected to cycles of deposition and erosion-
the hydrologically active zone. Estimates of
average active widths are computed from average
differences in river stage corresponding to
changes in discharge. The modeling effort by
Randle and Pemberton (1987) was extended to
compute average daily and annual differences in
river stage by reach for each alternative (see
appendix D). The results compared well with
independent computations by Smith and Wiele
(written communication, 1992) for a somewhat
different delineation of reaches.

Summary of Imp(Jcts: Sediment

The impacts of the alternatives on sediment
resources are summarized in table IV -6.
Numerical values, based on sources of
information previously listed, were used as
indicators of impacts for all sediment resources.

Riverbed sand also would vary with the water
volume and release pattern of the alternative
implemented. The exact amounts of future
tributary sand supply and water release volumes
are unknown but can be expressed using
probabilities, as demonstrated by Smillie, Jackson,
and Tucker (1993). A mass-balance model was
developed to estimate the impacts to riverbed
sand (Randle et al., 1993). This model used
85 different hydrologic scenarios (50 years each) to
evaluate changes in riverbed sand. These
scenarios matched projected releases from Glen
Canyon Dam (based on historic flows in the
Upper Basin from 1906 to 1990) with Grand
Canyon tributary flows from 1941 to 1990. Details
about this analysis and the assumptions used are
described in Appendix D, Sediment.

Information is not available to predict impacts to
individual sandbars. On the basis of empirical
studies at specific sandbars, however, predictions
can be made for comparison of alternatives.
Long-term losses in the number and size of
sandbars are assumed to result from a long-term
loss of riverbed sand. That would occur if the
sand-transport capacity of the river exceeds the
long-term supply from tributaries.

Some uncertainty exists in the numerical values in
table IV -6 and in the subsequent discussion of
alternatives. Indicators of riverbed sand are
mainly derived from modeling, and sandbar
indicators are mainly the result of field surveys,
modeling, and empirical data. Each has a
different kind of uncertainty that cannot be stated
quantitatively, due to insufficient information. In
general, however, the uncertainty does not affect
relative differences between alternatives.

General impacts to riverbed sand, sandbars, high
terraces, debris fans and rapids, and lake deltas
are discussed below. Specific impacts to these
resources are discussed under each alternative.

Impacts to sandbars were determined using the
principles of slope stability developed for Grand
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a. No Action

Normal High Stage
31,500 cfs

Fluctuating Zone

Minimum

1,000 cfs

L Active Width J

b. Resbicled Fluctuabi1g and Steady Flows

131,500 cfs

Nonnal High Stage
~~~

Auctuating

1,000 cfs

Figure IV -10.-Cross section of sandbar affected by no action and by restricted .fluctuating
and steady .flows. As the .fluctuating zone is reduced, so too is the zone of unstable
sediment and sandbar heights.

The effects of flood frequency reduction are
included in the analyses of the restricted
fluctuating and steady flow alternatives.

Riverbed Sand

downstream from the LCR because of the limited
sources of supply-mainly the Paria River (supply
from LCR not included). From the LCR to Lake
Mead, differences in riverbed sand storage
between alternatives would be negligible on the
basis of available sand transport equations for
gauging stations in that reach (Pemberton and
Randle,1986).

A long-teml net loss of riverbed sand would result
in long-temlloss in the number and size of
sandbars. In the Glen Canyon reach (river mile
(RM) -15.5-0), there is essentially no resupply of
sand, and that reach would only continue to lose
sand under any alternative. However, remaining
sand deposits in this reach are fairly well pro-
tected; therefore, future erosion rates would be
relatively low and not measurably different under
any alternative.

The probabilities of a net gain in riverbed sand at
the end of 20 and 50 years for the reach between
the USGS gauges at Lees Ferry and the LCR are
listed in table IV -6. Tables listing the probabilities
of a net gain in storage in a low, moderate, and
high release year (water years 1989,1987, and
1984) are included in appendix D.

The probabilities were computed as described
above under II Analysis Methods." The 20- and

50-year simulations include sequences of the wide
variety of hydrologic conditions-normaL wet

The reach between Lees Ferry (RM 0) and the
Little Colorado River (LCR) (RM 61) is much
more vulnerable to net sand loss than the river
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dry-that occurred between 1906 and 1990. The
probabilities are computed as the ratio of the
number of simulations ending with a net gain in
riverbed sand to 85 (the number of simulations).
For both the 20- and 50-year periods, the
No Action, Maximum Powerplant Capacity, and
High Fluctuating Flow Alternatives have
relatively low probabilities of a net increase in
riverbed sand; all other alternatives have

relatively high probabilities.

Sand transport capacity and probability of net
gain in riverbed sand for each alterative are listed
in table IV-7. The differences due to habitat main-
tenance flows also are listed for the three alter-
natives that include them. During a minimum
release year, such flows generally would result in
a net increase in sand transport capacity of about
30 percent and a decrease in the probability of net
gain in sand storage of about 11 percent.

.Sand transport capacity increased more rapidly
than sand supply when the annual release
volume increased from 8.23 to 10.5 maf. This
resulted in a net decrease in the amount of sand
retained in the river channel but sandbar
deposition at higher elevations within the eddy
storage zones.

.A beach/habitat-building flow following a high
fluctuating flow would deposit higher-
elevation sandbars than when following a
lower fluctuating or steady flow. Sandbars that
start out higher will end up higher-

.Results are inconclusive concerning the
optimum duration of the beach/habitat-
building flow. Sandbars initially may build
and later erode if the duration is too long
(perhaps more than 2 weeks).

In all simulations, the amount of sand stored in
the eddies is relatively small, seldom exceeding
more than 30 percent of the total in the reach.

The following conclusions from a mathematical
sand transport model developed under GCES by
Bennett (1993) support basic assumptions used in
this EIS to evaluate the impacts of the alternatives
on riverbed sand and sandbars.

Sandbars (BeachE's and Backwaters)

If sufficient quantities of riverbed sand are
available, the tradeoff with sandbars under the
various alternatives is whether to have higher bars
with steeper, less stable slopes or lower bars with
flatter, more stable slopes. Less stable sandbars
would experience greater and more frequent
cycles of deposition and erosion than more
stable sandbars. As discussed in chapter III,

.For a given release volume, alternatives with
greater flow fluctuations generally leave less
total sand mass in the river channel but result
in higher-elevation sandbars. Sandbars tend to
aggrade during high flows and erode during
low flows.

Table IV-7.-Sand transport capacity and probability of net gain in sand storage in the Colorado River between
the Paria River (RM 0) and the Little Colorado River (RM 61 ), for a minimum release year (8.23 m~

Difference due to habitat
maintenance flow

Sand

transport

capacity

(1 ,000 tons)

Probability of
net gain in

sand storage

(percent)

Sand

transpor1

capacity

(1 ,000 tons)

Probabilityof
net gain in

sand storage

(percent)Altemative

517
530
463
434
424
307
259
390
196

47
45
55
58
59
70
77
64
82

+116

+117

-12
-11

No action
Maximum powerplant capacity
High fluctuating flow
Moderate fluctuating flow
Modified low fluctuating flow
Interim low fluctuating flow
Existing monthly volume steady flow
Seasonally adjusted steady flow
Year-round steady flow

+124 .11
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SEDIMENT , sandbars that existed prior to Glen
Canyon Dam were very unstable-building
during floods and rapidly eroding following the
return to lower flows. Habitat maintenance and
beach/habitat-building flows are intended to
partly restore this natural process.

maximum flows for the alternatives. The other
line lists differences between elevations under
normal minimum flow and 30,000 cis for the three
alternatives with habitat maintenance flows.

The long-term maintenance of sandbars requires
deposition during high flows. Over the long term,
the parts of sandbars higher than the peak river
stage of an alternative (including beach/habitat-
building flow) would experience net erosion.
Erosion by wind, local storm runoff, and human
activity would be about the same under all
alternatives.

The values in table IV-6 and the graphs in fig-
ure IV -11 show the general relationship between
sandbar height and the probability of net gain in
riverbed sand. Alternatives that include habitat
maintenance flows have potential sandbar heights
nearly the same as under no action, but with much
higher probabilities of net gain in riverbed sand.
Habitat maintenance flows would provide some
dynamics of a natural system (deposition and
erosion). Sand previously stored on the riverbed
would be transported, and sandbar deposition
would occur in low-velocity areas along the
channel. Other deposits exposed to high velocities
would be reworked and may experience net
erosion. Overall, net deposition would be
expected at higher-than-normal elevations. These
new deposits would erode at an unknown rate
following the return to more normal flows.

Eddy backwaters are dependent on the folmation
of reattachment bars. Initially, the number and
size of backwaters would depend on the level of
discharge (see FISH section of this chapter).
However, retum-current channels that folm
backwaters would tend to fill with sand, silt, and
clay and re-form during the next beach/habitat-
building flow or flood release. The addition of
new silt and clay to the eddies would depend on
maximum river stage and timing with tributary
floods, which are most likely to occur during
August-October .

Beach/habitat-building flows might be as high as
45,000 cfs; more information is needed about the
effects of these flows and the subsequent stability
of the aggraded sandbars. Such information
would be obtained from long-term monitoring
and research under the Adaptive Management
Program. Tables of potential sandbar heights for
these flows in each of the 11 reaches under each
alternative are included in appendix D.

Annual range of sandbar active width and
potential height for the widest and narrowest
reaches are shown for a minimum release year in
table IV-6. Active widths are used as an indicator
of areas generally not suitable for establishment of
vegetation, although vegetation may grow in this
zone if flow fluctuations are small. Complete
tabulations of average sandbar active widths and
heights for 11 reaches under each alternative are
included in appendix D.

Habitat maintenance and beach/habitat-building
flows that coincide with large, sediment-laden
floods from one or more tributaries could deposit
silt and clay at higher elevations. Conversely,
there could be a net loss of silt/ clay if such high
flows are not accompanied by tributary delivery
of substantial amounts of silt and clay.The potential sandbar heights listed on two lines

of table IV -6 are differences between water surface
elevations. These represent the range (between
the widest and narrowest river reaches) in
potential height of sand deposition if there is a
sufficient supply. They also represent potential
heights of silt and clay deposition, provided the
high releases coincide with high flows from one or
more major tributaries. One line lists differences
between elevations under normal minimum and

Downstream from RM 236 in Lower Granite
Gorge, sediment deposition and erosion along the
channel margins are primarily driven by changes
in the level of Lake Mead (see discussion under
"Lake Deltas").



In the absence of extremely large sediment-laden
floods (greater than lOO,OOO cis), the fate of high
terraces is gradual erosion, regardless of the
alternative implemented (see chapter III, SEDI-
MENT). Beach/habitat-building flows and
habitat maintenance flows may slow or somewhat
reduce erosion of high terraces; however, the
effects of such flows are not well known. Habitat
maintenance flows under the Moderate and Modi-
fled Low Fluctuating and Seasonally Adjusted

High Terraces

Figure IV-11.-Probability of a net gain in riverbed sand in reach RM 0-61 after 50 years and
potential sandbar heights in wide reaches (without beachlhabitat-building flows) for each
alternative. The probability of a net gain in riverbed sand and the potential sandbar heights
depend on the magnitude and frequency of an alternative's normal peak discharge. The No
Action Alternative could potentially deposit high sandbars but would have relatively little
sand to deposit. In contrast, the Year-Round Steady Flow Alternative would have ample
riverbed sand to deposit but relatively little potential to deposit it at high elevations.
Beachlhabitat-building flows would infrequently increase these potential sandbars heights.
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than 45,000 cfs: 1 in 40 years for the No Action
and Maximum Powerplant Capacity Alternatives
and 1 in 100 years for the other alternatives.

Flow Alternative would have relatively less
capacity to remove material from aggraded debris
fans than other alternatives.

Debris Fans and Rapids Lake Deltas

Changes in debris fans and rapids depend on
tributary debris flows and discharge from the
dam. While debris flows are independent of dam
operations, the resulting debris fans historically
have been reworked (boulders and smaller
sediment moved downstream) by high flows,
especially large floods (see chapter III,
SEDIMENT) .

The size of deltas depends on the amount of total
sediment transported to the lake. Delta elevation
depends on average lake elevation, which varies
with the amount of inflow and monthly release
patterns. Delta crest elevation therefore can be
used as an indicator of the delta surface elevation
to compare impacts among alternatives. Beach/
habitat-building flows and habitat maintenance
flows would result in a 2- to 3-foot decrease in
Lake Powell and a similar increase in Lake Mead
over a 1- to 2-week period. These changes in lake
levels are not expected to result in measurable
impacts to sediment deposits in either lake.

Lake Powell. The rate of growth of Lake Powell
deltas is independent of dam operations. Delta
crest elevations are represented by the 20- and
50-year averages of projected monthly median
lake elevations during April-August (3665 and
3662 feet above sea level). Annual release
volumes are the same under all alternatives, and
monthly releases volumes are the same under all
but two-Seasonally Adjusted and Year-Round
Steady Flow Alternatives. Delta crest elevations
under these alternatives would be either the same
as no action or as much as 2 feet lower (see
table IV-6).

Impacts to debris fans and rapids are considered
here because of the concern that releases within
powerplant capacity may not be large enough to
move large boulders that constrict the channel and
thus affect white-water boating safety. The
relative capacity of the normal peak discharge to
move boulders is used as an indicator of impacts
to debris fans and rapids (see table IV-6). The
percentages were calculated by dividing the
square of the normal peak discharge in a mini-
mum release year by the square of the 1983 peak
discharge (92,600 cfs) and multiplying by 100.
Beach/habitat-building flows were not considered
because they would not occur every year,
although such flows would remove larger
material than could be removed by normal flows.

The relative numbers in table IV -6 show that
maximum flows under all alternatives have much
smaller capacity to move boulders than the
predam annual floods, which were about the same
magnitude as the 1983 flood. There probably is
no measurable difference in capacity between
alternatives with indicator values of 10 to 13 or
between alternatives with values of 2 to 5.
Further, the difference between these two groups
probably is slight, but measurable.

Elevations of the delta crests surveyed in 1986,
after a period of high inflow and full reservoir,
were higher than either the 20- or So-year
projected average lake elevations. Lake Powell
deltas would continue to build downstream with
new crests forming at lower elevations. Although
Lake Powell tributaries would likely cut a rela-
tively narrow channel through these deltas, most
sediment would remain in place and become

vegetated.Even with beach/habitat-building flows or habitat
maintenance flows, none of the alternatives is
expected to result in significant impacts to debris
fans and rapids over the short term. Over the long
term, new debris flows are expected to aggrade
debris fans and further constrict rapids. Steady
flow alternatives and the Interim Low Fluctuating

Lake Mead. Lake deltas consist of clay, silt, and
sand. All sediment sizes must be considered
when predicting impacts. The amount of clay and
silt transported to the Lake Mead delta depends
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on upstream tributary supply and does not
significantly vary among alternatives. However,
the amount of sand transported to the delta over
the short term does depend on the alternative.

Unrestricted Fluctuating Flows

No Action Alternative

Peak river stages associated with daily flow
fluctuations under this alternative would have the
potential to maintain high elevation sandbars
(within normal peak river stage). However, the
amount of riverbed sand would likely decline
over time, and sandbars upstream of the LCR
would experience net erosion.

Riverbed Sand. Probabilities of a net gain in
riverbed sand are not high during a low water
year and decrease with increases in annual release
volumes (see appendix D). The probability of a
net gain in sand storage (in the reach between the
Paria River and LCR) is 50 percent at the end of
20 years and 41 percent at the end of 50 years.
The sand balance downstream from the LCR
would be expected to remain in a state of dynamic
equilibrium. While some changes may occur from
year to year, they would be expected to balance
out over the long term.

Short-term sediment delivery from the Colorado
River to Lake Mead would be greater under
fluctuating than under steady flow alternatives.
The differences between short-term delivery rates
of the various alternatives are indicated by the
difference in riverbed sand storage. Over the long
term, the river will adjust its sediment load to
match the tributary supply, regardless of the
alternative implemented. The long-term sediment
delivery rate to Lake Mead is expected to equal
12 million tons per year, of which about 3 million
tons would be sand--equivalent to the long-term
average supplied by the Paria River and the LCR.

The elevation of the delta crest in Lake Mead
depends on lake elevation, which varies with the
amount of inflow, as well as monthly release
patterns at Hoover Dam. The indicator used to
compare alternatives is the elevation of the delta
crest, represented by the 20- and 50-year averages
of projected monthly median lake elevations
during July-October (1175 and 1167 feet above sea
level). Annual release volumes are the same
under all alternatives, and monthly release vol-
umes are the same under all but two-seasonally
Adjusted and Year-Round Steady Flow Alterna-
tives. Under these two alternatives, elevations of
the delta crests would be either the same as no
action or as much as 1 foot higher (see table IV-6).

Sandbars (Beaches and Backwaters). Sandbars
would continue to be dynamic (cycles of
deposition and erosion) under this alternative;
they would change more rapidly as a result of
floodflows. Some bars may be completely lost,
and new bars may form. High elevation sandbars
(separation bars above normal peak discharge)
would be expected to erode during periods of
normal operations. Low elevation sandbars
(reattachment bars) downstream from Lees Ferry
would be expected to aggrade in wide reaches of
the canyon. During unanticipated floods, high
elevation sandbars would be expected to aggrade
in wide reaches. However, low elevation sand-
bars would be expected to erode. These predic-
tions are based on analyses of historical data by
Schmidt and Graf (1990) and Schmidt (1992).

Sediment deposition and erosion along the
channel margins downstream from RM 236 in
Lower Granite Gorge depend on Lake Mead water
level and do not vary measurably among
alternatives. Under all alternatives, deposition
when lake levels are high is expected to be
followed by erosion (including bank caving)
during subsequent periods of lower lake leyels.

Sandbars would continue to undergo cycles of
deposition and erosion (see chapter III, sEDI-
MENT). Erosion would occur throughout the
canyon due to the large daily changes in river
stage and rapid decreases in stage upstream
from the LCR. Seepage-induced erosion would
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increase during periods of lower minimum
releases and reduced fluctuations, such as
weekends and holidays.

tributary floods (typically during August-October)
potentially could be deposited at elevations
equivalent to the maximum flow.

The large daily changes in river stage would
maintain existing active sandbar widths of
unvegetated sand. Rapid increases in river stage
would have little or no effect on sandbars. Sand-
bars in the Glen Canyon reach tend to exist in
naturally protected areas but would likely erode
at slow rates over the long term. Sandbars eroded
from this reach would not be rebuilt.

Erosion due to natural forces such as runoff from
local rainfall, wind, and tributary flash floods
would continue (not influenced by dam
operations). However, sandbars eroded by
sudden natural events may eventually be rebuilt
by river-supplied sand. Debris flows would cover
some sandbars with cobbles and boulders.

Both the number and size of sandbars between
Lees Ferry and the LCR would be expected to
decline to some new equilibrium due to reduced
riverbed sand. Generally, net erosion would
decrease downstream, with the addition of sand
from tributaries and reduced daily fluctuations.

Normal Operations.- The cycles of sand-
bar deposition and erosion would result in
relatively large active widths of unvegetated
sandbars. Daily discharge fluctuations from
1,000 to 24,000 cfs would result in river stage
fluctuations ranging from about 7 feet in reach
5 to about 12 feet in reach 2. Active sandbar
widths corresponding to these daily discharge
fluctuations would range from 32 to 58 feet.

Unanticipated Floods.-Large unanticipated
floods of sediment-free water generally have a
much more dramatic and immediate impact on
sandbars than releases under normal operations.
The magnitude and extent of the effects depend
upon the magnitude and duration of the flood and
prior storage of riverbed sand, and the effects on
individual sandbars would vary greatly. Floods
of short duration ( days or weeks ) may result in net
deposition, but floods of long duration (months)
or occurring too frequently would result in net
erosion. If flood releases continue for several
years in a row, as happened during 1983-86,
sandbars of all types would be expected to erode
upstream from the LCR.

Over the course of a minimum release year, river
stage fluctuations (potential sandbar heights
above level of minimum flow) would range from
about 10 feet in reach 5 to about 15 feet in
reaches 2 and 6. Active sandbar width would
range from 44 feet (reach 5) to 74 feet (reach 2).
Sand would not deposit above the 31,500-cfs river
stage during normal operations.

High elevation sandbars deposited during flood
releases would erode again under normal
operations, with initially high rates of erosion
becoming less with time. The greater the
aggradation during floods, the greater the loss of
sand during subsequent lower flows (Schmidt and
Graf, 1990; Schmidt, 1992; Hazel et al., 1993;
Kaplinski et al., 1994).

Some sandbars may be irretrievably lost during
floods. In the Glen Canyon reach, sandbars
eroded during floods would not be rebuilt. Loss
of sand from some bars between Lees Ferry and
the LCR also might be permanent; the likelihood
of irretrievable loss of sand downstream from the
LCR is much less.

Eddy backwaters (open return-current channels)
are dependent on the fonnation of reattachment
bars. In the short term, the number and size of
stable backwaters would vary with discharge (see
FISH section in this chapter). Over the long term,
backwaters would tend to fill with sediment and
later re-fonn during the next flood release (an
average of once in 40 years for floods 45,000 cis
and greater). Additional silt and clay delivered by

High Terraces. High terraces in direct contact with
the river would erode during floods greater than
45,000 cfs. On the basis of current information,
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Maximum Powerplant Capacity
Alternative

Sandbars (Beaches and Backwaters)

Sandbars would be dynamic (cycles of erosion
and deposition) but more stable than under the
No Action or Maximum Powerplant Capacity
Alternatives. Sandbar heights would be less, but
the amount of riverbed sand available for depo-
sition would increase over time. Sandbar heights
and active widths would be greater than under
steady flow conditions, except the Seasonally
Adjusted Steady Flow Alternative with habitat
maintenance flows. On the basis of maximum
flows during minimum release years, the rate of
filling of backwater return-current channels with
sand and silt between floods or special high
releases would be about the same as under no
action. An exception is the Interim Fluctuating
Flow Alternative, under which backwaters would
be expected to fill at the greater rates expected
under the steady flow alternatives. With higher
maximum flows during the tributary flood season,
restricted fluctuating flow alternatives are more
likely than steady flow alternatives to result in
deposition of new silt and clay in the eddies.

Under this alternative, impacts on all sediment
resources would be essentially the same as those
under the No Action Alternative. Maximum
releases higher than permitted under no action
(31,500 cIs) would be possible when Lake Powell
elevation is at or above 3641 feet, combined with a
high demand for electrical power. These higher
maximum releases would result in a negligible
decrease in the quantities of riverbed sand storage
in either the short or long term compared to no
action.

Corresponding increases in river stage between
31,500 cfs and 33,200 cfs would be about 0.5 foot.
This would result in a negligible increase in active
width and height of sandbars, compared to the
No Action Alternative (see appendix D).

Impacts to high terraces, debris fans and rapids,
and to lake deltas would be essentially the same
as those under no action.

Beach/habitat-building flows would have the
potential to rebuild high elevation sandbars and
re-form backwater return-current channels. Sand
deposition may bury existing vegetation at some
locations. Habitat maintenance flows under the
Moderate and Modified Low Fluctuating Flow
Alternatives also would rebuild sandbars and
re-form return-current channels.

Restricted Fluctuating Flows

Impacts to sediment resources under the High,
Moderate, Modified Low, and Interim Low
Fluctuating Flow Alternatives are described in this
section. An overview of common impacts of these
alternatives is presented first, followed by specific
details about individual alternatives.

Riverbed Sand
Releases resulting from emergency exception
criteria are assumed typically to be of small
magnitude and short duration or infrequent and
of short duration, with negligible effects.

High Terraces

Erosion of high terraces in direct contact with the
river would be less than under no action because
the frequency of flood-caused erosion would
average only 1 in 100 years.

More riverbed sand would be stored under the
restricted fluctuating flow alternatives than under
either the No Action or Maximum Powerplant
Capacity Alternatives but less than under the
steady flow alternatives. Storage of riverbed sand
increases as the allowable daily fluctuation range
becomes more restricted. Net accumulation
would tend to be greater in wider reaches, where
velocities are relatively low, than in narrower
reaches. Because of flood frequency reduction
measures, unanticipated floods would likely result
in increased deposition relative to the floods
under the No Action or Maximum Powerplant
Capacity Alternatives.
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Debris Fans and Rapids the average rate of total sediment accumulation in
Lake Mead would be equal to the average total
sediment load supplied by Grand Canyon
tributaries.

Impacts to debris fans and rapids under the
fluctuating flow alternatives would be similar to
those described under the No Action Alternative.
In the absence of large floods, there would be
limited capacity to reshape debris fans because
very high velocities are needed to widen the
channel and decrease the elevation drop at major
rapids (Kieffer, 1987; 1990).

High Fluctuating Ffow Alternative

Impacts to sediment resources under this alterna-
tive would be similar to those described under the
No Action Alternative. However, there would be
differences primarily due to the restrictions in the
range of daily flow fluctuations. More riverbed
sand would be stored, but sandbar heights and
active widths would remain about the same as no
action.

Channel width, vertical drop, and velocity at some
rapids associated with new debris flows would be
affected. The channel width would narrow, and
the elevation drop would increase to the point of
adversely affecting river navigation. The capacity
to move boulders is assumed to be proportional to
the normal peak discharge squared relative to the
1983 peak discharge (92,600 cfs) squared. The
capacity of the normal peak discharge to move
boulders at debris fans during minimum release
years would be about 12 to 5 percent of the capa-
city of the 1983 peak discharge as shown below.

The probability of a net gain in sand storage (in
the reach between the Paria River and LCR) is
53 percent at the end of 20 years and 45 percent at
the end of 50 years. The relatively high percent-
age of days with maximum hourly flows greater
than 20,000 cfs would likely result in little, if any,
net gain in riverbed sand.

Capacity to
move boulders

relative to
1983 flood

(percent)

Normal peak

discharge

(cfs)

Sandbars would continue to be dynamic with
large active widths. Seepage-induced erosion
would continue, especially during weekends and
holidays when minimum flows would be lower.Alternative

High fluctuating flow 31,500
Moderate fluctuating flow 30,000
Modified low fluctuating flow 30,000
Interim low fluctuating flow 20,000

12

10

10

5

Lake Deltas

Lake delta crest elevations under the restricted
fluctuating flow alternatives would be the same as
elevations under the No Action Alternative
because annual and monthly lake elevations
would be the same.

Daily discharge fluctuations from 3,000 to
23,000 cfs would result in river stage fluctuations
from about 7 feet in reaches 5 and 11 to about
11 feet in reaches 2 and 6. Active sandbar widths
corresponding to these daily fluctuations would
range from 30 to 51 feet. Over the course of a
minimum release year, potential sandbar height
above the level of minimum flow would range
from about 7 feet in reach 5 to about 11 feet in
reaches 2,6, and 9, with active sandbar width
ranging from 33 to 53 feet (see appendix D). Sand
would not deposit above the river stage corre-
sponding to about 25,500 cfs during normal

operations.
The Lake Mead delta would continue to increase
in size and progress downstream toward Hoover
Dam. Over the short term, the amount of sand
and gravel reaching Lake Mead would be less
under the restricted fluctuating flow alternatives
than under the No Action or Maximum Power-
plant Capacity Alternatives. Over the long term,

When Lake Powell storage is 19 maf or less,
beach/habitat-building flows of 41,500 cis would
be expected to aggrade sandbars in all major
eddies to elevations 3 to 4 feet higher than the
normal peak river stage (see appendix D).
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Moderate Fluctuating Flow Alternative of 40,000 cis would be expected to aggrade
sandbars in all major eddies to elevations 3 to
5 feet higher than the river stage of habitat
maintenance flows (appendix D).

Modified Low Fluctuating Flow Alternative

More riverbed sand would be stored under this
alternative than under the No Action, Maximum
Powerplant Capacity , or High Fluctuating Flow
Alternatives. Peak river stages would have less
capacity to rebuild eroded sandbars, but
seepage-induced erosion would be reduced. More riverbed sand would be stored under this

alternative than under the No Action, Maximum
Powerplant Capacity , and High or Moderate
Fluctuating Flow Alternatives. With habitat
maintenance flows, peak river stages would have
the capability to rebuild eroded sandbars.
Seepage-induced erosion generally would be
reduced; however, some would still occur during
weekends and holidays due to lower minimum
flows and reduced fluctuations.

The probability of a net gain in sand storage (in
the reach between the Paria River and LCR) is
61 percent at the end of 20 years and 70 percent at
the end of 50 years. Effects of habitat maintenance
flows are included; they increase the annual sand
transport capacity by about 117,000 tons and
reduce the probability of net increase in riverbed
sand by about 12 percent in years when they occur .

With habitat maintenance flows, sandbars would
be dynamic, but less subject to long-term erosion
than under the No Action, Maximum Powerplant
Capacity , and High Fluctuating Flow Alternatives.
Seepage-induced erosion would be less because of
the reduced daily range in fluctuations, reduced
down ramp rates, and because minimum flow
criteria would be constant within each month
(weekend minimum flows would not be less than
allowable weekday minimum flows). Also, the
shape and size of the recirculation zones would be
more stable, but they would tend to gradually fill
with sediment and become vegetated. Effects of
wave-induced erosion would be distributed
within a narrower range of fluctuating river stage
than under the No Action or High Fluctuating
Flow Alternatives.

The probability of a net gain in sand storage (in
the reach between the Paria River and LCR) is
64 percent at the end of 20 years and 73 percent at
the end of 50 years. Effects of habitat maintenance
flows are included. They increase the annual sand
transport capacity by about 118,000 tons and
reduce the probability of net gain in riverbed sand
by about 11 percent in years when they occur .

With habitat maintenance flows, sandbars would
tend to be dynamic on an annual basis, but other-
wise would be more stable and exist at lower
elevations than under the other fluctuating flow
alternatives. The shape and size of the recircula-
tion zones would be similar to the other
fluctuating flow alternatives.

With maximum down ramp rates of 1,500 cfs per
hour, seepage-induced erosion would still occur
but would be greatly reduced. Seepage-induced
erosion would be most noticeable during periods
of prolonged low releases, such as weekends and
holidays. Maximum up ramps of 4,000 cfs would
have little or no effect on sandbars. Effects of
wave-induced erosion would be distributed
within a narrower range of fluctuating river stage
than under other fluctuating flow alternatives.

Daily discharge fluctuations from 5,000 to
13,200 cfs would result in river stage fluctuations
ranging from about 3 feet in reaches 5 and 11 to
about 5 feet in reaches 2,3, and 6. Active sandbar
widths corresponding to these daily fluctuations
would range from 10 to 21 feet. Over the course of
a minimum release year, normal river stage fluctu-
ations would range from about 6 feet in reach 5 to
about 10 feet in reach 6, with active sandbar width
ranging from 28 to 47 feet. With habitat mainte-
nance flows, potential sandbar heights would be
about 2 to 4 feet higher, and active widths about
13 to 19 feet wider. Beach/habitat-building flows

Daily discharge fluctuations from 5,000 to
10,000 cfs would result in river stage fluctuation:
ranging from about 1 foot in reach 11 to about
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from these alternatives is presented first, followed
by specific details about individual alternatives.

stage change) and would disappear from the
hydrograph at some point between Lees Ferry and
the LCR.

Riverbed Sand

When compared to other alternatives, steady flow
alternatives would store the greatest amounts of
riverbed sand. Larger accumulations of riverbed
sand would mean greater potential for bar-
building during high flows. Annual peak river
stages would vary under the steady flow alterna-
tives but would be less than those under the other
alternatives, resulting in sandbars being rebuilt at
relatively low elevations. However, seepage-
induced erosion would no longer occur, and other
erosion rates generally would be low.

Annual peak discharges under steady flow
alternatives would have relatively little capability
to rebuild eroded sandbars. Erosion caused by
riverflow would be minimal, and seepage-
induced erosion would no longer occur. The rate
at which backwaters in return-current channels
would fill with sand and silt between floods or
special high releases would be greater than under
fluctuating flows. With lower maximum flows
during the tributary flood season, the alternatives
in this group are less likely than the fluctuating
flow alternatives to result in deposition of new silt
and clay in the eddies.

Between Lees Ferry and the LCR, the river would
accumulate sand and gravel over time. Net
accumulation would tend to be greater in wider
reaches, where velocities are relatively low, than
in narrower reaches. The sand balance in the
reach between the LCR and Diamond Creek
would be expected to remain in a state of dynamic

equilibrium.

Beach/habitat-building flows would have the
potential to rebuild high elevation sandbars and
would also re-fonn backwater return-current
channels. Habitat maintenance flows under the
Seasonally Adjusted Steady Flow Alternative also
would rebuild sandbars and re-fonn return-
current channels.

Sandbars (Beaches and Backwaters)

Sandbars would tend to be more stable and at
lower elevations under the Existing Monthly
Volume and Year-Round Steady Flow Alterna-
tives than under any of the fluctuating flow
alternatives. Under the Seasonally Adjusted
Steady Flow Alternative, sandbars would be
dynamic (due to habitat maintenance flows) but
more stable than under the No Action Alternative.
Sandbar heights would be about the same as
under no action.

Unanticipated floods would have impacts similar
to those under no action. However, because of
flood frequency reduction measures, unantici-
pated floods would likely result in net deposition
of sandbars. More sand would be available for
transport and deposition during floods because of
increased capacity to store sand during normal
operations. High elevation sandbars would be
expected to aggrade in wide reaches; low
elevation bars would be expected to erode.

Releases resulting from emergency exception
criteria are assumed typically to be of small
magnitude and short duration or infrequent and
of short duration, with negligible effects.

Sandbars would be subject to seasonal cycles of
erosion and deposition due to seasonal variations
in releases. Sand would tend to deposit on bars at
slopes approaching 26 degrees during high river
stage periods. The effects of allowable daily
changes (plus or minus 1,000 cfs) for power
system load changes would be negligible. Because
of wave transformation and changes in channel
width, the variation would be about plus or minus
500 cfs at Lees Ferry (plus or minus 0.2-foot river

High Terraces

High terraces in direct contact with the river
would erode less than under no action because the
frequency of flood-caused erosion would average
only 1 in 100 years.
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Debris Fans and Rapids Lake Powell elevations

(feet)
Impacts to debris fans and rapids under the
steady flow alternatives would be greater than
those under the fluctuating flow alternatives.
Generally I the constrictions at rapids would
remain the same or become narrower and steeper
when new debris flows occur.

Steady flow

alternative 20 years 50 years

Existing monthly volume

Seasonally adjusted
Year-round

3665
3664
3664

3662
3660
3660

Lake Mead. The average of the median monthly
Lake Mead water surface elevations for July
through October projected over the next 20 and
50 years are shown below.

Lake Mead elevations

(feet)
Steady flow

alternative 20 years 50 years

Existing monthly volume

Seasonally adjusted
Year-round

1175

1176

1176

1167

1168

1168

Annual peak discharges under the Existing
Monthly Volume and Year-Round Steady Flow
Alternatives have the least capacity to remove
sediment from debris fans, and some rapids
would become even more constricted. The
capacity of the normal peak discharge to move
boulders on debris fans during minimum release
years would be about 3 percent of the capacity of
the 1983 peak discharge. With habitat main-
tenance flows, the Seasonally Adjusted Steady
Flow Alternative would have a relatively higher
capacity to move boulders. Normal peak
discharges and capacity to move boulders for the
steady flow alternatives are listed below.

Capacity to
move boulders

relative to
1983 flood

(percent)

Over the short tenn, the amount of sand and
gravel reaching Lake Mead would be less under
the steady flow alternatives than under any of the
fluctuating flow alternatives. Over the long tenn,
the average rate of total sediment accumulation in
Lake Mead would be equal to the average total
sediment load supplied by Grand Canyon tribu-
taries (approximately 12 million tons per year).

Normal peak

discharge
(cfs)

Steady flow
alternative

Existing monthly volume

Seasonally adjusted
Year-round

16,300
30,000
11 ,900

3
10
2

Lake Deltas
Existing Monthly Volume Steady Flow
AlternativeImpacts to lake deltas under the steady flow alter-

natives would be the same as or similar to those
under no action because annual lake elevations
would be the same. Monthly lake elevations
under the Existing Monthly Volume Steady Flow
Alternative would be the same as no action;
monthly lake elevations under the other two
steady flow alternatives would be different.

The amount of riverbed sand transported under
this alternative would be less than under the
fluctuating flow alternatives and the Seasonally
Adjusted Steady Flow Alternative. Conversely I
the amount of sand and gravel stored as riverbed
material within the channel pools and eddies
would be greater than under those alternatives.

Lake Powell. The average of the median monthly
water surface elevations for Lake Powell for April
through August over the next 20 and 50 years are
shown below.

The probability of a net gain in sand storage (in
the reach between the Paria River and LCR) is
71 percent at the end of 20 years and 82 percent at
the end of 50 years.
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Sandbars would tend to be more stable and exist
at lower elevations under this alternative than
under all but the Year-Round and Seasonally
Adjusted Steady Flow Alternatives. The shape
and size of the recirculation zones also would be
more stable, but would tend to fill more rapidly
with sediment and become vegetated.

than under the fluctuating flow alternatives
because of the lower discharge and river stage.

The channel would aggrade at a higher rate be-
tween the Paria River and the LCR than under all
of the fluctuating flow alternatives. With greater
amounts of stored sand, there is greater potential
for aggradation of sandbars and less potential for
net degradation of sandbars during spills.

The probability of a net gain in sand storage in the
reach between the Paria River and LCR is
71 percent at the end of 20 years and 82 percent at
the end of 50 years. Effects of habitat maintenance
flows are included. They increase the annual sand
transport capacity by about 124,000 tons and
reduce the probability of net gain in riverbed sand
by about 11 percent in years when they occur .

Over the course of a minimum release year,
monthly changes in river stage would range from
about 3 to 5 feet, with active sandbar width
ranging from about 10 to 19 feet. Sandbar heights
above the minimum river stage would range from
3 to 5 feet. Sand would not deposit above the
river stage corresponding to 16,300 cfs during a
minimum release year (see appendix D).

Over the course of a minimum release year,
seasonal changes in river stage would range from
about 4 feet to about 7 feet, with active sandbar
width ranging from 16 to 29 feet. With habitat
maintenance flows, potential sandbar heights
would be about 4 to 6 feet higher, and active
widths about 21 to 31 feet wider (see appendix D)

Beach/habitat-building flows of 40,000 cis under
this alternative would be expected to aggrade
sandbars in all major eddies to elevations 3 to
5 feet higher than the normal maximum river
stage, if there is adequate sand supply in the river
channel. Sand deposition may bury existing
vegetation at some locations.

Beach/habitat-building flows of 26,300 cfs would
be expected to aggrade sandbars in all major ed-
dies to elevations 3 to 5 feet higher than the river
stage of habitat maintenance flows if there is ade-
quate sand in the river channel. Sand deposition
may bury existing vegetation at some locations. During low and moderate release years, normal

flows under this alternative would have less
capacity to reshape debris fans than those under
all fluctuating flow alternatives. With habitat
maintenance flows, this alternative would have a
capacity to move boulders approximately equal to
that under no action. Generally, the constrictions
at rapids would remain the same or become
narrower and steeper at some sites when new
debris flows occur.

During low and moderate release years, flows
would have less capacity to reshape debris fans
than under all but the Year-Round Steady Flow
Alternative. The constrictions at rapids would
remain the same or become narrower and steeper
when new debris flows occur.

Lake Powell elevations would fluctuate seasonally
and tend to be 1 to 4 feet higher than under no
action from December through May and 1 to 2 feet
lower from June through August. Lake Mead
elevations would typically be 1 to 2 feet lower
from January through April and 1 to 2 feet higher
from June through August than lake elevations
under no action.

Lake Powell elevations would fluctuate seasonally
(typically 15 to 30 feet) and tend to be lowest from
February to April and highest from June to
August. Lake Mead elevations would fluctuate
less (typically 10 to 12 feet) and would tend to be
lowest in summer and highest in winter.

Seasonally Adjusted Steady Flow
Alternative

During normal operations, riverbed sand would
be stored at lower elevations within the eddies
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Year-Round Steady Flow Alternative elevations from April through July. Lake Mead
elevations would typically be 1 to 2 feet higher
during April, May, and June than lake elevations
under no action.

FISH

Compared to all other alternatives, flows under
this alternative would transport the least amount
of riverbed sand but would store the greatest
amount of sand and gravel within the main
channel and eddies. Larger accumulations of sand
in the river would mean greater potential for
bar-building during high flows. During normal
operations, sand would be stored at lower
elevations within the eddies since this alternative
has the lowest discharge and river stage.

The probability of a net gain in sand storage in the
reach between the Paria River and LCR is
74 percent at the end of 20 years and 100 percent
at the end of 50 years.

Sandbars would tend to be more stable and exist
at lower elevations under this alternative than
under any other alternative. The shape and size of
the recirculation zones would be more stable and
would more rapidly fill with sediment and
become vegetated than under the other alterna-
tives. Steady flows under this alternative would
expose the greatest amount of sandbar area above
normal high water. However, most reattachment
bars would be submerged much of the time.

Over the course of a minimum release year, river
stages would fluctuate less than 1 foot, with
virtually no active widths. Sandbar heights above
the minimum river stage would range from O to
1 foot. Sand would not deposit above the river
stage corresponding to 11,900 cfs during a
minimum release year .

The focus of this impact assessment is on native
fish, non-native warmwater and coolwater fish,
interactions between native and non-native fish,
and trout. The native fish considered in this
section include the humpback chub, razorback
sucker (both federally endangered species),
£1annelmouth sucker (being considered for listing
as a federally endangered species), bluehead
sucker, and speckled dace.

Beach/habitat-building flows of 21,900 cis under
this alternative would be expected to aggrade
sandbars in all major eddies to elevations 4 to
6 feet higher than the normal peak river stage.

Each alternative analyzed in this section results in
physical effects to the aquatic environment that
alter fish habitats in Glen and Grand Canyons.
These effects are direct if they alter conditions
necessary for the growth, survival, or health of a
population. For example, mainstem water
temperature has a direct effect on the ability of
warmwater native fish to successfully reproduce
or for young to survive. Effects are indirect if they
influence one component of the aquatic
community that then affects another. Reliable
minimum flows of an alternative may directly
influence Cladophora and, in turn, indirectly affect
fish because of their influence on the availability
of food resources.

Flows under this alternative have the least capa-
city to remove sediment from debris fans. Debris
fans would aggrade, and rapids would become
steeper and more constricted under this alterna-
tive compared to conditions under no action.

Lake Powell elevations would fluctuate seasonally
and tend to be 1 to 2 feet lower than no action
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The minimum reliable stage noted near Lees Ferry
under fluctuating flows may be relatively higher
downstream, particularly below the LCR, because
of a phenomenon known as wave transformation
(chapter Ill, WATER). As waves produced by
fluctuating releases move downstream, water
volume tends to decrease in the peaks (lowering
maximum river stage) and increase in the troughs
(raising minimum river stage).

Likewise, effects may be short-term or long-term.
Short-term effects influence only lor 2 reproduc-
tive years. Long-term effects extend up to or
beyond the generation time of an individual (from
hatching through the reproductive life of that
individual). These effects may be retrievable or
reversible. For example, loss of 1 year's
reproduction for a long-lived fish may be made up
in a subsequent year when conditions are
favorable. On the other hand, the same kinds of
effects may be irretrievable or irreversible if they
occur consistently.

Native Fish

The analysis of effects on fish is based on their
basic life requirements and addresses:Analysis Methods

Both biological productivity and physical
characteristics of the environment (temperature,
reliable flow, turbidity , etc. ) determine the limits
of fish development. Therefore, it is necessary to
assess the biological productivity of the aquatic
food base, as well as the environment's physical
characteristics, when evaluating impacts to fish
under each alternative.

.Direct sources of mortality

.Potential to reproduce and recruit (survive to

adulthood)

.Potential for growth

Alternatives are analyzed with regard to main-
stem water temperature and tributary access for
reproduction, food base and stable nearshore and
backwater environments for recruitment and
growth, flood frequency reduction measures, and
beach/habitat-building flows.

Aquatic Food Base

The aquatic food base in Glen and Grand Canyons
is the indicator for growth and condition of the
system's fish. Cladophora production in the Glen
Canyon reach provides an important component
of the food base for downstream reaches and
responds to reliable inundation in a fashion
similar to aquatic benthos in downstream reaches.
Thus, the productive band of shoreline (wetted
perimeter) that can be occupied by this important
alga in the Glen Canyon reach reflects the
condition of the aquatic food base as a whole. The
reliable wetted perimeter, in turn, is determined
by the minimum reliable river stage (flow) under
each alternative.

Reproduction of native fish requires warm water
temperatures. Recruitment (the ability of these
fish to survive to the next life stage) depends on
warm tributaries and the processes that develop
and maintain backwaters and shallow nearshore
areas capable of warming separately from the
main channel. Fish growth is necessary to achieve
recruitment. The rate of growth is determined by
water temperature and food base quality and
availability .Necessary habitat conditions for each
life stage must also be available (for example,
young-of-year fish require low velocity areas such
as backwaters and nearshore habitats).

Tributary confluences and the portion of the
tributary immediately upstream have slower
current or become ponded with increased river
stage. Larval fish that rear in these areas may be
able to avoid or delay entering the harsher
mainstem conditions. Therefore, river stage can
affect recruitment and growth.

For purposes of the analysis, the river's produc-
tive capacity under each alternative can be
estimated only tenuously. But, using no action
conditions as a baseline, comparison of zones that
would reliably experience less than 12 hours of
continuous exposure (as measured in vertical feet
of stage and wetted perimeter at a site near Lees
Ferry) is assumed to index the proportional differ-
ences between no action and the other alternatives
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Table N-9 shows river stage and wetted perimeter
associated with reliable minimum flows at three
sites below Glen Canyon Dam: a point just below
Glen Canyon Dam, a point in a shallow riffle area
downstream of the dam, and a point at Lees Ferry .
The difference between change in wetted peri-
meter and stage of pools and riffles illustrates the
greater productive capacity of shallow, cobble
riffles. Therefore, more surface area for coloni-
zation by benthic algae and invertebrates is
available along wide cobble benches than along
steep canyon walls.

Many humpback chub have been collected within
an 8.5-mile reach approximately centered on the
LCR (Valdez, Masslich, and Leibfried, 1992).
Larvae or young-of-year humpback chub are
transported out of that tributary (RM 61.4) into the
mainstem (Angradi et al., 1992). Therefore,
reach 4 (lower Marble Canyon beginning at
RM 36) and reach 5 (Furnace Flats ending at
RM 77) represent important humpback chub
habitats and were selected for analysis.

Non-Native Warm water and
Coo/water Fish

Native Fish
Non-native warmwater and coolwater fish
requirements are nearly identical to those of
native fish. Evaluation criteria for non-native
warmwater and coolwater fish include the aquatic
food base, mainstem and tributary reproduction,
and mainstem recruitment and growth.

None of the alternatives change the temperature
of the water released from Glen Canyon Dam.
This single fact constrains warmwater fish repro-
duction in the main channel and limits the
likelihood that young native fish would grow to
reproductive size. This condition emphasizes the
importance of warm tributaries, return-current
channel backwaters, and shallow nearshore areas
as recruitment sites under current conditions
(Maddux et a1., 1987; Angradi et al., 1992; Valdez,
Masslich, and Leibfried, 1992).

Interactions Between Native and
Non-Native Fish

Backwaters and nearshore areas would warm
somewhat during warm months under all
alternatives, but would warm more under the
steady flow alternatives. By introducing cold
main channel water, daily fluctuations under
some alternatives would destabilize and limit
warming of backwater and nearshore areas used
as nursery habitat by young fish.

Alternatives were qualitatively evaluated for
potential interactions (competition and/ or
predation) between native and non-native fish.
This evaluation focused on each alternative's
effects on nearshore and backwater habitats used
by both native and non-native fish.

Trout

Alternatives were analyzed with regard to adult
stranding mortality, redd success in the mainstem,
and tributary access for spawning in Grand
Canyon.

Summary of Impacts: Fish

The impacts of the alternatives on fish are
summarized in table IV -8.

Aquatic Food Base

Figure IV -12 compares impacts to the aquatic food
base, using reliable wetted perimeter as the
indicator of effects. Wetted perimeter, hence the
aquatic food base, tends to increase as the
minimum reliable discharge increases.

Because of limited warming of the main channel,
backwaters, and nearshore areas, effects on main-
stem reproduction for native fish are nearly
identical under all alternatives, including no
action. No alternative directly addresses
modifying the temperature of the main channel
(though further study of selective withdrawal is a
common element). Thus, egg and larval survival
in the main channel is unlikely. An insignificant
increase in reproduction may occur under the
steady flow alternatives in nearshore
environments; however, warmwater fish would
continue to rely on tributaries for reproduction
under all alternatives.
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214 Chapter IV Environmental Consequences

Table IV-9.-Change in river stage and wetted perimeter associated with reliable

minimum flows under each alternative at three sites below Glen Canyon Dam
--J
Near A shallow, narrow Near

~n Canyon Dam ~Glen Canyon Lees Ferry

River

stage

Wetted

perimeter

River

stage

Wetted

perimeter

River

stage

Wetted

perimeter

No action/maximum powerplant capacity

1 ,000 cfs (winter) 3128.9 580.3

3,000 cfs (summer) 3130.9 588.5
3123.9
3126.6

141.4
240.4

3110.9
3112.4

380.4
389.1

High fluctuating flow
3,000 cfs +2.0 +8.2 +2.7 +99 +1.5 +8.7

Moderate fluctuating flow
5,000 cfs +3.5 +14. +4.2 +153.4 +2.4 +14.1

Modified low fluctuating flow

5,000 cfs +3.5

8,000 cfs +5.3
+14.1
+20.5

+4.2
+5.9

+ 153.4

+193.5

+2.4
+3.4

+14.1

+20.2

Interim low fluctuating flow

5,000 cfs +3.5

8,000 cfs +5.3
+14.1
+20.5

+4.2
+5.9

+ 153.4
+ 193.5

+2.4
+3.4

+14.1

+20.2

Existing monthly volume steady flow
9,000 cfs +5.8 +22.2 +6.5 +203.6 +3.7 +21.8

Seasonally adjusted steady flow
8,000 cfs +5.3 +20.5 +5.9 + 193.5 +3.4 +20.2

Year-round steady flow
11 ,400 cfs +6.9 +25.9 +7.6 +287.2 +4.3 +25.4

non-native displacement are short term and
reversible. Because of the large pool of potential
immigrants to Glen and Grand Canyons from
Lakes Mead and Powell, none of the alternatives
would eliminate the possibility of non-native
warmwater fish reestablishing themselves if
suitable habitat conditions exist.

loss would result in an irreversible, irretrievable
loss of backwater rearing habitats, further
confining recruitment of native fish to the
tributaries. Floodflows also may inundate
backwaters, which-depending on the timing of
floods-could render them less useful to young
native fish in the short term.

At the same time, native fish of the Southwest are
well adapted to flood events. Native fish have
evolved with natural floods in the Colorado River
(Minckley and Meffe, 1987); indeed, these floods
define river channel fish habitat. Floods may
displace non-native competitors and predators,
potentially enhancing native fish populations
(Minckley,1991). However, the effects of

High flows also create and maintain return-
current channel backwaters (figure III-16).
Without some high flow disturbances, return-
current channel backwaters eventually would fill
with sediment and vegetation. Some clearing of
these backwaters would take place under the
alternatives that include habitat maintenance
flows (short-duration, high flows within
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powerplant capacity). However, only the higher-
volume beach/habitat-building flows-acting as
planned floods-have the potential to restructure
these backwater habitats. The magnitude,
frequency, and duration of flows necessary to
sustain these habitats is still unknown. Several
factors must be considered in scheduling habitat
maintenance and beach/habitat-building flows:

wannwater non-native fish would continue to rely
on tributaries for reproduction under all
alternatives.

Mainstem recruitment and growth also would be
affected by water temperatures. Warmer micro-
habitats such as backwaters and nearshore sites
would continue to be important in providing
requirements for young non-native warmwater
and coolwater fish..Balance between the need to maintain the

geomorphology of backwaters and their
aquatic productivity

.Presence of strong year classes of native fish

.Rearing periods for native fish

Reattachment bar heights (see the SEDIMENT
section of this chapter) provide some insight into
maintenance of backwaters under normal
operations. fu the absence of high flow events, the
number and area of backwaters would likely
decrease due to filling and vegetation growth.

In general, any change in daily dam operations or
other management actions that result in improved
habitat conditions for native fish also would
improve conditions for non-native warmwater
and coolwater fish (table IV-9). For example,
habitat maintenance flows designed to prepare
backwaters for subsequent use by native fish
would also benefit non-native fish. While
beach/habitat-building flows may temporarily
displace them, non-native warmwater and
coolwater fish would quickly reestablish as
suitable habitat conditions become available.Endangered fish research flows (likely a

seasonally steady release pattern) would be
implemented and evaluated through adaptive
management. The extent to which steady flows
would be permanently incorporated into the
selected alternative would depend on evaluation
of the research results and a determination by the
u.s. Fish and Wildlife Service (FWS). Because
these research flows might not occur every year
and because results will need to be evaluated,
effects could not be integrated into the summary
table of impacts. Endangered fish research flows
(when they occur) would have impacts on aquatic
resources similar to those described for the
Seasonally Adjusted Steady Flow Alternative.

Interactions Between Native and
Non-Native Fish

Conditions in the mainstem river present
obstacles for various life stages of both native and
non-native fish. Mainstem water temperatures
prevent reproduction, and fluctuating flows
destabilize nearshore and backwater habitats
important to young fish spawned in tributaries.
No alternative directly addresses increasing
mainstem water temperatures, but nearshore and
backwater microhabitats have the potential to
warm into a temperature range more favorable to
native and non-native warmwater and coolwater
fish. Alternatives that would increase water
temperatures or result in more stable conditions in
microhabitats would improve habitat conditions
for both native and non-native fish.

Non-Native Warm water and
Coo/water Fish

The same environmental variables that affect
native fish also affect non-native warmwater and
coolwater fish. For example, no alternative under
consideration would increase main stem water
temperatures. Warming of backwaters and
nearshore habitats would increase as fluctuations
are reduced, and some reproduction may occur in
these warmer microhabitats under low fluctua-
tions and steady flow conditions. However,

Nearshore and backwater habitats become more
stable, and the potential for increased warming of
these microhabitats improves as flow fluctuations
reduce in magnitude. Increased warming and
stability of microhabitats would improve habitat
conditions important for mainstem recruitment
and growth for both native and non-native fish.



216 Chapter IV Environmental Consequences

Conditions for mainstem recruitment and growth
would improve over no action conditions under
the Modified Low and Interim Low Fluctuating
Flow Alternatives, and all three steady flow
alternatives. If recruitment and growth increase in
response to improving conditions, interactions
between native and non-native fish may increase.
The potential for increased interaction is greatest
under the steady flow alternatives (table IV-8).

trout reproduction and survival are concentrated
in the first 16 miles of river below Glen Canyon
Dam. Impacts downstream of this reach are
indirect and center on tributary access and food
availability .Access to spawning tributaries would
not be limited under alternatives with minimum
releases of 5,000 cis or more (Arizona Game and
Fish Department, unpublished data). Periodic low
flows (less than 5,000 cfs) under unrestricted
fluctuating flows may restrict access, though
access may be gained during higher flow periods
occurring in the same day.

Unrestricted Fluctuating Flows

Resource scientists are not in agreement about
what improving habitat conditions means in
terms of interactions between native and non-
native fish. One group believes that improving
conditions would benefit both native and
non-native fish. Another group is concerned that
improving habitat conditions for both native and
non-native fish may provide a competitive
advantage to non-native fish that would ulti-
mately result in adverse effects on native species.
This uncertainty is reflected in table IV -8 under
the steady flow alternatives and is an important
issue for future monitoring and research studies.

No Action Alternative

Aquatic Food Base. Under the No Action Alterna-
tive, prolonged exposure (greater than 12 hours)
of shoreline would limit the potential of that
shoreline zone to support Cladophora (Angradi
et al., 1992; Blinn and Cole, 1991). Angradi found
that 6 to 8 hours of exposure caused significant
decreases in Cladophora biomass (Arizona Game
and Fish Department, 1993). Therefore, extended
low flow periods (weekends) would determine thE
area occupied by Cladophora and, in turn, the rest
of the aquatic food base that directly or indirectly
benefits from it-especially in shallow cobble bars

Trout

While cold releases limit the ability of warmwater
fish to reproduce and grow in the main channel,
existing water temperatures are adequate for
coldwater fish, including rainbow and brown
trout. Because the release temperature is the same
among alternatives, no temperature limitation for
trout spawning is assumed under any alternative.
Lack of seasonal warming may limit trout growth
rates and probably limits the diversity of aquatic
invertebrates available as trout forage.

Reliable minimum flows under no action would
be 1,000 cfs during winter months (Labor Day
through Easter) and 3,000 cfs during the
remainder of the year. Winter minimums,
especially those on weekends, would determine
the reliable river stage that would support
Cladophora. Higher summer minimums would
support limited recovery of Cladophora in the zone
up to the river stage corresponding to 3,000 cis,
but lower winter minimums would again expose
it following the Labor Day weekend. River stage
and wetted perimeter associated with reliable
minimum flows under the No Action Alternative
at three sites below Glen Canyon Dam are shown
in table IV-9.

Fluctuating flow alternatives would result in more
adult stranding mortality than the steady flow
alternatives. Higher fluctuations would result in
more stranding than would lower fluctuations.

Trout reproduction would be stocking dependent
under the unrestricted fluctuating flow alterna-
tives, and possibly self-sustaining under the
steady flow alternatives. Under fluctuating flow
alternatives, from 60 to 90 percent of redd sites
would be affected by periodic dewatering. Under
steady flow alternatives, redd sites would be
unaffected. Direct effects of daily fluctuations on

The minimum flow between successive daily
waves released from the dam increases with
distance traveled (see chapter III, WATER). As a
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result, minimum stage is progressively higher-
and the associated wetted perimeter larger-at
sites downstream from the dam than it would be
if the local minimum flow were the same as that at
the dam.

reduction of a single year-class may not be
irretrievable; however, successive losses of
year-classes may be irreversible. Short-lived fish,
such as speckled dace, are most susceptible. The
longer-lived native species also are affected if the
condition persists uninterrupted.

Mainstem Recmitment and Growth.- The
variable nature of native fish spawning and
recruitment makes conclusions about their future
difficult to assess. Humpback chub may live to
20 plus years (Minckley,1991). The upstream
range of the humpback chub has contracted and
may continue to contract due to death of old
individuals in place before the dam, reduced
recruitment resulting from unfavorable mainstem
habitat conditions, or from unknown factors. The
last date the species was reported above Lees
Ferry (RM 0) was 1967; at Tiger Wash (RM 25),
1977-78; and at RM 30,1993 (Angradi et al., 1992;
Valdez and Hugentobler, 1993). Reduced range
may be directly related to loss of mainstem
spawning and nursery areas resulting from
fluctuating cold releases.

Native Fish. The absence of successful mainstem
reproduction, impeded access to spawning
tributaries, disrupted mainstem nursery areas,
disrupted gonadal maturation (temperature-
related), and limited growth potential
(temperature-related) would result in a stable to
gradually declining abundance of native fish.

Tributary Reproduction.-Owing to low
water temperatures, successful reproduction in
the mainstem would not occur under no action
flows (Valdez, 1991; Maddux et al., 1987). Access
to tributaries for reproduction is therefore an
important consideration in assessing habitat
suitability for native fish.

Under no action, cold mainstem temperatures
would restrict humpback chub spawning habitat
to the LCR. Maintenance of LCR habitat and
protection from catastrophic or adverse chronic
events is not assured, so improving mainstem
rearing habitat and identifying mainstem or
additional tributary spawning opportunities are

emphasized.

The long life span of humpback chub provides the
species with opportunities to capitalize on favor-
able conditions for spawning and rearing that
may be encountered only rarely. Humpback chub
do not appear to move great distances within
Grand Canyon, although records show that one
individual moved 60 miles. The LCR currently
provides habitat for all life stages of humpback
chub, including the spawning habitat that
apparently supports the current population.
Habitat for early life stages in the mainstem is
limited. Whether the LCR provides sufficient
habitat to maintain viable aggregations of chub in
the mainstem is unknown.

According to Valdez (1991), daily fluctuations
under no action may impede tributary access.
Low flows of 1,000 cfs (Labor Day until Easter)
and potentially 3,000 cfs (Easter until Labor Day)
may limit access to tributaries during some part of
each day (except perhaps the LCR, which
provides access through its own perennial flows),
especially if low river stage at tributary mouths
occurred at night when adult spawners would
likely be moving. Access is considered unlimited
at flows of 5,000 cfs and higher (Arizona Game
and Fish Department, unpublished data).

Backwaters and shallow nearshore areas along the
mainstem are important nurseries for young
native fish exiting tributaries. Native fish require
the shallow, productive, wann refuges provided
by these slackwater areas during their first 2 years
of life. Generally, wanning of backwaters and
nearshore areas occurs during warm months, but
wanning would be limited by fluctuating flows
under no action. Daily fluctuations would

Eggs and larval fish can be flushed from tribu-
taries into the cold mainstem by periodic tributary
flood events. Temperature shock to eggs and
larval fish acclimated to warmer water may be
fatal (Maddux et a1., 1987), thus reducing the
potential success of tributary spawning. Loss or



218 Chapter IV Environmental Consequences

continue to destabilize these areas (Valdez,1991)
by both periodically drying and flooding them
with cold water .

Juvenile humpback chub, as well as other native
species, might be displaced from eddies, near-
shore areas, or large backwaters to seek more
suitable habitat during fluctuations (Valdez,
Masslich, and Leibfried, 1992). Forcing these fish
into the main channel may result in direct
mortality from several causes including temper-
ature shock and exposure to non-native predators
(Arizona Game and Fish Department, 1993). Also,
additional energy expenditure would occur.
Adults also might be forced to move due to
changes in flow, but the energy cost has not been
established. Suitable habitat for adults should be
available under all flows.

Tributary Reproduction.- The effects of the
No Action Alternative on warmwater non-native
fish would be very similar to those on warmwater
native fish. Cold releases, and possibly daily
fluctuations and flood events, have considerably
reduced the numbers of individuals and numbers
of species (Minckley, 1991). Main channel habitat
conditions for all warmwater non-natives are
marginal. Channel catfish, common carp, and
fathead minnow persist, but rely on tributary
spawning (and backwater spawning in the case of
fathead minnow) to maintain their populations.

Warmwater non-native fish species, such as carp,
channel catfish, and fathead minnow present in
Grand Canyon before the dam, may be adversely
affected by cold temperatures and fluctuating
releases (Carothers and Brown, 1991). For related
reasons, some non-native fish species (green
sunfish and black bullhead) abundant in other
Colorado River reaches are found in very low
numbers in Grand Canyon, greatly reducing the
potential impact of those species on humpback
chub (Valdez, 1991).

Return-current channel backwaters must be
re-created periodically by high flow events.
Otherwise, they would eventually fill and be
eliminated as a habitat type. Beach/habitat-
building flows are not included in the No Action
Alternative; therefore, return-current channel
backwaters would not be restructured under this
alternative except during unanticipated floods.

Conditions continue to favor persistence of
rainbow trout and brown trout in upper reaches
and common carp and channel catfish in lower
reaches of the river. As a result, rainbow trout are
the most common non-native fish in Glen Canyon
and upper Grand Canyon, while common carp
and channel catfish are the most common non-
natives in lower Grand Canyon.

Striped bass ascend into Grand Canyon from Lake
Mead but do not appear to be establishing them-
selves. Their presence is seasonal and limited in
duration (Valdez, Masslich, and Leibfried, 1992).

Riverine conditions that support recruitment of
razorback suckers have not been found through-
out the species' range, and the Colorado River in
Grand Canyon is no exception. It is assumed that
conditions that affect other young native fish
would affect razorback suckers even though their
habitat requirement differs in some respects.
Daily fluctuating flows would continue to erode
sediment; flush backwaters; and dry out algae,
zooplankton, and benthos that are unable to move.

Non-Native Warmwater and Coo/water Fish. The
constraints on reproduction, recruibnent, and
growth of warmwater non-native fish in the main
channel are very similar to those limiting native
fish. The single most important difference is the
large pool of potential immigrants to Glen and
Grand Canyons from Lakes Mead and Powell.
The No Action Alternative would not eliminate
the possibility of non-native fish reestablishing if
suitable habitat conditions exist.

Mainstem Recruitment and Growth.-
Spawning and rearing habitat for warmwater
non-natives is limited in the main channel due to
perennially cold releases. Factors that limit the
native fish likewise constrain the warmwater
non-natives, and their growth is similarly limited

Interactions Between Native and Non-Native Fish.
Under no action conditions, the interactions
between native and non-native fish described in
chapter III, FISH, would continue into the future



FISH 219

could be as low as 1,000 cfs. Natural reproduction
would be directly affected and minimized under
this alternative, and population size would be
maintained through stocking and regulation.

Trout. Growth and condition of trout is related to
Cladophora in Glen Canyon (Angradi et al., 1992).
Extended low flow periods (weekends) would
determine the aquatic food base available to trout
and, in turn, the growth potential of the fish that
directly or indirectly benefit from it. Effects on
growth and growth potential would be indirect
and potentially reversible.

Downstream Reproduction and
Recruitment.- Trout access to tributaries is a result
of both river and tributary flow. High peak flows
in the river during winter months would provide
access to tributaries that have sufficient flow for
trout use. As with native fish, low minimums
may limit trout access to tributaries. The popula-
tion of rainbow and brown trout in downstream
reaches reflects natural reproduction in tributaries

Maximum Powerplant Capacity
Alternative

Under no action, the trout population would be
limited to low natural reproduction in the Glen
Canyon reach where it is dependent upon main
channel spawning. Stranding of adult fish is
expected at all 11 of the evaluated stranding sites
under minimum flows. Downstream trout
reproduction may be limited by access to
tributaries, but peak flows likely would provide
adequate access, particularly in high water
volume winter months. Impacts of this alternative would differ from no

action only because this alternative could increase
the duration of low flows, which could intensify
concerns about access to tributaries.

Adult Stranding Mortality.-Because
stranded adults typically are spawning fish, the
effects are twofold:

1. Relatively large individuals, the result of
several years of accumulated growth in the river
and of value to anglers, are removed from the

population.

Under this alternative, the potential range in river
fluctuations is 1,000 to 33,200 cfs, an increase over
no action conditions. Minimum 1,000-cfs flows
would be the same as under no action; thus,
tributary access for humpback chub, razorback
sucker, flannelmouth sucker, and other native and
non-native fish would continue to be restricted
during certain periods.

2. Potential reproductive contribution to the
population is lost.

Under the No Action Alternative, all11 stranding
pools would continue to isolate fish and result in
mortality .These effects would be direct and
irretrievable. Davis (1991) suggested that careful
strain selection for stocking could reduce the
incidence of adult stranding. A recently
domesticated strain of trout may spawn in late
spring and early summer, taking advantage of
higher water volume months.

The Maximum Powerplant Capacity Alternative
could, in some ways, affect non-native warm-
water and coolwater fish more than native fish.
Native fish are adapted to systems prone to severe
flood events. It has been hypothesized (Minckley,
1991; Valdez, 1991) that wider fluctuations or
flood events could temporarily destabilize and
displace non-native fish in canyon-bound
Southwestern streams. The effects of fluctuation
would be direct but, because of the large pool of
potential immigrants to Glen and Grand Canyons
from Lakes Mead and Powell, the effect would be
short term and reversible.

Glen Canyon Reproduction and
Recrnitment.-Angradi et al. (1992) reported that
more than 90 percent of the redd sites they
mapped in the Glen Canyon reach were affected
by minimum flows as low as 3,000 cfs. These data
suggest that at least 90 percent of the utilized
spawning habitat would be within the zone of
potential daily fluctuation under no action and, if
used by trout, the spawn would likely fail. Actual
minimums during peak trout spawning seasons

Interactions between native and non-native fish
and impacts on trout would be the same as under
no action.
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Restricted Fluctuating Flows in turn, availability of the aquatic food base to
drift-feeding fish. "It is unknown at this time if
the drifting food resources are a limiting factor for
Colorado River fishes" (Valdez and Hugentobler,
1993).

Some effects on fish under the restricted fluctu-
ating flow alternatives share similarities and are
discussed in this section. Effects that differ from
this general response are described separately
under the individual discussions that follow.

Successful spawning of native fish in the
mainstem apparently would be prevented by the
unchanged temperature of releases from Glen
Canyon Dam. Larval and young-of-year nurseries
(backwater areas and tributary mouths) would be
affected by these alternatives in much the same
ways as under no action, particularly during the
high volume months of July, August, and
September when young fish require warm,
sheltered areas.

Turbidity may be increased by fluctuations, with
several implications for native fish. Valdez and
Hugentobler (1993) observed that turbidity is a
primary influence on activity patterns of
humpback chub in Grand Canyon. They observed
increased presence and activity of adult
humpback chub near the surface during daytime
hours under turbid conditions, and it has been
inferred that near-surface presence may reflect
foraging opportunities. Turbidity also may
provide cover and a degree of protection from
predation. Yard et al. (1993) indicated that the
major factors influencing light attenuation were
associated with suspended sediment and
identified those factors as:

.Sediment discharge from tributaries

.Releases from Glen Canyon Dam

.Sediment differences below major tributaries

.Channel geometry

Turbidity in nearshore areas resulting from flow
fluctuation could provide foraging opportunities
for adult chub or some protection from predation
for young chub.

Daily fluctuations and ramp rates under these
alternatives could force movements of both adult
and juvenile native fish from preferred sites,
directly causing individuals to expend energy and
potentially limiting their growth, survival, and
reproduction, as under no action (Valdez, 1991;
Valdez and Hugentobler, 1993). Frequent
fluctuations would limit solar warming of
backwaters, would flush out organisms and
nutrients important as food resources, and could
force the early life stages of native fish-such as
humpback chub-out of quiet, protected waters
into unfavorable main stem conditions. The High
Fluctuating Flow Alternative would also affect
special status fish species directly by restricting
access to tributaries during low flow periods.

It has been argued that daily fluctuation may
destabilize nearshore habitats and backwaters for
young non-native warmwater fish in the same
ways as those described for native fish. Daily
fluctuation and temperature limitations would
continue to suppress reproduction and recruit-
ment of non-native warmwater fishes in the
mainstem.

Beach/habitat-building flows are included in
these alternatives, and habitat maintenance flows
would occur under the Moderate and Modified
Low Fluctuating Flow Alternatives. These flows
could reverse the long-term trend toward filling of
return-current channel backwaters. It is assumed
that these scheduled flows would maintain
backwaters as a habitat type.

While the aquatic food base might increase
somewhat due to higher minimum flows, that
effect could be offset. Reduced fluctuations may
reduce the amount of algae and invertebrates in
drift. Leibfried and Blinn (1987) explained that
rising discharges could increase drift; Arizona
Game and Fish Department (1993) reported a
positive correlation between coarse particulate
organic matter and flow under fluctuating
conditions. Valdez and Hugentobler (1993)
observed increases in invertebrate drift during
declining daily fluctuating discharges. The
suggestion is that daily changes in flow may
increase the density of invertebrates in drift and,





222 Chapter IV Environmental Consequences

spawning tributaries for downstream populations,
and a minor increase in growth potential for trout.

daily fluctuations. Populations are expected to
range from stable to gradually declining.

Moderate Fluctuating Flow Alternative

The aquatic food base would increase over no
action and high fluctuating flows under the
Moderate Fluctuating Flow Alternative. Reliable
minimum flows under this alternative would be
5,000 cfs throughout the year. Because the daily
range of fluctuations would be set for the entire
month based on the monthly volume, minimum
flows in higher volume months would be higher
than the described minimum of 5,000 cfs.
(Projected minimum flows for December, January,
and July are above 7,000 cis.) Ultimately, low
flows would return to the minimum reliable
5,000 cfs after a 2- to 3-month increase.

Without some type of disturbance-such as
periodic high flows-return-current channels that
support backwaters would eventually fill with
sediment, become colonized with vegetation, and
lose their habitat value for native fish. Periodic
high flows are assumed to re-form retum-current
channels and thus maintain conditions favorable
for native fish at these sites.

Increases in river stage and wetted perimeter
associated with the increased reliable minimum
flow of the Moderate Fluctuating Flow Alternative
at three sites below Glen Canyon Dam are shown
in table IV-9.

Wave transformation effects would increase
minimum discharges (thus minimum stage and
wetted perimeter) in downstream reaches.

The effects of moderate fluctuating flow on native
fish would be very similar to those of no action,
with the exception of increases to the aquatic food
base. Minimum releases of 5,000 cfs would not
limit fish access to tributaries. Monthly volumes
during the high flow months of July and August
during an 8.23-maf water year would result in a
mean flow of 16,700 cfs, with daily fluctuations
not to exceed 12,000 cfs. For reaches near the LCR,
the average daily range would be 5 feet. Very few
backwaters would be available due to the high
mean flow. The cold water of the main channel
would continue to.strongly influence the remain-
ing backwaters. Stability of nearshore habitats
would be increased due to the reduced range of
daily flow and ramp rates, although maximum
fluctuations would occur when larval and young-
of-year fish leave the tributaries and enter the
mainstem. Tributary confluences would benefit
from the high mean flow but would be subject to

The Moderate Fluctuating Flow Alternative
includes habitat maintenance flows designed to
re-form beaches and backwaters. Habitat
maintenance flows would provide high
(30,000 cis), steady flows for up to 2 weeks each
spring when Lake Powell is not predicted to fill.
The scheduling of flows in March is not intended
to mimic the pattern of high spring flows that
historically occurred later in the season. fustead,
maintenance flows in March would prepare
backwaters for use by larval and young-of-year
native fish when they move into the mainstem
from tributaries later in the year. Under this
alternative, daily fluctuations would inundate
backwaters and associated sandbars, thus
reducing the assumed benefits derived from
providing habitat for early life stages of native
fish. As discussed previously, some caution must
be exercised when scheduling habitat mainte-
nance flows since the frequency and duration
needed to maintain backwaters is unknown.

Without some type of disturbance, backwater
habitat would become progressively more stable
and thus more suitable for non-native warmwater
and coolwater fish. Fathead minnow and
common carp, in particular, could dominate in
very stable backwaters (Maddux et al., 1987).
Lower fluctuations and protection from
floodflows under this alternative would be
beneficial to non-native fish over no action
conditions. However, habitat maintenance flows
would offset these assumed benefits and cause
some displacement of individual non-native fish.

Interactions between native and non-native fish
under this alternative would be the same as those
that occur under no action conditions.
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Modified Low Fluctuating Flow Alternative

Dam release patterns under the Modified Low
Fluctuating Flow Alternative would be similar to
those under the Interim Low Fluctuating Flow
Alternative except for the inclusion of habitat
maintenance flows and an increased ramp rate of
4,000 cfs per hour. The habitat maintenance flows
would re-form backwaters and help maintain
these important sites for young fish.

Under this alternative, reliable minimum flows
would be 5,000 cis throughout the year, with
flows no less than 8,000 cis from 7 a.m. to 7 p.m.
As a result, the shoreline zone between the reliable
river stages associated with 5,000- and 8,000-cfs
releases would support an aquatic food base. The
quality of this portion of the aquatic food base
would not be expected to be comparable to the
zone below 5,000 cfs because of its periodic, daily
exposure. Areas just above the 5,000-cfs stage
would be better maintained than areas just below
the 8,000-cfs stage because the latter would be
exposed for greater periods.

Under the Moderate Fluctuating Flow Alternative,
the daily range of fluctuation would be decreased,
and the minimum flow would be increased. Both
of these factors could prove beneficial to trout.
Higher reliable minimum flows would reduce the
degree of stranding from that experienced under
no action. Monthly minimums of 5,000 cfs would
have isolated only 80 percent of the trout
stranding pools evaluated by Angradi et al. (1992).
Additionally, because the daily range would be
limited by the mean daily release from Glen
Canyon Dam, the absolute minimum would
increase during high volume months. (Projected
minimum flows for December, January, and July
are above 7,000 cfs. ) As a result, potentially fewer
trout stranding pools would become isolated,
especially during high volume months.

Higher minimum flows under this alternative
would reduce the effects of trout redd exposure
over short periods. A minimum flow of 5,000 cfs
would have exposed approximately 83 percent of
the trout redd sites evaluated by Angradi et al.
(1992). Because the daily range would be
constrained under this alternative, the actual
minimum flow might be greater than the required
minimum. The daily range may also limit the
realized maximum flow and force trout to select
redd sites lower on gravel bars. These sites might
be proportionately less susceptible to exposure.
Days with flows below 3,000 cfs would be elimi-
nated, and the daily range of fluctuation would be
constrained to less than 12,000 cfs per day.

In high volume months, minimum flows would
be greater than the reliable minimums. Weekend
flows would still be relatively low, however, so
little development of the aquatic food base would
take place above the 8,OOO-cfs river stage.
Increases in river stage and wetted perimeter
associated with the increased reliable minimum
flow of this alternative at three sites below Glen
Canyon Dam are shown in table IV-9. As with
other fluctuating flow release patterns, wave
transformation effects would increase minimum
discharges (thus minimum stage and wetted
perimeter) in downstream reaches.

Trout would have adequate access to tributaries
for spawning. Access would be possible at higher
flows, and it is unknown if the increased mini-
mum flows would enhance their access. The
aquatic food base for trout would increase with
the increased reliable minimum flow, as would
trout growth potential.

Drift of food items from upper reaches would be
likely, as with other fluctuating flow alternatives

Overall effects of the Moderate Fluctuating Flow
Alternative on trout would include a reduction in
stranding effects, a potential increase in recruit-
ment from mainstem spawning, unconstrained
access to spawning tributaries for downstream
populations, and moderate increase in growth

potential.

Effects on native fish would be similar to those
under other fluctuating flow alternatives in that
fluctuating flows disrupt backwater and
nearshore areas. However, this alternative
includes the narrowest range of flow fluctuations
and habitat maintenance flows. Therefore, some
increases in the aquatic food base and stability of
backwater and nearshore nursery areas would be
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5,000 cfs would have isolated only 80 percent of
the pools evaluated by Angradi et al. (1992). The
requirement to increase minimum flows to
8,000 cfsbetween 7 a.m. and 7 p.m. could also
limit the period of isolation for some stranding
pools. Stranding pools recaptured by the river
during this 12-hour period could not cause the
same rate of mortality .Angradi et al. (1992)
showed that stranded trout died in 4 to 64 hours
after stranding.

expected over no action. Additionally, the
reduced fluctuating flows might allow for limited
spawning in the mainstem near warm spring
inflows as documented during the 1993 summer
season of interim operations (Arizona Game and
Fish Department, 1994). There currently is no
indication that such spawning would result in
recruitment. The increased stability of nursery
habitats could be offset by the higher daily low
flows released during July and August, which
could inundate backwaters and reduce their
numbers. Increases in the aquatic food base and
decreases in fluctuation would result in the
potential for minor population increases.

Higher minimum flows under this alternative
would reduce effects on trout redd and fry habitat
similarly to the Moderate Fluctuating Flow
Alternative. In addition, the aquatic food base for
trout would increase with the increased reliable
minimum flow, as would trout growth potential.

Under this alternative, the potential range in river
fluctuations is 5,000 to 25,000 cis, a reduction from
no action conditions. Tributary access would not
be limited with 5,000-cfs minimum releases. Interim Low Fluctuating Flow Alternative

Dam release patterns under this alternative would
be similar to those of the Modified Low
Fluctuating Flow Alternative except for the
exclusion of habitat maintenance flows. These
effects, which focus on the aquatic food base and
trout, are discussed under the Modified Low
Fluctuating Flow Alternative.

The habitat maintenance flows would be designed
to re-fonn and maintain backwaters in a
productive state for native fish. Without such
flows, it is assumed that backwaters would fill
with sediment, become colonized by vegetation,
and progressively lose their habitat value for
young native fish.

Without disturbance, nearshore habitats become
progressively more stabilized. This increasing
stability is assumed to improve habitat conditions
for non-native warmwater and coolwater fish.
Hence, in addition to re-forming and interrupting
trends toward backwater stabilization, mainte-
nance flows may also temporarily displace
individual non-native fish.

Increases in river stage and wetted perimeter
associated with the increased reliable minimum
flow of the Interim Low Fluctuating Flow
Alternative at three sites below Glen Canyon Dam
are shown in table IV-9.

Wave transfonnation effects would increase
minimum discharges (thus minimum stage and
wetted perimeter) in downstream reaches.

Some stabilization in nearshore habitats under this
alternative would result in a potential minor
increase in interactions between native and
non-native fish.

The effects of low fluctuating flows on native fish
would be similar to those under no action in that
fluctuating flows disrupt backwater and near-
shore areas. However, a relative increase in
stability of backwater and nearshore nursery areas
would occur due to the decreased range of flow
fluctuations with a higher minimum reliable flow.
There would be a moderate increase in the aquatic
food base. Additionally, the reduced fluctuating
flows under interim operations allowed for
limited spawning in the mainstem near warm
spring inflows during 1993 (Arizona Game and

Impacts on trout would include reduced
stranding, potential increase in recruitment from
mainstem spawning, and potential moderate
increase in growth potential.

Minimum flows under this alternative would
reduce the degree of stranding experienced in the
Glen Canyon reach. Monthly minimums of
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in one respect: the advantage of progressively
more stable backwaters. As backwater stability
increases, they would become progressively more
suitable for some non-native fish. Fathead
minnow, in particular, could dominate very stable
backwaters (Maddux et al., 1987) and might reflect
a minor increase in the abundance of non-native
warmwater fish. Factors that limit non-native
warmwater fish would be very similar to those
that constrain native warmwater fish, and their
responses could be similar. Daily fluctuations
would continue; therefore, the optimal stable
conditions for warmwater non-native fish would
not occur. Because the daily range of fluctuation
would be reduced, this alternative would less
likely displace individual non-native fish.

Fish Department, 1994). However, there currently
is no indication of recruitment of these mainstem
spawned fish. The increased stability of nursery
habitats could be offset by the higher minimum
flows released during July and August, which
could inundate backwaters and reduce their
numbers. Increases in the aquatic food base and
decreases in fluctuation would result in the
potential for minor population increases.

Daily fluctuations in river stage would be
expected to average approximately 3 feet in
reaches RM 36 to RM 77 during July and August,
when flows would range from 12,000 to 20,000 cfs.
Young humpback chub and other native fish may
experience some increased growth owing to more
stable nearshore habitats. Drift of food items from
upper reaches would be likely, as under other
fluctuating flow alternatives.

Under the Interim Low Fluctuating Flow
Alternative, nearshore habitats would be more
stable than under no action, creating the potential
for a minor increase in interactions between
native and non-native fish.

Impacts on trout would include reduced
stranding, potential increase in recruitment from
mainstem spawning, and potential moderate
increase in growth potential as discussed under
the Modified Low Fluctuating Flow Alternative.

Steady Flows

Many of the impacts of the steady flow
alternatives on fish are similar, and these are
discussed in this section. Effects that differ from
this general response are described separately
under the individual alternatives that follow.

Preliminary information from studies conducted
during interim operations (flows similar to this
alternative) showed that juvenile humpback chub
could hold their position in reaches adjacent to the
LCR and not be moved downstream (Valdez,
Wasowicz, and Leibfried, 1992). Juvenile
humpback chub that remain in this area might
benefit from the higher food production in the
upper mainstem and from the reduced numbers
of fish predators compared to the lower reaches.
Tributary confluences would be somewhat
ponded but still subject to daily fluctuations.
Humpback chub may move from some habitats,
which would subject the species to some
unknown energy cost; however, the cost may not
be significant (Valdez, 1991).

Ramp rates of 2,500 cfs up and 1,500 cfs down,
with an allowable daily change in flow between
5,000,6,000 and 8,000 cfs, would improve habitat
conditions for humpback chub. Minimum
5,00o-cfs flows are 4,000 cfs greater than under no
action; thus, tributary access for humpback chub,
razorback sucker, and flannelmouth sucker would
be unrestricted.

Reliable minimum flows under the steady flow
alternatives all would equal or exceed 8,000 cfs.
As a result, shoreline zones up to at least the
reliable river stage associated with 8,000-cfs
releases would support an aquatic food base.
Shoreline zones inundated seasonally or monthly
could be recolonized by Cladophora, but that
portion of the aquatic food base would not be as
stable as in zones below the reliable minimum
river stage.The effects of the Low Fluctuating Flow

Alternative on non-native warmwater and
coolwater fish would differ from those under no
action and the other fluctuating flow alternatives

Under steady flows, successive daily release
waves would not be generated. As a result, flows
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levels and higher water temperatures. A vail-
ability of food as drift from upstream reaches
might be decreased due to reduced flows or ramp
rates (Leibfried and Blinn, 1987).

released from Glen Canyon Dam would not
progressively increase in stage downstream except
for contributions from tributary flow.

Steady flows might adversely affect maintenance
of backwaters. Backwaters become isolated and
change to terrestrial habitats as they fill with
sediment. Releases higher than normal operations
might be necessary to maintain backwaters.

Beach/habitat-building flows would be designed
and planned to redistribute sediment from pools
to channel margins. These flows also would assist
in controlling non-native fish species that might
increase as conditions became more favorable for
warmwater fish in general.

The absence of water velocity changes typical of
fluctuating flows could reduce the amount of
Cladophora and invertebrate drift, which could
reduce the availability of fish forage and slow its
transport downstream. Leibfried and Blinn (1987)
showed a positive connection between increasing
range of discharges and the drift of Gammarus
during transition from steady flows to fluctuating
flows. Cladophora and chironomid larvae did not
show similar responses. Angradi et al. (1992)
showed increases in concentration of coarse
particulate organic matter (largely Cladophora
debris) associated with increasing daily flow.
Blinn et a1. (1992) observed that steady flow
conditions decreased Cladophora and invertebrates
in the Lees Ferry reach. The significance of
reduced drift is unknown.

Tributary confluences that serve as rearing
habitats for young fish would benefit because they
would not be subject to daily stage changes.

Improved habitat conditions for native fish
species (including endangered fish) might also
benefit non-native fish species that are
competitors or predators of endangered fish. The
impacts of a possible increase in non-native
species on endangered fish are unknown. Native
fish species persist over non-natives in the
tributaries, and operational changes would not be
expected to change this relationship. Monitoring
the fish community would be an essential element
of any alternative. Continued collection of data on
species interactions, habitat requirements, and
food resources as they relate to operations and the
dynamics of a riverine system would be necessary .

Successful spawning in the main channel would
be limited by cold releases from Glen Canyon
Dam under all steady flow alternatives. Stable
flows would likely result in limited spawning
habitat for native fish species near warmwater
springs in the mainstem or near warmwater
inflow at tributary confluences. This reasoning is
supported by recent evidence indicating that
limited humpback chub spawning occurred under
the reduced daily fluctuations of interim
operations (Arizona Game and Fish Department,
1994). While moderately stable backwaters could
warm somewhat, there is no evidence that they
provide spawning habitat for native fish, other
than speckled dace.

As under the fluctuating flow alternatives and no
action, increased backwater stability favors some
non-native warmwater fish as well as native fish.
Fathead minnow and common carp, in particular,
could benefit from stable backwaters {Maddux et
al., 1987). Growth of warmwater non-natives and
natives would be limited by temperature. Stable
backwater areas could enable non-native fish to
out-compete native fish for resources that enhance
growth. Steady flow alternatives have the greatest
potential for enhancing conditions for non-native
warmwater fish.

With the allowable daily change in flow not
exceeding 2,000 cis (:f:l,OOO cfs) per 24 hours,
inundation and exposure of habitats along the
channel margins would be limited. This would
allow for increased warming of connected
backwaters, which would benefit young-of-year
and other subadult humpback chub in the
mainstem. Young fish using nearshore habitats
might not be forced to expend energy seeking
suitable habitats when flow conditions change.
Food production (zooplankton and invertebrates)
in backwaters might be increased by stable water
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shoreline zones up to at least the reliable river
stage associated with 9,OOO-cfs releases would
support an aquatic food base. Shoreline zones
inundated monthly by higher steady flows could
be recolonized by Cladophora, but that portion of
the aquatic food base would not be as stable as in
zones below the reliable minimum river stage.

Nearshore and backwater microhabitats would be
stabilized under steady flow alternatives. futer-
actions between native and non-native fish would
experience a potentially moderate increase over
no action conditions. The outcome from in-
creased interaction between native and non-native
fish under steady flow alternatives is uncertain.

Steady monthly flows under these alternatives
would reduce trout stranding compared to no
action. Additionally, conditions likely to strand
fish in the Glen Canyon reach would be limited to
monthly or seasonal adjustments. Even then, only
downward adjustments would strand fish. As a
result, significantly fewer pools would become
isolated. Once a pool became isolated, it would be
highly unlikely for the river to recapture the pool
and release stranded fish. Those stranded during
seasonal flow adjustments would likely perish.

Increases in river stage and wetted perimeter
associated with the increased reliable minimum
flow under the Existing Monthly Volume Steady
Flow Alternative at three sites below Glen Canyon
Dam are listed in table 1V-9.

Many of the impacts on native fish that occur
under no action also would occur under this
alternative, though the mechanisms by which the
effects occur would differ. For example, daily
fluctuations would be replaced by discharge
changes between months. While the frequency of
discharge changes would be drastically reduced
under this alternative, some of the effects could
stilloccur.

Higher steady flows under these alternatives
would reduce the effects of redd exposure during
at least 30-day periods. Redd exposure is not
likely without daily fluctuations. Downward
adjustments in flow between months could expose
redds.

Low flows in March through May would be
counter to historic hydrologic patterns of high
spring flows, which may provide "cues" to stimu-
late spawning in native fish such as humpback
chub (Valdez, 1991). Under this alternative, high
flows in the summer (June through August)
would not support backwater or nursery areas in
the mainstem but would contribute to tributary
access. Food resources in backwaters and other
nearshore habitats might not have sufficient time
(1 month) to develop before flows change.

Because flows would be steady and dependable
over 3O-day, seasonal, or annual periods,
successful emergence of larval fish from redds
would be likely. Larval, fry , and subadult trout
would not be forced to move among rearing
habitats, resulting in higher likelihood of survival.
Enhanced redd success and increased recruitment
would be direct effects of monthly steady flows.
All three of the flow-related factors that Persons
et al. (1985) noted as negatively associated with
year-class strength for trout would be addressed
by these alternatives.

The daily flushing of backwaters would be elirni-
nated under this alternative, but high steady flows
during high volume summer months could inun-
date return-current channel backwaters when they
would be most valuable to native fish as rearing
habitats. Adjustments between months could
force movement of juvenile fish, requiring energy
expenditures and potentially exposing young fish
to predation for relatively short periods.

The relatively high reliable minimum flows of
these alternatives would maintain access to
tributaries and increase trout growth potential

Existing Monthly Volume Steady Flow
Alternative

Some nursery backwaters might not be formed
(i.e., they would remain eddies} by the higher
June, July, and August flows of this alternative.
Those that did form would be stable during each

Reliable minimum flows under this alternative
typically would exceed 9,000 cfs, even though the
absolute minimum is 8,000 cis. As a result,
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month and would warm, providing rearing
habitat for juvenile native fish. Rearing habitats
would be destabilized only temporarily by the
monthly adjustments in steady flows, though the
frequency of these events would be much less
than under the No Action Alternative. An
increased aquatic food base, along with stable
backwaters (but perhaps fewer in number) would
create potential for stable to increasing numbers of
native fish.

steady flows could be recolonized by Cladophora,
but that portion of the aquatic food base would
not be as stable as in zones below the reliable
minimum river stage.

Increases in river stage and wetted perimeter
associated with the increased reliable minimum
flow under the Seasonally Adjusted Steady Flow
Alternative at three sites below Glen Canyon Dam
are listed in table IV-9.

Spawning and rearing habitat for non-native
wannwater and coolwater fish would be limited
in the main channel due to perennially cold
releases. While the number of available back-
waters may be reduced due to high summer
flows, the stability of the remaining backwaters
could directly increase the recruitment of some
non-natives (particularly fathead minnow and
carp ). The absence of daily fluctuations would
eliminate displacement of individual non-native
fish. Beach/habitat-building flows could, how-
ever, destabilize populations of non-native fish.

The effects of this alternative on native fish would
differ markedly from those of no action in many
ways. While the alternative would establish some
conditions that would enhance native fish, those
same conditions could also enhance conditions for
non-native warmwater fish that compete with or
prey on the natives. The two effects could offset
one another. There is concern among resource
specialists about potential increased interaction
(competition and predation) if mainstem
temperatures increase significantly. The swift
water habitats of Marble and Grand Canyons may
favor the native species.

Under the Existing Monthly Volume Steady Flow
Alternative, interactions between native and
non-native fish would experience a potentially
moderate increase over no action.

This alternative provides for an annual spring
peak of 18,000 cis to facilitate humpback chub
spawning. Access to tributaries would be
enhanced in the spring. Releases of 9,000 cfs in
August and September would support backwater
habitat development. Habitats for early life stages
of humpback chub would stabilize and warm
somewhat during the steady, lower flow period
(July through September), resulting in increased
growth and survival of young-of-year humpback
chub. Less movement and, consequently, reduced
energy expenditure would be anticipated for the
juvenile humpback chub during steady flows.
Shallow, protected juvenile habitats associated
with tributary inflows, cobble shorelines, and
cobble riffles would likely be enhanced (Valdez,

1991).

Monthly steady flows (all monthly flows would
likely be greater than 9,000 cis) would have
isolated only 45 percent of the trout pools
evaluated by Angradi et al. (1992). Stranding
would occur only during downward adjustments
between months. Overall, the Existing Monthly
Volume Steady Flow Alternative would greatly
reduce trout stranding, greatly increase
recruitment from mainstem spawning, maintain
access to spawning tributaries for downstream
populations, and possibly increase growth

potential.

Seasonally Adjusted Steady Flow
Alternative Food resources such as algae, zooplankton, and

invertebrates might develop in seasonally
inundated zones. The response to this quarterly
change is unknown but might be more beneficial
than monthly changes in river stage.

Reliable minimum flows under this alternative
typically would equal or exceed 8,000 cis. As a
result, shoreline zones up to at least the 8,000-cfs
stage would support an aquatic food base.
Shoreline zones inundated seasonally by higher





Access to tributaries for spawning fish would be
enhanced, and ponding of tributary confluences-
which benefits larval fish-would be constant
throughout the year. This ponding might benefit
humpback chub, but might benefit non-native
species as well. The number of backwater habitats
would decrease due to the high mean flows, but
nearshore and backwater habitats would be stable
throughout the year.

The absence of fluctuations and between month
adjustments virtually would eliminate destabili-
zation of non-native warmwater and coolwater
fish by flow-related factors. Very stable flow
conditions and reliable access to tributaries for
spawning would result in population increases.
Backwater habitats could be limited under this
alternative because they tend to form at lower
flows, but those that formed would provide very
stable rearing habitats for warmwater non-natives,
which could directly increase recruitment (partic-
ularly of fathead minnow and common carp ).

A net sediment balance for the reach important to
humpback chub would be predicted to occur
every year (50-year sediment s~pply), supplying
the most sediment for that reach of any alterna-
tive. Beach/habitat-building flows may be
necessary to create backwaters or other habitats.

A potential moderate increase in interactions
between native and non-native fish would occur
under this alternative.

Year-round steady flows would reduce the degree
of trout stranding experienced under no action.
Monthly steady flows of 11,400 cfs or greater
would have isolated none of the pools evaluated
by Angradi et al. (1992). Stranding would occur
only during adjustments to accommodate forecast
change. Therefore, the Year-Round Steady Flow
Alternative would result in greatly reduced
stranding, greatly increased recruitment from
mainstem spawning, access to spawning
tributaries for downstream populations, and
increased growth potential.

Some larval and young-of-year nurseries
(backwater areas and tributary mouths) and
juvenile habitats would likely be enhanced under
this alternative. However, many return-current
channel backwaters would be inundated by the
high steady discharges typical of this alternative.
Backwater stability during July, August, and
September would provide dependable rearing
areas that warm daily, resulting in improved
growth for young-of-year fish. Too much
stability , however, could decrease the
acceptability of backwater areas as rearing sites.
Long-term stability could result in establishment
of marsh vegetation and eventually riparian
vegetation, ultimately eliminating these stable
backwater areas as native fish rearing areas. High,
flushing releases--such as the beach/habitat-
building flows discussed earlier-would be
necessary to maintain these habitats; however,
there is disagreement concerning the desired
frequency of such events.

VEGETATION

Shallow, protected juvenile habitats associated
with tributary inflows, cobble shorelines, and
cobble riffles might not be enhanced under this
alternative (Valdez, 1991). These sites typically
would be limited at moderate to high flows.

Glen Canyon Dam operations affect downstream
vegetation through several different mechanisms,
especially daily release patterns repeated over
time and major uncontrolled flood releases.
Effects from these mechanisms are reflected as
changes in both plant abundance and species

Improved access to spawning tributaries,
relatively stable nursery areas in the short tenn,
limited habitat for juvenile fish, and potentially
enhanced aquatic food base would result in stable
to potentially increased numbers of native fish.
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composition. Such changes are directly linked to
changes in sediment deposits that support
riparian vegetation and to water release patterns
that provide water for plant growth. Thus, the
abundance and composition of the riparian plant
community are influenced through effects on
sediment and water from daily release patterns
and major flood events.

alternatives with higher maximum flows. Thus
when medium and high water years are inter-
spersed with minimum release years in the future,
the differences in plant responses presented in the
following analysis will be diminished, and alter-
natives would become more similar in terms of
their effects on riparian vegetation.

Effects resulting from each alternative are repre-
sented by changes in the vegetation indicators
identified in chapter III. Because models used for
this analysis are still under development, the
results presented here are subject to change as
more information becomes available and the
models are refined.

The long-term period of analyses is defined as the
period from 20 to 50 years following implemen-
tation of an alternative. Changes in vegetation
during this period become more difficult to
predict but are assumed to closely follow changes
to exposed sediment deposits. Sediment deposits
are expected to reach a state of dynamic
equilibrium (see chapter IV, SEDIMENT). Area
coverage and species composition of vegetation
during this period would stabilize within the
constraints of sediment and discharge
characteristics of each alternative.

Analysis Methods

Woody Plants

The short-tenn period of analysis is defined as 5 to
20 years following implementation of an alter-
native. During this time span, it is assumed that
changes in vegetation would closely follow
changes to exposed sediment deposits resulting
from daily release patterns. Detailed analysis of
vegetation generally is limited to the river corridor
between the dam and Separation Canyon
(although data are available only to Diamond
Creek). Below Separation Canyon, riparian
vegetation along the river corridor is linked to
water levels in Lake Mead.

Although no major flood events are included in
short-term analyses, different water years-
ranging from low through moderate to high-are
anticipated. Infrequent releases above the maxi-
mum flow identified for each alternative, habitat
maintenance flows, and beach/habitat-building
flows of unknown stage may occur in the short
term.

Analyses of change in area coverage of woody
plants rely on previous analyses of active width of
unstable sandbars (see chapter IV, SEDIMENT). It
is assumed that the average active width of
unstable sandbars computed for each of the
11 river reaches under analysis can be subtracted
from no action conditions to yield an estimate of
sandbar stability for each action alternative. These
stabilized sandbar widths are assumed available
for plant growth and provide the estimates for
change in area of woody plants (figure IV-13).
While the width of stabilized sandbars can be
computed, such widths may not actually occur at
all beaches because some parts of the canyon are
too narrow. The data are useful, however, in a
comparative sense. The data are presented as a
range in feet and percentages from smallest river
reach change to largest reach change.

It is impossible to predict the types or the
sequence of water years that would occur in the
future. The basic analysis assumes a sequence of
minimum release years with modifications where
appropriate. Minimum release years would
maximize differences in riparian vegetation
responses to flows identified for each alternative.
The reader should note that higher water volumes
would result in stage conditions similar to

Some alternatives would include an annual
habitat maintenance flow designed to move and
deposit sediment at higher elevations than would
be possible under the alternatives' maximum
flows. These flows would affect existing
vegetation and those plants that would develop in
areas of stabilized sandbars up to an elevation
equivalent to the maintenance flow stage.
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a. Postdam and Future Conditions Under No Action

Figure IV-13.-Reduced maximum .flows would affect riparian vegetation in the new high water
zone (NHWZ) by reducing the width of unstable sandbars and, thus, increasing the area of
stable deposits available for plant development. In general, mesquite occupies the upper,
dryer elevations with other plants occupying sites closer to the high flow stage (a).
Tamarisk, willow, horsetail, and cattails also would develop on suitable sites exposed by
reduced high .flows (b). Some mortality of woody plants may occur at upper elevations of
the NHWZ under alternatives with reduced maximum .flows. However, changes in species

composition (and area) depend on site-specific characteristics and cannot be estimated.

However, it is assumed that because of limited
duration and magnitude, such flows would not
scour or drown plants. Some burial of plants
would occur. Partial burial may not affect plants,
while complete burial may provide an advantage
for plants able to grow through the covering
sediment. Burial-tolerant woody plants include
tamarisk, willow, and arrow weed.

would be monitored closely. However, the
following pattern appears reasonable based on
plant responses after the 1983-86 high flows. New
plant growth below the 30,OOO-cfs stage may be
buried during the first few maintenance flows.
Plants that survive burial would grow up through
new deposits and contribute to an increase in area
of riparian vegetation. In time, some level of
stability would develop so that plants would no
longer be affected by burial.The effects of habitat maintenance flows on

riparian plants are speculative at this time and
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plants in the upper elevations of the NHWZ
through a replacement of tamarisk, willow, and
other plants by mesquite and other plants
requiring less moisture. Willow, which is less
drought-resistant, would disappear first (in the
short term) with tamarisk persisting for some
time. The abundance of mesquite and other
plants would be influenced by beach/habitat-
building flows.

An estimate of the maximum effect of main-
tenance flows, based on active width of unstable
sandbars, is presented. However, because of their
limited magnitude and short duration, it is
assumed that maintenance flows would not affect
the area of vegetation to the degree indicated by
active width analyses. Thus, for alternatives with
maintenance flows, the future area of woody
riparian plants is assumed to reach some level
between estimates of stabilized sandbar widths
before and following such flows. All alternatives except the No Action and

Maximum Powerplant Capacity Alternatives
include flood frequency reduction measures.
Effects on the old high water zone (OHWZ)
associated with reduced flood frequency are
assumed to be identical for all alternatives and are
discussed here rather than under each alternative.

Beach/habitat-building flows would be an
important element of all alternatives except the
Maximum Powerplant Capacity and the
No Action Alternatives. For vegetation, the
magnitude and duration of these flows are
important considerations. In order to deliver
water to the entire new high water zone (NHWZ),
flows would have to be at least 40,500 cfs.

Discharges delivering water to stage elevations
equivalent to 40,500 cfs or greater would affect
vegetation in at least three ways. First, such flows
periodically would provide water to riparian
plants in the NHWZ. Second, depending upon
stage and duration, beach/habitat-building flows
may eliminate some plants, such as mesquite and
acacia, that establish in the upper elevations of the
NHWZ but cannot tolerate extended inundation.
Finally, some burial and scouring of plants would
occur with effects that would largely depend on
the species and flow magnitude and duration (see
chapter III, VEGETAnON).

Recruitment (addition of young plants to the
population) in the OHWZ is assumed to require
conditions historically created by periodic high
flooding. Without flooding, young riparian plants
would not be added to the OHWZ and, thus,
would n<;>t be available to replace mature plants as
they die. More drought-tolerant desert plants
may gradually invade the OHWZ. Future major
flood events are expected to be so far apart that
any differences in flood frequencies between
alternatives would not be detected during the
long-term period of analyses. Thus, for the
purposes of analysis, all alternatives are assumed
to contribute equally to the decline of riparian
vegetation in the OHWZ.

Because many plant species in the OHWZ are
long-lived, changes would be difficult to detect
during both the short- and long-term periods of
analyses. A more noticeable change would be the
continuing establishment of honey mesquite and
other species from the OHWZ into the upper
( dryer) elevations of the NHWZ. These species
would be important components of the riparian
zone that develops under any alternative.

Under the restricted fluctuating and steady flow
alternatives, periodic beach/habitat-building
flows would disrupt the level of stability that
would develop between sediment, plants, and
habitat maintenance flows. Sediment deposits
would be reworked and some plants lost. A new
level of stability would become established
following a beach/habitat-building flow and
continue until the next high flow.

The NHWZ vegetation that developed in the short
term would occupy the same area and have
basically the same species composition in the long
term (figure IV-14). In the long term, it is assumed
that stage reduction would affect woody riparian

It is assumed that at some future time, one or
more major uncontrolled floods would occur. In
this analysis, a major flood is assumed to occur
after 50 years for alternatives with flood frequency
reduction measures. For the No Action and
Maximum Powerplant Capacity Alternatives, at
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a. Postdam and FlItlIm Conditions Under No Action

-

b. Long- Tenn Effects of Restricted Fluctuating and Steady Rows

Figure IV-14.- Area coverage of woody plants would increase under alternatives with
reduced maximum flows, and species composition would stabilize into similar
patterns in the long term. Some mortality of woody plants may occur at upper
elevations of the NHWZ under.alternatives with reduced maximum flows.
However, changes in species composition (and area) depend on site-specific
characteristics and cannot be estimated.

least one major flood event is assumed to occur
between 20 and 50 years following implementa-
tion. A flood occurring early in the long-term
period of analysis would give vegetation up to
30 years to recover, while a flood later in the
period would permit less time for recovery .
Although the timing of a flood event cannot be
predicted, it is assumed that enough time would
be available between a major flood and the end of
the long-term period of analyses for vegetation to
recover to a level similar to baseline conditions
under these two alternatives.

charges above 45,000 cis), uncontrolled (lasting
longer than 1 month) floods return riparian zones
to earlier successional stages. In general,
vegetation initially would be lost (up to 50 percent
at some sites in 1983) through scouring, drowning,
or burial beneath sediment. After floodwaters
recede, sediment redistributed by floodflows
would be available for plant expansion. Since
vegetation returned to 75 percent of 1982 levels in
less than 10 years (Stevens and Ayers, 1993), it is
assumed that riparian vegetation would return to
preflood conditions within 10 to 15 years.

Effects of uncontrolled flood releases are indepen-
dent of daily dam operations and would be sirn-
ilar to effects described in chapter ill, regardless of
future darn operations. Because of the assumed

Although the magnitude and duration of a major
flood event cannot be predicted, the effects on
downstream vegetation are expected to be similar
to those described in chapter III. Major (dis-
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reservoir water level. Deposits at full reservoir
levels would become permanently vegetated after
floodwaters recede.

The time required for delta aggradation to reach
full reservoir level is unknown but is assumed to
be longer than 50 years. Therefore, riparian plants
supported by Lake Mead would tend to increase
area coverage under all alternatives. However, it
should be noted that during this long-tenn trend
of increasing vegetation, riparian plants would
disappear periodically during the processes of
delta fonnation.

similarity in effects between historic and future
floods, uncontrolled floods are not addressed
under each alternative. This lack of treatment,
however, should not be interpreted as a statement
on the lack of importance of uncontrolled floods
in the dynamics of riparian plant communities.
Major high flow events affect processes and
"reset" ecosystem component levels, and-at least
for riparian vegetation-can be defined as the
single most important system event affecting this
resource. However, once reset, riparian vegeta-
tion is again defined by daily operations.

It is assumed that water leyels in Lakes Powell
and Mead would rise during the short-term
period of analyses and approach or reach full
reservoir capacities. Lake levels are assumed to
depend on regional water supply, which is
dictated by climatic conditions. Rising lake levels
would affect riparian vegetation that has
developed during several years of low lake levels
following the high flow years of 1983-86. This is
especially true for Lake Mead. As Lake Mead fills,
riparian vegetation would be inundated and its
nutrients recycled into the aquatic system. With
another dry cycle, lake levels would recede and
riparian vegetation would again increase.

One of the proposed flood frequency reduction
measures would raise the spillway gates at Glen
Canyon Dam an additiona14.5 feet, increasing
Lake Powell's potential surface acres by 2 percent.
If implemented and ultimately used, this measure
could result in infrequent and temporary flooding
of riparian vegetation currently above Lake
Powell's full pool elevation of 3700 feet. If such
temporary flooding occurred, it would cause no
adverse effects to plants; short-term inundation
may even benefit these riparian plant
communities.

Emergent Marsh Plants
The effects of changing lake levels on riparian
vegetation are assumed to be similar under
different dam operations and are discussed here
and not under each alternative. Plants develop on
delta deposits that are exposed during prolonged
periods of low reservoir levels (see discussion of
deltas under SEDIMENT in chapters III and IV).
Cycles of low reservoir levels followed by full
reservoir levels would continue into the long term.
Vegetation would flourish during low reservoir
periods. As Lake Mead fills, vegetation would be
inundated and disappear, and nutrients would be
recycled into each lake's aquatic system.

Short-term responses of emergent marsh
vegetation to certain common elements of the
proposed alternatives are difficult to predict.
Under baseline (no action) conditions, 95 percent
of wet marsh vegetation would exist in a
fluctuating flow zone between stages equivalent
to 10,000 and 20,000 cis. Elements such as flood
frequency reduction measures, reduced maximum
flows, habitat maintenance flows, and beach/
habitat-building flows would create quite
different conditions under some alternatives.

Reduced flood frequency and reduced maximum
daily and/ or seasonal flows would create dryer
conditions for some patches of emergent marsh
plants that historically have been supported by
regular patterns of inundation. However, plants
such as cattails can persist without inundation for
extended periods-perhaps years. These patches
of emergent marsh plants would be replaced by
woody plants while others would develop at
suitable sites made available by reduced flows.

As lake levels inundate vegetation, the presence of
plants causes additional sediment to aggrade
deltas. Major flood events would enhance
aggradation by permitting higher flows to build
higher deposits. At some point in delta formation,
high floodflows would aggrade sediment deposits
behind the delta crest to an elevation equal to full



The exact total area or number of patches of
emergent marsh vegetation that would develop or
be supported under each alternative cannot be
predicted because the area suitable for marsh
plants (sites providing both water and appropriate
soil/nutrient composition) is unknown. Future
suitable sites are either under water or have not
yet formed. However, the response of vegetation
to the interim flows implemented in 1991 indicates
that marsh plants will rapidly develop in suitable
sites exposed at lower elevations.

short-term (5 to 20 years) period of analyses. First,
reduced frequency of major uncontrolled flood
releases would result in an unknown, but
assumed equal, decline in area coverage of
riparian vegetation in the OHWZ under all
alternatives. Some species found in the OHWZ
would expand into the NHWZ to become an
important part of this plant community .As
vegetation shifts from riparian to desert shrub, the
OHWZ may disappear as a distinct zone of
vegetation sometime in the distant future beyond
50 years.

Second, because of higher maximum flows than
no action, the Maximum Powerplant Capacity
Alternative would result in reduced area of
riparian vegetation in the NHWZ.

No data exists at this time to indicate that either
fluctuating or steady flow patterns would support
more or fewer areas of marsh plants than no
action conditions. However, it is assumed that
fluctuating flow alternatives would more closely
mimic the No Action Alternative than would
steady flow alternatives. It is further assumed
that, because steady flows would wet a smaller
area than fluctuating flows, steady flows would
support fewer patches and smaller areas of
emergent marsh plants. To help readers evaluate
changes among baseline patches of marsh plants
and the alternatives, a qualitative evaluation of
changes to aggregate area of wet marsh plants
relative to no action is provided. For example,
when compared to no action conditions, the
aggregate area of wet marsh plants under the
action alternatives would either be the same as,
same to less than, or less than no action conditions.

Third, under no action, woody plants within the
NHWZ would be maintained within stage
boundaries equivalent to flows between about
22,000 and 40,500 cfs. Species composition would
continue to develop toward an undefined equi-
librium. Periodic inundation, in patterns similar
to existing conditions, would permit continued
maintenance of emergent wet marsh vegetation at
sites currently occupied (stage elevations
equivalent to la,aaa to 20,000-cfs flows).

The restricted fluctuating and steady flow
alternatives all would pennit riparian vegetation
to expand into sites created by reduced maximum
flows (table IV-I0). Area coverage of woody
plants in the NHWZ would increase
(fi~re IV-13). Some new establishment of
emergent marsh plants would occur at the mouths
of return-current channels and other suitable sites.
Patches of emergent marsh plants that lose their
water supply would be dominated by woody
plants and disappear.

Two alternatives-seasonally adjusted and
year-round steady flows-would affect water
levels in Lakes Powell and Mead seasonally in any
water year. Elevation changes for both lakes
would be within historic average annual
fluctuations, with generally lower high elevations
and higher low elevations for Lake Powell and
higher water levels during the growing season for
Lake Mead. Any differences in annual responses
between these alternatives and others would be
overridden by the cyclic effects of regional
weather patterns as described above.

The Moderate and Modified Low Fluctuating
Flow Alternatives and the Seasonally Adjusted
Steady Flow Alternative include habitat
maintenance flows. Maintenance flows are
assumed to affect the area available for vegetation,
but the magnitude of effect is unknown. The
boundaries of potential area change, based on
active width of unstable sandbars, are presented

Summary of Impacts: Vegetation

Alternative operations of Glen Canyon Dam
would affect riparian vegetation within the river
corridor in several different ways during the
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240 Chapter IV Environmental Consequences

No beach/habitat-building flows would occur
under this alternative. As with woody vegetation,
it is assumed that a major flood would greatly
reduce existing patches of marsh plants before
they are replaced by woody plants. However,
timing of the assumed flood would permit
recovery of emergent marsh vegetation, by the
end of 50 years, to levels comparable to no action
conditions.

Because of flood control measures, plant species
composition in the NHWZ would be somewhat
different than under no action. Tamarisk would
be concentrated near the maximum discharge
stage, with honey mesquite and other native
species occupying higher NHWZ elevations.
Coyote willow and arrowweed would occupy
sandy sites. Emergent marsh plants would
continue to occupy current sites or expand in the
short term.

Restricted Fluctuating Flows

Daily flow fluctuations would affect vegetation
through two processes:

Beach/habitat-building flows would maintain the
above pattern. Depending on the timing of these
flows, either tamarisk, native plants, or both
would germinate on suitable wetted sites. With a
return to normal flow patterns, native plants
would dominate. New sites suitable for emergent
marsh plants would be maintained or created in
the short term.

.Deposition and erosion of sediments serving as

Moderate Fluctuating Flow Alternative

Habitat maintenance flows under this alternative
would affect woody plants to an unknown
degree. The area available for plant expansion
would approach, but be less than, the area avail-
able for expansion under identical flow patterns
that do not have annual maintenance flows. Three
considerations are involved in this prediction.

First, without modifications from maintenance
flows, the potential maximum area available for
expansion by woody plants on stabilized sandbars
in each river reach would increase an average of
15 to 26 feet (23 to 40 percent) over no action.

The effects of alternative operations discussed
below are presented in tenns of the flow patterns
anticipated during a minimum release year
(8.23 mat). Based on historic data, minimum
release years would occur about 40 to 50 percent
of the time. During moderate or high water years,
total area coverage of riparian vegetation may be
reduced. Under a fluctuating release pattern,
riparian vegetation under the High, Moderate,
Modified Low, and Interim Low Fluctuating Flow
Alternatives would be affected by higher water
volumes because of increases in maximum stages.
Higher flows would tend to shift conditions,
including the active width of unstable sandbars,
toward those under the No Action Alternative.
The amount of reduction in riparian vegetation
would depend on the magnitude and frequency of
discharges and subsequent deviation from the
patterns described below.

High Fluctuating Flow Alternative

The area available for expansion of woody plants
(as represented by the difference between unstable
bar width for no action and this alternative)
would increase an average of 10 to 15 feet (15 to
35 percent) over no action throughout the 11 river
reaches in the study area.

Second, sediment transported by maintenance
flows initially would bury some vegetation to an
unknown extent. However, the maximum esti-
mate is that all areas up to an elevation equivalent
to the 30,000-cfs stage could be affected. Those
areas unaffected by maintenance flows would
average (by river reach) a 0- to 5-foot increase (0 to
12 percent) over no action conditions. Because of
the limited magnitude and duration of these
flows, it is assumed that not cill vegetation would
be buried.

substrate

.Changes in river stage



VEGETATION 241

Finally, species that tolerate burial would
eventually grow through new deposits and join
those plants that are not buried to expand the
areas of woody plants. The relationships between
discharge, sediment, and woody plants would
probably require several years to stabilize to the
point where plants are no longer buried by
maintenance flows.

flows would also restructure return-current
channels important for marsh plants below the
20,000-ds stage.

Modified Low Fluctuating ,Flow Alternative

Vegetation within the NHWZ would be affected
by reductions both in active width of sandbars
and maximum stage under this alternative. A
zone between 22,300 and 31,500 cfs would no
longer be regularly inundated during minimum
release years, except during maintenance flows.
Coupled with flood control, this would result in
dryer conditions dictating plant species compo-
sition in the NHWZ. Young tamarisk would be
concentrated near the 22,300-cfs stage. Coyote
willow, arrow weed, and other species would
expand from higher elevations in the NHWZ to
suitable sites at lower elevations. Willow and
arrow weed would continue to expand on high
sand deposits.

Habitat maintenance flows under this alternative
would result in effects on woody plants similar to
those discussed under the Moderate Fluctuating
Flow Alternative. The area available for woody
plant expansion would be between the potential
maximum area of stabilized sandbars-211o
31 feet (30 to 47 percent) over no action-and the
area of sandbars unaffected by maintenance
flowS-O to 5 feet (0 to 12 percent) over no action.
The increase in woody plants would likely
approach, but be less than, the potential
maximum area of stabilized sandbars under this
alternative.

A zone between 20,000 and 31,500 cfs would no
longer be inundated during minimum release
years, except during habitat maintenance flows.
This change, along with flood control, would
result in dryer conditions that would dictate plant
species composition in the NHWZ. These changes
in species composition would be similar to those
discussed under the Moderate Fluctuating Flow
Alternative.

Emergent marsh plants initially would occupy
historic sites and expand into suitable sites created
by lower maximum flows. Patches above the
stage equivalent to 22,300 cfs would no longer be
subject to frequent inundation. These dry sites
eventually would fill with sediment transported
by habitat maintenance flows and be lost. A
29-percent reduction in maximum stage would
create or make available additional marsh plant
sites. Aggregated sites may equal or be less than
the area of emergent marsh plants under no action
conditions.

Emergent marsh plants would respond to
changes in discharge similarly to the Moderate
Fluctuating Flow Alternative. Patches above the
stage equivalent to 20,000 cis would no longer be
subject to frequent inundation and would
disappear. A 37-percent reduction in maximum
stage would create or make available additional
marsh plant sit~s. Aggregated sites may equal or
be less than the area of emergent marsh plants
under no action conditions.

Habitat maintenance flows would support this
plant pattern until some other flow regime occurs.
The higher discharges of periodic beach/habitat-
building flows would likely disrupt any stability
that would develop among sediment, plants, and
maintenance flows. After a beach/habitat build-
ing flow, a new level of stability would become
established and continue until the next high flow
event. It is assumed that beach/habitat-building

Habitat maintenance flows would support this
plant pattern until disrupted by a beach/habitat-
building flow as discussed under the Moderate
Fluctuating Flow Alternative. After a
beach/habitat-building flow, a new level of
stability would develop among sediment, riparian
vegetation, and maintenance flows.
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Interim Low Fluctuating Flow Alternative

The assumed area available for expansion by
woody plants in the short term represents an
increase of 21 to 31 feet (30 to 47 percent) over no
action. Also, a zone between 20,000 and 31,500 cfs
would no longer be inundated by fluctuating
flows during minimum release years. Young
tamarisk would be concentrated near the
20,000-ds stage. Coyote willow, arrow weed, and
other species would expand from higher
elevations in the NHWZ to suitable sites at lower
elevations. Willow and arrow weed would
continue to expand on high sand deposits.

Future responses of emergent marsh plants to
steady flows are unknown. Lower maximum
stages would dry out patches of wet emergent
marsh plants, while higher steady flows for
extended periods may result in scouring or
drowning of some plants. However, the following
analyses are based on the same assumptions
applied to all alternatives with reduced maximum
stages. These assumptions, plus beach/habitat-
building flows (and habitat maintenance flows
under the Seasonally Adjusted Steady Flow
Alternative), indicate aggregate area coverage of
marsh plants would be less than under the No
Action Alternative.

During moderate and high water years, the release
patterns identified for steady flow alternatives
could not be maintained. The Seasonally
Adjusted and Year-Round Steady Flow Alterna-
tives would resemble the Existing Monthly
Volume Steady Flow Alternative as releases
increased. In high release years, all three steady
flow alternatives would have high steady flows
for extended periods, with a reduction in riparian
vegetation from scouring and drowning.

Emergent marsh plants would continue to occupy
historic sites and expand into suitable sites created
by lower maximum flows. Patches above the
stage equivalent to 20,000 cfs would no longer be
subject to frequent inundation and would
disappear. A 37-percent reduction in maximum
stage would create or make available additional
sites suitable for marsh plants. This prediction is
consistent with plant responses to interim flows
conditions. Aggregate area of wet marsh plants
would be the same as or less than no action.

In the long term, alternatives with reduced
maximum flows would exhibit shifts in location of
riparian plants in the NHWZ, including both
replacement by plants requiring less moisture in
higher elevations and expansion into suitable sites
at lower elevations. These changes have been
described for fluctuating flows and are assumed
to be equally applicable to steady flow
alternatives.

Existing Monthly Volume Steady Flow
Alternative

Beach/habitat-building flows would maintain this
plant pattern in the short term. While such flows
could be timed to coincide with seed release of
several different plants, it is assumed that
tamarisk would be the dominant colonizer on
suitable sites made available by reduced flows.
However, based on observations since the 1983-86
floodflows, native plants would quickly become
established and even have an advantage at newly
deposited sand beaches. Beach/habitat-building
flows would also maintain return-current
channels important for marsh plants below the
20,000-cfs stage.

Vegetation in the NHWZ would be affected by
both a reduction in active width of sandbars and a
reduction in maximum stage under conditions of
this alternative. The area available for expansion
by woody plants represents an average increase of
26 to 41 feet (45 to 65 percent) over no action
conditions.

Steady Flows

The effects of steady releases on the indicators of
vegetation resources would depend on stage and
duration of flows. Stages lower than historic
conditions would encourage expansion of woody
plants into suitable sites at lower elevations
(figure IV-15).

A zone between about 16,300 and 31,500 cfs
would no longer be periodically inundated by
fluctuating flows. Tamarisk would be
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Figure IV-15.-Because of reduced maximum flows under some alternatives, area coverage of
woody plants in the new high water zone would increase. The potential for increase is
greatest under the Year-Round Steady Flow Alternative.

concentrated near the 16,300-cfs stage. Honey
mesquite and other species would expand from
higher elevations into the NHWZ, and coyote
willow and arrow weed would occupy sandy sites.

Seasonally Adjusted Steady Flow
Alternative

Under this alternative, emergent marsh plants
would be subjected to steady flows that varied
monthly. Marsh plants above the 16,300-cfs stage
would lose their water supply and be lost.
Reduced stage would create or make available
additional sites suitable for marsh plant
development. Aggregated sites supporting wet
marsh plants would equal a smaller area than
under no action conditions.

Habitat maintenance flows under this alternative
would result in effects on woody plants similar to
those discussed under the Moderate Fluctuating
Flow Alternative. In the 11 river reaches, the area
available for this expansion would be between the
maximum area of stabilized sandbar&-26 to
36 feet (38 to 58 percent) over no action, and the
area of sandbars unaffected by maintenance
flows-o to 5 feet (0 to 12 percent) over no action.
The increase in woody plants would likely
approach, but be less than, the potential
maximum area of stabilized sandbars under this
alternative.

z
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An area between 18,000 and 31,500 cfs would no
longer be regularly inundated, except during
annual habitat maintenance flows. This reduction
in maximum stage, together with flood control,
would result in dryer conditions dictating plant
species composition in the NHWZ. Tamarisk
would be concentrated near the 18,00Q-cfs stage.
Honey mesquite and other species would expand
from higher elevations into the NHWZ. Coyote
willow and arrow weed would occupy sandy sites.

A reduction in maximum discharge would affect
area coverage of emergent marsh plants. Any
marsh plants below the 11,400-cfs stage would be
permanently inundated and presumed lost.
Reduced stage (64 percent) would create or make
available additional sites suitable for marsh plant
development. However, because of the limited
area wetted by a year-round steady flow, the
aggregate area of emergent marsh vegetation
under this alternative would be less than that
supported by no action conditions.

WILDLIFE AND HABITAT

Under this alternative, emergent marsh plants
would either completely lose their water supply
for 5 months (8,000-cis flows), be partially
inundated for 5 months, or completely inundated
for 2 months (along with a 1- to 2-week period of
inundation to 30,000 cis during maintenance
flows). The responses of patches of marsh plants
to this variable water regime are difficult to
predict. For example, some patches would
experience inundation in May and June (a critical
growth period), while drying would occur in
August through December. Reduced stage would
create or make available additional sites suitable
for marsh plant development. However, all sites
would aggregate to an area less than the area of
emergent marsh plants under no action.

It is assumed that stage reduction would affect
woody riparian plants as described above for the
long-term period of analyses. The abundance of
mesquite and other plants would be influenced by
beach/habitat-building flows. The NHWZ would
maintain the increase in overall area coverage
described for the short term.

This section addresses the effects of alternatives
on terrestrial wildlife other than special status
species. Very little wildlife population data exists
for either the predam or postdam habitats found
along the river corridor. However, it is assumed
that almost all wildlife concerns can be addressed
by considering the effects on wildlife habitat as

represented by riparian vegetation.

Year-Round Steady Flow Alternative

The area available for expansion by woody plants
represents an average increase of 36 to 57 feet
(63 to 94 percent) over no action. During a
minimum release year, a zone between 11,400 and
31,500 cis would no longer be inundated by
fluctuating discharges. Such changes are quite
different from the No Action Alternative.
Changes in woody plant species composition are
assumed to be similar or identical to those
predicted under the Seasonally Adjusted and
Existing Monthly Volume Steady Flow
Alternatives.

Many species use woody plants directly as nest
sites or cover or, in the case of beaver and others,
use some plants as food. Other species, such as
waterfowl, nest in emergent marsh plants and
other suitable sites. Riparian vegetation also
provides cover for insects important as food for
mammals, birds, and amphibians and reptiles
(herpetofauna). Therefore, no specific analyses of
impacts on individual wildlife species were
conducted for each alternative. mstead, it is
assumed that changes in area coverage of riparian
vegetation are directly linked to changes in
riparian wildlife habitat.

l~~I~;

~
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One notable wildlife resource does not fit the
above pattern. Waterfowl are attracted in winter
to the Colorado River below Glen Canyon Dam by
open water and the food it provides. While vari-
ous species feed on different foods, it is assumed
that Cladophora can be used as an index of food
availability for wintering waterfowl. Cladophora
and associated diatoms serve as food as well as
cover for macroinvertebrates such as Gammarus,
chironomid and simuliid larva, and others. Like
the analyses presented in the FISH section,
Cladophora is used here as an indicator of the
aquatic food base available to wintering
waterfowl.

Powerplant Capacity Alternatives. Flood events
would affect vegetation and, in turn, habitat in
ways previously described (see chapter III,
VEGETAnON). Habitat and its value to wildlife
would be reduced until replaced through natural
succession of vegetation. Most wildlife
populations are resilient and able to adapt to
cycles of habitat abundance. However, a few
species with small populations could experience
adverse impacts from flood-related reductions in
habitat. These species have special status and are
treated in another section (see ENDANGERED
AND OTHER SPECIAL ST A TUS SPECIES in this

chapter).

This analysis of riparian habitat, as based on
riparian vegetation, generally is limited to the
river corridor between the dam and Separation
Canyon (although only data to Diamond Creek
are available). It is assumed that dam operations
affect vegetation and, in turn, habitat through two
processes-the dynamics of beach aggradation
and degradation and prolonged change in river
stage (see WATER, SEDIMENT, andVEGETA-
TION in this chapter). Together, these processes
are reflected as changes in area coverage of woody
plants and, to a lesser degree, changes in species
composition. These changes affect habitat
suitability for area wildlife.

Woody and Emergent Marsh Plants

Changes in area of emergent marsh plants
resulting from implementation of any of the
alternatives would depend largely on changes in
river stage and duration of flows. Most patches of
marsh plants occur in the NHWZ and are
maintained by a water release pattern that
alternately floods and then exposes them.
Changes in this pattern would result in changes in
area coverage of marsh plants and the habitat
value of these sites.

Analysis Methods

It is assumed that Lakes Powell and Mead would
cycle through periods of low and high water
levels during both the short- and long-term
periods of analyses. As described under
VEGETAnON, riparian vegetation that develops
during low lake level periods would be lost and
develop again (recycle) as lake levels increase and
then decrease. Vegetation supported by low lake
levels is important habitat for many species,
especially breeding birds. Increases and decreases
in habitat area would depend on regional water
conditions and are, therefore, independent of all
alternatives.

During the short-term period of analysis, it is
assumed that changes in wildlife habitat would
closely follow changes in riparian vegetation,
which would follow changes in exposed sediment
deposits resulting from daily water release
patterns. mfrequent releases above the maximum
flow identified for each alternative, habitat main-
tenance flows, and beach/habitat-building flows
of unknown stage may occur in the short term.
Additional impacts resulting from these sources
are identified where appropriate. Daily dam
operations also would affect food for wintering
waterfowl during the short-term period of

analysis.

Aquatic Food Base

Most wintering waterfowl use occurs in the upper
reaches of the river, while Cladophora abundance
generally is highest between the dam and Lees
Ferry. Over 90 percent of the 2,780 waterfowl
surveyed in January 1991 were observed between
the dam and the LCR (Kline, written communica-

Major uncontrolled flood events are expected
under only two alternatives during the long-tenn
period of analyses: the No Action and Maximum
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permit woody riparian vegetation to expand, in
differing amounts, into sites created by reduced
maximum flows.

tion,1992). Evaluation of effects on the aquatic
food base is limited to wetted perimeter data from
two sites: one near the dam and one near Lees
Ferry (see FISH in this chapter). Comparisons
made from these data are useful in evaluating
relative differences between no action and action
alternatives.

The specific effects of a major flood event on
Cladophora and the associated aquatic food base
are unknown. It is reasonable to assume,
however, that effects would not be irreversible,
since the Cladophora population survived the high
flows of 1983-86.

Summary of Impacts: Wildlife and
Habitat

Although no data are available on habitat patch
size along the river corridor, it is assumed that as
area of woody riparian vegetation increases so too
will habitat and patch size. The ecological value
of habitat to wildlife is, in part, also related to the
patch size of a vegetated area. In order for a patch
of habitat to be valuable to mammals, breeding
birds, herpetofauna, or invertebrates, it must be
large enough to provide adequate food resources
and shelter. For example, larger patch sizes are
likely to have a greater number of bird species
present. Wilson and Carothers (1979) tested this
hypothesis in Grand Canyon and determined that
as habitat patch size decreased, bird species
diversity and density were similarly reduced. As
patch size increased, additional species were
found to occur within the habitat.

An annual habitat maintenance flow is included in
the Moderate and Modified Low Fluctuating Flow
Alternatives and the Seasonally Adjusted Steady
Flow Alternative in order to move and deposit
sediment higher than would be possible under
daily flow patterns. As discussed under
VEGETAnON (earlier in this chapter), some
vegetation would be buried by initial maintenance
flows, and thus its value as habitat reduced.
Vegetation that is not buried or that grows up
through new deposits would be unusable to area
wildlife during the period of inundation.

In general, individual animals would not be
directly affected by daily operations of Glen
Canyon Dam. For example, mammals, birds,
herpetofauna, and invertebrates occupying or
using riparian habitat generally are mobile and
would move as required by daily fluctuations.
Birds using the riparian zone as a travel lane
through Grand Canyon would not be directly
affected by any of the alternatives. However,
those species that nest in riparian vegetation
would be indirectly affected by changes in area
coverage of plants. In the short term, woody plant
coverage, and therefore riparian habitat, would
increase under most alternatives. Emergent
marsh plants would either remain similar in
coverage to no action or decrease.

A summary of impacts on wildlife and habitat,
based on impacts to either riparian vegetation or
the aquatic food base, is presented in table IV -11.

In the long-term period of analyses (20 to
50 years), differences among alternatives would
continue to develop. At least one major flood is
assumed to occur under the No Action and
Maximum Powerplant Capacity Alternatives.
Succession of riparian vegetation would be set
back to an earlier stage due to loss of plant
coverage. However, it is assumed that woody and
emergent marsh plants ultimately would recover
to a level comparable to no action conditions.

Alternative Glen Canyon Dam operations would
affect riparian vegetation, and therefore habitat, in
several different ways during the short-term (5 to
20 years) period of analysis. Briefly, all
alternatives would contribute to the gradual
decline of the OHWZ. No action would maintain
the existing riparian vegetation area, while the
Maximum Powerplant Capacity Alternative
would create conditions leading to a decline in
habitat area. The remaining alternatives would

The restricted fluctuating and steady flow alterna-
tives include flood frequency reduction measures.
This flood protection would permit riparian
development following trends begun in the short
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term. All alternatives with flood control would
support increases in woody plant coverage at the
end of the long-term period of analysis.

Maximum Powerplant Cclpacify
Alternative

Dryer conditions in the upper elevations of the
NHWZ would favor a shift from tamarisk and
willow to mesquite and other plants. Willow-
which is less drought resistant-would disappear
first, with tamarisk persisting for some time and
perhaps arrow weed moving into suitable sites.
Tamarisk, willow, and other plants would be
favored downslope at wetter sites. Increases in
area and diversity of plant species would mean
increased habitat.

Stage change and associated effects on woody and
emergent marsh plants depend on local channel
widths within the fluctuating zone, and thus differ
among sites and reaches for the same riverflows.
For each reach, an area of beach O to 5 feet wide
(or O to 9 percent of the width of unstable
sandbars under no action) would become active
and unstable under this alternative. It is assumed
that some vegetation, and thus habitat, at affected
sites would be lost through erosion.

Beach/habitat-building flows would continue to
support existing and expanded coverage of
riparian vegetation and changes in species
composition initiated in the short term. However,
such flows may temporarily reduce the aggregate
area of riparian vegetation and, therefore, wildlife
habitat (see VEGETAnON in this chapter).

The Maximum Powerplant Capacity Alternative
would have the same minimum flow as the
No Action Alternative. Therefore, it is assumed
that effects on the aquatic food base for wintering
waterfowl would be identical to no action
conditions.

Restricted Fluctuating Flows

Wintering waterfowl would be affected by
changes in minimum discharge. The No Action
and Maximum Powerplant Capacity Alternatives
have a minimum discharge of 1,000 cis. The
remaining alternatives increase minimums from
3,000 to 11,400 cfs. Increased minimum dis-
charges, as well as brief high release periods
during habitat maintenance and beach/habitat-
building flows, are assumed to benefit the aquatic
food base and ultimately wintering waterfowl.

Daily changes in discharge have both positive and
negative affects on wildlife habitat. Alternatives
with lower maximum discharges would make
sites available for expansion of woody plants.
Many patches of emergent marsh plants would no
longer be inundated on a regular basis. Patches of
emergent marsh plants above the maximum
discharge stage would receive water only during
periods of habitat maintenance and beach/
habitat-building flows. These patches of
vegetation would temporarily supply structural
diversity to the vegetative community but would
function as upland vegetation rather than as
aquatic plants. These sites would be replaced
with woody vegetation.

Unrestricted Fluctuating Flows

No Action Alternative

The area of woody and emergent marsh plants,
and thus riparian wildlife habitat, would remain
similar to baseline conditions as described in
chapter III.

Sudden deviations from either fluctuating or
steady flow patterns, as would occur during
habitat maintenance and beach/habitat-building
flows, could have temporary adverse effects on
ground-dwelling, ground-nesting, and burrowing
forms of wildlife including insects, reptiles, and
small mammals. The effects on all resources
would be considered when scheduling such flows.

Cladophora, representing the aquatic food base, is
limited by minimum reliable flows. Under no
action conditions, these flows would be 1,000 cfs,
with a wetted perimeter of 580.3 feet near the
sampling site at the dam and 380.4 feet at the site
near Lees Ferry (see chapter IV , FISH).
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High Fluctuating Flow Alternative maximum stage would make additional marsh
plants sites available. In aggregate, the area occu-
pied by emergent marsh plants under this alterna-
tive would be equal to or less than no action.

Impacts on riparian habitat, including woody and
emergent marsh plants, would be identical to
those described for vegetation. The area of beach
available for expansion of woody riparian plants
would increase an average of 10 to 15 feet (15 to
35 percent) overno action conditions throughout
the study area (see chapter IV, VEGET A naN).
Emergent marsh plants would continue to occupy
historic sites or expand slightly in the short term.
The wildlife species that use these plants would

respond accordingly.

Habitat maintenance flows would occur before
most wildlife nesting activity. While high flows
may temporarily displace some individual
animals, maintenance flows would redistribute
the sediment critical for riparian plant growth and
thus benefit habitat.

Increased minimum flows would mean benefits
for the aquatic food base and, therefore, for
wintering waterfowl. Increased minimum flows
represent an additiona12,OOO cis of permanent
inundation-a 1.5- (Lees Ferry) to 2.0-foot (near
the dam) increase in stage and up to an 8.7-foot
increase in wetted perimeter over no action.

Increased minimum flows to (5,000 cis year-
round) would translate into some benefits for the
aquatic food base and, therefore, wintering
waterfowl. Increased minimum flows represent
about a 2.4- (Lees Ferry) to 3.5-foot (near the dam)
increase in stage and up to a 14.1-foot increase in
wetted perimeter.

Modified Low Fluctuating Flow Alternative

Moderate Fluctuating Flow Alternative Effects on wildlife habitat and wintering
waterfowl would be similar to those discussed
under the Moderate Fluctuating Flow Alternative.
First, the upper range of beach widths available
for expansion of woody plants is 21 to 31 feet for
the 11 river reaches (a 30- to 47-percent increase
over no action conditions). The lower range, or
those areas unaffected by maintenance flows,
would average a 0- to 5-foot increase (0 to
12 percent) over no action conditions.

Woody plants would expand into suitable sites
made available by lower maximum flows. The
exact extent of expansion is unknown because the
relationships between sediment, riparian plants,
and habitat maintenance flows are not defined at
this time. As was discussed under the analysis of
VEGETAnON, it is assumed that the area avail-
able for woody plant expansion would approach,
but be less than, the area available for expansion
under identical flow patterns without annual
maintenance flows. For this alternative, the upper
range of beach widths available for expansion is
15 to 26 feet for the 11 river reaches (a 23- to
40-percent increase over no action conditions).
The lower range, or those areas unaffected by
maintenance flows, would average a 0- to 5-foot
increase (0 to 12 percent) over no action conditions.

Second, patches of emergent marsh plants above
the stage equivalent to 20,000 cfs would lose their
source of abundant water, become dry , and
eventually fill with sediment. A 37-percent
reduction in maximum stage would create or
make available additional sites suitable for marsh
plants. The aggregate area occupied by emergent
marsh plants would be equal to or less than the
area supported under no action.Emergent marsh plants would initially occupy

historic sites and expand into suitable sites created
by lower maximum flows. Patches of marsh
plants above the 22,300-cfs stage would no longer
be frequently inundated. These sites would be
dry, would eventually fill with sediment, and
emergent marsh plants would be replaced by
woody vegetation. A 29-percent reduction in

Although the daytime minimum low flow is
8,000 cfs under this alternative, it is assumed that
the aquatic food base would be limited by the
nighttime (and weekend) minimum of 5,000 cfs.
This low represents a 4,000-cfs increase over no
action conditions and is assumed to represent
improved conditions for wintering waterfowl.



This increase equates to a 2.4-foot (Lees Ferry) to
3.5-foot (near dam) increase in stage and up to a
14.1-foot increase in wetted perimeter. It is
assumed that the 1- to 2-week habitat maintenance
flow included in this alternative would not affect
the aquatic food base or disturb wintering
waterfowl.

Steady Flows

The effects of steady flows on riparian vegetation
and wildlife habitat would depend on stage and
duration. Stages lower than no action conditions
would permit expansion of woody riparian
vegetation into suitable sites previously inundated
in the fluctuating zone. Lower stages would
remove water from emergent marsh plants, while
higher steady flows could drown some plants.

Interim Low Fluctuating Flow Alternative

Habitat for some species would increase under
this alternative as woody plants in the NHWZ
colonize suitable beach sites down to the
20,000-cfs stage. The area of beach available for
expansion of riparian habitat would average 21 to
31 feet, or a 30- to 47-percent increase over no
action conditions.

Existing Monthly Volume Steady
Flow Alternative

Area of riparian habitat for some species would
increase under this alternative as woody plants
in the NHWZ colonize suitable sites down to
the 15,000-cfs stage. The area of beach available
for expansion of woody riparian plants would
range from 26 to 41 feet, or a 45- to 65-percent
increase over no action conditions. A zone
between about 16,300 and 31,500 cfs would no
longer be inundated by fluctuating flows during
minimum release years. Combined with flood
control, this would result in dryer conditions for
vegetation in the NHWZ. Young tamarisk would
be concentrated near the 16,300-cfs stage, while
mesquite and other native species would
dominate the NHWZ.

A zone between 20,000 and 31,500 cfs would
no longer be inundated by fluctuating flows
during minimum release years. Combined with
flood control, this would result in dryer condi-
tions for NHWZ vegetation, and plants would
expand into the fluctuating zone. Young tamarisk
would be concentrated near the 20,000-cfs stage,
while mesquite and other native species would
continue to become established in upper
elevations of the NHWZ.

Emergent marsh plants would continue to occupy
postdam sites plus expand into suitable sites
created by lower maximum flows. Patches above
the 20,OOO-cfs stage would no longer be subject to
frequent inundation. Although these sites would
be dry, their plant structure would be maintained
by periodic beach/habitat-building flows. A
37-percent reduction in maximum stage would
create or make available additional sites suitable
for marsh plants.

This alternative includes a daytime minimum of
8,000 cfs and a nighttime minimum of 5,000 cfs.
For purposes of analyses, the 5,000-cfs minimum
is believed to limit Cladophora and the aquatic
food base available to wintering waterfowl.
Increased low flows represent an additional
4,000 cfs of permanent inundation over no action
conditions. This increase represents a 2.4- (Lees
Ferry) to 3.5-foot (near the dam) increase in stage
and up to a 14.1-foot increase in wetted perimeter.

Emergent marsh plants would continue to occupy
postdam sites plus expand into suitable sites
created by lower maximum flows. Patches above
the stages equivalent to 16,300 cfs would no
longer be subject to frequent inundation. These
sites would be dry, and the marsh plants even-
tually would be replaced by woody plants (see
VEGETAnON in this chapter). A reduction in
maximum stage would create or make available
additional sites suitable for marsh plants.
However, the aggregate area of marsh plants
supported under this alternative would be less
than under no action.

Minimum flows of 8,000 cfs year-round would
benefit the aquatic food base and, therefore,
wintering waterfowl. This increase represents
about a 3.4- (Lees Ferry) to 5.3-foot (near the dam)
increase in stage and up to a 20.5-foot increase in
wetted perimeter.
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Seasonally Adjusted Steady Flow
Alternative

with flood control, this would result in dryer
conditions for NHWZ vegetation. Young
tamarisk would be concentrated near the
11,400-cfs stage, while mesquite and other native
species would dominate the NHWZ.

Emergent marsh plants would occupy suitable
sites created by lower maximum flows. Patches
above the 11,400-cfs stage no longer subject to
frequent inundation would be replaced by woody
plants. The aggregate area of emergent marsh
plants supported by this alternative would be less
than that under no action.

Habitat maintenance flows under this alternative
would have effects on riparian habitat similar to
those discussed under the Moderate Fluctuating
Flow Alternative. The area available for expan-
sion of woody plants would be between the
maximum area of stabilized sandbars without
maintenance flows-26 to 36 feet (38 to 58 percent)
over no action-and the area unaffected by main-
tenance flows-O to 5 feet (0 to 12 percent) over no
action (see VEGETATION in this chapter). The
increase in woody plants, and therefore wildlife
habitat, would approach the potential maximum
area of stabilized sandbars under this alternative.

illcreased minimum flows year-round would
benefit the aquatic food base and, therefore,
wintering waterfowl. illcreased minimum flows
represent an additional 1 0,400 cfs of permanent
inundation over no action conditions. This
increase represents a stage increase of about
4.3 (Lees Ferry) to 6.9 feet (near the dam) and up
to a 25.9-foot increase in wetted perimeter.

Under this alternative, some patches of emergent
marsh plants and the wildlife that use these sites
as habitat would: (1) completely lose their water
supply for 5 months, (2) be partially inundated for
5 months, or (3) be completely inundated for
2 months (plus a 1- to 2-week period during
maintenance flows). The reduced maximum stage
would create or make available additional sites
suitable for marsh plant development. Overall,
however, fewer marsh plants would be supported
under this alternative than under no action (see
VEGETAnON in this chapter).

ENDANGERED AND OTHER SPECIAL

STATUS SPECIES

Increased minimum flows would benefit the
aquatic food base and, therefore, wintering
waterfowl. This increase represents a stage
increase of 3.4- (Lees Ferry) to 5.3-feet (near the
dam) and up to a 20.5-foot increase in wetted

perimeter.

Year-Round Steady flow Alternative

Area of riparian habitat, represented by woody
plants in the NHW2, would expand down to the
11,400-cfs stage during minimum release periods
under this alternative. The area of beach available
for expansion of woody riparian plants would
average 36 to 57 feet, or a 63- to 94-percent
increase over no action conditions.

Both aquatic and terrestrial special status species
occupy or use the river corridor through Glen and
Grand Canyons. Because the river is regulated by
Glen Canyon Dam, special status native fish could
be directly affected by changes in dam operations.

A zone between about 11,400 and 31,500 cfs
would no longer be inundated by fluctuating
flows during minimum release years. Combined
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For example, minimum flows below some stage
may limit access to tributaries. In contrast, the
effects on terrestrial species would be more
indirect and occur through dam-induced changes
in habitat. For example, an uncontrolled flood
event could eliminate nesting habitat for the
southwestern willow flycatcher and thus reduce
the numbers of young flycatchers produced in
Grand Canyon.

Numbers of peregrine falcons are increasing
nationwide following the prohibition on use of
certain pesticides in the 1970's. It is assumed that
increases in peregrine numbers have occurred in
Grand Canyon as well (Brown et al., 1992).
Although the reasons for these apparent increases
are undoubtedly complex, changes in primary
productivity within the river following
construction of Glen Canyon Dam and subsequent
increases in the peregrine falcon's prey base
(swallows, swifts, and bats) are assumed to have
played a major role (Carothers and Brown, 1991).

In an attempt to reduce repetition of information,
impacts on special status native fish are not
presented in this section. Readers interested in a
detailed assessment of impacts on humpback
chub and razorback and £1annelmouth suckers
should refer to the FISH section of this chapter .

Primary productivity within the river is controlled
by many factors, but the alternatives would affect
only light transmittance through changes in water
clarity .Sediment mixing from fluctuating releases
and sediment supply from tributaries both affect
river water clarity .The alternatives may affect
sediment mixing through changes in daily
fluctuation patterns. If such effects occur, they
would be difficult to quantify but would be
assumed to improve water clarity somewhat over
no action conditions (except for the Maximum

Powerplant Capacity Alternative). Improved
water clarity would result in improved food
conditions for peregrine falcons via food-chain
linkages described in chapter III.

Analyses of the indicators for terrestrial special
status species are limited to the river corridor
between Glen Canyon Dam and Separation
Canyon (although data only to Diamond Creek
are available). The analyses rely heavily on work
presented in other sections. For example, the
analysis presented in the FISH section of this
chapter provides information for impact
assessment relevant to the bald eagle and belted
kingfisher. Evaluation of habitat for the
southwestern willow flycatcher is based on
analyses presented in chapter IV , VEGET A naN.

No data exist to indicate that peregrine falcons
within Grand Canyon are limited by lack of food.
In fact, recent surveys indicate that available
nesting habitat may be approaching full
occupancy (Brown et al., 1992). The availability of
suitable nesting territories would then limit future
populations. In summary , the alternatives would
not affect nest sites within nesting territories and
may improve food base conditions. Therefore, it
is concluded that none of the alternatives would
affect peregrine falcons in Grand Canyon.

Three special status species discussed in
chapter III would not be affected by changes in
dam operations. These species---southwestern
river otter, peregrine falcon, and osprey-are
discussed below and are not treated under the
individual alternatives. A fourth species, the
Kanab ambersnail, would be affected by
maximum flows above 20,000 cfs. Effects would
be similar among alternatives and are discussed in
the "Summary of Impacts" and not under the
individual alternatives.

Ospreys seen along the river in Grand Canyon are
assumed to be transients using the river as a travel
lane to other habitat. None of the alternatives
would affect the river's suitability as a travel lane
and, therefore, ospreys are not treated further in
this report.

The southwestern river otter is a subspecies
considered extinct and will not be treated further.
Any river otter in Arizona is regarded as an
escaped individual from a reintroduced
population of unknown subspecies.
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FWS issued a final biological opinion on the
preferred alternative containing a finding of no
jeopardy for the bald eagle, Kanab ambersnail,
and peregrine falcon and a jeopardy finding for
the humpback chub and razorback sucker. In
accordance with the regulations governing
proposed species and proposed critical habitat,
Reclamation is currently conferendng with FWS
on the status of the southwestern willow
flycatcher (see chapter V). Components of the
final reasonable and prudent alternative
(attachment 4), which could in the future remove
the likelihood of jeopardizing the continued
existence of the humpback chub and razorback
sucker, have been incorporated into the preferred
alternative.

it is assumed that a trout fishery would be
maintained in the future, and trout would
continue to attempt tributary spawning if
conditions permit.

Although there is no evidence that the south-
western willow flycatcher is habitat-limited in
Grand Canyon, uncontrolled flood events would
reduce area coverage of riparian vegetation and
would probably affect habitat patch size. The
relationships among habitat requirements, patch
size, and willow flycatchers in Grand Canyon are
not understood. However, a reduction in area of
riparian vegetation below some threshold likely
would affect habitat suitability for this species.
Because the level of this threshold is unknown,
reductions in riparian vegetation should be
avoided. Such avoidance is best accomplished
through flood control.

Analysis Methods

Effects on the belted kingfisher would follow
effects on fish-basically the relationship between
daily operations, tributary access, and the aquatic
food base. Flood frequency reduction measures
and beach/habitat-building flows should benefit
native fish in the long term over no action
conditions. Belted kingfishers would benefit from
any improvement in habitat conditions for fish.

Special status species occupy diverse niches in the
Grand Canyon ecosystem. Unlike the topic of
"wildlife," no single resource can be used as an
indicator of impacts to special status species.
Studies of rare species might describe parameters
characteristic of remaining habitats that reflect
marginal rather than optimal conditions.
Management recommendations based on limited
data for special status species risk perpetuating
marginal conditions. The analyses approach
taken here relies on the concept of linkages among
resources.

Summary of Impacts: Endangered
and Other Special Status Species

Daily dam operations would affect some special
status species directly and others indirectly during
the short term. Because population data are
limited for most special status species, the
indicators presented at the beginning of this
section will be used to evaluate effects of the
alternatives on the species of concern.

Table IV -12 summarizes impacts on endangered
and other special status species. The endangered
and special status fish species are influenced by
factors and processes similar to those described
for native fish species and are discussed in this
chapter under FISH.

Because bald eagles use trout as food when
available, it is assumed that impacts discussed
under the short-term period of analysis (i.e., daily
operations) would be identical to long-term
impacts. This assumption is supported by the
observation that uncontrolled flood releases
historically have occurred in the spring or early
summer after the period of eagle use. In addition,

Many of the action alternatives would affect
minimum flows and therefore affect tributary
access and the aquatic food base used as
indicators in impact assessment for both bald
eagles and belted kingfishers. The No Action and
Maximum Powerplant Capacity Alternatives have
a minimum discharge of 1,000 cfs. The remaining
alternatives increase minimums from 3,000 cis up
to 11,400 cis under the Year-Round Steady Flow
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Alternative. mcreased minimum flows are
assumed to benefit tributary access and the
aquatic food base.

affected: 5 square yards at 25,000 cfs, 50 square
yards at 33,000 cfs, and 103 square yards at
45,000 cfs.

All alternatives would potentially affect Kanab
ambersnail habitat or individuals because all
alternatives either have maximum flows above
20,000 cfs or contain provisions for beach/habitat-
building and habitat maintenance flows that
would be above 20,000 cis. Since this population
survived the 1983-86 floodflows (90,000 cis), it is
assumed that infrequent flows of about 45,000 cis
would not jeopardize the continued existence of
the Kanab ambersnail population in Grand

Canyon.

Although not treated in detail in this section, it
should be noted that native fish reproduction in
the mainstem is restricted by cold temperature
(see FISH in this chapter). Native fish are a food
source for other special status species. Limited
spawning in the mainstem near warm springs and
tributary confluences may occur when fluctua-
tions are reduced. Some mainstem spawning of
humpback chub occurred in 1993, but no
recruitment was recorded (Arizona Game and
Fish Department, 1994). The significance of such
mainstem spawning to special status species is
unknown. Some incidental take of Kanab ambersnails would

likely occur under all alternatives. Incidental take
is unavoidable mortality resulting from author-
ized activities such as dam operations. Some mor-
tality would likely occur upon implementation of
the selected alternative and again during either
habitat maintenance or beach/habitat-building
flows. Consultation under the Endangered
Species Act would be necessary to determine
reasonable and prudent measures necessary or
appropriate to minimize such impacts. Consul-
tation between Reclamation and FWS is ongoing.

The area of woody riparian vegetation is used
as an indicator of potential habitat for the
southwestern willow flycatcher, although changes
in potential habitat may not translate into changes
in bird numbers, The Maximum Powerplant
Capacity Alternative would result in less riparian
vegetation, the No Action Alternative would
show no change, and the remaining alternatives
would all support varying degrees of increase in
woody plants. Periodic beach/habitat-building
flows would maintain these conditions (see
VEGETAnON in this chapter).

The Grand Canyon population of Kanab
ambersnails generally occurs above the elevation
equivalent to a river stage of 40,000 cfs, although
the population size appears to vary widely
between seasons. Prior to interim flows, Kanab
ambersnails were found above the no action
maximum flow level of 31,500 cis. Since interim
flows were implemented, individual ambersnails
have been found near the river's edge at
20,000 cfs. A survey and habitat evaluation
conducted in September 1994 indicated that a
large number of Kanab ambersnails were present
between the 20,000- and 45,00o-cfs flow levels.
When compared to no action conditions (prior to
interim flows), none of the alternatives would
affect ambersnails. However, these survey results
make an analysis using this baseline invalid.
Therefore, current data were incorporated into the

analysis.

Reclamation's GCES and FWS are closely
monitoring the Grand Canyon Kanab ambersnail
population. Although studies are underway, the
area of habitat occupied by Kanab ambersnails is
unknown, and any evaluation of the importance
of maximum flows on habitat area is difficult to
determine. FWS estimates that approximately
2 square yards of habitat are affected at flows of
20,000 cfs. As flows increase, more area is

Some alternatives include habitat maintenance
flows designed to re-form beaches and back-
waters. Habitat maintenance flows would
provide high (up to 33,200 cfs), steady flows for
1 to 2 weeks each spring when Lake Powell is near
or below 19 maf.
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Belted Kingfisher. Belted kingfishers use the river
and its tributaries for feeding and nest in suitable
banks wherever they are found. Nesting banks
would not be affected under any alternative, but
low minimum flows would periodically restrict
tributary access for fish and limit the aquatic food
base potential.

For terrestrial special status species, maintenance
flows would:

Support a general increase in woody plants

Have no effect (because of short duration) on
the aquatic food base

Unrestricted Fluctuating Flows

No Action Alternative

Food production and availability would be both
benefited and disadvantaged by fluctuating flows.
Fluctuations may displace Cladophora and
associated diatoms and invertebrates and provide
them as drift downstream of Glen and Marble
Canyons. Excessive disturbance would reduce
productivity of food resources, extended periods
of extreme low flows would desiccate algae, and
high flows would inundate some algae beyond
the depth of usable light for photosynthesis
(Angradi et al., 1992).

Analyses of effects on special status species under
no action conditions in the short term basically
project existing trends. It should be noted that
habitat use by two of the three special status birds
(bald eagles and willow flycatchers) has
developed postdam under conditions similar to
no action.

Humpback Chub and Razorback and flannel-
mouth Suckers. The analysis of impacts on special
status native fish is presented in the FISH section
of this chapter. In general, populations of native
fish are considered stable to declining under no
action conditions.

Southwestern Willow Flycatcher. Data are not
available that can be used to interpret specific
relationships between breeding willow flycatchers
and woody plants used as nesting habitat in
Grand Canyon. However, the analysis presented
here assumes that conditions that would change
the area of woody plants would result in changes
in area of potential habitat for willow flycatchers.
No data were discovered that indicate that
numbers of willow flycatchers using Grand
Canyon are habitat-limited.

Bald Eagle. Bald eagle use of Grand Canyon
primarily is linked to the presence of trout in the
Colorado River-specifically, the abundance of
trout attempting to spawn in Nankoweap Creek.
It is possible that numbers of eagles will continue
to increase-if trout remain abundant-and
eventually disperse to other locations within the
study area. However, the focus of this analysis is
tributary access for spawning trout. It is assumed
that low flows of 1,000 cis under no action
conditions would limit trout access to tributary
spawning sites during some periods.

The composition of woody plants within the
riparian corridor (exclusive of the OHWZ) would
follow trends described in chapter III, with coyote
willow, arrow weed, honey mesquite, and other
species increasing in abundance. Southwestern
willow flycatchers in Grand Canyon nest in large
patches of riparian vegetation. Conditions that
favor increases in woody plants are assumed to
favor potential habitat for this species.

The aquatic food base is certainly important to
many resources including special status native
fish (see FISH in this chapter). However, changes
in wetted perimeter are used here to estimate
effects on trout, which are prey for bald eagles.
Baseline conditions for wetted perimeter under
l,OOO-cfs minimum flows are 580.3 feet near the
dam and 380.4 feet near Lees Ferry .

Maximum Powerplant Capacity
Alternative

Analysis of impacts on humpback chub and
razorback and flannelmouth suckers are
presented in the FISH section of this chapter. Pop-
ulations of native fish under this alternative are
considered the same as under no action conditions
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Tributary access for trout used as prey by bald
eagles would not change from no action
conditions.

but only the Moderate, Modified Low, and
Interim Low Fluctuating Flow Alternatives have
minimum flow restrictions of 5,000 cis or greater
that would permit unlimited tributary access.
Minimum discharge is an important parameter in
defining the aquatic food base and, thus, food for
fish and belted kingfishers.

Because minimum flows would not differ from no
action under this alternative, no change would
occur in the area of wetted perimeter. Therefore,
conditions for the aquatic food base-important in
supporting trout and other fish used as prey by
bald eagles and belted kingfishers-would not

change.

The effects of alternative operations on habitat for
the southwestern willow flycatcher are presented
in terms of anticipated flows during a minimum
release year. In moderate or high water years,
riparian vegetation under the High, Moderate,
Modified Low, and Interim Low Fluctuating Flow
Alternatives would be affected by higher water
volumes through increases in maximum stages.
During moderate or high water years, total area
coverage of riparian vegetation may be reduced.

An increase in maximum stage under this alterna-
tive would affect woody plants and, therefore,
may affect potential habitat of the southwestern
willow flycatcher. Under this alternative, unstable
sandbar width would increase by 0 to 9 percent
(0 to 5 feet) over no action. Vegetation occupying
unstable sites would be lost through erosion.

High Fluctuating Flow Alternative
In summary, tributary access and wetted peri-
meter would not change. Thus, conditions for
bald eagles and belted kingfishers would not
change under this alternative. However, woody
plants that may be potential habitat for
southwestern willow flycatchers would be
reduced. Therefore, conditions for the willow
flycatcher under this alternative would be less
favorable than those under no action.

Analysis of impacts on humpback chub and
razorback and flannelmouth sucker is found in
this chapter under FISH. Populations of native
fish under this alternative are considered the same
as no action (stable to declining).

Increased minimum flows to 3,000 cfs year-round
would mean some increase in tributary access and
some benefits to Cladophora and the aquatic food
base. These are assumed to benefit bald eagles
and belted kingfishers through their linkages to
trout and the aquatic food base. Increased low
flows represent an additiona12,000 cfs of perma-
nent inundation-a 1.5- (at Lees Ferry) to 2.0-foot
(near the dam) increase in stage and up to an
8.7-foot increase in wetted perimeter over no
action.

Restricted Fluctuating Flows

Factors such as minimum discharge, which would
affect numbers or availability of trout in Nanko-
weap Creek and to a lesser degree in the river
corridor, would likely affect bald eagles. None of
the alternatives would affect parameters of Nan-
koweap Creek-such as discharge, water temper-
ature, or icing-that are important in determining
the creek's suitability as a trout spawning site.

Trout stranded in isolated pools would be
available as food for bald eagles. Location of
foraging efforts are affected by fluctuating flows;
however, these patterns do not appear to affect
foraging success. This impact analysis is based
solelyon trout access to tributaries (Nankoweap
Creek) and effects on the aquatic food base. All
restricted fluctuating flow alternatives have
minimum flows higher than no action conditions,

Under this alternative, riparian vegetation would
increase 10 to 15 feet (15 to 35 percent) over no
action conditions (see VEGETAnON in this
chapter). Thus, some change in potential habitat
for the southwestern willow flycatcher would
occur. However, it should be noted that increases
in potential habitat may not translate into
increases in the numbers of flycatchers surveyed
during any future monitoring program.
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Moderate Fluctuating Flow Alternative Modified Low Fluctuating Flow Alternative

Analysis of impacts on humpback chub and
razorback and £1annelmouth sucker is found in
this chapter under FISH. Populations of native
fish under this alternative are considered the same
as no action (stable to declining).

Increased minimum flows of 5,000 cfs year-round
would mean some increase in tributary access and
some benefits to Cladophora and the aquatic food
base. These conditions also would be assumed to
benefit bald eagles and belted kingfishers
through their linkages to trout and the aquatic
food base. Increased low flows represent an
additional 4,000 cfs of permanent inundation-a
2.4- (at Lees Ferry) to 3.5-foot (near the dam)
increase in stage and up to a 14.1-foot increase in
wetted perimeter over no action.

The FWS biological opinion on this preferred
alternative stated that the Modified Low
Fluctuating Flow Alternative would likely not
jeopardize the continued existence of the bald
eagle, peregrine falcon, and Kanab ambersnail but
would likely jeopardize the humpback chub and
razorback sucker. Therefore, the preferred
alternative was designed to be consistent with the
"reasonable and prudent alternative" (see
attachment 4) contained in the biological opinion.
The reasonable and prudent alternative was
provided as a plan that could remove the
likelihood of jeopardizing the continued existence
of the humpback chub and razorback sucker in
Grand Canyon (see FISH in this chapter).

Riparian vegetation would increase over no action
conditions. The area of beach available for expan-
sion of woody plants would average O to 6 feet, or
an increase of O to 40 percent over no action (see
VEGETAnON in this chapter). This change is
assumed to indicate an increase in potential
habitat for the southwestern willow flycatcher.

Analysis of impacts on humpback chub and
razorback and £1annelmouth suckers can be
found in this chapter under FISH. Under this
alternative, populations of native fish are expected
to have the potential for minor increases.

The aquatic food base is important in supporting
trout and other fish used as prey by bald eagles
and belted kingfishers. Wetted perimeter would
increase over no action 14.1 feet near the dam and
14.1 feet near Lees Ferry under this alternative. It
is assumed that because both reliable minimum
flows and wetted perimeter increase, conditions
for the aquatic food base would also improve.

For terrestrial special status species, maintenance
flows would provide unlimited access to
tributaries important to spawning trout (and
therefore bald eagles), support a general increase
in woody plants that may be used as habitat
(southwestern willow flycatcher), and have no
effect on the aquatic food base (an important
consideration for eagles and belted kingfishers).

In summary, both tributary access-important for
trout reproduction-and the aquatic food base-
important to bald eagles and belted kingfishers-
would increase under this alternative. Thus, food
conditions for bald eagles and belted kingfishers
would be enhanced, and woody plants that may
be potential habitat for southwestern willow
flycatchers would increase.

A decrease in maximum stage would affect
woody plants and, therefore, may affect potential
habitat of the southwestern willow flycatcher.
Because this alternative includes habitat main-
tenance flows, the exact change in area of woody
plants is difficult to predict. However, the area
available for woody plant expansion would be
between the potential maximum area of stabilized
sandbars--21 to 31 feet (30- to 47-percent increase
over no action) and the area unaffected by main-
tenance flows--0 to 5 feet (0- to 12-percent
increase). It is assumed that an increase in woody
plants would indicate an increase in potential
habitat for the willow flycatcher .
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As described under the Moderate Fluctuating
Flow Alternative, habitat maintenance flows are
expected to re-form and prepare backwaters for
later use by larval and young-of-year fish.

.Woody plants that may be potential habitat for
willow flycatchers would increase.

Therefore, habitat conditions would increase for
all special status species over no action.

Terrestrial species would experience the same
effects ( or lack of effects) discussed under the
Moderate Fluctuating Flow Alternative.

Steady Flows

General effects of steady flow patterns on
tributary access and the aquatic food base were
described under FISH, and effects on woody
plants were described under VEGETATION .

In summary, both tributary access and the aquatic
food base would increase under this alternative.
Thus, conditions for bald eagles and belted king-
fishers would be enhanced. Woody plants that
may be potential habitat for southwestern willow
flycatchers would increase. Therefore, for all
special status species, habitat conditions would
increase over no action.

Existing Monthly Volume Steady Flow
Alternative

Analysis of impacts on humpback chub and
razorback and £1annelmouth suckers can be
found in this chapter under FISH. Under this
alternative, populations of native fish have the
potential to experience a major increase.

Interim Low Fluctuating Flow Alternative

Analysis of impacts on humpback chub and
razorback and £1annelmouth suckers is presented
in this chapter under FISH. Under this alternative,
populations of native fish are expected to have the
potential for minor increases.

Increased minimum flows of 8,000 cfs year-round
would mean increased tributary access and large
benefits to Cladophora and the aquatic food base.
These would be assumed benefits to bald eagles
and belted kingfishers through linkages to trout
and the aquatic food base. Increased minimum
flows represent an additiona17 ,000 cfs of perma-
nent inundation-a 3.4- (at Lees Ferry) to 5.3-foot
(near the dam) increase in stage and up to a
20.5-foot increase in wetted perimeter over no
action.

Wetted perimeter would increase over no action
14.1 feet near the dam and 14.1 feet near Lees
Ferry under this alternative. It is assumed that
because both reliable minimum flows and wetted
perimeter increase, conditions for the aquatic food
base would improve. The aquatic food base is
important in supporting trout and other fish used
as prey by bald eagles and belted kingfishers.

Riparian vegetation would increase over no action
conditions under this alternative. The area of
beach available for expansion of woody plants
would average 26 to 41 feet, or an increase of 45 to
65 percent over no action. This change is assumed
to indicate an increase in potential habitat for the
southwestern willow flycatcher.

A decrease in maximum stage under this alterna-
tive would affect woody plants and, therefore,
may affect potential habitat for the southwestern
willow flycatcher. The area available for woody
plant expansion would average 21 to 31 feet
(30- to 47-percent increase over no action). It is
assumed that an increase in woody plants
indicates an increase in potential habitat for the
willow flycatcher.

Seasonally Adjusted Steady Flow
Alternative

In summary, under the Interim Low Fluctuating

Flow Alternative:
Analysis of impacts on humpback chub and
razorback and £1annelmouth suckers can be
found in this chapter under FISH. Under this
alternative, populations of native fish have the
potential to experience a major increase.

Aquatic food base, important to bald eagles and
belted kingfishers, would increase.
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Minimum flows of up to 8,000 cfs year-round
would mean increased tributary access and large
benefits to Cladophora and the aquatic food base.
These would be assumed benefits to bald eagles
and belted kingfishers through linkages to trout
and the aquatic food base. Increased low flows
represent an additional 7,000 cfs of permanent
inundation-a 3.4- (at Lees Ferry) to 5.3-foot (near
the dam) increase in stage and up to a 20.5-foot
increase in wetted perimeter over no action.

the dam) increase in stage and up to a 25.9-foot
increase in wetted perimeter over no action.

Riparian vegetation would increase over no action
conditions under this alternative. The area of
beach available for expansion of woody plants
would average 36 to 57 feet, or an increase of 63 to
94 percent over no action. This change would
indicate an increase in potential habitat for the
southwestern willow flycatcher.

Riparian vegetation would increase over no action
conditions under this alternative. The area of
beach available for expansion of woody plants
would range from O to 36 feet, or an increase of
O to 58 percent over no action (see VEGETA-
naN in this chapter). This change is assumed to
indicate an increase in potential habitat for the
southwestern willow flycatcher.

CULTURAL RESOURCES

fu summary , under the Seasonally Adjusted

Steady Flow Alternative:

Aquatic food base, important to bald eagles and
belted kingfishers, would increase.

Woody plants that may be potential habitat for
willow flycatchers would increase.

Therefore, habitat conditions would increase for
special status species over no action. Because this
alternative would provide flow conditions closer
to predam conditions than any other alternative, it
is believed to be the most beneficial alternative for
native fish.

Year-Round Steady Flow Alternative

Cultural resources in the Colorado River corridor
are numerous, with 475 archeological sites and
489 isolated occurrences documented between
Glen Canyon Dam and Separation Canyon.
Isolated occurrences are findings of artifacts or
other remains located apart from an archeological
site. Because it can be inaccurate to determine the
National Register of Historic Places (National
Register) eligibility of a single artifact, isolated
occurrences were not used in the impact analysis.

Analysis of impacts on humpback chub and
razorback and flannelmouth suckers can be
found in this chapter under FISH. Under this
alternative, populations of native fish have the
potential to experience a major increase.

In addition to those resources identified as arche-
ological sites, numerous additional resources
significant to Native Americans occur within the
river corridor. These resources, which are
culturally important because they represent areas
of spiritual significance and/ or traditional use, are
called traditional cultural properties and resources
in this document. Though there is some overlap
between categories, traditional cultural properties

Minimum flows of 11,400 cfs year-round would
mean increased tributary access and large benefits
to Cladophora and the aquatic food base. These
also would be assumed benefits to bald eagles
and belted kingfishers. Increased low flows
represent an additional 10,400 cfs of permanent
inundation-a 4.3- (at Lees Ferry) to 6.9-foot (near
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and traditional cultural resources are discussed
separately from properties identified as
archeological sites.

Traditional cultural properties can include specific
plant gathering areas, landforms, springs, prayer
offering locations (shrines), archeological sites,
ancestral burials, mineral deposits, and other
resource collection sites.

In addition, many resources are extremely impor-
tant, or even vital, for continuing traditional
cultural practices, but may be obtained in many
locations. These traditional resources, because
they are not place-specific or because they
encompass large areas as cultural landscapes, are
not eligible for the National Register. Their
importance to Native Americans, however, is not
lessened because of the way current cultural
preservation law is defined. In addition, many of
them are governed by the National Park Service
(NPS) management policies that require all
cultural landscapes to be treated as cultural
resources, regardless of the type or level of

significance.

Of the archeological sites located during the
survey, 336 either have been affected by the
existence and operation of Glen Canyon Dam or
have the potential to be affected by floodflows
that could be released from the dam. The
remaining 139 sites are unaffected by the dam and
have been excluded from further discussion. The
specific sites identified as potentially impacted are
all locations which contain physical manifesta-
tions and are recorded as archeological sites.
Some archeological sites are also important as
traditional cultural properties. Impacts to
archeological sites, including those with
traditional cultural significance, are discussed for
each alternative.

Determination of eligibility for the National
Register was concurred by the Arizona State
Historic Preservation Officer for the 336 sites
potentially impacted by dam operations
(attachment 5). Of these identified sites, 319 have
been determined eligible for inclusion on the
register, 16 are ineligible, and 1 will require testing.

Summary of Impacts: Cultural
Resources

Criteria for National Register eligibility include
those used for evaluating the significance of
archeological properties under 36 CFR 60.4 and
the guidelines for evaluating traditional cultural
properties (Parker and King, no date). Specific
details on individual site impacts are found in a
technical archeological survey report (Fairley
et al., 1994).

Impact analyses of cultural resources under
alternative darn operations are based on the
present understanding of changes in these
resources known to have occurred as a result of
Glen Canyon Dam. Some impacts are direct,
while others are indirect. Predicted influences of
alternatives on traditional cultural properties and
resources are based on information provided by
ethnographic research and knowledge shared by
Indian Tribes known to have contemporary and
ancestral involvement with Grand Canyon.

Evaluation of isolated occurrences along the river
corridor is ongoing by individual tribes and, if
they are determined to be traditional cultural
properties, their potential for impacts will be
assessed. Anticipated impacts to certain other
cultural resources are linked to impacts on
riparian vegetation. A summary of impacts on
cultural resources resulting from all alternatives is
shown in table IV-13. Impacts on cultural
resources are irretrievable and generally regional
or national in scope.

Numerous locations within the project area
contain no archeological remains but are
nonetheless tangible sites and places with cultural
significance because of their use in Native
American practices and beliefs. Virtually all
prehistoric sites are affiliated with contemporary
Indian Tribes, often more than one group due to
multiple traditions or multiple uses of many sites
found along the Colorado River. These traditional
cultural properties are considered eligible for the
National Register if they are rooted in the living
community's history and important in
m~intaining the community's cultural identity.
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With the closure of Glen Canyon Dam in 1963, the
pattern of deposition, erosion, and flooding on the
Colorado River through Glen and Grand Canyons
was changed forever. As a result, general loss of
river-deposited terraces has occurred. Archeologi-
cal sites and traditional cultural properties once
protected by sandbars and terraces have become
increasingly exposed to erosion by the river and
rainfall-induced terrace erosion (see figure 111-22).

depend on sandbars and terraces along the river.
The alternatives that allow for maximum growth
and protection of the riparian habitat also would
favor protection of these traditional resources.

Postdam changes in the riparian ecosystem
within Grand Canyon have favored growth of
NHWZ vegetation, while OHWZ vegetation is
thought to be declining (chapter Ill, VEGETA-
nON). The net effect of these changes in riparian
vegetation is still in a dynamic state; however,
some of the traditional resources (willows, giant
reeds, yellow warblers, yellow-throats, and other
plants and riparian birds) have clearly increased
since construction of the dam. Although none of
the action alternatives would influence OHWZ
vegetation, the extent of the NHWZ-and thus the
abundance of some traditional resources-would
be affected by alternative discharge patterns.

The postdam river cannot rebuild high terraces,
resulting in more site erosion than occurred
during the predam environment (see discussion of
high terraces in chapter III, SEDIMENT) .The
1983-86 floodflows were known to cause direct
erosion of terraces. Extreme rainfall conditions
during 1978-85 led to accelerated erosion of
archeological sites and traditional cultural
properties. Because the dam traps sediment and
reduces floods, little or no sediment is deposited
at the mouths of small ephemeral tributary
streams, which makes the situation worse. Only
low elevation sediment deposits can be replen-
ished in the postdam environment. Large
sediment-laden floods may rebuild the bases of
high terraces at most locations but erode terraces
at other locations.

It is important to note that the alternatives that
restrict maximum flows to less than powerplant
capacity (33,200 cfs) would allow an increase in
NHWZ vegetation during low water years.
During moderate and high water years, water
releases could increase to a maximum of
33,200 cfs, thus limiting the area of sediment
deposits available for vegetation growth.

One well-known traditional cultural property
located within the river corridor, the salt mines
and associated sediment deposits, would be better
protected by alternatives that allow sediment
accumulation on the sandbar at the base of the
mines.

The initial impacts to archeological sites and
traditional cultural properties began with the
construction of Glen Canyon Dam and the
resulting change in the amount and distribution of
sediment. These sites depend on the terraces that
have formed along the river corridor. Without a
mechanism for sediment augmentation and
redeposition to predam terrace levels, all alterna-
tive operations would impact cultural resources.
None of the action alternatives considered in this
EIS could alter the basic change in postdam sedi-
ment input to the system; thus, it is expected that
dam-related impacts to archeological sites would
continue regardless of alternative flow patterns.
These impacts are permanent; the damage
irretrievable. However, the rate at which impacts
would occur could be affected by alternative
operations, principally through flood frequency
reduction measures.

Generally, alternatives that have the capability to
maintain the sediment balance and allow for
sediment distribution along the river corridor
would enhance long-term preservation of cultural
resources. Although sediment transport is vari-
able and depends on flow regimen, alternatives
that would most likely produce a net positive
sand balance in the system-while maintaining a
high base level of sediment deposition-would be
most favorable. The alternatives listed below
would allow for a net positive sediment balance in
the system and the possibility of sediment
redeposition in areas that would protect cultural
resources:

Many of the traditional cultural resources
(especially riparian plant and animal species) also
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The concept of adaptive management has implica-
tions for cultural resources. National Historic
Preservation Act requirements recommend a long-
term monitoring program (through a program-
matic agreement and historic preservation plan) to
assess changing conditions of cultural resources.
Long-term monitoring is now required under the
Grand Canyon Protection Act of 1992. These
assessments of site integrity and stability offer
mechanisms for remedial actions which include
site-specific mitigation along with management
alternatives which could affect the entire system.
The actions described in the programmatic
agreement and accompanying monitoring plans
are common to all alternatives (attachment 5).

.Moderate, Modified Low, and mterim Low
Fluctuating Flow Alternatives

.All steady flow alternatives

Sediment deposition is a critical factor in pre-
serving terraces and related deposits that contain
cultural resources. This is particularly true in the
areas between Glen Canyon Dam and the LCR,
where predam terraces are often in direct contact
with the river. Although impacts to some sites
would still occur due to the existence of the dam,
it is likely that the rate of impact would be less
than under no action.

Of the elements common to all restricted fluctu-
ating flow and steady flow alternatives, the most
important for cultural resource protection is flood
frequency reduction. The flood releases during
1983-86 caused direct erosion of approximately
33 archeological sites and scoured or buried a
large portion of the riparian vegetation in the
NHWZ. Another uncontrolled flood of that mag-
nitude and duration (4 plus years) could severely
damage or destroy certain archeological sites-
principally in Glen and Marble Canyons- and

temporarily destroy riparian vegetation. Adopt-
ing flood frequency reduction measures would
reduce the risk of uncontrolled flooding, thereby
helping to preserve the river's physical cultural
history .

Unrestricted Fluctuating Flows

No Action Alternative

Archeological Sites. Under no action conditions,
continued degradation and eventual loss of
significant prehistoric and historic archeological
sites would occur. It should be noted that all
archeological resources are nonrenewable, and
damage to them is both irretrievable and irrever-
sible. Impacts to these sites are categorized as
follows:

.Direct impacts = 33 sites

.Indirect impacts = 124 sites

.Potential impacts = 179 sites

The potential for degradation of al1336 archeo-
logical sites would continue due to the loss of
sediment in the system, arroyo-cutting through
predam river-deposited terraces, and the risk of
uncontrolled flooding. Sediment erosion and
arroyo-cutting are linked to archeological site
erosion. Impacts from the dam and its operations
have occurred since 1963, with direct and indirect
damage documented for 157 sites. Continuation
of dam operations under the No Action Alterna-
tive could lead to the eventual loss of all 336 sites
identified within the river corridor .

Reduced flood frequency is included in all of the
alternatives except no action and maximum
powerplant capacity .It is assumed that with
flood control, flows greater than 45,000 cfs would
not occur more often than once in lOO years on
average, except for beach/habitat-building flows.

The habitat maintenance and beach/habitat-
building flows described in chapter II might bene-
fit some of the cultural resources in the system.
Adding sediment at the mouths of tributaries and
creating sandbars at slightly higher elevations is a
systemwide approach to rebuilding and slowing
the erosion of the high terraces upon which the
sites depend. Although more research is needed
on the success of these flows, creation of stable
sandbars-even at lower levels-could result in a
more stable situation for predam terraces.

Postdam operations have had deteriorating effects
on a National Register property-the Charles H.
Spencer paddle wheel steamboat-due to
exposure. The fluctuating flows cause constant
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wetting and drying of the steamboat that has led
to its deterioration. Low flows have allowed
additional damage to the steamboat by visitors
who use parts of the steamboat (the boiler) for
recreational purposes (fishing).

as many species of birds of prey. This growth is
primarily due to the lack of annual scouring
floods and the increase in the NHWZ vegetative
community .Under no action, however, the
1983-86 floods resulted in removal of approxi-
mately 40 percent of NHWZ vegetation that had
established since closure of the dam (see
VEGETATION in this chapter).

The 1983-86 clear-water floods were detrimental
to some archeological sites. The risk of flooding
remains unchanged under this alternative, and all
336 sites have the potential to be damaged or
destroyed. Site-specific mitigation is possible for
some sites within the river corridor. Specifics of
mitigation are discussed in the documentation
found in attachment 5.

Havasupai.-Many traditional cultural
properties are associated with the Havasupai
Tribe. Locations that contain archeological
remains have been discussed above. In addition
to these places, traditional cultural properties and
resources also have been identified. Under the
No Action Alternative, degradation would
continue to the archeological sites identified as
ancestral for the Havasupai. In addition,
degradation of the entire ecosystem would be
allowed to continue, seriously impacting
Havasupai uses of the area.

Native American Traditional Cultural Propel1ies.
The river corridor has been used traditionally over
hundreds or thousands of years by the native
peoples of the region. The Colorado River, its
tributaries, the canyons through which it flows,
the canyon rims, and the mountains and plateaus
that surround them form a sacred landscape that
is culturally significant to the Indian Tribes with
ties to Grand Canyon. Within this landscape are
specific places, ranging from archeological sites to
mineral collection areas, considered important for
a variety of reasons by each tribe. The locations of
these traditional cultural properties are sometimes
closely held secrets, and it is often with reluctance
that tribes reveal specific sites.

Hopi.- The entire Grand Canyon and its
immediate surroundings are of universal
importance to the Hopi people. Specific places
and concepts linked to Grand Canyon are
referenced in daily prayers and playa profound
role in Hopi ceremonial activities. The very
presence of Glen Canyon Dam and its effect on the
environment have a detrimental influence on
Hopi lifeways. It is Hopi belief that if the natural
and cultural elements of the canyon are being
damaged by dam operations, daily prayers also
are damaged and less effective. Hopis believe that
natural erosion is an integral process in the Grand
Canyon environment, but this is distinguished
from the erosion caused by dam operations.
Hopis believe that Glen Canyon Dam should be
operated to minimize humanmade erosion.

In addition to archeological sites, a number of
traditional cultural properties have been identified
for this EIS. .However, there are additional areas
whose locations have not been revealed because of
their sensitive nature. In addition to the specific
sacred sites or locations, other natural resources of
significance are found in the Colorado River
corridor. Although these resources may be linked
to specific locations, some are place-independent
or encompass numerous locations. They also may
have spiritual meanings. Most natural resources
are considered sacred by Indian Tribes, and some
resources are vital for the continuation of
traditional cultural practices.

Within the canyon, both natural and cultural
features are considered important. All springs are
considered sacred to the Hopi people. Also sacred
are the Hopi Salt Mines and the sand at its base.
All biological resources are considered important,
especially birds with yellow feathers, endangered
and candidate species, aquatic organisms, and
vegetation found in marsh and riparian habitats-
especially reeds, willows, and cattails.

In general, no action conditions have fostered the

growth (over predam conditions) of many cultur-
ally important riparian plants and animals as well
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Resources found in the natural environment are
considered traditional cultural properties by the
Hualapai people. The deserts, plateaus, moun-
tains, and valleys are considered important, as
well as the botanical resources and wildlife.
Plants have uses both for horticultural and
medicinal purposes. Specific locations within the
canyon have significance as places for religious or
ceremonial activities.

Under the No Action Alternative, continued
degradation of the canyon's resources of Hopi
concern would occur. Although considered a rare
event, the situation that resulted in the floods of
1983-86 would be allowed to continue. Damage to
archeological sites would continue, as previously
discussed. Riparian habitat for the yellow birds
would decline in quality and quantity. Ecological
stability would not occur. Marsh habitat for reeds
and cattails would continue to degrade. Although
during nonnal operations the immediate area
around the Hopi Salt Mines would not be affected,
the sand at the base eventually would be lost.

Some endangered species may be impacted by no
action. For example, opportunities for humpback
chub to recover from jeopardy would not occur,
and existing chub populations may decline
further; wintering bald eagles at Nankoweap
Creek may decline due to lack of food resources
(inability for trout to access tributaries); willow
flycatcher populations may continue to decline
due to lack of habitat.

Specific plants important to the Hualapai people
include cattails, willows, arrow weed, mesquite,
catclaw, agave, and yucca. Bighorn sheep, deer,
elk, and a variety of other mammals are resources
traditionally used by the Hualapai. Numerous
side canyon locations, along with mineral
collection areas and springs, are sacred places to
the Hualapai. Springs, such as Honga, and
collection areas for minerals, such as hematite,
also are sacred places.

Under the No Action Alternative, degradation of
the river corridor would continue and result in the
continued loss of archeological places identified
as ancestral to the Hualapai, along with the con-
tinued loss of resources considered traditional
cultural properties. All resources- natural,
cultural, and spiritual-would be impacted by this
alternative.

The Hopi people believe that during their
migration their ancestors left behind archeo-
logical sites, potsherds, rock art, and other
archeological materials to serve as markers that
the Hopi people had fulfilled their pact with
Ma'saw. Thus, the archeological record serves to
validate the cultural claim of the Hopi people to
the landscape. The erosion of archeological sites
in Grand Canyon would diminish the cultural
ability of the Hopi people to interpret their past as
evidenced by these markers. Under the No Action
Alternative, the erosion that would damage
archeological sites and sacred ancestral graves
remains a threat. The No Action Alternative
would be more damaging to resources of Hopi
concern than any other alternative except the
Maximum Powerplant Capacity Alternative.

Navajo.-Navajo residents of Grand Canyon
area have identified many separate localities that
represent traditional cultural properties. In
addition to archeological sites and the larger
landscape of which they are a part, more specific
places of traditional significance also have been
identified. Twelve such places are within the area
of potet:1tial impact, and many more have been
identified immediately outside the impact area.
These places include various kinds of trails or
routes into the canyon, the salt mines, prayer
offering locations, river crossings, places
associated with stories of holy beings or
historically significant figures, plants used for
medicinal and subsistence purposes, minerals
used for secular or sacred purposes, winter camps,
cornfields, livestock grazing areas, places where
people hid from enemies, areas where people

Hualapai.-Many traditional cultural
properties are associated with the Hualapai Tribe.
Those locations that contain archeological remains
have been discussed previously. Traditional
cultural properties not associated with
archeological remains also have been identified
and are discussed below.
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lived during drought years, and places in side
canyons where water may be collected.

should be stopped. Southern Paiutes differentiate
between impacts that are due to natural causes
and those that are the result of human activities.

Sixty-eight species of plants found within the
canyon were used traditionally and are currently
used for food, medicine, ceremony, construction,
and other purposes. Younger generations con-
tinue to be instructed about their traditional uses.
The Southern Paiutes support alternatives that
will minimize flooding, erosion, and removal of
vegetation. Southern Paiute people believe that
under the unrestricted fluctuating flow alterna-
tives many plants would continue to be negatively
affected.

Specific plants and animals in and around Grand
Canyon also are important to the Navajo people.
Plant life of importance includes beargrass, agave,
monnon tea, mullen, cholla and prickly pear
cactus, snakeweed, datura, filaree, four 0' clocks,
dogweed, narrow leaf, and banana yucca.
Important wildlife (and habitat) include bighorn
sheep, deer, turkey, coyote, beaver, fox, and
mountain lion. Birds such as red-tailed hawks,
owls, eagles, and falcons also are considered
important to the Navajo people.

The existence of cultural resources, including
plants and wildlife in the Colorado River corridor,
depends on the beaches and terraces that support
them. These resources are components of a
dynamic ecosystem that erodes and rebuilds as
part of a natural process. Cultural resources are
exposed, buried, and even eroded away as part of
this process. Their natural erosion and
disappearance are not considered negative
impacts by the Navajo Nation. Human-induced
changes that result in the loss of resources are not
viewed as part of this natural process, however.
The Navajo Nation believes that the negative
impacts of human interference with natural
processes must be controlled. While the No
Action Alternative has only a minimal direct
impact on cultural resources important to the
Navajo Nation, the lack of flood control makes
this alternative potentially more damaging than
those alternatives with flood protection.

Southern Paiutes also are concerned with the
effects of water release policies on tourist behavior
in the Colorado River corridor. As the water from
Glen Canyon Dam erodes more and more
beaches, tourists are forced to camp at fewer and
fewer places. When tourists camp, they walk
around and pick up Native American artifacts and
trample, clear, and pick vegetation. Under the
No Action Alternative, the beaches available to
tourists would continue to disappear, and impacts
to cultural resources at the remaining beaches
would grow worse. The Southern Paiutes support
alternatives that reduce erosion to beaches and
tourist camping spots and recommend that
problems caused by tourists be addressed.

Zuni.-The Zuni Tribe has many ties to the
canyon, and many ancestral archeological sites-
as well as other locations and resources of
traditional and cultural importance-are known
to be located along the Colorado River and the
LCR. Under the No Action Alternative, serious
degradation of ancestral archeological sites, tradi-
tional cultural properties, and other culturally
important resources would occur. The Zuni Tribe
is in the process of identifying cultural resources
of importance to the tribe within the study area.
When these studies are completed, the Zuni Tribe
will be able to more fully assess impacts to the
resources and traditional and cultural values.

Southern Paiute.-Hundreds of archeo-
logical sites, several traditional cultural properties,
and numerous other areas of cultural significance
to the Southern Paiute are located within the
Colorado River corridor. Some traditional sites
have already been lost due to erosion. Other sites
are near the water, and under alternatives that
allow unrestricted fluctuating flows these sites
would be destroyed. Southern Paiute people
believe that their ancestors left things in the river
corridor for a purpose. They believe that those
things will return to the earth naturally, but
impacts on them resulting from dam operations
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Maximum Powerplant Capacity
Alternative

Under this alternative, degradation of archeo-
logical sites and traditional cultural properties
and resources would be the same or worse than
under no action. Loss of sediment and channel
margin deposits would continue. More frequent
high flows of up to 33,200 cfs would accelerate the
loss of sediment from the system, hastening the
loss of cultural resources. Arroyo-cutting through
high terraces, which is linked to archeological site
erosion, would continue.

or Maximum Powerplant Capacity Alternatives.
Arroyo-cutting of high terraces, which is linked to
archeological site erosion, would continue. Flood
control measures included in all restricted
fluctuating and steady flow alternatives would
provide increased protection of these resources.

Physical cultural resources within the river
corridor are linked to sediment. Flows that cause
a net decrease in stored sediment also will hasten
deterioration of the cultural resources dependent
on it. Since Glen Canyon Dam blocks the down-
stream passage of sediment, typical maximum
flows less than 20,000 to 22,000 cfs appear to
provide the best opportunity for a net positive
balance of sediment in the system. Minimum
flows of 8,000 cfs or more would provide the best
protection for the Charles H. Spencer steamboat
located upstream from Lees Ferry .

Site-specific mitigation would be required for all
sites considered to be directly, indirectly, or

potentially impacted by these alternatives.
Specifics of mitigation actions are included in the
section 106 compliance, found in attachment 5.

Existing impacts to traditional cultural properties
would be reduced under the restricted fluctuating
flow alternatives because of the flood frequency
reduction measures added to these alternatives.
These are measures which would lengthen the
time between scouring floods (from an average 1
in 40 years to 1 in 100 years), resulting in increased
growth and stability of NHWZ riparian habitat.

Impacts to all 336 archeological sites identified
within the river corridor would be likely to occur .
Impacts to traditional cultural properties of all
tribes also would continue under this alternative
(table IV-13). For example, impacts to the Hopi
Salt Mines would continue due to the lack of flood
frequency reduction measures. With increased
high flows and wider fluctuations, it is possible
that the sand at the base of the mines would be
eroded away-a serious impact to the Hopi
people. Similar impacts would occur to other
resources identified as traditional cultural
properties for all the tribes. Impacts on traditional
cultural resources follow the patterns discussed in
those sections of this document (see FISH,
VEGETAnON, WILDLIFE AND HABITAT, and
ENDANGERED AND OTHER SPECIAL STATUS
SPECIES in this chapter).

With the increased range of flows under this
alternative and no reduction in flood frequency I
there would be a high probability of net loss of
sediment in the system. This loss would likely
result in damage to traditional cultural properties
and resources and would create conditions similar
or more adverse than those under the No Action
Alternative.

High Fluctuating Flow Alternative

Under this alternative, degradation of archeo-
logical sites would be less than under no action
because of the flood frequency reduction
measures discussed above. However, high
fluctuating flows could continue to cause net loss
of sediment, similar to the No Action and
Maximum Powerplant Capacity Alternatives.
Maximum hourly flows would be greater than
21,000 cfs 62 percent of the time and greater than
25,000 cfs 47 percent of the time. The relatively
high frequency of these flows may not allow

Restricted Fluctuating Flows

Degradation of archeological sites and traditional
cultural properties and resources would decrease
from no action primarily due to flood frequency
reduction measures. The probability of net loss of
sediment would be less than under the No Action
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greater than 21,000 cfs 4 percent of the time and
greater than 25,000 cfs 2 percent of the time. This
would likely allow sediment to accumulate in the
river during most years. Beach/habitat-btillding
flows between 30,000 and 45,000 cfs would help
maintain sandbars, which protect high terraces
and archeological sites. Impacts on those sites
directly impacted by postdam operations would
continue; however, the likelihood of additional
impacts to those directly and indirectly impacted
sites would lessen. Effects on potentially
impacted sites that lie within predam river
deposits would continue.

greater than 8,000 cfs w
protection for the Char!
along with providing a
base level.

Those biological (riparian habitat, wildlife) and
mineral traditional cultural resources that have
been identified as important to Indian Tribes
would be protected to a greater extent under the
steady flow alternatives than under no action.

Site-specific mitigation would be required for all
sites considered directly, indirectly, or potentially
impacted by these alternatives. Specifics of
mitigation actions are included in section 106
compliance, found in attachment 5.

Existing Monthly Volume Steady Flow
Alternative

Traditional cultural properties within the river
corridor would continue to be impacted under
this alternative, although impacts would be less
than under no action. However, with lower
maximum releases, fewer impacts would occur to
resources valued by the various Indian Tribes.
Those biological (riparian habitat, wildlife) and
mineral resources that have been identified as
important traditional cultural resources would be
protected or enhanced to a greater extent under
the controlled flows of this alternative than under
no action.

Degradation of archeological sites would
continue under this alternative but would be less
than under no action due to the higher probabil-
ities of a positive sand balance in the system.
Flows would be expected to exceed 20,000 cfs 7 to
17 percent of the time. This would likely allow
sediment to accumulate in the river during most
years. Beach/habitat-building flows between
26,300 and 45,000 cfs would help maintain sand-
bars, which protect high terraces and archeo-
logical sites. Effects on those sites that have been
directly impacted by postdam operations would
continue; however, the likelihood of additional
impacts on those sites and indirectly impacted
sites would lessen. Effects on potentially
impacted sites that lie within predam river
deposits would continue.

Steady Flows

Impacts on cultural resources would vary under
the steady flow alternatives. Degradation of
archeological sites and traditional cultural
properties would decrease from no action
primarily due to flood frequency reduction
measures. The probability of net loss of sediment
would be less than under the No Action or
Maximum Powerplant Capacity Alternatives.
Arroyo-cutting of high terraces, which is linked to
archeological site erosion, would continue. Flood
control measures would provide a potential
measure of increased protection to these resources.

Impacts on traditional cultural properties under
this alternative generally would be less than under
no action because sediment loss would be slowed.
Similarly, traditional cultural resources would
tend to be enhanced by the greater security of the
riparian zone due to reduced flood frequency ,
positive sediment balance, and potentially greater
area of riparian habitat.

Physical cultural resources within the river
corridor are linked to the sediment resource.
Flows that accelerate sediment erosion also would
hasten the deterioration of cultural resources.
Flows less than 20,000 to 22,000 cfs appear to
provide the highest probabilities for a positive net
sand balance in the system. Minimum flows

ould provide the best
es H. Spencer steamboat,
relatively stable sediment
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Seasonally Adjusted Steady Flow
Alternative

Impacts on traditional cultural properties and
resources would be the same as those described
for the Existing Monthly Volume Steady Flow
Alternative.Under this alternative, degradation of archeolog-

ical sites would continue but would be less than
under no action due to the higher probabilities of
a positive sand balance in the system. Effects on
those sites which have been directly impacted by
postdam operations would continue; however, the
likelihood of additional impacts on those sites and
indirectly impacted sites would lessen. Effects on
potentially impacted sites that lie within predam
river deposits would continue. Flows would be
expected to exceed 20,000 cis 5 to 27 percent of the
time. This would likely allow sediment to accu-
mulate in the river during most years. Habitat
maintenance and beach/habitat-building flows
would help maintain sandbars, which protect high
terraces and archeological sites.

AIR QUALITY

Impacts on traditional cultural properties and
resources would be the same as those described
for the Existing Monthly Volume Steady Flow
Alternative.

Year-Round Steady Flow Alternative

Degradation of archeological sites would con-
tinue under year-round steady flows but would be
less than under no action due to the higher
probabilities of net positive sand balance in the
system. Effects on those sites directly impacted by
postdam operations would continue; however, the
likelihood of additional impacts on those sites and
indirectly impacted sites would lessen. Effects on
potentially impacted sites that lie within predam
river deposits would continue. Flows would be
expected to exceed 20,000 cfs 8 to 12 percent of the
time, allowing sediment to accumulate in the river
during most years.

Beach/habitat-building flows between 21,400 and
45,000 cfs would help maintain sandbars, which
protect high terraces and archeological sites. The
probability of a net positive sand balance would
be very high. Although sediment deposition
would not be substantial enough to increase the
stability of the sediment deposits, erosion of
terraces in direct contact with the river would be
reduced.

Impacts on air quality in the immediate Grand
Canyon vicinity and across the region served with
Salt Lake City Area Integrated Projects power
were evaluated for each alternative. Although
hydroelectric power production at Glen Canyon
Dam has no direct influence on air quality , a
change in its operations would affect the electrical
power system of which it is a part. Glen Canyon
Dam historically has been used to produce
peaking power. If it were used as a baseload or
base-assist facility instead, another source of
peaking power would be required to generate the
amount of peaking power that could not be
compensated for through conservation or
renewable energy technologies. If the alternative
source of power used fossil fuel, there would be a
net change in system emissions, either in the
region or somewhere in the Salt Lake City Area
Integrated Projects marketing area. Fossil fuels
contain hydrocarbons, whose combustion can
result in emissions of such atmospheric pollutants
as sulfur dioxide and nitrogen oxides.

Natural gas combustion turbines are a common
type of facility used to produce peaking power .
Like hydroelectric generators, gas combustion
turbines can be used to follow load during peak
periods of demand. Natural gas is a hydrocarbon
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fuel, but is relatively clean compared to coal.
Although it might be necessary to use gas turbines
to replace peaking power if dam operations are
changed, it is also likely that Glen Canyon
Powerplant would be used to replace power
production at baseload or base-assist facilities,
many of which bum coal. It is also possible that a
change in operations could influence the schedule
for adding new baseload facilities to the power
system (see HYDROPOWER in this chapter).
Emissions from coal combustion usually have
components of 5O2 and NOx in greater amounts
than emissions from natural gas.

understand the relative tradeoffs of different
alternatives and their influence, in terms of
emissions and their relative influence on air
quality .

The first 5 years of operation under each alterna-
tive and how that operation would influence air
quality are defined as short-tenn impacts. Since
modeling results did not provide emissions
estimates for a 5-year period, this analysis looks at
what short-tenn system expansion might be
needed and how that expansion would influence,
in qualified tenns, system emissions.

Analysis Methods

This EI5 considered 502 and NOx emissions
and factors such as the Clean Air Act provisions
mandating a national ceiling on such emissions.
Information on other substances-such as carbon
monoxide and particulates-was not available for
this EI5. However, numbers for 502 and NOx
can be considered representative of changes in
carbon monoxide and particulate concentrations.

For the long-term period of analysis, emissions
representing a SO-year period and across the
regional power grid area are evaluated. This
emissions analysis includes assumptions for
power system expansion plans. Emissions would
vary by alternative because each would require a
different power system expansion plan. The
impacts are speculative in that changes over the
SO-year period are possible in power generation
technology , demand for power, public attitudes,
and political and economic climates.

Impacts to regional air quality were evaluated as
part of the power systems analysis for the draft
EIS. This analysis showed less than a I-percent
change in emissions under any alternative. How-
ever, it was later found that the analysis did not
correctly account for the reduction in emissions at
other locations within the region. The analysis
procedure was corrected, and the preferred
alternative was reanalyzed for this final EIS.

Summary of Impacts: Air Quality

The geographic area of potential impacts would
be the same as for hydropower-the Salt Lake
City Area Integrated Projects service area, which
includes all or part of Wyoming, Utah, Colorado,
Arizona, Nevada, and New Mexico.

Glen Canyon Dam is in the same power system
as the Navajo Generation Station, which was
identified as a source of Grand Canyon air
quality problems and is scheduled to be modified
to reduce emissions, beginning in 1995. Navajo
Generating Station is independent of Glen Canyon
Dam operations, and its modifications will be
made regardless of which EIS alternative is
implemented. Grand Canyon air quality would
likely improve due to the modifications at Navajo
Generating Station no matter which alternative is
selected.

The analysis does not specify the location and
concentration of atmospheric pollutants. Emis-
sions could have an influence on the air quality in
Grand Canyon and the other national parks on the
Colorado Plateau, all of which are class I areas
(chapter III, AIR QUALITY). However, the source
of emissions would not necessarily be in the
immediate vicinity; it could be elsewhere in the
load control area. If there were not enough
peaking power capacity within the region and it
became necessary to construct a new facility , it
would be necessary to conduct a new source
review. However, in this analysis it is not as
important to know the source as it is to

Table IV-14 presents impacts on air quality that
would likely result from each alternative. The
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amount of peaking power that would need to be
replaced varies under each alternative. The net
effect on regional air quality under all alternatives
would be a slight reduction in emissions.

would be needed sooner than under no action.
New powerplants would produce less emissions
than existing plants because of today's more
restrictive emissions standards and because some
of these new powerplants would bum natural gas.

Unrestricted Fluctuating Flows

No Action Alternative

Although total emissions from all new and
existing powerplants may increase during the day,
there would be an even greater reduction of
emissions at night because Glen Canyon Power-
plant and additional new, more efficient
powerplants would be producing more power at
night. Therefore, the net effect on regional air
quality under all restricted fluctuating and steady
flow alternatives would be a slight reduction in
emissions.

Additional power modeling studies completed
since the draft EIS for the preferred alternative
support this conclusion. The analysis predicted
that total emissions of SO2 would be reduced by
100,000 tons, and emissions of NOx would be
reduced by nearly 80,000 tons over a 20-year
period relative to the No Action Alternative.

Glen Canyon Powerplant is used as a peaking
power facility , but it is part of a regional power
system that is made up of both hydropower and
fossil fuel plants. Power production at the dam
varies annually based on the volume of water
available to pass through the turbines. It is
anticipated that demand for power from the
system will increase, but most short-term
increases in demand can be absorbed by greater
energy efficiency. It is also anticipated that, by as
early as 1995, gas combustion turbines will be
added to the power system to replace older and
inefficient facilities. Since natural gas is a cleaner
fuel than coal, these additions probably will
reduce system emissions over the short term.

In the long term, the need for additional baseload
coal-fired capacity is anticipated. The emissions
of the power system for the entire period would
be approximately 2 million tons of 502 and
2 million tons of NOx.

RECREATION

Maximum Powerplant Capacity
Alternative

Power production under the Maximum
Powerplant Capacity Alternative would be
essentially the same as that under the No Action
Alternative.

Restricted Fluctuating and Steady
Flow Alternatives

Discharge from Glen Canyon Dam affects
recreation through its influence on flow-sensitive
attributes or through changes in the recreation
environment. Impacts on recreation would range
from regional to international in scope.

The restricted fluctuating and steady flow alter-
natives would reduce the amount of electrical
energy produced during the day and correspond-
ingly increase the amount of energy produced at
night. This would mean that as demand for
electrical energy increases, additional powerplants
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Analysis Methods Fishing

Fishing trip quality for most anglers in the Glen
Canyon reach is highest during moderate, steady
discharges because they believe such discharges
improve several attributes of fishing trips.

Recreation would be impacted immediately by
changing discharge, and impacts would occur
over both the short and long term. Water years
1989, 1987, and 1984 are used for analyzing
impacts under low, medium, and high annual
water release conditions. For fluctuating flow
alternatives, the magnitude of impacts associated
with daily fluctuations for low, moderate, and
high release years are compared using certain
representative days in those years (figure 11-7).
Typical conditions, rather than exceptional ones,
are evaluated under each alternative. Impacts
may be similar for most alternatives during high
water years, while quite different during low and
moderate water years.

Anglers using the Glen Canyon trout fishery place
a high value on catching large fish (chapter III,
RECREAnON). It is believed that under the
fluctuating flow alternatives with a wide range of
daily fluctuations, trout would be less likely to
reproduce and survive until they reach trophy
size. Under the Moderate, Modified Low, and
Interim Low Fluctuating Flow Alternatives, the
potential for catching large fish would increase,
and, therefore, fishing trip quality also would
have the potential to increase. The steady flow
alternatives are believed to have the greatest
potential for benefiting aquatic productivity,
which could result in trophy-size fish.

Rapid stage change puts wading anglers in Glen
Canyon at risk of inundation. If their waders are
filled with water, it becomes difficult for them to
wade or swim toward shore. In the alternatives
without ramp rate restrictions, stage can increase
within 20 minutes by 0.62 foot at Lees Ferry and
by 0.88 foot at the dam (the latter is more
representative of the reach). This risk would be
reduced under the alternatives with ramp rate
restrictions and would be eliminated in the steady
flow alternatives, as shown in table IV-16. During
high water volume years, fluctuations would be at
a minimum under all alternatives. High water
velocity may present hazards to wading anglers,
but they also would be able to assess risk before
putting themselves in a hazardous position.

Impacts on the recreation environment, the
resource upon which the activity is focused or
dependent, are long term (20 to 50 years).
Analyses of impacts on resources upon which
recreation depends are discussed elsewhere in this
chapter (primarily SEDIMENT, FISH, and
VEGETATION) and will be only referenced in this
section.

Summary of Impacts: Recreation

The impacts of the alternatives on recreation
activities are summarized in table IV -15. Numer-
ical values are listed where possible; otherwise,
qualitative assessments are made. Impact assess-
ments for many activities are based on rankings of
alternative operational scenarios in a study of
visitor preferences by Bishop et al. (1987). Each
alternative was ranked as more or less favorable
for recreation overall and for each indicator
activity. As discussed in chapter III, indicator
activities are fishing, day rafting, white-water
boating, and lake facilities and activities.

There are 18 camping beach sites potentially
available in Glen Canyon; only 6 of these are
formally designated campsites. Six others are
available only at discharges of less than 15,000 cfs.
These sites would be available in the Moderate,
Modified Low, and Interim Low Fluctuating Flow
Alternatives during winter months of low

discharge years.

Effects of habitat maintenance flows are discussed
under the three alternatives that include them.

Based on preferences detennined by the Bishop
et al., study, net economic values also were
estimated for each alternative. Net economic
benefits are discussed under "Economics of
Recreational Use" at the end of this section.

Downstream in the Grand Canyon wild fishery ,
angler safety is not believed to be a major issue,
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Table IV-16. -Stage change in the Glen Canyon reach by alternative

Stage change

per day
at Lees Ferry

(feet)

Maximum 20-minute

stage change at

Lees Ferry

(feet)

Maximum 20-minute

stage change at

Glen Canyon Dam

(feet)Altemative

4.5

4.5

4

2.5

1.5

1.5

0

0

0

0.62

0.62

0.62

0.24

0.10

0.10

°

°

°

0.88

0.88

0.88

0.50

0.30

0.30

0

0

0

No action

Maximum powerplant capacity

High fluctuating flow

Moderate fluctuating flow

Modified low fluctuating flow

Interim low fluctuating flow

Existing monthly volume steady flow

Seasonally adjusted steady flow

Year-round steady flow

However, there is no significant preference by
users as to the origin of their trip (Bishop et al.,
1987), so impacts would be negligible. All
alternatives are thought to have similar influences
on day rafting, and habitat maintenance flows are
unlikely to have any impact on the quality of day
rafting below Glen Canyon Dam. Since this is not
a significant issue, it will not be tracked further .

primarily because most fishing activities take
place from boats or shore. Historically I trout
spawning success has been adequate to maintain
the downstream trout fisheries without depending
on stocking or restrictive management of fishing
activities. Trout population success would likely
continue under all alternatives. This issue is
discussed in this chapter under FISH and will not
be tracked further in this section.

White- Water Boating
Day Rafting

White-water boaters prefer moderate fluctuations
and steady flows because of their influence on
important trip attributes, including itinerary ,
character of rapids, wilderness values, and boat
management at camp. White-water boaters were
asked to rank several operational scenarios in the
Bishop et al. (1987) study. Of the EIS alternatives,
the steady flow alternatives would be most similar
to the preferred scenarios. Fluctuating flow
alternatives with daily range and ramp restric-
tions and S,OOO-cfs minimum flows would be
more tolerable than those without.

Boaters in the Glen Canyon reach, most of whom
are anglers, have difficulty navigating 3-Mile Bar
when discharge is 3,000 cfs or less (U.S. Depart-
ment of the Interior, 1990). Most boaters are
unable to move up or downstream, and some of
those attempting to navigate the channel hit rocks
and sustain boat and motor damage. Difficulties
typically occur during morning hours, a popular
fishing time.

Boaters would have navigation problems under
the No Action, Maximum Powerplant Capacity,
and High Fluctuating Flow Alternatives. The
other fluctuating flow alternatives, which have
minimum flows of 5,000 cfs, would eliminate
navigation and safety impacts for most day rafters
and other boaters. Steady flow alternatives
should make 3-Mile Bar passable to all boaters.

Wilderness values are influenced by daily
fluctuating flows. When the river undergoes wide
daily fluctuations, most river-runners are aware of
these fluctuations and feel they make the trip
seem less like a natural setting (Bishop et al.,
1987). These fluctuations are unlike the predam
fluctuations that resulted from tributary and side
canyon flooding. Fewer river-runners would be
aware of the daily fluctuations under alternatives

Day rafters in Glen Canyon benefit slightly by
launching at the dam rather than at Lees Ferry
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with more restricted daily ranges. Noticeable
fluctuations would decrease with distance below
the dam because of wave transformation (see
chapter III, WATER). Under the steady flow
alternatives, more river-runners would feel that
the river provided a more natural setting than
fluctuating flows, thus improving wilderness
values.

mile in noncritical (wide) reaches. Steady flow
alternatives would have 0.9 site per mile in critical
reaches and 1.1 sites per mile in noncritical
reaches. The number of sites is not fixed through
time but is affected by sediment erosion and
deposition and vegetation encroachment. These
factors vary among alternatives (see SEDIMENT
and VEGETATION in this chapter).

The size of a particular camping beach would be
highly variable depending on flow, as determined
by the maximum daily discharge. In most years,
campable area would average 7,720 square feet
or less under the No Action, Maximum Power-
plant Capacity, and High Fluctuating Flow
Alternatives; more than 7,720 square feet under
the restricted fluctuating flow alternatives; and
up to 9,200 square feet under the steady flow
alternatives. Site size is not fixed through time but
is affected by sediment erosion and deposition
and vegetation encroachment (see SEDIMENT
and VEGETA naN in this chapter).

An index of white-water accident risk, developed
by Brown and Hahn (1987), was used to compare
safety of alternatives. Specific assessments were
made for private and commercial groups. The No
Action and Maximum Powerplant Capacity
Alternatives have the highest overall risk index
because they would have more time at low flows,
when accident potential is great for commercial
motor and small oar-powered craft. The
probability of people going overboard is highest
at discharges that exceed powerplant capacity
(Brown and Hahn, 1987) .Risk would be reduced
most under the steady flow alternatives, while the
restricted fluctuating flow alternatives would
reduce risk half as much. Over the long term,
under all alternatives including no action, debris
flows would continue to be a factor in boater
safety .All alternatives improve safety relative to
no action because of higher minimum flows.

Fluctuating flows would influence mooring
quality, causing boat management problems and
stranding. Under the fluctuating flow
alternatives, mooring would be fair to good at
64 percent of camping beaches compared to
92 percent fair to good under the steady flow
alternatives.Handicapped accessibility was raised as an issue

in scoping and is a concern for NP5, which issues
preferential permits for trips with handicapped
individuals. Low flows (less than 5,000 cis)
increase the potential for having to walk
handicapped individuals around a rapid, while
extremely high flows increase the potential for a
passenger and rescuer going overboard. Effects
on accessibility under each alternative follow the
same pattern as accident risk above.

The reach below Diamond Creek (RM 225 to
RM 260) is extremely critical; 11 beaches currently
are available-a site distribution ratio of only
0.3 beach per mile. Studies relating campsite
availability to various discharges are not being
performed on this part of the river. Because a
negligible amount of the camp able areas would be
available below the high water line and
fluctuations would attenuate downstream, it can
be assumed that any difference in campsite
availability due to discharge levels would be
minor to negligible. fu general, however, the
availability and carrying capacity of camping
beaches below Diamond Creek would be assumed
to follow the same response trends under
fluctuating and steady flow alternatives as
beaches in other Grand Canyon reaches, and they
will not be treated further in this analysis.

The number, size, and character of camping
beaches in Grand Canyon have a direct effect on
the total recreational capacity of the river corridor
and the experience for white-water recreationists.
The absolute limits on numbers of people are
determined by the reaches in which camp able
beaches are critically limited. Under the
fluctuating flow alternatives, distribution of sites
within powerplant capacity would be 0.7 site per
mile in critical (narrow) reaches and 1.1 sites per
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Vegetation encroachment likely would occur at
camping beaches. However, visitor use would
limit permanent expansion at popular sites under
all alternatives. On less popular beaches, vegeta-
tion encroachment eventually would make the site
difficult to use. If dam operations could be used
to limit vegetation encroachment, consistent with
ecosystem objectives, habitat maintenance and
beach/habitat-building flows likely would be
scheduled to do so. However, ecosystem needs
are a more important consideration than camping
beaches, especially since clearing vegetation is an
option, and much of the encroaching vegetation is
non-native. Vegetation patterns would vary by
alternative and are discussed under VEGETA-
naN, earlier in this chapter.

Camping area losses due to erosion and/ or
vegetation overgrowth have been recorded (Ross,
written communication, 1992). To what degree
this is attributable to dam operations is being
studied by the Hualapai Tribe. A comparison of
camp able area under the various alternatives is
shown in table IV-17.

It would be difficult to project the number of
camping beaches that would exist under each
alternative over the long term. However,
sediment storage and active sandbar height were
used to indicate the relative potential for
maintaining and rebuilding camping beaches over
the long term. After the high flows of 1983, more
beaches were present than had been in 1975
(figure 111-38). Most of the increase probably is
evidence of beach-building, meaning many sites
are resilient and can be maintained through either
habitat maintenance or beach/habitat-building
flows. However, some beaches would be lost
under all alternatives due to site characteristics
and the presence of the dam. Vegetation clearing
may be an option for maintaining some camping
beaches where encroachment is a factor .

Lake Activities and Facilities

Lake Powell level depends on annual inflow and
water deliveries. The costs to adjust facilities such
as marinas, docks, and launch ramps to the lake
level are approximately $1,275 per 1-foot change,
$33,460 per 25-foot change, and $2 million per
single adjustment of 50 or more feet (Combrink
and Collins, 1992). Capacities for boating and
camping depend on space, which increases with
reservoir elevation. Annual fluctuations are much
greater than the seasonal fluctuations that occur
throughout the year (approximately 18.5 feet
under no action in the 50-year analysis); thus,
costs of making annual adjustments would be
much greater than those for seasonal adjustments.
The variability among years would be much
greater than the seasonal variability among the

Floodflows would be more frequent under the No
Action and Maximum Powerplant Capacity
Alternatives, which could reduce the number of
beaches, especially in critical reaches. Under the
other alternatives, floods would be reduced owing
to the addition of flood frequency reduction
measures. Under alternatives that maintain a
sediment balance, beaches would be restored to
varying degrees (see chapter IV, SEDIMENT).

Table IV-17.-Comparison of campable area by alternative

Number of sites per mile

Noncritical reaches Critical reaches

Campable area

(square feet)

7,720

7,720

7,720

7,720

>7,720

>7,720

9,200
7,720 to 8,200

9, 199

Alternative

No action

Maximum powerplant capacity

High fluctuating flow

Moderate fluctuating flow

Modified low fluctuating flow

Interim low fluctuating flow

Existing monthly volume steady flow

Seasonally adjusted steady flow

Year-round steady flow

1.1

1.1

1.1

1.1

1.1

1.1

+.15

Same to +.15

+.15

0.

0.

0.

0.

0.

0.

+

Same

+.

7

7

7

7

7

7

,2

to +.2

,2
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alternatives (approximately 6-foot difference
among the alternatives). Under all alternatives,
the cost of seasonal adjustments most likely would
be incremental and generally would not exceed
$33,460. Between-year variability for all
alternatives could result in adjustments that cost
as much as $2 million.

Raising the height of the spillway gates to reduce
flood frequency would infrequently increase the
level of Lake Powell up to elevation 3704.5. This
increase would affect facilities and facility
operation at Glen Canyon National Recreation
Area, although such impacts have not been fully
studied.

The effects of no action on the fishery itself
parallel the effects on trout described in the
FISH section of this chapter. Anglers prefer wild
fish over stocked fish, but continued trout
stocking would be necessary because of stranding
and spawning bed exposure resulting from
fluctuating flows. Dam operations limit the
aquatic food base, thus limiting the trout
population that can be supported by the system.
Fishery managers have therefore had to limit the
trout population and, in turn, restrict harvest
either by reducing the creel limit or limiting angler
access to the fishery .This policy may be
detrimental for anglers who prefer larger bag
limits but would likely continue under no action.
Fishing is an activity of regional importance.

Navigability of the Colorado River where it
interfaces with upper Lake Mead is influenced by
several factors including reservoir level, riverflow,
and the recent release pattern and its influence on
sedimentation processes. Because release patterns
would vary among all alternatives, effects would
vary also and are discussed under each
alternative. Habitat maintenance flows are
expected to have little or no effect on access
through the Colorado River delta under any
alternative.

In the Glen Canyon reach, 18 camping sites
potentially are available, but only 12 normally are
available. The other six are low water sites that
are available only when flows are at or below
15,000 cfs. Maximum daily flow would be less
than 15,000 cfs 12 percent of the time.

At Lees Ferry , where most angler wading occurs,
there can be more than a 4-foot stage change
during the day in low water years and even more
at the dam. The representative stage change over
20 minutes typically is around 0.62 foot at Lees
Ferry and 0.88 foot near the dam (more represent-
ative of most of the reach). A rapid change of this
magnitude would place wading anglers at risk of
inundation.

Unrestricted Fluctuating Flows

No Action Alternative

Fishing. Most anglers prefer moderate, steady
flows (chapter III, RECREAnON). However,
during low water release years, the historical
water release pattern under no action has been
widely fluctuating flows (chapter III, WATER).
This pattern is preferred over some scenarios,
such as very high (greater than 40,000 cfs) or very
low (less than 3,000 cfs) steady flows.

Day Rafting. During periods of 3,000-cfs flows or
less, few (unquantified) boaters can successfully
navigate 3-Mile Bar (U.S. Department of the
Interior, 1990). Because few anglers would be able
to move upstream during hours they prefer,
impacts are of major concern. Some of those
attempting to navigate the channel hit rocks and
sustain boat and motor damage. Under no action,
the low end of the daily range commonly reaches
3,000 cfs between Easter and Labor Day and
1,000 cfs between Labor Day and Easter. During
low water years, 1,000-cfs flows occur often.

During moderate water release years, the reduced
range of fluctuations would be seen as an
improvement, but not a significant one. During
high water years, the range of fluctuations would
be reduced because of the high volume of water
released. However, such high steady discharge
would not be preferred because of its negative
impact on fishing success.

In moderate water years, 1,OOO-cfs flows are
less frequent; however, 3,OOO-cfs flows may
continue to occur, especially during the spring
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months. Typical summer releases would be
around 5,000 cIs, higher than in low water years,
with the proportion of successful boat passages
increasing to 75 percent during periods of
minimum discharge. During high water years,
the potential would diminish for both a wide
range of fluctuations and extremely low flows.
Boats with 10 horsepower or smaller motors
would have problems getting upstream during
high water years.

make a river trip setting seem less natural. The
magnitude of the impact would likely be greatest
during low water years when the range of
fluctuations is greatest. It is likely that the river
seems most natural during high water years, due
to the lack of daily fluctuations.

White-Water Safety (Accident Occurrence).-
The No Action Alternative has the highest
potential of all the alternatives except the
Maximum Powerplant Capacity Alternative for
accident occurrence. This is due to the length of
extremely low and extremely high discharge
periods and would be especially true during low
water years. During periods of low flow (less than
5,000 cis), the relative risk index of having an
accident would be greatest for commercial motor
and small oar-powered craft (Brown and Hahn,
1987; Jalbert, 1992). During the high flow periods
of the day, risk would decrease for all boat types.

White-Water Boating. The impacts on white-water
recreation, discussed below, typically are short
term and of national and international importance.

River Trip Attributes.-Many white-water
boating guides and trip leaders have expressed
highest preference for either a narrow range of
daily fluctuations or steady flows and lowest
preference for operations similar to no action. The
No Action, Maximum Powerplant Capacity, and
High Fluctuating Flow Alternatives rank lowest
among alternatives.

During high water volume years, floodflows may
occur. The probability of having an accident
while running a rapid during floodflows is
highest for all trips, but especially for small,
oar-powered craft. No action would have the
greatest overall relative level of risk. Over the
long term, debris flows would continue to become
a greater factor in boater safety .

Under no action, there are numerous impacts on
white-water boating trip attributes. A majority of
river-runners feel that flow fluctuations during
low water release years make the river seem less
natural. During low flow periods, problems with
stranding, navigation, and passenger enjoyment
may occur (chapter III, RECREAnON). During
high flow periods, travel time improves as does
navigability at some rapids.

Handicapped Accessibility.-Under no
action, passengers potentially would have to walk
around rapids during low water periods, a
situation that could impact physically challenged
persons. Having to walk around rapids occurs
most with motor rigs and smaller oar-powered
craft. During high flow periods, this problem
decreases for all boat types; however, the risk of
people going overboard is increased.

During high water years, steady flows would be
closer to the preferences of most boaters, although
optimum conditions occur under flows of
22,000 to around 31,000 cfs. During high water
years, there is more possibility that passengers on
oar-powered trips would have to walk around one
of the major rapids. Campsites would become
smaller, and the likelihood of camping with or
near another group would be increased.

Floodflows increase the potential of handicapped
individuals having to walk around some rapids.
The overall risk of capsizing a boat is also greatest.
These risk patterns are similar to those expe-
rienced by the general population, but the effects
are potentially greater.

Wilderness Values.-Under no action, the
range of fluctuations occurring under all but the
highest water volume months (and years) would
be noticed by up to 87 percent of all river-runners,
Of these, 75 percent of private and 50 percent of
commercial passengers feel fluctuating flows

Camping Beaches.-Even though size of a
particular camping beach may be highly variable
owing to fluctuating flows, the amount of
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Lake Activities and Facilities. Changes in dam
operations could affect lake levels-and therefore
facilities and recreation activities-at both Lakes
Powell and Mead.

camp able area under no action can be determined
largely by the maximum discharge within the
daily period. In other words, a new beach
exposed during the low flow period does not
provide additional camping area because it could
still be inundated during the high flow period. Lake Powell Facilities.-lake elevation may

rise or decline with water deliveries, requiring
adjustment of lake facilities such as marinas,
docks, and launch ramps. Under no action, the
median amount of seasonal change in lake
elevation (50-year analysis) is approximately
18.5 feet, with minimum elevation occurring
during March and maximum elevation occurring
during July. Between-year variability in lake
elevation is greater than seasonal variability .
During successive years of high water inflow from
the Upper Basin, lake Powell can be maintained
at a high level. During these periods, annual
adjustment costs are low, but operators of lake
facilities incur approximately $1,275 of seasonal
expense for every foot of adjustment necessary .

On typical days in low and moderate water
release years, the maximum daily release would
be in the range of 25,000 to 30,000 cfs. The average
campsite area above this discharge would be less
than 7,720 square feet (the average for 25,000 cis),
with large, medium, and small sites averaging less
than 11,720; 4,950; and 2,390 square feet, respec-
tively. During high water release years, usable
campsite area would be further reduced;
camp able area during flows above powerplant
capacity has not been quantified.

During periods of moderate water inflow, Lake
Powell elevation may drop. The approximate cost
of seasonal adjustments remains the same, but the
one-time cost of making an annual adjustment for
lake fluctuations exceeding 25 feet is approx-
imately $33,460. When the lake level declines
more than 25 to 30 feet, capital costs increase. For
every 50-foot drop in lake elevation, the capital
investment is estimated to be $2 million; these
between-year costs are more likely to occur during
successive low water years.

The absolute limits on the Grand Canyon's
recreational carrying capacity are determined by
camping beach distribution in critical (narrow)
reaches. Some sites are usable at all discharges
within powerplant capacity-approximately
0.7 site per mile in critical reaches and 1.1 sites per
mile in noncritical reaches. Additional low water
sites-approximately 0.2 per mile in critical
reaches and 0.15 per mile in noncritical
reaches-are not usable under no action due to
range of fluctuations.

In the long tenn, it is expected that the number of
beaches would decline to a new equilibrium
value, especially in critical reaches, due to the low
probability of storing sand in the system
(tablelV -9). This decline in camping beach
numbers would reduce the canyon's carrying
capacity so that the numbers of parties that could
be accommodated would progressively decrease.
Under no action, there would not be enough sand
stored in the system to rebuild sandbars and
camping beaches.

Lake Powell Boating.-As the density of
boats on the lake increases, so does the potential
for collisions and other recreational accidents.
Safe boating capacity increases as surface area
increases and declines with lake elevation. At
3700-foot elevation, which would result under
successive high water years, the lake has a safe
boating density of approximately 17,932 boats. In
moderate water years, if lake elevation dropped to
around 3680 feet, safe boating density would
decrease to 16,387 boats. If the reservoir level
reaches 3660 feet, as it might following several low
water years, safe boating density could decrease to
14,920 boats.

During low and moderate water years, mooring
quality is poor at 36 percent of the camping
beaches due to fluctuating flows and the resulting
influence on boat management and stranding.
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that occur under no action. Recreation variables
influenced under no action would likely be
influenced to an even greater extent under this
alternative. However, the relative difference is not
supported by research; therefore, impacts of this
alternative will be characterized as the same as no
action.

Lake Powell Camping.- The number of
campsites the shoreline can accommodate
decreases as lake elevation declines. (Boaters
generally camp at the lakeshore, near their boats.)
Recreational use levels ultimately would be
limited by suitable campsites. Potential campsite
capacity for Lake Powell at full pool would be
approximately 7,360 campsites. At a 3680-foot
elevation, potential campsite capacity may
decrease to approximately 7,134 sites. Shoreline
campsite capacity would decrease to approxi-
mately 7,105 sites at 3660-foot elevation and
6,586 sites at 3620-foot elevation.

Restricted FluctucJting Flows

Impacts to recreation under the High, Moderate,
Modified Low, and Interim Low Fluctuating Flow
Alternatives are described in this section. An
overview of common impacts from these
alternatives is presented first; specific details
follow under the individual alternatives.

Under the restricted fluctuating flow alternatives,
impacts on fishing would vary , but all would
potentially reduce dependence on stocking.
Because of the reduced range of fluctuations, all
restricted fluctuating flow alternatives would
reduce angler safety problems compared to no
action, but the amounts would vary by alternative
In the Glen Canyon reach, the same number of
campsites probably would exist in July and
August under all restricted fluctuating flow
alternatives as under no action. During low
volume months, six additional sites would be
usable, except under the High Fluctuating Flow
Alternative.

Navigability of Upper Lake Mead/Colorado
River.-High lake elevations and sediment
deposition during 1983-86 caused Lake Mead to
submerge all rapids through Lower Granite Gorge
downstream from RM 235 (see chapter III,
SEDIMENT) .In 1987, Lake Mead began to recede,
and a shallow river channel formed. The
Colorado River delta now restricts passage into or
out of the Lower Gorge within Grand Canyon.
The channel also is choked by new sediment being
dropped along the low-velocity river that runs
through the area. Marsh habitat has spread on the
delta along the channel banks. The extent and
magnitude of these navigation problems have not
been thoroughly investigated; however, it is
known from observations that the number of
takeouts at South Cove (further downlake)
increases during successive low water years
because navigation is difficult in Pierce basin.

Up to 75 percent of all day rafting boats should be
able to navigate the 3-Mile Bar under all restricted
fluctuating flow alternatives except the High
Fluctuating Flow Alternative, which would be
similar to no action.

During low and moderate water years, when
fluctuating flows are prevalent, navigation is most
difficult because the configuration of the river
channel can change daily. During the low water
portion of the day, navigation can be difficult
where the river interfaces with flat lake water
because the river channel can be shallow and
sandbars sometimes are exposed. Conditions for
navigation are best during high water years, when
lake levels are high. Impacts are unquantified.

The Moderate, Modified Low, and Interim Low
Fluctuating Flow Alternatives would have
improved impacts on white-water boating trip
attributes and would be closer to preference than
no action. The High Fluctuating Flow Alternative
would have impacts on river trip attributes
comparable to no action. River-runners would be
aware of fluctuations under all alternatives. There
likely would be a difference in the magnitude of
such impacts compared to no action, but this
difference has not been quantified.

Maximum Powerplant Capacity
Alternative

The influences of this alternative on recreational
resources would be essentially the same as those



The relative risk of accident occurrence would
vary among the four restricted fluctuating flow
alternatives from 4 to 10 percent less than under
no action. The High Fluctuating Flow Alternative
would be similar to no action, while the others
would reduce the amount of time at low flow risk.
There would be no differences among alternatives
during floodflows. All alternatives improve safety
relative to no action because of higher minimum
flows.

Effects on handicapped accessibility would vary
among the restricted fluctuating flow alternatives.
Low flow risk would be greatest during low water
release years under the High Fluctuating Flow
Alternative.

contribute toward maintaining and rebuilding
camping beaches with beach/habitat-building
flows. Reduced flood frequency would likely
maintain beaches in critical reaches because there
would be fewer floods of a magnitude to top
debris fans. Managed beach/ habitat-building
flows would help maintain beach distribution
under all alternatives; longevity of benefits would
vary by alternative. Vegetation encroachment
would likely be greater than under no action,
causing loss of sites over time. However,
vegetation clearing remains a management option.

Mooring quality would be essentially the same as
under no action-poor at 40 percent of the
camping beaches-although the severity of boat
stranding and mooring difficulties would decrease
as the range of fluctuations decreased. Stage
change would be much reduced in the summer
months under the Modified Low and Interim Low
Fluctuating Flow Alternatives.

Under all restricted fluctuating flow alternatives
except high fluctuating flows, there would be
numerous months when maximum discharge
would not exceed 15,000 cis and when beach
availability and distribution in Grand Canyon
would increase-up to 0.9 site per mile in critical
reaches and 1.28 sites per mile in noncritical
reaches. However, boaters using these sites
would be at risk of being inundated in the event of
emergency exception criteria (chapter II,
"Common Elements").

Concerning lake activities and facilities, Lake
Powell's annual water storage and surface area
would be the same as under no action. As a
result, the costs of making facility adjustments
under most alternatives would be the same as
those incurred under no action. Safe boating
capacity and recreation use levels, as determined
by the number of suitable campsites, also would
be the same as no action under all fluctuating flow
alternatives.

Navigability of upper Lake Mead under all
restricted fluctuating flow alternatives would be
improved compared to no action.

High Fluctuating Flow Alternative

The availability and distribution of beaches in
Grand Canyon over the short term would be
comparable to no action. Under restricted
fluctuating flows, camping beaches would be
dynamic but more stable than under the No
Action and Maximum Powerplant Capacity
Alternatives. Beach height would be lower, but
the amount of riverbed sand available for
deposition would increase over time (table IV-6).
Sandbar heights and active widths would be
greater than under steady flow alternatives, and
the bar heights under Moderate and Modified
Low Fluctuating Flow Alternatives would be
maintained due to the habitat maintenance flows.
The potential for rebuilding and maintaining
camping beaches is greater than under no action,
although site loss would continue in some places
due to erosion and vegetation growth (table IV-I0).

Regarding fishing trip attributes, the High
Fluctuating Flow Alternative would have impacts
similar to no action, although the reduced ranges
in daily flows would result in improvements.
Management of the fishery in Glen Canyon and in
Grand Canyon would be similar to no action.

The overall (relative) risk of having a white-water
boating accident would be 4 percent less than
under no action. The risk for commercial usersEnough sediment would be available under all

restricted fluctuating flow alternatives to
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would be approximately the same as under no
action, while the risk for private users would be
12 percent less.

individuals can recognize this risk and avoid
placing themselves in a dangerous situation.

Approximately 75 percent of all day rafting
parties would be able to negotiate 3-Mile Bar at
minimum discharge (5,000 cis), compared to only
a few at 3,000 cis (U .5. Department of the Interior,
1990). Some boat and motor damage would likely
occur.

Moderate Fluctuating Flow Alternative

Increased reliable minimum flows (5,000 cfs)
during the trout spawning season would improve
fishing by reducing trout stranding, increasing
recruitment and aquatic productivity, and
reducing reliance on trout stocking.

Habitat maintenance flows included in this
alternative are likely to have short-term effects on
angling quality in Glen Canyon. During the early
stages of the habitat flow, there would be
increased drift of macroinvertebrates and detritus.
This would likely stimulate increased trout
feeding and thereby improve fishing quality .
During the latter days of the habitat maintenance
flow period, drift would decline, and continuing
high releases might make fishing more difficult
than at lower flows. The net effect on angling
quality is unknown but likely to be minor due to
the short duration of these events.

High, steady habitat maintenance flows would
make boating access over 3-Mile Bar easier but
might make upstream passage more difficult for
boats with smaller engines. Additional caution on
the part of boaters might be required to avoid
being stranded at mooring sites as the water level
recedes.

Discharge levels would improve white-water
boating trip attributes in tenns of guide andirip
leader preferences. Fewer white-water boaters
(69 percent, or 18 percent less than under no
action) would be aware of fluctuating flows
because of increased restrictions.

The daily stage change affecting wading anglers at
Lees Ferry would be approximately 2 feet less
than under no action. Representative 20-minute
stage changes would be approximately 0.24 foot
(61 percent less than no action) at Lees Ferry and
0.5 foot (43 percent less than no action) at the dam.

Effects of habitat maintenance flows on white-
water boating would be negligible because they
would be scheduled before the peak rafting
season. Individuals taking trips during the period
when habitat maintenance flows begin undoubt-
edly would notice the transitions between normal
operations and maintenance flows. The changes
in river stage would be similar to naturally
occurring tributary flood events except that they
would not include large sediment inflows. Some
individuals might perceive high flows without
sediment as artificial, which could impact their
wilderness experience.

Habitat maintenance and beach/habitat-building
flows also would have some effect on the safety of
wading anglers. This effect generally would be
limited to the transition period when flow is being
increased from normal operations to the higher
habitat maintenance flows. During this transition,
increasing flows might catch unwary anglers in
midstream. However, since Lees Ferry is the sole
access point for this reach, this potential safety
problem could be easily mitigated by notifying
anglers in advance of this impending flow change.
Once target flows are reached, the risk of angler
inundation due to fluctuations would be elirni-
nated. Higher velocity flows would present some
increase in risk to wading anglers, but most

Conversely, habitat maintenance flows would
contribute to maintenance of the natural
environment, including sandbars and beaches.
This might improve the wilderness character of
trips for the majority of individuals.

The overall risk of having a white-water accident
would be 10 percent less than under the No
Action Alternative. The risk index for commercial
users would be 7 percent less than under no
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Modified Low Fluctuating jr;low J~lternativeaction; for private users, risk would be 16 percent
less. The potential for having to walk around a
rapid would be diminished for all trip types. The
risk of people going overboard in a rapid would
remain during high flow periods.

This alternative would have the greatest potential
(along with interim low fluctuating flows) among
the restricted fluctuating flow alternatives to
enhance fishing by reducing trout stocking in the
Glen Canyon reach.

Habitat maintenance flows included in this
alternative would likely have short-tenn effects on
angling quality in Glen Canyon. During the early
stages of the habitat flow, there would be
increased drift of macroinvertebrates and detritus.
This would likely stimulate increased trout
feeding and thereby improve fishing quality .
During the latter days of the habitat maintenance
flow period, drift would decline and continuing
high releases might make fishing more difficult
than at lower flows. The net effect on angling
quality is unknown but likely to be minor due to
the short duration of these events.

During habitat maintenance flows, the probability
that some passengers may opt or be required to
walk around major rapids would be somewhat
increased. This could be a problem for
handicapped individuals boating during this
period. High flows also could increase the risk of
white-water boating accidents. However, these
flows would be scheduled for only 1 to 2 weeks
during low-use periods. For these reasons, the
influence of habitat maintenance flows on
handicapped access and on white-water boating
accidents likely would be negligible.

Average camp able area would be greater than the
average of 7,720 square feet available under no
action. During habitat maintenance flows
included in this alternative, changes in stage
would require carefully locating camps and
mooring sites.

The stage change at Lees Ferry would be approxi-
mately 1.5 feet, or 3 feet less than under no action.
Representative 20-minute stage changes typically
would be in the range of 0.1 foot (83 percent less
than no action) at Lees Ferry and 0.3 foot (66 per-
cent less than no action) at the dam. As such, the
risk of major impacts to anglers would be reduced.

Concerning lake activities and facilities, there
would likely be improved navigability in the river
and at the interface with Lake Mead, but diffi-
culties would remain due to fluctuations in river
stage. Sandbars would continue to be exposed
during low flow periods, but conditions might be
less variable because river velocity would be less
variable.

Habitat maintenance and beach/habitat-building
flows also would have some effect on the safety of
wading anglers during the transition period when
flow is being increased from normal operations to
the higher flows. These effects would be the same
as described under the Moderate Fluctuating Flow
Alternative.

In a year when habitat maintenance flows are
scheduled, the level of Lake Powell would be
about 1.5 feet above normal from October through
March. During the 1 to 2 weeks of habitat main-
tenance flows in March/ April, the level of Lake
Powell would fall about 3 feet, resulting in facility
adjustment charges of approximately $4,000.
Following habitat maintenance flows, the lake
would be approximately 1.5 feet below normal.
Compared to a year without habitat maintenance
flows, lake elevation would gradually increase
from March through September.

Campable area would have a slight, unquantified
improvement over the Moderate Fluctuating Flow
Alternative. During most months, the number of
available camping areas would be the same as
under no action. During days with maximum
flows less than 15,000 cis, the number of available
beaches in Glen Canyon would increase by six.

High, steady habitat maintenance flows would
make boating access over 3-Mile Bar easier but
might make upstream passage more difficult for
boats with smaller engines.
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White-water boating trips would benefit because
the minimum flow and range restriction would
reduce effects on mooring/boat management and
navigation of rapids. The range of fluctuations
would be among those most preferred for both
guides/trip leaders and passengers. Effects of
habitat maintenance flows on white-water boating
would be the same as those described under the
Moderate Fluctuating Flow Alternative.

maintenance flows, the lake would be approx-
imately 1.5 feet below normal. Compared to a
year without habitat maintenance flows, lake
elevation would gradually increase from March

through September.

Interim Low Fluctuating Flow Alternative

Except for the influence of habitat maintenance
flows, impacts on recreation under the Interim
Low Fluctuating Flow Alternative would be the
same as under modified low fluctuating flow
compared to no action.

The overall risk of white-water rafters having an
accident would be 10 percent less than under no
action. The risk index for commercial users would
be 7 percent less than under no action, while the
index for private users would be 15 percent less.
The effects of habitat maintenance flows on
handicapped access and on white-water boating
accidents likely would be negligible.

Steady Flows

Impacts to recreation under the steady flow alter-
natives are described in this section. An overview
of common impacts is presented first, followed by
specific details about individual alternatives.

Campable area would be slightly improved over
the Moderate Fluctuating Flow Alternative.
During most months, the number of available
camping areas would be the same as under no
action. However, during those days when the
maximum flow would be less than 15,000 cis, the
number of available beaches in Grand Canyon
wol,lld increase by 0.2 site per mile in critical
reaches and 0.15 site per mile in noncritical
reaches. During habitat maintenance flows,
changes in stage would require carefully locating
camps and mooring sites.

Releases during low and moderate water years
would be comparable to anglers' most preferred
fishing scenarios. The fishing environment and
associated boating activities would be improved
the most under these alternatives. As a result,
these three alternatives have the highest
preference ranking for fishing among alternatives,
with the Year-Round Steady Flow Alternative
being the most preferred, followed by the Existing
Monthly Volume and Seasonally Adjusted Steady
Flow Alternatives (see FISH in this chapter).

Under all steady flow alternatives, risk of
inundation would be removed for wading anglers.

Concerning lake activities and facilities,
navigability of upper Lake Mead would improve
over most other fluctuating flow alternatives, but
difficulties would remain since stage would
continue to change with the variable flow. Sand-
bars would continue to be exposed during low
flow periods, but conditions would be among the
least variable of any fluctuating flow alternative.

Although some day rafting navigation problems
might occur during low discharge months (data
suggest that elimination of navigation problems
would require lO,OOO cis), the frequency of
navigation problems would be extremely low.In a year when habitat maintenance flows are

scheduled, the level of Lake Powell would be
about 1.5 feet above normal from October through
March. During the 1 to 2 weeks of habitat
maintenance flows in March/ April, the level of
Lake Powell would fall by approximately 3 feet
(resulting in facility adjustment charges of
approximately $4,000). Following habitat

All three steady flow alternatives would lessen
impacts on white-water boating trip attributes.
Since there would be virtually no daily fluctu-
ations, the risk of stranding moored boats would
be eliminated. On the average, rapids would
provide a bigger "roller coaster ride" and would
thus be more exciting. There would be a low
likelihood of passengers having to walk around
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rapids. Flows during all months of most years
would not impede navigation; as a result, rafting
parties would not frequently encounter each
other. Except during extreme low flow months,
the predictable nature of the flow should result in
improvement over no action, reducing effects on

itinerary.

widths would be less under the Existing Monthly
Volume and Year-Round Steady Flow Alterna-
tives than under any other alternatives. Bar
heights under the Seasonally Adjusted Steady
Flow Alternative would be maintained due to
habitat maintenance flows (table IV-6). The
potential for rebuilding and maintaining camping
beaches would be greater than under no action
and would be similar to those under moderate
and modified low fluctuating flows. The loss of
sites would continue in some places due to
erosion and vegetation development (table IV-I0).
Vegetation encroachment, and thus potential
dependence on vegetation clearing, would be
greatest in the long term under the Year-Round
and Existing Monthly Volume Steady Flow
Alternatives.

As a result of these benefits to white-water
recreation, steady flow alternatives have three of
the highest four preference rankings among
alternatives, with seasonally adjusted steady flows
being the most preferred.

Since flows would be steady, the river would
seem more like a natural setting under all steady
flow alternatives as compared to no action.
Approximately 38 percent of white-water boaters
would be aware of minor stage changes, such as
those between months and for power system
emergencies. Because these events are rare,
impacts would be considered negligible.

Under the Existing Monthly Volume Steady Flow
Alternative, the monthly delivery pattern-and
therefore the impacts on lake activities and
facilities-would be the same as under no action.
The water release pattern would change under the
Seasonally Adjusted and Year-Round Steady Flow
Alternatives, but the consequential influences on
lake facilities, boating capacity, and shoreline
campsite capacity essentially would be the same.

Risk of white-water boating accidents would
range from 14 to 21 percent less than under no
action, with the Year-Round Steady Flow
Alternative being lowest. All alternatives would
improve safety relative to no action because of
higher minimum flows. None of the alternatives
would move large material out of debris flows.

The steady flow alternatives would affect
navigability similarly to no action during
successive low water years. Daily flows at the
river flake interface would improve navigation
because steady flows would not alter the river
channel as fluctuating flows would. Conditions
would continue to be variable, depending on
riverflow and velocity, lake level, and prevailing
sediment conditions.

Flows under the steady flow alternatives would be
relatively moderate (except in high water volume
years) compared to no action. Due to the lack of
daily lows and peaks, both the need for handi-
capped passengers to walk around rapids and the
risk of their going overboard would be reduced.
Another benefit of these alternatives would be
that handicapped individuals would not need to
prepare for both low and high flows within one

trip.

Existing Monthly Volume Steady Flow
Alternative

This alternative would benefit fishing activities
and success. Since trout stranding would be
eliminated and potential for recruitment and
aquatic productivity would be improved, trout
stocking would be reduced.

Steady flow alternatives would improve usable
camping area, distribution, and mooring charac-
teristics compared to no action and fluctuating
flow alternatives. Benefits would vary by alterna-
tive. Sandbars generally would be less dynamic
and more stable, with greater potential for vegeta-
tion encroachment. Sandbar heights and active

In the Glen Canyon reach, there would be as
many as 18 beaches available for camping and
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day use in low water years-an increase of
6 (50 percent) more than under no action.
However, during peak discharge months, impacts
would be the same as under no action.

Concerning lake activities and facilities, naviga-
bility of upper Lake Mead would be the same as
under no action during successive low water
years. The steady nature of daily flows during all
years would improve navigation at the river's
interface with the lake.Steady flows would result in the near elimination

of navigation and access problems for day rafting
parties at 3-Mile Bar. Seasonally Adjusted Steady Flo w

Alternative
White-water boating trip attributes would
improve to match preferences. Since daily flows
would be steady, the river would seem more like a
natural setting to river-runners. The overall risk
for white-water boaters under this alternative
would be approximately 14 percent less than
under no action. The risk for commercial users
would be 13 percent less than under no action,
while the risk for private users would be
15 percent less.

This alternative would improve fishing compared
to the No Action Alternative, but has the lowest
preference ranking for anglers among the steady
flow alternatives.

Habitat maintenance flows included in this
alternative are likely to have short-term effects on
angling quality and the safety of wading anglers
in Glen Canyon. These effects would be the same
as those described under the Moderate
Fluctuating Flow Alternative.In most years, additional camping area would

be available in Grand Canyon compared to no
action and the fluctuating flow alternatives. The
average area for campsites would be greater than
9,200 square feet, an increase of more than
25 percent. Campable area for large, medium, and
small sites would average, respectively, more than
13,980; 4,940; and 2,660 square feet larger than
under no action (for 25,OOO-ds discharge). During
low discharge months, the area would increase for
all beaches to 11,740 square feet, or an increase of
more than 52 percent compared to no action.
Large, medium, and small campsites would
increase in average area to 17,660; 6,490; and
3,560 square feet, respectively.

Habitat maintenance flows would make boating
access over 3-Mile Bar easier but might make
upstream passage more difficult for boats with
smaller engines. Additional caution on the part of
boaters might be required to avoid being stranded
at mooring sites as the water level recedes.

The overall risk index for white-water boating
would be 16 percent less than under no action.
The index for commercial users would be
16 percent less than under no action, while the
index for private users would be 17 percent less.

Effects of habitat maintenance flows on white-
water boating would be negligible because they
would be scheduled before the peak rafting
season. Such effects are identical to those
described under the Moderate Fluctuating Flow
Alternative. The influence of habitat maintenancE
flows on handicapped access and on white-water
boating accidents likely would be negligible.

On most days of the year, low water campsites
would be usable, increasing distribution of
camping beaches to 0.9 site per mile in critical
reaches and 1.28 sites per mile in noncritical
reaches, an increase of 0.2 (25 percent), and
0.15 (16 percent) site per mile, respectively,
compared to no action. During months well
above 15,000 cfs, the low water sites would be
unusable. All steady flow alternatives would increase usable

camping area compared to no action and the
fluctuating flow alternatives. During habitat
maintenance flows included in this alternative,
changes in stage would require carefully locating
camps and mooring sites.

Mooring quality would be good at 92 percent of
camping beaches, compared to 64 percent under
no action.



290 Chapter IV Environmental Consequences

Concerning lake activities and facilities, the
seasonal pattern of Lake Powell elevation would
be influenced by the change in water releases (a
median seasonal difference of 12.7 feet, which is
approximately 6 feet less than under no action).
However, the resulting effects on lake facilities,
safe boating capacity, and shoreline campsite
capacity essentially would be the same as under
no action.

primarily because of the low volume of water that
would be released during summer, the peak
white-water season.

The overall risk index for white-water boaters
under this alternative would be 21 percent less
than under no action. The index for commercial
users would be 20 percent less than under no
action, while the index for private users would be
23 percent less.

Concerning lake activities and facilities, the
pattern of discharge would result in lake
elevations that would differ seasonally (median
elevations in some months would be as much as
4 feet different than under no action). The median
within-year range for Lake Powell's elevation
would be approximately 18 feet for both the
Year-Round Steady Flow and the No Action
Alternatives.

In a year when habitat maintenance flows are
scheduled, the level of Lake Powell would be
about 1.5 feet above normal from October through
March. During the 1 to 2 weeks of habitat main-
tenance flows in March/ April, the level of Lake
Powell would fall by approximately 3 feet
(resulting in facility adjustment charges of
approximately $4,000). Following habitat main-
tenance flows, the lake would be approximately
1.5 feet below normal. Compared to a year
without habitat maintenance flows, lake elevation
would gradually increase from March through
September .

Compared to other steady flow alternatives,
navigation in upper Lake Mead might
progressively diminish in quality during the
course of the year because of a lack of variability
and the possibility of some river sedimentation.

Slightly higher deltas would impair navigability
in upper Lake Mead.

Year-Round Steady Flow Alternative Economics of Recreational Use

Fishing attributes would improve because more
reliable minimum flows (11,400 cis) during the
trout spawning season and steady flows
throughout the year would result in near
elimination of conditions that contribute to
stranding and recruitment failure. The trout
fishery would be less dependent on stocking than
under any other alternative. Year-round steady
flows would have the greatest potential for
improved spawning, meaning a larger trout
population. As a result, this alternative would
have the highest preference ranking for anglers.

Analysis Methods

Statistical models for angling and commercial and
private white-water boating were developed by
Bishop et al. (1987) and are reported in Boyle et al.
(1988). These statistical models describe the
relationship among the economic benefits of each
recreation activity, the average flow during the
month, and the occurrence of fluctuations
exceeding 10,000 cfs during the month. For each
type of recreation activity, the model calculates
net economic benefits per trip and then aggregates
benefits over the actual distribution of recreation
trips recorded in 1991.Since discharge during low water years is likely to

be above 12,000 cis, this alternative would nearly
eliminate navigation and access problems for day
rafting at 3-Mile Bar.

The statistical models predict the same economic
benefits for several of the alternatives because
some alternatives have identical inputs to the
statistical models. For example, both the Interim
Low Fluctuating Flow and Existing Monthly

This alternative is the least preferred of the steady
flow alternatives for white-water rafters,
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Volume Steady Flow Alternatives have the same
average monthly flows. There would be no
fluctuations under the Existing Monthly Volume
Steady Flow Alternative and no fluctuations over
10,000 cfs under the Interim Low Fluctuating Flow
Alternative. Consequently, the statistical models
cannot distinguish between these two alternatives.
Likewise, the No Action, Maximum Powerplant
Capacity , and High Fluctuating Flow Alternatives
all allow daily fluctuations exceeding 10,000 cis
and would have identical average releases.
Consequently, the statistical models cannot
distinguish among these alternatives.

24,000 cfs to nearly 43,000 cfs. Under the
Seasonally Adjusted and Year-Round Steady Flow
Alternatives, monthly average flows would range
from about 20,000 cfs to over 55,000 cfs. While
analysis of the alternatives must include these
extremes, water years 1985 and 1986 may
represent more typical high flow years. Therefore,
analysis of these additional water years has been
provided for comparison.

Summary of Impa(;ts on Recreoltion
Economics

Recreation Use. The 1991 level of recreation use is
shown in figure I11-40 in chapter III. Current
NPS regulations restrict the number of trips that
can be taken, preventing any increase in white-
water boating in Grand Canyon. Thus, it seems
unlikely that the number of white-water boating
trips will change in response to any of the
alternatives. The long waiting list for private
permits and the number of commercial passengers
who cannot be accommodated due to these
restrictions appear to ensure that visitation is
unlikely to fall below present levels. For these
reasons, white-water boating use is held constant
at 1991 levels for this study.

The 50-year analysis is based on hydrology trace
number 60, the same 20-year hydrology trace used
in the hydropower impact analysis. The use of
this 20-year sequence for analyzing recreation
benefits required several steps. First, mean
monthly flows were calculated using the monthly
release volumes for each alternative. Second, it
was determined whether or not fluctuations
exceeding 10,000 cfs occurred during the month.
The result of these two steps was a 20-year series
of data for each alternative. Like the power
system analysis, the 20th year was repeated for an
additional 30 years to obtain a 50-year data series.

Angling trips may vary with general economic
conditions, fishing regulations, and the quality of
the fishery .Studies have documented a relation-
ship between angling quality and the number of
trips taken. In these studies, angling quality has
been measured by the species, number, and size of
fish caught as well as by the presence of native
fish in the catch. Some alternatives may result in
changes in average catch, average fish size, and
composition of the fish stock. Presumably, any
change in fishery quality would result in a change
in the number of trips taken.

The resulting SO-year data series for each alterna-
tive was then used in the previously described
models. This procedure yielded a SO-year series of
net economic values for each alternative. Using
the same methodology as the power economics
study, the equivalent annual value of this SO-year
series was calculated.2 Next, the equivalent
annual value for each alternative was subtracted
from the No Action Alternative's equivalent
annual value to obtain the change under each
alternative.

The discussion for each alternative focuses
primarilyon water years 1989 (a low water year),
1987 (a moderate water year), and 1984 (a high
water year). Monthly average flows in water year
1984 were extremely high-ranging from about

Biological models which could predict angling
quality are unavailable, and economic models that
could predict the number of trips based on
angling quality have not been developed. As a
result, the magnitude and direction of the
biological response to each alternative cannot be

2 The levelized or equivalent annual value of this series is the amount of money which, if received each year, would yield an amount

equal to the present worth of the varying SO-year series of payments. The details of this calculation may be found in Shaner (1979).
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Because no other Native American-owned or
operated river-based businesses have been iden-
tified, no measurable economic impact would be
expected under any of the proposed alternatives.

the proposed alternatives result in long-teml
impacts on the recreation environment, the
estimates in table IV -18 may overstate or
understate the true effects on net economic value.

Unrestricted Fluctuating Flows

Under the unrestricted fluctuating flow alterna-
tives, releases in low water years are characterized
by low minimum flows with relatively high peak
flows of short duration. As a result, flows
fluctuate considerably within the constraints
imposed by available storage. Flows generally
would be below the optimal recreation level, and
fluctuations would affect recreation benefits.

Regional Economic Ac"vity. Since the number of
white-water boating trips is not expected to
change and the number of angling trips taken is
held constant for this analysis, there is no change
in regional economic activity for any of the
alternatives. Estimates of local economic activity
for the No Action Alternative are reported in
chapter III, table III-15. These estimates depend
on the number of trips taken by nonresidents and
their pattern of expenditures.

Minimum flows in a moderate release year
generally would be higher than in low water
years, although flow fluctuations would remain
large. In a high water release year, minimum
flows are higher than under low and moderate
release conditions. In addition, because of the
need to release a large volume of water, flow
fluctuations are reduced.

Recreation, Economics, and Indian Tribes. A
number of commercial and private white-water
boating trips launch from Diamond Creek on the
Hualapai Reservation. Estimates of the net
economic value of white-water boating below
Diamond Creek are described in tables IV-19
through IV-25 for representative water years and
in table IV -18 for the 50-year analysis.

No Action Alternative. Net economic benefits to
white-water boaters and anglers under the
No Action Alternative are presented in table IV-19.

Maximum Powerplant Capacity Alternative. Un-
der this alternative, the net economic benefits of
white-water boating and angling are the same as
under no action (see table IV-19).

White-water boating use below Diamond Creek,
as measured by the number of trips taken, is
expected to increase over time until use reaches
capacity limits. The nature and timing of this
increase is unknown; however, any change in the
number of trips is expected to be unrelated to dam
operations. Therefore, white-water boating use is
held constant at 1991 use levels, and local
economic activity would be identical across all
alternatives.

Table IV-19.-Net economic benefits of recreation for representative years under the
No Action, Maximum Powerplant Capacity, and High Fluctuating Flow Alternatives

Annual benefits

(1991 nominal $ millions)

Low (1989)
Moderate (1987)
High 1 (1984)

High 2 (1985)

High 3 (1986)

5.4

6.4

12.4

11.0

10.4

1.1

1.2

2.0

1.7

1.6

.104

.122

.230

.204

.186

7.904
8.922

15.730
14.004
13.286
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Table IV-20.-Net economic benefits of recreation for representative years

under the Moderate Fluctuating Flow Altemative

Annual benefits
(1991 nominal $ millions)

White-water
boating below

Diamond
Creek

Commercial
white-water

boating

Private
white-water

boating

Type of
release year Anglers Total

Low (1989)

Moderate (1987)
High 1 (1984)

High 2 (1985)
High 3 (1986)

5.2

6.4

12.4

11.0

10.4

0.9

1.2

2.0

1.7

1.6

.098

.122

.230

.204

.186

7.698

8.922
15.730
14.004
13.286

Restricted Fluctuating Flows Moderate Fluctuating Flow Alternative. In a typical
low water release year, habitat maintenance flows
would take place for approximately 10 days in
March, resulting in a small decrease between the
benefits under the Moderate Fluctuating Flow
Alternative and benefits under no action. In
moderate and high water release years, habitat
maintenance flows would not be scheduled, and
benefits would be the same as under no action.
The results for commercial white-water boating,
private white-water boating, and angling are
shown in table IV-20.

The effects of restricted fluctuating flow alterna-
tives on net recreation benefits would vary
depending on the type of water year and the
actual water volume and pattern of releases
during that year. Daily fluctuations over
10,000 cfs would be greatly reduced as the alterna-
tives become progressively more restrictive. For
example, under the High Fluctuating Flow Alter-
native, daily fluctuations over 10,000 cfs would be
relatively common, while under the Interim Low
Fluctuating Flow Alternative, daily fluctuations
exceeding 10,000 cfs would never occur. Modified Low Fluctuating Flow Alternative. Habitat

maintenance flows are a component of the
Modified Low Fluctuating Flow Alternative.
Including these flows during March changes the
volume of water released during the remaining
11 months of the year. In a low water release year,

High Fluctuating Flow Alternative. There would be
no difference between the economic benefits
generated under this alternative and those
generated under no action in any water year (see
table IV-19).

Table IV-21.-Net economic benefits of recreation for representative years

under the Modified Low Fluctuating Flow Alternative

Annual benefits
(1991 nominal $ millions)

Low (1989)

Moderate (1987)
High 1 (1984)

High 2 (1985)
High 3 (1986)

6.3

9.1

13.3

13.6

12.9

1.0

1.6

2.1

2.1

2.0

.117

.174

.247

.259

.236

9.217
12.974

16.947
17.759
16.536





296 Chapter IV Environmental Consequences

Table IV-24.-Net economic benefits of recreation for representative years
under the Seasonally Adjusted Steady Flow Alternative

Annual benefits
(1991 nominal $ millions)

Low (1989)
Moderate (1987)
High 1 (1984)
High 2 (1985)

High 3 (1986)

6.7

9.9

11.6

13.1

13.8

1.0

1.8

2.0

2.2

2.2

.128

.189

.233

.252

.260

9.528
13.489
15.033
16.952
17.760

benefits would be approximately 8 percent more
than under no action. Net economic benefits, by
activity, are presented in table IV-22.

on the water year, this decrease could offset the
benefits gained by eliminating flow fluctuations,

Existing Monthly Volume Steady Flow Alternative.
In a low water year, this alternative would
generate approximately 22 percent more recrea-
tion benefits than no action. In a moderate water
release year, the Existing Monthly Volume Steady
Flow Alt~tnative would produce a 45-percent
increase in recreation benefits compared to no
action. In a high water release year such as 1984,
recreation benefits would be 8 percent more than
no action. The results for angling, commercial
white-water boating, and private white-water
boating are presented in table IV-23.

Steady Flows

The effect of each steady flow alternative on net
recreation benefits would vary depending on the
type of water year and actual water volume and
pattern of releases during that year .The steady
flow alternatives would eliminate daily flow
fluctuations exceeding 10,000 cfs. In general,
reducing these fluctuations would increase net
recreation benefits over no action. However, the
Existing Monthly Volume and Seasonally
Adjusted Steady Flow Alternatives would
decrease mean monthly flows during the season
when white-water boating use is high. Depending

Seasona/1y Adjusted Steady Flow Alternative. In a
typical low water year, habitat maintenance flows
would be scheduled for approximately 10 days

Table IV-25.-Net economic benefits of recreation for representative years
under the Year-Round Steady Flow Altemative

Annual benefits
(1991 nominal $ millions)

Low (1989)

Moderate (1987)
High 1 (1984)
High 2 (1985)
High 3 (1986)

5.8

9.9

11.7

13.1

13.8

1.0

1.8

2.0

2.2

2.3

.110

.189

.233

.251

.260

8.81
13.489
15.133
16.951
17.860
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during March; otherwise, there would be little
flow fluctuation within the season. In a low water
year like 1989, net recreation benefits would
increase by 20 percent over no action.

On the whole, reduced flow fluctuations in a
moderate release year would result in increased
benefits to white-water boaters and anglers.
Compared to no action, this alternative would
result in a 51-percent increase in total net benefits.

high water years-1985 and 1986-also were
analyzed. The releases in these years may be more
typical of high water years. Under the 1985 water
year, net recreation benefits under year-round
steady flows would increase 21 percent over no
action. Based on the 1986 water year, net
recreation benefits would increase 34 percent over
no action.

HYDROPOWERIn high water volume years, the Seasonally
Adjusted Steady Flow Alternative would be
characterized by relatively high flows during the
summer. The flows for 1984 (a representative
high flow year) would be higher than the optimal
flows for white-water boating and angling, which
would decrease net economic benefits by
4 percent from no action.

For comparison, two other high water years-1985
and 1986-were analyzed. The releases in these
years may be more typical of high water years.
Based on the 1985 flows, seasonally adjusted
steady flows would result in a 21-percent increase
in total recreation benefits compared to no action.
Based on the 1986 flows, seasonally adjusted
steady flows would increase 34 percent over no
action. Net economic benefits are presented in
table IV-24.

Year-Round Steady Flow Alternative. Minimum
flows in low and moderate water years would be
higher than under no action, and flow fluctuations
would be nearly eliminated. Net economic
benefits would be increased by 11 percent over no
action in a typical low water year. In a moderate
water release year, net economic benefits would
increase by 51 percent.

Impacts on power operations relate to changes in
how Western Area Power Administration
(Western) interacts with and provides electrical
services to its Salt Lake City Area Integrated
Projects (sLCA/IP) firm power customers and
other utilities in the region. Power marketing
impacts are based on effects on long-term firm
power marketing to about 180 preference
customers (Western Area Power Administration,
1992). These preference customers consist of
municipal and county utilities, rural electric
cooperatives, water districts, irrigation districts,
U.S. Government installations, and other
nonprofit organizations. In total, approximately
1.7 million end-use customers in Arizona,
Colorado, Nevada, New Mexico, Utah, and
Wyoming purchase electricity from one of these
preference wholesale customers.

In high water years, the Year-Round Steady Flow
Alternative would be characterized by relatively
high constant flows. In some months, the flows
for the 1984 high water release year would be in
excess of the optimal flows for white-water
boating and angling. Under these conditions,
recreation benefits would decrease by 4 percent.

Analysis Methods

This impact analysis was based on studies
prepared by the GCES Power Resources
Committee (power Resources Committee, 1993)
and interviews with operations personnel at

Net economic benefits for all activities under this
alternative are shown in table IV-25. Two other
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economic gains or losses within the electrical
power industry as a whole. The financial analysis
looks at individual utilities or groups of utilities.

Western's Montrose District Office. Standard
electric utility integrated resource planning
techniques and the latest available data were used
to quantify the impacts of operational changes at
Glen Canyon Dam. Computer models used were:
CRSS (to simulate future hydrological conditions),
the Electric Power Research mstitute's Electric
Generation Expansion Analysis System and
Environmental Defense Fund's Electric Utility
Financial and Production Cost Model (to simulate
operations of the regional interconnected power
system), and Western's Power Repayment Study
(to calculate the SLCA/IP firm power rates).

The economic analysis assumed two marketing
arrangements: hydrology and contract rate of
delivery (CROD). The hydrology approach
assumed that (1) Western would sell only the
capacity and energy generated by SLCA/IP re-
sources resulting from the available hydrology
each year, and (2) customers would have to
purchase firm capacity and energy elsewhere on
an annual basis to meet any additional needs.

The analysis of the magnitude of power impacts
depends on the forecasted demand for electricity ,
the hydrologic sequence used, the base year used,
and the relative resource prices in 1991 (the base
year). If actual conditions vary from those
assumed in the study, impacts will vary accord-
ingly. The sensitivity of the results presented in
this EIS to changes in study assumptions is
described in Power System Impacts of Potential
Changes in Glen Canyon Operations (Phase, II and
III) (Power Resources Committee, 1993 and 1994).

The CROD analysis assumed capacity and energy
would be marketed according to the post-1989
criteria. That is, Western would contract to pro-
vide its customers with long-term firm capacity
and energy based on the projected generating
capability of SLCA/IP resources with some
acceptable level of risk. Under this arrangement,
Western would purchase capacity and energy
to meet customer contracts in years when
SLCA/IP generation wasn't sufficient due to poor

hydrology.

In both the hydrology and CROD marketing
approaches, it was the customer's responsibility to
replace capacity and energy lost as a result of con-
strained Glen Canyon Dam operations. Another
marketing approach that was considered but not
studied by the Power Resources Committee was
studied by Argonne National Laboratory in
preparing the post-1989 power marketing EIS.
Under that marketing approach, Western would
maintain a high marketing commitment and
replace lost capacity on behalf of its SLCA/IP cus-
tomers. Power system studies performed to
support the power marketing EIS confirmed that
economic and financial impacts could be reduced
considerably by having Western use its expansive
transmission system to replace lost capacity .

Long-term firm power marketing impacts were
based on the following factors:

.SLCA/IP marketable resource-<:apacity and
energy available for marketing on a long-term
basis with an acceptable level of hydrologic risk
assumed by Western

.Economic costs-associated with replacing lost
capacity at Glen Canyon Dam from a societal or
national perspective

.Financial costs-<::osts and/ or benefits
associated with replacing lost capacity at Glen
Canyon Dam from the perspective of an
individual utility or groups of utilities

.Wholesale rates-SLCA/IP combined firm
power rate for long-term capacity and energy

.Retail rates-charged by SLCA/IP firm power
customers to their residential, commercial, and
industrial end users

The financial analysis based on the CROD mar-
keting arrangement examined impacts on utilities,
including their costs to build new facilities or buy
power elsewhere (utility economic impacts) and
costs of transfer payments to buy power else-
where (interutility transfers). Transfer payments
were excluded from the economic analysis

The tenns "economic" and "financial" often are
used interchangeably, but here they represent two
different concepts. The economic analysis takes a
societal or national perspective. It focuses on
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customers by increasing purchased power costs
and/ or increasing the SLCA/IP firm power rate.

because they were considered a redistribution of
wealth that would not affect national economic
development. However, interutility transfer
payments are a real cost to power customers and
so were included in the financial analysis.

Long-term impacts (up to 50 years) would include
both reduced operational flexibility and less avail-
able firm capacity and on-peak firm energy for the
region's electrical power market. Long-term
impacts to capacity would likely accelerate
construction of new gas-fired thermal generation
facilities to replace capacity lost at Glen Canyon
Dam-construction that otherwise would have
been deferred for 5 to 10 years.

Estimates of financial impact differ from estimates
of economic impact in several respects. First,
estimates of financial impact include the fixed and
variable costs of generation for both existing and
new facilities. Second, financial impact estimates
include the costs of insurance, taxes, private
capital, and depreciation that are not included in
an assessment of economic impact. Third, the
estimates of financial impact presented here
include both the costs of generation incurred by
the producer (if modeled) and the payments made
by purchasers. Both costs are aggregated for each
transaction between the original producer and the
end user. Thus, the estimates of financial impact
do not represent an estimate of net financial
impact within the modeled region. Additional
analysis of the financial impact is available in the
Power Resources Committee Phase III report
(Power Resources Committee, 1994).

Direct impacts would be those that affect day-to-
day operations and change the character of the
power resource available to Western's customers.
Direct impacts also would include those that affect
future planning for hydroelectric service, whole-
sale customers, other interconnected utilities, and
power rates. mdirect impacts would affect
end-use customers and the goods and services

they provide.

Summary of Impacts: Hydropower

The principal values of Glen Canyon Powerplant
are its ability to generate electricity without air
pollution or using nonrenewable fuel resources
and its flexibility to quickly and effectively
respond to changes in an interconnected
generation and transmission network. Removing
the components that make hydropower so flexible
and responsive-namely, control of how and
when water is released-diminishes those values.

Part of the financial analysis used the SLCA/IP
firm power rate, replacement resource costs, and
administrative costs to estimate resulting retail
rates. Revenue requirements (how much a utility
must make to stay in business) are affected by:

Impacts on power operations and marketing are
summarized in table IV-26. Since effects on
operations are difficult to quantify in economic
and financial terms, they are discussed qualita-
tively in terms of operational flexibility. The
power marketing analysis identifies impacts on
long-term firm power marketing due to changes
in the amount of marketable resource, economic
and financial costs, and wholesale and retail rates.

.Increases in the SLCA/IP combined wholesale
rate

.Reductions in Federal firm power allocation

.Increased costs of purchasing replacement
power (including transfer payments)

The Power Resources Committee did not specifi-
cally study short-term impacts on hydropower.
However, impacts would occur immediately
following the Record of Decision (ROD),
particularly if the ROD does not allow financial
exception criteria for 5 to 7 years while long-term
replacement resources are being secured. Until
contracts between Western and its customers are
renegotiated, Western might have to purchase
replacement capacity to fulfill its contract obliga-
tions. These replacement purchases would
increase the cost of service to firm power

Initially, endangered fish research flows (likely a
seasonally steady pattern) would occur during
minimum release years through the Adaptive
Management Program. The extent to which
steady flows would be permanently incorporated
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restrictions would reduce how much long-term
firm power could be marketed. In general, the
relative magnitude of impacts to long-term firm
power marketing would be:

would depend on evaluation of the research
results. Because these research flows might not
occur every year and because results will need to
be evaluated, effects of these flows could not be
integrated into the summary table of impacts.
Endangered fish research flows would have the
potential to increase impacts of the selected alter-
native on power economics up to the level of
impacts described under the Seasonally Adjusted
Steady Flow Alternative. If such research flows
occur only during the initial years of implemen-
tation, additional impacts would be minor.
However, if steady flows were permanently
incorporated in the operating criteria, impacts
would be closer to those under the Seasonally
Adjusted Steady Flow Alternative.

.Minor to no impact: No Action, Maximum
Powerplant Capacity , and High Fluctuating
Flow Alternatives

.Moderate to potentially major impacts: Mod-
erate Fluctuating, Modified Low Fluctuating,
and mterim Low Fluctuating Flow Alternatives

.Major impacts: Existing Monthly Volume,
Seasonally Adjusted, and Year-Round Steady
Flow Alternatives

Power Operations

SLCAlIP Marketable Resources. Limiting maxi-
mum allowable releases would result in less
available capacity; restrictions on ramp rates and
allowable daily change in flow would further
reduce available capacity. Increasing the mini-
mum flows would reduce the value of energy by
forcing increa~ed off-peak releases and limiting
the ability to make economy energy sales and

purchases.

Impacts on power operations range from minor
under the Maximum Powerplant Capacity Alter-
native to major under the Seasonally Adjusted
and Year-Round Steady Flow Alternatives. Many
factors go into determining the ultimate impact of
an alternative on power operations, and changing
one factor may affect all the others. Operational
restrictions imposed by all but the No Action and
Maximum Powerplant Capacity Alternatives
would reduce Western's ability to meet its
obligations with maximum efficiency and
economy and would reduce Glen Canyon's value
as a load following and peaking facility .

Although restrictions on dam operations result in
reduced flexibility for power operations, it is
important to point out that, given the number of
variables involved, impacts can vary from minor
to major even within an alternative, depending on
the frequency and duration of particular events.
An example of how these variable electrical
system events can result in different effects is
provided in Appendix E, Hydropower.

Capacity.-In going from no action to
restricted fluctuating and steady flows,
operational flexibility would be increasingly
limited. The maximum allowable water releases
would go down, and the minimum allowable
water releases would go up. This pattern would
result in a narrower range of flows that would be
further restricted by limits on the allowable daily
change in flow. Reduced capacity would mean
customers would need to generate or purchase
additional capacity from other suppliers
independently or through Western. Costs of these
transactions have been analyzed and are described
under individual alternatives.

Also, the limits on allowable up and down ramp
rates would determine how fast water releases
could get from an existing flow to a desired flow,
Figure IV-16 illustrates the drop in seasonal
marketable capacity, primarily due to the
decreased maximum allowable releases from
fluctuating flows to steady flows.

Power Marketing

Figures in appendix E show impacts of the alter-
natives on the cumulative distribution of capacity

All alternatives, except the No Action and
Maximum Powerplant Capacity Alternatives,
would restrict Glen Canyon Powerplant's
flexibility to operate in a way that maximizes the
value of electrical generation. Operational
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the low side of the range (e.g., at an 8.5-percent
discount rate, $1 promised 10 years in the future
has the present worth of only 44 cents). Con-
versely, large values later in the study period have
little impact in weighing the impacts one way or
another .

Build additional generation resources

Ask Western to secure replacement resources
using their transmission system

Smaller utilities, without significant generating
resources, could:

Table IV-26 summarizes the economic costs of
each alternative. Figure IV-17 shows the range of
costs associated with replacing lost capacity from
Glen Canyon Dam.

Purchase capacity and energy from auxiliary
suppliers

Build their own peaking resources

Ask Western to secure replacement resources
using their transmission system Financial Costs. The total cost of new generating

resources and power purchases for all utilities
combined is shown by alternative in table IV -26.
The range of financial impacts on utilities is
shown in table IV -27. Some utilities would
incur higher financial impacts than others,
depending on the extent to which they rely on
SLCA/IP power.

Because of the large amounts of low cost surplus
capacity in the regional power market for a
considerable portion of the study period, the
economic costs of Glen Canyon alternatives were
significantly reduced (by over 50 percent) due to
cost discounting procedures. Because this dis-
count rate was 8.5 percent, any low values early in
the study period significantly weight the results to

';;j'
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Figure IV-17.-Net annual economic costs would decrease slightly
under the Maximum Powerplant Capacity Alternative and
increase under all other alternatives compared to no action.
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Table IV-27.-Financial impacts on large and small utilities by alternative

Large systems Small systems

0

0

0

0.03

0.05

0.03

1.13

2.61

0.98

0

0

0.01

1.57

1.81

1.55

4.58

8.91

5.19

o

0

0.

3.

3.

3.

11.

29.

15.

o
o
o
o
o
o
o
o
o

~

, Does not include impacts of habitat maintenance and beach/habitat-building flows

Wholesale and Retail Rates. Western primarily
markets power at wholesale rates to customers
who, in turn, sell at retail rates to their customers.

Wholesale Power Rates.- The SLCA/ IP
combined wholesale long-term firm power rate is
set at a level consistent with repayment of
allocated project costs over a project's useful life
or 50 years, whichever is less. Changes in Glen
Canyon Dam operations-with possible resulting
changes in the marketable resource and in non-
firm sales and purchases-would affect allocated
costs, project revenues, and wholesale rates.

retail rates of the other 1.7 million (30 percent) end
users in the region would be affected to varying
degrees. Tables IV-26 and IV-281ist the weighted
mean retail rate impact for a subset of 0.4 million
(7 percent) of these affected end-use customers.
Due to a lack of data, time, and resources, the
retail rate impact for the remaining 1.3 million
(23 percent) large system end-use customers is not
now known. Because these large systems are less
reliant on Federal hydropower and have greater
access to alternative sources of supply, the rate
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The effects of reduced hydropower production at
Glen Canyon Powerplant on long-term firm
power rates-used to repay Federal investment in
the Colorado River Storage Project (CRSP) and
participating projects-are shown in figure IV-18.
These rates assume that, other than purchased
power costs, the current SLCA/IP repayment
obligation remains unchanged. Firm power rates
are used in calculating the impacts on retail power
rates.
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Retail Power Rates.- Of the 5.6 million
end-use customers (residential, commercial, and
industrial) in the six-State impact region,
approximately 3.9 million (70 percent) do not
receive power from the dam. These end users
would either experience no increase in power
rates or their rates could decline slightly if their
utility is able to make additional sales as a result
of changes in Glen Canyon Dam operations. The

Figure IV-18.-SLCAIIP wholesale rates would
increase compared to no action under all
alternatives except the Maximum Powerplant
Capacity Alternative.
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Alternative

No action 88.1 64.1 30.8

Maximum powerplant capacity Same as

no action
Same as

no action
Same as

no action

High fluctuating flow 88.5

(+0.4%)

64.6

(+0.8%)

30.9

(+0.4%)

Moderate fluctuating flow 100.4

(+13.9%)

69.7

(+8.8%)

32.0

(+4.0%)

Modified low fluctuating flow 102.3

(+16.1%)

70.5

(+10.0%)

32.2

(+4.5%)

Interim low fluctuating flow 101.2

(+14.8%)

70.2

(+9.6%)

32.1

(+4.3%)

Existing monthly volume steady flow 108.7

(+23.3%)

72.9

(+13.8%)

32.7

(+6.3%)

Seasonally adjusted steady flow 117.0

(+32.8%)

75.8

(+18.4%)

33.3

(+8.3%)

Year-round steady flow 113.2

(+28.4%)

74.5

(+16.3)

33.0

(+7.2%)

impacts on these end users would likely be less
than that shown in tables IV-26 and table IV-28.

Retail rate impacts could be relatively significant
and vary considerably by utility. TablelV -28
shows the highest, the weighted mean, and the
lowest estimated small systems retail rate impacts
under each alternative. Such impacts would occur
primarily in areas that rely on Federal hydro-
power: small towns, rural areas, and areas with
large amounts of irrigated farmland. Additional
analysis of retail rate impacts is in the Power
Resources Committee Phase III Report (Power
Resources Committee, 1994).

.The resulting SLCA/IP firm power rate
required to meet Federal repayment obligations

.How much a customer relies on SLCA/IP firm
power to meet the electric power service needs
of its retail customers

.Availability and cost of replacement power

Many customers use revenues from the sale of
electricity to supplement other sectors of their
government, such as parks and recreation, water
systems, city maintenance, etc. A loss of this
resource would affect city government budgets
and services as revenues diminish.

Impacts on small SLCA/IP customer retail rates
would depend on:

Regional Economic Activity. The regional
economic impacts of changes in electricity rates
were examined in Western's power marketing EIS
(Western Area Power Administration, 1994).
Regional economic impacts were estimated in
terms of several key variables: population,

How much a customer's allocation is affected
by a change in the SLCA/IP marketable
resource
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employment, output (Gross Regional Product),
and disposable income. Impacts were measured
in nine subregions, one for each of the metro-
politan areas (Albuquerque, Denver, Phoenix, Salt
Lake City, Las Vegas, and Casper) and three rural
areas (High Plains, Rocky Mountains, Great Basin)
in the region.

within the regional power market. Energy
conservation would prolong this surplus. Aside
from the addition of two small combustion
turbines in 1996 and 1997 to replace older systems
to meet capacity reserve requirements, no
significant capacity additions would be made
until the year 2001. The totallong-term capacity
added under the No Action Alternative would be
2,089 megawatts (MW) for the 20-year planning
period. The significant capacity additions would
include:

The alternatives examined in Western's EIS are
more extreme, in terms of constraints on the
SLCA/IP hydropower resource, than those
analyzed in this EIS. The results show that some
utilities may experience relatively large rate
increases under the alternatives which most
closely approximate those examined here.
However, these rate increases translate into
changes of less than 0.4 percent for any of the
variables measured on a regional basis.

These results suggest that implementation of any
of the proposed alternatives will not materially
affect the regional economy.

.600 MW of coal-fired generation

.350 MW of purchased power (150 MW of
which are short-term purchases excluded from
the total)

.530 MW of combustion turbines

.200 MW of pumped storage

.560 MW from energy conservation

Unrestricted Fluctuating Flows

No Action Alternative

Power Operations. Operations under the
No Action Alternative would be as flexible as they
were prior to implementation of interim flows.
There would be an allowable daily range of
fluctuation of up to 30,500 cfs and no ramp rate
restrictions. The full uprated generating capacity
would not be used because the maximum
allowable discharge would continue to be
administratively limited to 31,500 cfs.

Financial Costs.- The utility economic
analysis focused on how and where economic
impacts would be distributed. This analysis
includes the same procedures performed for the
economic analysis except that it describes impacts
on small and large utilities and includes transfer
payments. As explained in the economic analysis,
2,089 MW would be added to the regional power
market by the year 2011. This added capacity
would be due to planned expansion by individual
utilities to meet projected load growth.

A breakdown of impacts to large and small
utilities is shown in table IV-27. Again, a total
production cost for the No Action Alternative was
not available, so the other alternatives were
compared to a zero baseline for no action.Power Marketing. Impacts would be based on

changes in marketable resource, economic and
financial costs, and wholesale and retail rates. Wholesale and Retail Rates.- The current

firm power rate (under interim flows) is
16.72 mills per kilowatthour (kWh) compared to
18.78 mills/kWh for the No Action Alternative.
The ratesetting year for this hypothetical rate is
fiscal year 1993, chosen because it was the year
when estimated revenues most closely matched
estimated costs. The minimum rate required to
ensure project repayment would include expenses
for project operation and maintenance and for
extensive environmental studies.

SLCAIIP Marketable Resource.-Quantities
of SLCA/IP long-term firm capacity and energy
under the No Action Alternative are summarized
in table IV-26.

Economic Costs.-Studies concluded that,
for the next decade (1991-2001), electrical load
growth would be met by purchasing existing
surplus capacity from interconnected utilities
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Table IV-26 shows the expected retail rates under
each alternative for small systems within the
SLCA/IP. Estimates of minimum and maximum
retail rates are shown in table IV-28.

Assuming appropriate market conditions and full
unit availability , the criteria limiting use of Glen
Canyon Powerplant to provide economy energy
would be restrictions on ramping and daily
fluctuations. Also, the higher the minimum
release, the more limited the flexibility .Maximum Powerplant Capacity

Alternative
Each restricted fluctuating flow alternative has
higher minimum flows during off-peak hours
compared to the No Action or Maximum
Powerplant Capacity Alternatives; therefore,
forced economy, off-peak energy sales would be
necessary .In other words, when more energy is
generated than required to meet load during
off-peak hours, Western might be forced to lower
its price. Western's customers would then be
charged more for the power purchased during
on-peak hours in order to generate the revenue
necessary to meet repayment requirements.

The uprating and rewinding of Glen Canyon
Powerplant units (completed in 1987) has
improved efficiency. Power operations under the
Maximum Powerplant Capacity Alternative
would be the same as those under the No Action
Alternative, except that the full uprated capacity
of the powerplant (33,200 cfs) would be available
for use.

The additional hydroelectric generation at
off-peak times means fossil fuel plants could lose
money as a result of losing sales to Western's
cheaper energy. Western also would not be
purchasing energy from the fossil fuel plants
during off-peak times, as it would under no action
operations. However, since the fossil fuel plants
would have to generate more on-peak energy
when Glen Canyon Powerplant is less able to
respond to demand, sales to other utilities would
be expected to increase.

Maximum powerplant capacity is achieved by
releasing 33,200 cfs, which would occur only
when Lake Powell is at elevation 3641 feet or
higher. CRSS model projections show Lake
Powell would be at that elevation over 60 percent
of the time during the next 50 years. At times
during those years, Glen Canyon Powerplant
could generate up to 56 MW more capacity
than under no action. Additional capacity and
energy would then be available for regulation,
emergencies, reserve, and the economy energy

program.

Impacts on all aspects of long-tenn finn power
marketing would be the same as under no action.

Restricted Fluctuating Flows
Compared to operations under no action, less
on-peak energy would be generated at Glen
Canyon Powerplant. Consequently, there would
be little, if any, on-peak energy that could be sold
to or exchanged with other utilities at prices lower
than generation costs at alternative thermal units.

Power Operations

The following discussion is a general description
of impacts to operational flexibility for all
restricted fluctuating flow alternatives.

Scheduling. Under restricted fluctuating flows,
other variables (water levels, unit outages, and
special water releases) would affect the amount of
energy that needs to be prescheduled and the
price paid for that energy .Extended low-volume
releases might result in the need for Western to
purchase firm capacity with energy to ensure its
customers of a dependable source.

Impacts on scheduling generation, purchases,
water patterns, and other elements depend on the
allowable daily change in flows and ramp rates.
The more operations are restricted, the more
significant the impact. Effects on scheduling
would occur hourly and result in increased costs.
Under restricted fluctuating flows, Western would
have limited options in responding to energy
shortages when loads become higher than gener-
ation. Power dispatchers would have decreased
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flexibility to take advantage of market conditions
in purchasing or selling capacity and energy .

Discussion of changes expected under restricted
fluctuating flow alternatives is based on changes
occurring under interim flows (same as the
Interim Low Fluctuating Flow Alternative).
These changes would include:

provide customer services and contribute to
system efficiency would be reduced compared to
that under no action. Customer services and
operational efficiency would not be reduced as
much under interim low fluctuating flows, due to
the greater system flexibility , including allowable
daily change in flows, greater allowable ramp
rates, higher allowable maximum discharge, and
lower allowable minimum discharge.

Load Following. Daily fluctuation limits would
restrict use of Glen Canyon Powerplant to
respond to changing firm load requirements. For
example, a S,OOO-cfs change per day allows for
onlya 190-MW load following capability, and
firm load requirements change more than this.
Western would find it necessary to make hourly
purchases of on-peak, nonfirm energy against the
restricted capacity at Glen Canyon Dam to meet
firm contract commitments.

1. System efficiency would be reduced.

2. Customers would have to do their own load
forecasting, and many small utilities do not have
the expertise to make accurate predictions.
Inaccurate predictions could be a financial risk for
these customers since some suppliers charge
much higher rates to provide generation over and
above the forecasted amount.

3. Customers would have to follow load with
their own units or with purchases from alternate
suppliers. The availability of alternate suppliers is
limited at times and frequently costs more. The daily fluctuation limit also is tied very closely

to up and down ramp rates and the maximum
flow limits. For example, under the Interim Low
Fluctuating Flow Alternative, the maximum
release is 20,000 cfs and the maximum allowable
daily change in flows is 8,000 cfs; maximum
allowable ramp rates are 2,500 cfs up and 1,500 cfs
down. Given those restrictions, if the minimum
allowable discharge of 5,000 cfs were released dur-
ing the night, then water releases could increase to
no more than 13,000 cfs during that day. The
fastest that releases could increase from 5,000 cfs
to 13,000 cfs would be 4 hours (2,500 cfs/hour).
Releases could be returned to 5,000 cfs in 6 hours
(1,500 cfs/hour)-a major change compared to no
action, where flow change capability is plus or
minus 33,200 cfs in less than 10 minutes.

Western lost about 400 MW of capacity due to the
restrictions imposed by interim flows. This figure
represents about 21 percent of the total SLCA/IP
maximum operating capacity. To date, under
interim flows, the tendency for system component
loads to peak at different times (system diversity3)
has saved Western from having to purchase
capacity .Western currently averages about 10- to
15-percent available capacity above peak needs
due to system diversity .Prior to implementation
of interim flows, Western averaged about
30-percent available capacity above peak needs.

Under the High Fluctuating Flow Alternative,
system efficiency would be reduced compared to
no action, but not as much as under Moderate
Fluctuating Flows, due to the greater allowable
daily change in flows, greater allowable ramp
rates, and lower allowable minimum discharge.
Under the Moderate Fluctuating Flow Alternative,
the availability of Glen Canyon Powerplant to

When water releases are constrained, operable
capacity would be reclassified as inoperable
capacity, and the contracted amount might have
to be changed. Given restrictions under interim
operations, total operable capacity from Glen

3 System diversity is the difference between actual finn load requirements (hourly) and total finn contractual commitments and

control area regulation requirements. Diversity changes hourly depending on contractor scheduling practices. Western must
maintain operating reserves equivalent to its firm contractual commitments and regulation requirements. Western could not reduce
capacity in relation to diversity without affecting responsiveness and the ability to conform to the North American Electric Reliability
Council guidelines.
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Western would not be able to meet Western
Systems Coordinating Council criteria. Western
Area Upper Colorado (WAUC) members would
then have to use other, less responsive and more
expensive thermal resources. Compared to
operations under the No Action Alternative, the
High Fluctuating Flow Alternative would reduce
capacity by a small percentage. The Moderate,
Modified Low, and Interim Low Fluctuating Flow
Alternatives would reduce capacity substantially.

Canyon Powerplant and the other CRSP units
could be less than that required to simultaneously
satisfy firm load requirements and maintain an
acceptable amount of capacity in reserve to cover
emergencies. Western would have to acquire a
substitute uninterruptible source, at higher
expense, to replace this lost capacity .

Regulation and Control. As a load control area
operator, Western's function is to ensure that each
area utility or group of utilities generates the exact
amount of power to meet its load and export
responsibilities without relying on the resources
of others.

Emergencies and Outage Assistance. Restrictions
on ramping and maximum allowable releases
would result in reduced emergency assistance
service. A reduction in this service would result
in increased costs and inconvenience, as
customers turn to more costly and less reliable
thermal sources.

Western would be able to respond only to exten-
sive control area emergencies. Such emergencies
usually develop from smaller, localized events
and could be kept short term and manageable by
using hydropower. Without access to a hydro-
power source for emergency assistance, a utility
may have to search for help from a less responsive
thermal unit. Meanwhile, the electrical emergency
could progress from local to areawide, forcing the
use of Glen Canyon Powerplant to correct the
situation.

System control would be unaffected if there were
no stability , frequency , or voltage problems
anywhere in the system; however, impacts
ranging from minor to major could result if other
CRSP units had problems. Problems with system
regulation occur frequently, while problems with
system control are fairly infrequent. The degree of
impact to system regulation and control would
depend on the nature of the problem, what period
of the day the problem occurred, and how much
of Glen Canyon's daily release fluctuation limit
had already been used.

For example, if Flaming Gorge Powerplant were
being used for system regulation and one of its
generating units went down, one of the other
resources within the CRSP would be used, most
likely Glen Canyon Powerplant. If Glen Canyon
had already used its maximum allowable fluctu-
ations for the day, and the Flaming Gorge unit
went down during a peak hour, Western would
be forced to use one of the Aspinall units or go
outside its CRSP resources to cover load require-
ments. Uninterrupted service is the purpose of an
interconnected utility system. However, options
are sometimes limited-and the fewer options
available, the more significant the impact would
be in terms of cost to find and acquire the energy
or capacity needed.

Financial impacts of reduced emergency
assistance from Glen Canyon can be seen in
comparisons of 1991 interim flows and 1988 flows,
shown in table IV-29. This table is meant to show
comparable impacts of the No Action Alternative
(1988 flows) to conditions under interim flows.

Under all restricted fluctuating flow alternatives,
less Glen Canyon capacity would be available for
regulation service, so some regulation would have
to be provided by another CRSP powerplant. If
another CRSP powerplant were not available,

Under the interim flows of 1991, less emergency
energy was available compared to the no action
conditions in 1988 and, therefore,less revenue was
realized. Utilities that normally would have used
hydropower for assistance were forced to seek out
less responsive, more expensive sources.
Additional expenses varied and were determined
by market conditions at the time. The cost
impacts for emergency assistance would be
expected to be less under the High and Moderate
Fluctuating Flow Alternatives because operational
limits would be less restrictive and the service



310 Chapter IV Environmental Consequences

Table IV-29.-Comparison of emergency assistance under no action and interim operations

1988 (no action) 1991 (interim flows)

8, 134 MWh provided

(returned at 1.5 x 8, 134 MWh or a

net gain of 4,067 MWh)

31,757 MWh provided

(returned at 1.5 x 31,757 MWh or a net gain of

15,879 MWh)

349 MW/hour peak delivery

(valued at 20 mills/kWh or a net gain of $3171570)
161 MW/hour peak delivery

(valued at 20 mills/kWh or a net gain of $81,340)

could be offered more frequently. It is important
to note that wholesale rates would vary among
the alternatives to produce the same revenue over
the long term for project repayment purposes.

Glen Canyon, the greater the potential for
problems. Transmission scheduling problems
arise from physical limitations of the Glen Canyon
Dam and Western Colorado transmission systems.
If problems occurred~uch as heavy power
flows, out-of-service transmission lines, or loss of
other generating resources-Westem would not
be able to accommodate the subsequent system
schedule changes now usually resolved by
rescheduling generation at Glen Canyon Dam and
another interconnected powerplant.

The relative frequency of Inland Power Pool (IPP)
emergency assistance requests during the 2 years
was the same, but the amount of assistance
provided by Western decreased considerably. In
1991, Western provided only up to its reserve
requirement, except in cases where a major
systemwide or loss of load emergency occurred.
Under all restricted fluctuating flow alternatives,
Western would provide only up to its share of IPP
spinning reserve requirements.

Under all restricted fluctuating flows, the ability to
provide scheduled outage assistance could be
reduced to zero, resulting in increased costs to
other members of the IPP. Financial impacts of
reduced scheduled outage assistance to IPP mem-
bers from CRSP facilities for the 1988 flow year
compared to the 1991 flow year are shown in
table IV-30.

Western's ability to wheel firm and nonfirm trans-
mission service would be less. The value of
wheeling depends on how much the service is
needed, whether Western is situated appropri-
ately within the grid, and the market conditions at
the time. Under restricted fluctuating flows, the
Glen Canyon-Pinnacle Peak transmission line
up rate would be an underutilized investment.

Discussion of impacts to physical transmission
components assumes Western would not have
financial exception criteria for unscheduled
transmission operations and maintenance work.
The restricted fluctuating flow alternatives would
limit the capability to quickly and efficiently alter
the generation pattern of the interconnected

Transmission System. Restricted fluctuating flows
would result in scheduling problems across
transmission lines. The greater the restrictions at

Table IV-30.-Gomparison of sch~duled outage assistance under no action and interim fi~

1988 (no action) 1991 (interim flows)

No scheduled outage

assistance provided

9,334 MW of capacity provided a

netgainof$111,125
(100 MW peak amount sold)

14,001 MWh energy returned for a net gain of 4,667 MWh

(valued at 20 mills/kWh for a net gain of $93,340)
No revenue
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Modified Low Fluctuating Flow Alternative

The marketable resource available for firm power
marketing under this alternative would be
reduced by 442 MW of capacity in winter and
463 MW in summer compared to no action. The
annual quantity of energy would be the same as
under no action; however, a shift in generation
from on-peak to off-peak would have a moderate
to potentially major impact on energy value.

Phase III results for the other alternatives
presumably would be similar to the results for this
alternative. As shown in table IV-26, the relative
ranking of the alternatives, in terms of cost, differs
between the CROD and hydrology modeling
approaches. There is at least some evidence that
this difference may be more pronounced in the
Phase III results. Time and resources were
unavailable to complete a Phase III analysis for the
other eight alternatives, which precludes compar-
ing all of the alternatives on an equivalent basis.

Under the Modified Low Fluctuating Flow
Alternative, moderate to potentially major
economic costs would result. Economic costs
would increase by $15.1 to $44.2 million per year.
Again, surplus capacity would exist and energy
conservation would extend the surplus. Power
resources added would be essentially the same as
under moderate fluctuating flows.

Interim Low Fluctuating Flow Alternative

Under this alternative, the marketable resource
available for firm power marketing would
decrease by 372 MW of capacity in winter and
439 MW in summer compared to the No Action
Alternative. The annual quantity of energy would
be the same as under no action; however, a shift in
generation from on-peak to off-peak would have a
moderate to potentially major impact on the value
of the energy.

Financial costs to utilities would increase by
$89.1 million per year .Differences in costs to
large and small utility systems relative to no
action are summarized in table IV-27.

Moderate to potentially major economic costs
would result under interim low fluctuating flows
compared to no action. Economic costs would
increase by $35.6 to $36.3 million per year. Power
resources added would be essentially identical to
those added for the Moderate and Modified Low
Fluctuating Flow Alternatives.

The wholesale firm power rate under modified
low fluctuating flows would increase by
23.3 percent, and the weighted mean small system
retail rate would increase by 10.0 percent
compared to the No Action Alternative.

Additional analysis of the Modified Low Fluctu-
ating Flow Alternative was completed for this
final EIS. This analysis is described more com-
pletely in the Power Resource Committee
Phase III Report (1994). The analysis more
correctly accounts for the shifting of generation
from on- to off-peak and for regional emissions,
uses different assumptions about the cost of
replacement power purchased by small systems
(economic analyses only), and corrects some input
data and escalation rates. Estimates for the
Modified Low Fluctuating Flow Alternative are
listed below.

Under this alternative, financial costs to utilities
would increase by $75.4 million per year
compared to no action. Differences in costs to
large and small utility systems are summarized in
table IV-27.

The wholesale firm power rate would increase by
23.4 percent, and the weighted mean small system
retail rate would increase by 9.6 percent compared
to no action.

Annual economic cost

(1991 nominal $ millions)

CROD 34.8 (21% lower than Phase II)
Hydrology 25.0 (66% higher than Phase II)
Annual financial costs 91.7 (3% higher than Phase II)
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Steady Flows Power Marketing

Since impacts on power marketing would vary ,
they are described under each alternative.

Power Operations

Under the steady flow alternatives, impacts on
power operations usually would be much greater
than impacts under the restricted fluctuating flow
alternatives. Additional impacts to hydropower
operations under the steady flow alternatives are
described below.

Existing Monthly Volume Steady Flow
Alternative

Under the Existing Monthly Volume Steady Flow
Alternative, the marketable resource available for
firm power marketing would decrease by
567 MW of capacity in winter and 604 MW in
summer compared to the No Action Alternative.
The annual quantity of energy would be the same
as under no action; however, a shift in generation
from on-peak to off-peak would result in a major
decrease in energy value.

Scheduling. Major impacts to scheduling could
occur since plus or minus 1,000 cfs would be the
maximum allowable change per 24 hours under
the steady flow alternatives. Purchases and sales
of firm capacity would result in major cost
increases because Western would not be able to
buy or sell during economical periods.

Major economic costs would result under the
Existing Monthly Volume Steady Flow Alterna-
tive compared to no action. Economic costs
would increase by $65.9 million to $68.7 million
per year. The existing system surplus would
mean no capacity would be added immediately.
Total added capacity would be 2,281 MW for the
20-year planning period-more than 400 MW
greater than under the most restrictive fluctuating
flow alternative. Power resource additions
beyond those under no action would include:
300 MW of short-term purchased power, 142 MW
of combustion turbines, and 50 MW of pumped
storage (see footnote on page 311).

Load Following. Western would not be able to
provide load following under steady flows due to
restrictions on daily fluctuations, up and down
ramp rates, and the cap on maximum flows.

Regulation and Control. Impacts on regulation
service and control under steady flows would be
considered major because releases would not
fluctuate.

Financial costs to utilities under this alternative
would increase by $124.5 million a year.
Differences in costs to large and small utility
systems relative to no action are summarized in
table IV-27.

Emergencies and Outage Assistance. Steady
flows would be expected to result in a loss of this
service. Under steady flows, Western could
provide only its share of IPP capacity reserve
requirements and operating reserves equivalent to
the W AUC peak load for a minimum of 4 hours
per day, except for extensive emergencies.
Scheduled outage assistance would be reduced to
no more than plus or minus 35 MW (1,000 cfs).

Transmission System. A major loss of operating
flexibility would prevent Western from accom-
modating schedule changes. Impacts on the trans-
mission system actual would be major compared
to no action and restricted fluctuating flows.

The wholesale firm power rate under the Exisnng
Monthly Volume Steady Flow Alternative would
increase by 34.3 percent, and the weighted mean
small systems retail rate would increase by
13.8 percent compared to the No Action
Alternative.
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Seasonally Adjusted Steady Flow
Alternative

Year-Round Steady Flow Alternative

Under the Seasonally Adjusted Steady Flow
Alternative, the marketable resource available for
firm power marketing would decrease by
767 MW of capacity in winter and 817 MW in
summer compared to the No Action Alternative.
The annual quantity of energy would be nearly
the same as under no action; however, a shift in
generation from on-peak to off-peak would have
a major impact on energy value.

Under the Year-Round Steady Flow Alternative,
the marketable resource available for firm power
marketing would decrease by 672 MW of capacity
in winter and 700 MW in summer compared to
the No Action Alternative. The annual quantity of
energy would be nearly the same as under no
action; however, a shift in generation from
on-peak to off-peak would result in a major
decrease in the value of energy .

Major economic costs would result under this
alternative, increasing by $69.7 million to
$85.7 million per year .Resource options added
for the Year-Round Steady Flow Alternative
would be significantly larger than under no action
or any of the fluctuating flow alternatives. Again,
surplus capacity and energy conservation would
mean replacement capacity would not be added
immediately. However, the large capacity loss
would require capacity additions sooner and of
greater magnitude. The total capacity added
would be 2,318 MW for the 20-year planning
period. Specific capacity additions beyond those
under no action would include: 280 MW of short-
term purchased power, 251 MW of combustion
turbines, 25 MW of pumped storage, 10 MW from
wind generators, and 17 MW from energy conser-
vation (see footnote on page 311).

Major economic costs would result under this
alternative compared to no action. Economic costs
would increase by $88.3 million to $123.5 million
per year. Power resources added would require
significantly larger quantities of each resource
than those added under no action, any of the fluc-
tuating flow alternatives, or any of the other
steady flow alternatives. Again, existing surplus
capacity and energy conservation would mean
new capacity would not be added immediately.
However, the large capacity loss would require
capacity additions sooner and of greater magni-
tude. Total capacity added under the Seasonally
Adjusted Steady Flow Alternative would be
2,406 MW for the 20-year planning period. Signif-
icant capacity increases beyond those under no
action would include: 450 additional MW of
short-term purchased power, 250 MW of combus-
tion turbines, 50 MW of pumped storage, and
17 MW of energy conservation (see footnote on

page 311).

Financial costs to utilities under this alternative
would increase by $146.6 million per year.
Differences in costs to large and small utility
systems compared to no action are summarized in
table IV-27.Financial costs to utilities under this alternative

would increase by $192.4 million per year
compared to no action. Differences in costs to
large and small utility systems relative to no
action are summarized in table IV-27.

Under the Year-Round Steady Flow Alternative,
the wholesale firm power rate would be increased
by 42.6 percent, and the weighted mean small
system retail rate would increase by 16.3 percent
compared to no action.Under seasonally adjusted steady flows, the

wholesale firm power rate would increase by
50.2 percent, and the weighted mean small system
retail rate would increase by 18.4 percent
compared to no action. NON-USE V ALUE

Focus group results indicated that non-use value
for operational changes at Glen Canyon Dam may
be estimable. As reported in chapter III, the
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cooperating agencies decided to continue the
investigation in two phases: a pilot test research
phase and a full-scale study.

Pilot Test

those in the market area and increased across the
alternatives (Moderate Fluctuating, Interim Low
Fluctuating, and Seasonally Adjusted Steady Flow
Alternatives) in both samples. However, these
increases in non-use value were not always
statistically significant. Results of the pilot test are
reported in Welsh et al. (1994).The pilot test phase:

Peer reviewers of the pilot test suggested some
methodology improvements and additional
analyses and agreed that a full-scale investigation
was both feasible and warranted. These findings
are further described in Welsh et al. (1994). The
results of the pilot test and peer review findings
were presented to the cooperating agencies, and
the decision was made to proceed with the
full-scale non-use value study in June 1994.

.Evaluated survey instrument performance

.Evaluated the sensitivity of non-use values to
changes in affected resources

.Tested hypothesis that non-use value in the
CRSP market area differs from that in the
Nation as a whole

.Explored interaction of non-use value and price
impacts on rural households

A series of discussions were held with sediment
experts, fisheries biologists, and other researchers
to develop neutral, technically defensible survey
instruments. Using an iterative process, impact
scenarios for use in the surveys were constructed
and cross-checked by researchers.

Full-scale Study

The surveys used in the pilot test phase were
revised for use in the full-scale investigation based
on pilot test results, peer review committee sug-
gestions, and non-use value committee comments.
Further discussions were held with sediment
experts, fisheries biologists, and other researchers
to ensure that the survey instruments reflected the
most recent scientific information. The most
recent estimates of price impact on residential
power users and farmers were also incorporated.
Finally, the surveys were cross-checked by
researchers, reviewed by members of the non-use
value committee, and approved by the Office of
Management and Budget.

A focus group in New Mexico and two subse-
quent focus groups in Arizona explored whether
individuals held any value beyond a use value for
the hydropower resource. No non-use value for
the hydropower resource per se was evident.
However, participants in these focus groups
clearly empathized with particular populations,
such as small farmers and rural residents, whose
lifestyles might be affected by the price impacts
associated with the loss of peaking capability at
Glen Canyon Dam. Therefore, descriptions of
residential price impacts and impacts on farmers
were developed and included in the pilot test
survey instruments.

The institutional framework and underlying
theory employed in the full-scale non-use value
study are discussed in Harpman, Welsh, and
Bishop (1995). A detailed description of the
methodology can be found in Bishop et al. (1991)
and in Bishop and Welsh (1992a). Additional
reading on non-use value and benefit cost analysis
is found in Bishop and Welsh (1992b).

Admillistration of the full-scale survey began in
October 1994 and should be completed in January
1995. The full-scale survey was administered to a
random sample of 2,550 households in the
CRSP marketing area and 3,450 households

The survey fonn was approved in January 1994
and mailed to 1,750 households drawn at random
from a national sample and to 500 households
drawn at random from the CRSP marketing area.
Response rates for the pilot test were 76 percent
for the marketing area survey and 60 percent for
the national survey. Non-use value was found to
be significantly different from zero for the
impacted resources. Estimates of non-use value in
the national sample were significantly larger than
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randomly selected from a national sample. This
final EIS was completed prior to the completion of
the full-scale non-use value study. Findings of the
full-scale non-use value survey will be reported in
a separate GCES report.

be evaluated, effects of these flows could not be
integrated into the summary of impacts on each
resource. However, a general range of impacts
can be predicted for affected resources.

During years when they occur, endangered fish
research flows would have impacts on water and
fish similar to those described for the Seasonally
Adjusted Steady Flow Alternative. These research
flows would not be expected to result in any
additional impacts on cultural resources, air
quality, or endangered and other special status
species (other than native fish). Impacts on
sediment, vegetation, wildlife and habitat,
recreation, and hydropower potentially would
increase up to the level of impacts described
under the Seasonally Adjusted Steady Flow
Alternative.

Possible Results of Non-Use Value

Study

Pilot test sample sizes were too small to allow for
statistically reliable estimation of non-use value
for each of the alternatives. While it is now
impossible to predict the numerical magnitude of
non-use value for each alternative, it is possible to
characterize qualitatively the likely results of the
full-scale study.

Since non-users were most concerned about
impacts to vegetation and associated wildlife,
native fish, Native Americans, and archeological
sites, alternatives that benefit these resources are
likely to have higher non-use value. Pilot-test
results indicate that estimates of non-use value
obtained in the full-scale study may range from
tens to hundreds of millions of dollars annually.

Power

As regional population increases, the demand
for electric power is expected to increase.
Both public and private utilities plan for this
eventuality by building new powerplants to
meet expected demand. Also, there presently
are a number of existing regional powerplants
that are not being used to their full capacity.

CUMULATIVE IMPACTS

This section presents an analysis of impacts on the
environment which result from incremental
impacts of the action when added to other past,
present, and reasonably foreseeable future actions,
regardless of what agency (Federal or non-
Federal) or person undertakes such actions.

Since there are no anticipated construction
projects on the Colorado River between Lakes
Powell and Mead, there are no cumulative
impacts in the immediate area.

Endangered fish research flows (likely a
seasonally steady release pattern) would be
implemented and evaluated through the Adaptive
Management Program. The extent to which these
steady flows would be permanently incorporated
would depend on evaluation of the research
results. Because the research flows might not
occur every year and because results will need to

A reduction in peaking power production at
Glen Canyon Dam would have little short-term
economic effect since existing facilities and energy
conservation measures could satisfy short-term
demand. In the long term, any reduction in
peaking power capability at Glen Canyon Dam
would mean that the demand for electricity
would exceed the system's ability to supply
electricity sooner than presently envisioned. As a
result, some least-cost combination of thermal
plants and energy conservation measures would
be implemented sooner than planned. The
economic impact (cost to society) of these actions
has been estimated to range between minus
$1.5 million and plus $123.5 million annually
(see analysis of POWER impacts in this chapter).
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Glen Canyon Dam is the least-cost source of
peaking power in the affected region. Loss of
peaking power generation at Glen Canyon
Powerplant will increase wholesale and retail
prices by some degree. There are two reasons for
this increase.

such increases by applying less water, producing
crops that require less water, and/ or removing
less suitable land from production. In the long
run, some irrigation districts and producers may
install more water-efficient irrigation systems or
systems that use alternative fuels such as natural
gas, or they may cease production altogether.

First, CRSP project costs are prorated over the
number of units of peaking power sold. Loss of
generation capacity means that fewer units of
power can be produced and sold. All other
things being equal, this will cause the price per
unit of available CRSP capacity to increase. The
wholesale price is expected to increase by
23.3 percent under the preferred alternative.

Western commissioned a study of the agricul-
tural sector that focused on power marketing
conditions very similar to the preferred alternative
described in this EIS. Study results suggest that
net farm income in the region would decrease by
almost 0.41 percent (U .5. Department of Energy ,
1994). Supporting subregional analyses indicate
that there are small areas that may experience
impacts exceeding this (Flaim, Howitt, and
Edwards, 1994). Nonetheless, the expected loss
of net income in the agricultural sector would be
limited.

Second, to the extent that a utility's allocation
of CRSP power is reduced, affected utilities
must purchase higher-cost replacement power
from alternative suppliers. These additional
costs will be passed on by utilities to their
customers.

Air Quality

Rate impacts would vary substantially by supplier
and by geographical location, since the extent to
which wholesale power rates affect retail power
rates depends on the amount of CRSP power
used by a utility .Rate increases would be
relatively small for a retail customer whose
utility receives a relatively small portion of its
power from CRSP. However, retail rate increases
would be nearly as much as or more than the
wholesale rate increase for a retail customer
whose utility receives a substantial portion of its
power from CRSP .

Although total emissions from all new and
existing powerplants may increase during the day
there would be an even greater reduction of
emissions at night because Glen Canyon Power-
plant and additional new, more efficient
powerplants would be producing more power at
night. Therefore, the net effect on regional air
quality under all restricted fluctuating and steady
flow altematives would be a slight reduction in
emissions.

UNA VOIDABLE ADVERSE IMPACTSThe impact of increases in power rates in the
affected region potentially would be more
significant for some economic sectors than
estimates of average impact show. For example,
any increase in the price of CRSP power increases
the cost of irrigation, a significant part of
agricultural production costs in this arid region.
Consequently, the effective impact of any rate
increase for irrigators may be quite large.

None of the alternatives are expected to result in
unavoidable adverse impacts to downstream
resources relative to no action. However,
unavoidable loss of peaking power would result
from implementation of any of the restricted
fluctuating or steady flow alternatives. These
impacts are discussed in detail in the
HYDROPOWER section of the chapter .

Agricultural producers cannot increase their
prices to compensate for higher water costs. In
the short run, fanners are likely to respond to
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The existence of Glen Canyon Dam has resulted in
unavoidable adverse impacts to most cultural
resources in the study area. These impacts are
discussed in this chapter and in the accompanying
compliance documentation in attachment 5.

No adverse impacts to Indian Trust Assets are
anticipated from the preferred alternative.
However, flood frequency reduction measures for
other alternatives may include dedicating
1 million acre-feet of Lake Powell space to flood
control. The Navajo Nation is concerned that this
flood frequency reduction method would prevent
the full development of the Navajo Indian

Irrigation Project.
RELATIONSHIP BETWEEN
SHORT-TERM USES AND LONG-TERM
PRODUCTIVITY

Under the restricted fluctuating and steady flow
alternatives, there would be a tradeoff between
peaking power and long-term sediment stability
and, therefore, the stability of those resources
linked to sediment (see discussion of resource
linkages in chapter III).

Reclamation has concluded that Indian cultural
items and resources are located within the river
corridor. For all ancestral tribes of the area, the
possibility exists for discovery of items identified
in the Native American Graves Protection and
Repatriation Act of 1990. These items, defined as
associated and unassociated funerary objects,
sacred objects, and objects of cultural patrimony,
are the property of the affiliated Native American
group or Indian Tribe. Potential impacts to
human remains and objects are addressed in the
Programmatic Agreement on Cultural Resources
and accompanying monitoring and remedial
action plan (see attachment 5).

IRREVERSIBLE AND IRRETRIEV ABLE

COMMITMENTS OF RESOURCES

Peaking power production foregone on a given
day under any alternative would be irretrievably
lost. Any loss of archeological sites also would be
irretrievable.

The Hualapai Tribe has asserted that there are
Indian Trust Assets within the reservation bound-
ary and that these are affected by dam operations.
The claimed resources include fish, vegetation,
wildlife, and cultural resources. Reclamation does
not agree that trust assets are affected because, in
Reclamation's opinion, dam operations do not
affect reservation lands. Reclamation concluded
that the restricted fluctuating and steady flow
alternatives (including the preferred alternative)
would have beneficial impacts on fish, vegetation,
wildlife, and cultural resources relative to the No
Action Alternative. A detailed analysis of the
impacts on these resources under each alternative
is presented earlier in this chapter.

INDIAN TRUST ASSETS

Bureau of Reclamation policy is to protect Amer-
ican Indian Trust Assets from adverse impacts of
its programs and activities when possible. Indian
Trust Assets are property interests held in trust by
the United States for the benefit of Indian Tribes
or individuals. Lands, minerals, and water rights
are common examples of trust assets.

The United States has a trust responsibility to
protect and maintain rights reserved by or granted
to Indian Tribes or individuals by treaties,
statutes, and executive orders. This responsibility
is sometimes further interpreted through court
decisions and regulation. Although there is no
concise legal definition of Indian Trust Assets,
courts have traditionally interpreted them as
being tied to property .

Other Concerns

The Federal Government's responsibilities to and
concerns about Indian people are broader than
Indian Trust Assets; they also include economics
and cultural resources.



As a component of the programmatic agreement,
Reclamation is coordmating plan formulation
for the continual monitoring of cultural resources.
This Monitoring and Remedial Action Plan
outlines a step-by-step program to address any
resource degradation identified by the monitoring
process. Any future impacts to.archeological sites
and traditional cultural properties would be
minimized through the implementation of the
programmatic agreement (attachment 5).

The Navajo Tribal Utility Authority, which
provides service to the majority of electricity
consumers on the Navajo Reservation, purchases
about a fourth of its power capacity from Western.
Navajo Agricultural Products Industries also
receives capacity and energy from Western as part
of the Navajo Indian Irrigation Project. Dam oper-
ations that result in reduced generating capacity
would impact energy rates to Western's customers
and, in turn, Navajo electricity consumers.

No measurable economic impacts on Native
American-owned or operated recreation
enterprises were identified (see RECREAnoN
in this chapter).

IMPACTS ON OTHER FEDERAL AND

NON-FEDERAL PROJECTS AND

PLANS

Inexpensive CRSP power has allowed agricultural
development to flourish in this arid region.
CRSP power is used extensively by participating
irrigation districts and federally funded irrigation
projects such as the Central Arizona Project.

Some impacts to cultural resources would likely
continue in the future because of the existence of
Glen Canyon Dam, regardless of how it is
operated. The No Action, Maximum Powerplant
Capacity , and High Fluctuating Flow Alterna-
tives are expected to result in greater impacts
to archeological sites and traditional cultural
properties and resources than the other
alternatives (see CULTURAL RESOURCES in
this chapter).

Far-ranging effects on the economic and financial
viability of irrigation projects in the region may
result from increases in CRSP power rates. These
increases may contribute to the insolvency of
marginal producers and this, in turn, may
threaten existing project repayment. Increases
in the price of power may make planned marginal
projects economically or financially infeasible.

In cooperation with involved entities, Reclama-
tion participated in developing a programmatic
agreement that documents how the Federal
Government will protect archeological sites and
traditional cultural properties within the
geographic area affected by Glen Canyon Dam
operations. The involved entities included:

The amount of electricity produced off-peak
would not be reduced by the preferred alternative
and may, in fact, be increased. Therefore, the
effect on the power rates, and thus the economic
and financial viability of existing and future
projects, is difficult to project.

Management Plans

The alternatives are not expected to cause changes
in NPS or tribal management plans.

Western's Power Marketing

.Advisory Council on Historic Preservation

.Arizona State Historic Preservation Officer

.National Park Service

.Havasupai Tribe

.Hopi Tribe

.Hualapai Tribe

.Kaibab Paiute Tribe

.Navajo Nation

.San Juan Southern Paiute Tribe

.Shiv wits Paiute Tribe

.Zuni Pueblo

Western may have to change the way power is
marketed in the region as a result of changed
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operations at Glen Canyon Dam. Western is
currently preparing an EIS to evaluate

systemwide power marketing and allocations.

State of Arizona

Management of the Glen Canyon trout fishery
may likely change in the future under any of the
restricted fluctuating or steady flow alternatives.
Stocking could be reduced since there would be
decreased stranding of adults, improved
spawning, enhanced recruitment, and increases in
growth rates. Potential improvements in the
quality of the fishery also would provide the
opportunity for relaxed fishing regulations.
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ATTACHMENT 6

Supporting Data on Alternatives

A. Formula for determining minimum and maximum flows under the Moderate and Seasonally Adjusted
Fluctuating Flow Alternatives (October-May). Minimum and maximum flow restrictions would be
determined from the mean release for the month (Qmean). Qmean would be determined from the
scheduled monthly release volume using the following equation,

Qmean = Volume x 43,560 ft2 .day

No. days per month 86,400 acre. sec

Where volume is the scheduled monthly release volume in
acre-feet per month and Qmean is the equivalent release in cfs

The minimum (Qmin) and maximum (Qmax) flows would be determined by the following equations.

for Qmean ~ 9,091 cfs
for Qmean ~ 9,091 cfs

Qmin = 5.000 cfs
Qmax = Qmean -C

for Qmean ~ 25,500 cfs Qmax = Qmean + C
for Qmean ?; 25,500 cfs Qmax = 31,500 cfs

where
for Qmean ~ 13,333 cfs C = 0.45 x Qmean
for Qmean ?; 13,333 cfs C = 6,000 cfs

Releases rates would be allowed to fluctuate daily and hourly between the minimum and maximum limits.

B Monthly release volumes for alternatives incorporating the habitat maintenance
flow, example water year 1989 (8.2 million acre-feet) in thousand acre-feet

Moderate and
Modified Low

Fluctuating Flow

Seasonally

Adjusted

Steady FlowMonth No Action

act

Nov

Dec

Jan

Feb

Mar

Apr

May
Jun

Jul

Aug

Sep

520
616
644
760
671
607
548
540
763
841
884
823

484
580
608
724
635

1,006
512
504
727
805
848
787

499
477
500
655
587

1,086
723

1,073
1,037

682
474
449
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Emergency Operations Guidelines

Inflow Forecasting

National Weather Service inflow projections, received twice a month, are used to project a 3- to 4-month
period. This data comes from a satellite telemetered network of more than 100 Upper Colorado River
Basin data collection points. These points gather snow water content, precipitation, temperature, and
streamflow information. The water year begins in October, with later adjustments made for anticipated
targets such as annual volumes and flood control elevations. Starting on January 1, forecasts are made for
the April through July inflow, the peak runoff period. These early forecasts may contain large errors due
to climatic variability as well as modeling and data uncertainties. Uncertainty decreases as the snow
accumulation period progresses into the runoff season. As the runoff season progresses, monthly
scheduled releases are modified to accommodate projected runoff changes.

Operational Emergencies

The North American Electrical Reliability Council (NERC) has established guidelines for emergency
operations of interconnected systems. These guidelines apply to Glen Canyon Dam operations and may
account for operational changes outside of those identified in descriptions of the alternatives. These
changes in operations are intended to be of short duration as a result of emergencies at the dam or within
the transmission network. NERC provides the following guidelines for system emergencies. Because of
the technical nature of the descriptions, only examples are given here.

Insufficient Generation Capacity. When a control area has an operating capacity emergency, it must
promptly balance its generation and interchange schedules to its load, without regard to financial cost, to
avoid prolonged use of the assistance provided by interconnection frequency bias. The emergency
reserve inherent in frequency deviation is intended to be used only as a temporary source of emergency
energy and must be promptly restored so the interconnected systems can withstand the next contingency
A control area unable to balance its generation and interchange schedules to its load must remove
sufficient load to permit correction of its Area County Error.

If a control area anticipates an operating capacity emergency, it must bring on all available generation,
postpone equipment maintenance, schedule interchange purchases well in advance, and prepare to
reduce load.

An example of insufficient generation capacity and the appropriate response would be as follows: if any
coal-fired powerplant in Western's load control area were unexpectedly lost, the response would be an
increase in Colorado River Storage Project (CRSP) generation or imports to cover the change in
anticipated generation within the control area.

Transmission (Overload, Voltage Control). If a transmission facility becomes overloaded or if voltage
levels are outside of established limits and the condition cannot be relieved by normal means (such as
adjusting generation or interconnection schedules) and a credible contingency under these conditions
would adversely impact the interconnection, appropriate relief measures, including load shedding, shall
be implemented promptly to return the transmission facility to within established limits. This action shall
be taken by the system, control area, or pool causing the problem if it can be identified; or by other
systems or control areas, as appropriate, if identification; cannot be readily determined.

An example of a response to an overloaded transmission system would be automatic relay tripping and
taking a transmission line, such as the Glen Canyon-Flagstaff 345-kilovolt line, out of service. This action
would cause Glen Canyon powerplant generation to be reduced instantaneously to a predetermined level
based on the capacity of the line taken out of service.



Load Shedding. .!\fter taking all other steps, a system or control area whose integrity is in jeopardy due to
insufficient generation or transmission capacity shall shed customer load rather than risk an uncontrolled
failure of intercoJmection components.

An example requiring the extreme step of load shedding could occur if there were an interruption of the
transmission capacity between the heavy load areas of Southern California and Arizona and the heavy
generation areas of the Pacific Northwest, Colorado, Wyoming, and Montana. In this situation, Glen
Canyon would be isolated with the heavy load areas. The response would be for Glen Canyon to swing
from existing generation levels to maximum powerplant capacity. Then the automatic relay protection
would open the transmission lines to the heavy load area, reducing the generation at Glen Canyon.

System Restoration. After a system collapse, restoration shall begin when it can proceed in an orderly and
secure manner. Systems and control areas shall coordinate their restoration actions. Restoration priority
shall be given to the station supply of powerplants and the transmission system. Even though the
restoration should be expeditious, system operators should avoid premature action to prevent a
recollapse of the 5'Ystem.

Customer load shall be restored as generation and transmission equipment becomes available, while
keeping load and generation in balance at normal frequency as the system is restored.

Emergency Infonrlaffon Exchange. A system control area or pool experiencing or anticipating an
operating emergeJClcy should communicate its current and future status to neighboring systems, control
areas, or pools and throughout the interconnection. Systems able to provide emergency assistance must
make known then. capabilities.

Special System or Control Area. Because the facilities of each system may be vital to the interconnection's
secure operation, systems and control areas shall make every effort to remain connected. However, if a
system or control area determines that it is endangered by remaining interconnected, it may take action as
necessary to prote,ct its system.

If a portion of the interconnection becomes separated from the remainder of the interconnection,
abnormal frequency and voltage deviations may occur. To permit resynchronizing, relief measures
should be applied by those separated systems contributing to the frequency and voltage deviations.

An example of when Western might choose to disconnect the Glen Canyon Powerplant from the
interconnected system would be in the case of a search and rescue operation in the canyon when there
would be a need to control the releases.

Although the situations are infrequent, they do occur and require immediate, short-term changes in dam
operation. In general, changes resulting from emergencies at Glen Canyon would result in decreases in
flows. Emergencies in the system away from the dam would result in increases in flows.

Humanitarian Sj'tuations

There are occasions when managing agencies and local authorities, such as the police, request that the
flows from the danl be reduced so that search and rescue procedures can be conducted or fatalities can bE
recovered from the river. fu these situations, flows will be reduced for an agreed upon period of time.
When returning to normal operations, flows will be brought up quickly to the minimum flow identified
in the alternative aJld then may be increased at the ramping rate identified in the alternative.
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ATTACHMENT 6

Supporting Data on Alternatives

A. Formula for determining minimum and maximum flows under the Moderate and Seasonally Adjusted
Fluctuating Flow Alternatives (October-May). Minimum and maximum flow restrictions would be
determined from the mean release for the month (Qmean). Qmean would be determined from the
scheduled monthly release volume using the following equation,

Qmean = Volume x 43,560 ft2 .day

No. days per month 86,400 acre. sec

Where volume is the scheduled monthly release volume in
acre-feet per month and Qmean is the equivalent release in cfs

The minimum (Qmin) and maximum (Qmax) flows would be determined by the following equations.

for Qmean ~ 9,091 cfs
for Qmean ~ 9,091 cfs

Qmin = 5.000 cfs
Qmax = Qmean -C

for Qmean ~ 25,500 cfs Qmax = Qmean + C
for Qmean ?; 25,500 cfs Qmax = 31,500 cfs

where
for Qmean ~ 13,333 cfs C = 0.45 x Qmean
for Qmean ?; 13,333 cfs C = 6,000 cfs

Releases rates would be allowed to fluctuate daily and hourly between the minimum and maximum limits.

B Monthly release volumes for alternatives incorporating the habitat maintenance
flow, example water year 1989 (8.2 million acre-feet) in thousand acre-feet

Moderate and
Modified Low

Fluctuating Flow

Seasonally

Adjusted

Steady FlowMonth No Action

act

Nov

Dec

Jan

Feb

Mar

Apr

May
Jun

Jul

Aug

Sep

520
616
644
760
671
607
548
540
763
841
884
823

484
580
608
724
635

1,006
512
504
727
805
848
787

499
477
500
655
587

1,086
723

1,073
1,037

682
474
449
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Emergency Operations Guidelines

Inflow Forecasting

National Weather Service inflow projections, received twice a month, are used to project a 3- to 4-month
period. This data comes from a satellite telemetered network of more than 100 Upper Colorado River
Basin data collection points. These points gather snow water content, precipitation, temperature, and
streamflow information. The water year begins in October, with later adjustments made for anticipated
targets such as annual volumes and flood control elevations. Starting on January 1, forecasts are made for
the April through July inflow, the peak runoff period. These early forecasts may contain large errors due
to climatic variability as well as modeling and data uncertainties. Uncertainty decreases as the snow
accumulation period progresses into the runoff season. As the runoff season progresses, monthly
scheduled releases are modified to accommodate projected runoff changes.

Operational Emergencies

The North American Electrical Reliability Council (NERC) has established guidelines for emergency
operations of interconnected systems. These guidelines apply to Glen Canyon Dam operations and may
account for operational changes outside of those identified in descriptions of the alternatives. These
changes in operations are intended to be of short duration as a result of emergencies at the dam or within
the transmission network. NERC provides the following guidelines for system emergencies. Because of
the technical nature of the descriptions, only examples are given here.

Insufficient Generation Capacity. When a control area has an operating capacity emergency, it must
promptly balance its generation and interchange schedules to its load, without regard to financial cost, to
avoid prolonged use of the assistance provided by interconnection frequency bias. The emergency
reserve inherent in frequency deviation is intended to be used only as a temporary source of emergency
energy and must be promptly restored so the interconnected systems can withstand the next contingency
A control area unable to balance its generation and interchange schedules to its load must remove
sufficient load to permit correction of its Area County Error.

If a control area anticipates an operating capacity emergency, it must bring on all available generation,
postpone equipment maintenance, schedule interchange purchases well in advance, and prepare to
reduce load.

An example of insufficient generation capacity and the appropriate response would be as follows: if any
coal-fired powerplant in Western's load control area were unexpectedly lost, the response would be an
increase in Colorado River Storage Project (CRSP) generation or imports to cover the change in
anticipated generation within the control area.

Transmission (Overload, Voltage Control). If a transmission facility becomes overloaded or if voltage
levels are outside of established limits and the condition cannot be relieved by normal means (such as
adjusting generation or interconnection schedules) and a credible contingency under these conditions
would adversely impact the interconnection, appropriate relief measures, including load shedding, shall
be implemented promptly to return the transmission facility to within established limits. This action shall
be taken by the system, control area, or pool causing the problem if it can be identified; or by other
systems or control areas, as appropriate, if identification; cannot be readily determined.

An example of a response to an overloaded transmission system would be automatic relay tripping and
taking a transmission line, such as the Glen Canyon-Flagstaff 345-kilovolt line, out of service. This action
would cause Glen Canyon powerplant generation to be reduced instantaneously to a predetermined level
based on the capacity of the line taken out of service.



Load Shedding. .!\fter taking all other steps, a system or control area whose integrity is in jeopardy due to
insufficient generation or transmission capacity shall shed customer load rather than risk an uncontrolled
failure of intercoJmection components.

An example requiring the extreme step of load shedding could occur if there were an interruption of the
transmission capacity between the heavy load areas of Southern California and Arizona and the heavy
generation areas of the Pacific Northwest, Colorado, Wyoming, and Montana. In this situation, Glen
Canyon would be isolated with the heavy load areas. The response would be for Glen Canyon to swing
from existing generation levels to maximum powerplant capacity. Then the automatic relay protection
would open the transmission lines to the heavy load area, reducing the generation at Glen Canyon.

System Restoration. After a system collapse, restoration shall begin when it can proceed in an orderly and
secure manner. Systems and control areas shall coordinate their restoration actions. Restoration priority
shall be given to the station supply of powerplants and the transmission system. Even though the
restoration should be expeditious, system operators should avoid premature action to prevent a
recollapse of the 5'Ystem.

Customer load shall be restored as generation and transmission equipment becomes available, while
keeping load and generation in balance at normal frequency as the system is restored.

Emergency Infonrlaffon Exchange. A system control area or pool experiencing or anticipating an
operating emergeJClcy should communicate its current and future status to neighboring systems, control
areas, or pools and throughout the interconnection. Systems able to provide emergency assistance must
make known then. capabilities.

Special System or Control Area. Because the facilities of each system may be vital to the interconnection's
secure operation, systems and control areas shall make every effort to remain connected. However, if a
system or control area determines that it is endangered by remaining interconnected, it may take action as
necessary to prote,ct its system.

If a portion of the interconnection becomes separated from the remainder of the interconnection,
abnormal frequency and voltage deviations may occur. To permit resynchronizing, relief measures
should be applied by those separated systems contributing to the frequency and voltage deviations.

An example of when Western might choose to disconnect the Glen Canyon Powerplant from the
interconnected system would be in the case of a search and rescue operation in the canyon when there
would be a need to control the releases.

Although the situations are infrequent, they do occur and require immediate, short-term changes in dam
operation. In general, changes resulting from emergencies at Glen Canyon would result in decreases in
flows. Emergencies in the system away from the dam would result in increases in flows.

Humanitarian Sj'tuations

There are occasions when managing agencies and local authorities, such as the police, request that the
flows from the danl be reduced so that search and rescue procedures can be conducted or fatalities can bE
recovered from the river. fu these situations, flows will be reduced for an agreed upon period of time.
When returning to normal operations, flows will be brought up quickly to the minimum flow identified
in the alternative aJld then may be increased at the ramping rate identified in the alternative.
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Prefoce

These appendices were prepared by technical specialists in each represented
subject. Therefore, each appendix has an individual arrangement suited to its
requirements and displayed in its table of contents. Appendix A contains its
own addenda and bibliography. Appendix B primarily includes figures
showing hydrologic patterns in more detail than could be accommodated in
the EIS. Appendices C, D and E contain additional technical discussion and
illustration of their subjects. An appendix bibliography completes this volume.
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LONG-TERM MONITORING IN GLEN AND GRAND CANYON:
RESPONSE TO OPERATIONS OF GLEN CANYON DAM

INTRODUCTION

Grand Canyon is an internationally significant nahrral landscape feahre. Ironically,
the Colorado River, the physical feature responsible for carving Grand Canyon, is now the
most heavily regr:lated large river in North America. The physical hydrolory of Colorado
stream flow, as with the associated sediment load and dissolved constituents transported by
the river, have changed dramatically since closure of Glen Canyon Dam in 1963. Numerous
studies, including those sponsored by the U.S. Bureau of Reclamation's Glen Canyon
Environmental Studies since 1982, have documented these changes.

The Grand Canyon Protection Act of 1.992has directed the Secretary of the Interior to
establish and implement long-term monitoring programs and activities that will ensure that
Glen Canyon Dam is operated "... in such a manner as to protect, mitigate adverse impacts
to, and improve the values for which Grand Canyon National Park and Glen Canyon
National Recreation Area were established.."". In response to this directive, the Glen Canyon
Dam EIS resource management agencies and interests have initiated the planning of a long-
term monitoring program which would permit continued evaluation of the effect of Glen
Canyon Dam operations, as described in the Record of Decision, on the riverine environment
of Grand Canyon.

This document describes the long-term monitoring program. It does not project costs
for any of the long-term monitoring program components. These would be determined on
(1) availability of funds, (2) priorities assigned to the various monitoring components, and (3)

costs proposed by those entities responding to the "Request for Proposals" which would be
used to develop and select the detailed methodologies and procedures of this long-term
monitoring program.

Purpose of Long-Term Mpnitorins in Grand Canyon

Long-term monitoring is used for a variety of purposes including, but not limited to,
assessing (1) baseline conditions, (2) trends of attributes, (3) implementation of a decision, (4)

effectiveness of a decision, (5) project impacts, (6) model efficacy, and Ø) compliance to a set
of standards. Many of these purposes are attributable to the evaluation of the impacts of
Glen Canyon Dam operations.

Long-term monitoring would be designed to provide regr.rlar feedback for adaptive
management. This permits mid-course adjustments in the operations of the dam to ensure
achievement of the goals of the EIS and the management objectives of the resource
management agencies and interests.

Long-term monitoring would also be used to determine variability over time and
space of the resources being monitored. This needs to be done in conjunction with
appropriate controls to evaluate the source of the variability. In addition, long-term
monitoring would provide clues for identifying associations, understanding system behavior,
and guiding future process-based research.
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Long-term monitoring is the "repetition of measurements over time for the purpose of
detecting change" (MacDonald et al 7991)" These measurements, because they are made over
a period of tirn;, are different from an inventory, which is a measurement, oi a number of
measurements, made at a specific point in time. Inventories, or establishing baseline
conditions, are often the first step in conducting a monitoring effort, but the measurement of
possible change over time is the distinguishing attribute of a monitoring effort. Research, on
the other hand, is used to test or understand the relationships between and among various
attributes of the system. Inventory and monitoring information may be used in research.
This document addresses only the long-term monitoring program which emphasizes
measurement of those parameters, or attributes, that might change with time and whose
change might be related to operations of Glen Canyon.

This proposed long-term monitoring program for the river corridor in Grand Canyon
would not be considered equivalent to a long-term monitoring plan for all of Grand Canyon,
or in fact for the whole river corridor ecosystem. Although the difference between the two
objectives may seem to be semantic, it is critical to distinguish this program/ whose intent is
the monitoring of the effectiveness of the prescribed operations of Glen Canyon Dam in
meeting the objectives of the EIS, the 1992 Grand Canyon Protection Act and the
management objectives of the resource m¿rnagement agencies and interests, from a general
ecosystem monitoring plan for the river corridor. Clearly, the two objectives are closely
aligned because it is impossible to interpret change related to dam operations without
understanding the broad range of ecological interactions. Nevertheless, the ultimate pu{pose
of this program is to monitor ecological changes that are rel¡ated to dam operations.

A Monitorine Philosophy for Grand Canyon

Grand Canyon is a unique environment. It is also a highly regulated system, both in
terms of river flows and use. Its uniqueness demands careful stewardship. In the face of
evolving scientific understanding about Grand Canyon's riverine ecosyðtem, it is not yet
possible to identify only a few attributes that characterize the entire system. In light of this
uncertaintp it would be irresponsible to restrict monitoring within the river corridor
ecosystem to a very small number of attributes and assurne that all other attributes are
related to those measured.

This proposed program attempts to strike a balance between the extremes of (1) very
restricted monitoring which recognizes the impacts of scientific study on the essence of what
Grand Canyon means to most humans, and (2) full measurement of all ecosystem attributes
predicated on a belief that an unmeasured parameter might be critical at a later time.

Crítical Attributes

This proposed program emphasizes measurement of attributes deemed critiral by the
resource management agencies and interests (re: Draft EIS), and the scientific community
which has studied the system for decades, for evaluating the effects of alternative operations
of Glen Canyon Dam. The prediction and significance of the attribute response to dam
operations is discussed in the monitoring program section for each attribute. Under the long-
term monitoring program/ responses of these attributes would be used in adaptive
management decisions. These attributes are:
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1. Quantity and quality of water from Lake Powell and in the Canyon.
a. arurual streamflows
b. discharge rates and spill volume and frequency
c. chemical, physical and biological characteristics of water in Lake Powell and

the Colorado River from Glen Canyon Dam to Lake Mead

2. Sediment dynamics and sediment budget
a. stored riverbed sand
b. sandbar topography
c. elevated sandbar erosion
d. dynamics of debris fans and rapids

3. Fish.
a. aquatic food base
b. reproduction, recruitment and growth of native fishes
c. reproduction, recruitment and growth of non-native warmwater and

coolwater fishes including trout

4. Vegetation.
a. area of woody riparian plants and species composition
b. area of emergent marsh plants and species composition

5. Witdlife and wildlife habitat.
a. area and species composition of riparian habitat for associated vertebrates

and invertebrates
b. aquatic food base for wintering waterfowl

6. Endangered and other special stahrs species, their habitat and food base.
a. humpback chub
b. razorback sucker
c. bald eagle
d. peregrine falcon
e. southwestern willow flycatcher
f. belted kingfisher
g. Kanab ambersnail
h. other federal and state species of concern

7. Cultural resources.
a. archaeological sites directly, indirectly, or potentially affected
b. Native American traditional cultural properties directly, indirectly, or

potentially affected

8. Recreation.
a. fishing trips and angler safety
b. day rafting trips attributes and access
c. white-water rafting trip attributes, camping beaches, safety, and wilderness

values
d. net economic value and regional economics
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9. Powerplant supply of hydropower to network and customers at lowest costs.
a. changes in power operations
b. powðr *".i"Ung benefits lost or gained

10. Non-use valuation.
a. Values placed on Glen and Grand Canyon riverine system by the public. '

This program also adopts a conservative approach of measuring attributes which
reasonably might be affected by dam operations and for which no slrrogate attributes eúst.
However, this program does not propose measurement of those attributes clearly unrelated
to dam operations or which are adequately represented by other parameters. It also
emphasizes use of data collected in Grand Canyon that are not field intensive. Wherever
possible, monitoring should be conducted using non-invasive means.

To reduce the overall impact and cost of this program, data generated from other
complementary long-term monitoring programs in the Grand Canyon region (e.g., Lake
Powell long-term studies, and the Programmatic Agreement for Compliance with Section 106
of the National Historic Preservation Act) would be used when appropriate for evaluating
the. effects of the operations of Glen Canyon Dam. There are also background and input data
collected from other sources (e.g., climatological and hydrological data) that are critical to
interpretation of the long-term monitoring information. These types of data are discussed in
the addenda.

Lastþ, this program is designed to respond to the long-term missions, goals and
management objectives of the resource management agencies and interests. Acceptance of
changing conditions of each of the above attributes as it responds to the environment created
by the prescribed dam operation is contingent upon these management objectives. A change
in an attribute, determined through the long-term monitoring program, may represent a
deviation from an acceptable condition (determined by management agencies and interests)
that would trigger consideration of suggested changes in dam operations as described in the
l'Adaptive Management" section of chapter II. The long-term monitoring program would,
therefore, use methodologies that offer appropriate information about the response of the
critical attributes to enable an Adaptive Management Work Group to evaluate these changes
in light of the overall management objectives for "the Canyon".

Management Objectives

The following statements represent an abbreviated version of the mana¡;ement
objectives of each of the resource management agencies and interests. For many of these
agencies and interests, these management objectives for specific attributes represent goals
rather than efsting baseline conditions at initiation of long-term monitoring or response
conditions at some point after the effects of dam operations have occurred. Although not
specifically stated below, they also recognize the importance of existing laws and statutes, for
example, the Endangered Species Act, Trust responsibilities to Indian Tribes, and Cultural
Acts. A more comprehensive statement for each interest is presented in chapter II of the
DEIS.
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National Park Service

The National Park Service, represented by Grand Canyon National Park and Glen
Canyon National Recreation Area, has management objectives based upon both the
ecosystem that existed prior to construction of Glen Canyon Dam and the ecosystem that has
developed post-construction. Objectives are to attempt to maintain the essential dynamic
elements and processes that existed pre-dam through restoration, maintenance and
protection. The NPS is committed to managing the Colorado River ecosystem and its
attendant ct¡lhrral resources as a coherent whole that, to the extent possible, simulates the
ecosystem that existed prior to the construction of the dam.

Bureau of Reclamation

As manager of the Colorado River, the Bureau of Reclamation's management
objectives are to strike a balance among water releases established under the "Law of the
River" and the Annual Operating Plan for Glen Canyon Dam, the hydroelectric power
requirements of Western Area Power Administration, and "protection" of the downstream
ecosystem under the 1,992 Grand Canyon Protection Act. The priorities given to each of these
components under the EIS and long-term monitoring program are dependent on potential
risk for change in Canyon resources or attributes of concern, and laws and regulations that
direct the Bureau's operations.

ry
The management objectives of the Fish and Wildlife Service in the Grand Canyon, as

elsewhere, are to conserve, protect, and enhance fish and wildlife and their habitat for the
continuing benefit of the public. In the Canyon emphasis is placed on threatened and
endangered species, migratory birds, and native fish and sports fisheries.

Western Area Power Administration

Management objectives of Western Area Power Administration OVestern) are the
marketing and transmission of electricity generated at Federal water power projects.

Bureau of Indian Affairs

The Bureau of Indian Affairs has no management role in the proposed action.
However, it has management goals, among which is fostering of self-determination of Indian
Tribes. Its goal is to assure that the interests of Indian Tribes are coordinated with other
Federal agencies and to supply advice and assistance to Tribes when requested to do so.

Hualapai Tribe

Management objectives of the Hualapai Tribe are long-term sustainable and balanced
mtrltiple uses of its resources through natural integrated resource management. These
resources include natural and culfural resources including sacred ceremonial and burial sites
within the Canyon located outside the boundaries of the Reservation Lands.
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Other Indian Tribes

The management objectives of other Indian Tribes with interest in Glen and Grand
Canyons, but whose lands do not border the mainstem of the Colorado River, are the
preservation of the natural and cultural resources of the Canyon to maintain their values to
the tribes. This includes spiritual and ancestral stewardship and management responsibilities
to the Grand Canyon and specific pliaces contained therein.

Arizona Game and Fish Department

The management objectives of the A¡izona Game and Fish Department are to
conserve, enhance and restore Arizona's wildlife and habitats, and to provide wildlife and
safe watercraft recreation for the enjoyment, appreciation and use of the public.

The Geographical Scope of Monitoring

The area to be monitored is primarily the Colorado River corridor between Glen
Canyon Dam and Lake Mead reservoir" This area is about 255 miles long, as the headwaters
of Lake Mead vary with reservoir elevation. Because the overwhelming effect on the
ecosystem along the shores of Lake Mead reservoir comes from operatións of the reservoir
and Hoover Dam, the Grand Canyon monitoring program would end at Separation Canyon
(RM 240), the generally accepted head of Lake Mead. However, the affects of fluctuations in
Lake Mead and the influence of changes in the Colorado River below Separation Rapids
resulting from dam operations might be considered as extensions of the geographical scope
of the long-term monitoring program.

Delineation of the upstream boundary of Grand Canyon monitoring is also inexact.
Water molecules and dissolved constituents may travel to Grand Canyon from any part of
the Colorado River watershed, and sediment particles may be transported to Grand Canyon
from much of southern Utah and northern Arizona. Geochemical transformations occur in
Lake Powell reservoir that directly affect the chemical quality of water discharged into Grand
Canyon.

Many of the relevant upstream data are already collected by the U.S. Geological
Survey, National Oceanic and Atmospheric Administration, and the Bureau of Reclamation.
Other information, such as from an expanded program of limnological monitoring of Lake
Powell, are not available. Despite the linkages that exist between Grand Canyon and the
entire upstream basin, the appropriate upstream limit for Grand Canyon monitoring, as
related to effects of dam operations, is the forebay of Lake Powell, the intake point for water
into the water release structures of the dam. Because of the critical role of reservoir-scale
geochemical processes in determining the quality of water at the intake sites, the separate
long-term monitoring effort of Lake Powell would continue as a valuable input to this
program. The Lake Powell long-term monitoring program would not, however, be considered
part of the Glen and Grand Canyon long-term monitoring program. Along this same line,
ongoing studies in and along the shoreline of Lake Mead within normal pool fluctuation
would not be considered part of the Glen and Grand Canyon long-term monitoring program.
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The lateral extent of the monitoring effort is defined by the extent of processes and
conditions influenced by dam discharges and river flows. The relevant discharge might be:
(1) maximum powerplant discharge (31,500 cfs), (2) maúmum regulated discharge and mean
annual pre-dam peak flow (100,000 cfs), or (3) maximum pre-dam fTood (220,000 - 300,000

cfs). Because this proposed monitoring program is long-term in scope, the minimum
discharge considered ought to be 100,000 cfs. However, the old high-water zone vegetation
community begins at about this elevation and extends to higher levels and arroyo head
cutting may extend above this level. Thus, it is prudent in some areas of the Canyon to
include elevations above the stage associated with a discharge of 100,000 cfs.

Thirteen reaches, varying in length between 2 arñ 12 miles were estabtished by GCES
as Geographic Information System (GlSÞreaches, and detailed topographic data at a scale of
1:2400 is available for these reaches. The availability of detailed data for these reaches would
lead to integrated resource perspectives in these areas and would necessarily focus data
collection in these sites. These sites were selected because they represented reaches of the
Colorado River in which there were ongoing studies or potentiatly important ecological
conditions. However, the scientific basis for their selection was not necessarily for the long-
term monitoring program because it was anticipated that the whole system would eventually
be put into the GIS. As a consequence, additional sites may need to be selected to
adequately represent each of the geomorphically distinctive reaches of Grand Canyon.

Information Management

Information management is an integral part of data collection and long-term
monitoring. It includes, characteristics of the data base, protocols for data collection and
processing, protocols for data analysis and reporting, and the use of CIS and remote sensing.
A discussion of information management is intended to give guidance to those who will
manage the long-term monitoring program and its extensive data base and will be making
adaptive management recommendations and decisions, and those who will prepare proposals
and reports as part of their activities relative to this program. The success of the long-term
monitoring program depends on the dependability, integrity and credibility of data
generation and information management. For this reason, a discussion of information
management and how it applies to the Grand Canyon Long-term Monitoring Progtam is
presented in the addenda.

LONG-TERM MONITORING PROGRAM

Ouantity and Ouality of Water: Lake Powell and The Canyon

Lake Powell

The water discharged from Glen Canyon Dam represents water from Lake Powell
whose quality is a product of lake tributaries, level and mixing processes. A model
explaining these relationships is being developed by a selective withdrawal study team and
the Lake Powell study group. The model is not sufficiently developed to presently be used
in long-term monitoring, although data for its development would continue to be gathered.
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The quality of the discharge water may influence many of the aquatic biological processes
within the Canyon. If these biological processes change, the cause for the change would be
better interpreted if the quantity and quality of the discharge stream is known. Thus, the
objectiveS of sampling in Lake Powell are to determine the quality of the water in the dam
intake region in order to characterize dam discharges, and tõ determine whether the
prescribed dam operations, especially if a selective withdrawal structure is used, affect the
water in the forebay region of the dam as predicted by studies of the selective withdrawal
study team. (This research, which includes collecting data on reservoir level and storage, and
tributary inputs, is a parallel program to the long-term monitoring program, but it is essential
for interpreting the affects of Lake Powell water chemistry and circulation on the below-dam
aquatic ecosystem.)

Sampling stations in Lake Powell as part of the long-term monitoring program would
be limited to the forebay above Glen Canyon Dam. Information from the long-term
monitoring program of Lake Powell would be used to help interpret the findings in the
forebay area. The forebay area is the direct input point to the belowdam ecosystem. At
these stations physical, chemical and biological parameters would initially be measured
monthly during shrdies of selective withdraWal and then quarterþ in the water column at a
sufficient number of locations to determine statistical variability. Physical parameters would
be limited to temperahrre and light penetration. Chemical parameters would include pH,
conductivity, nitrogen, phosphorus, dissolved oxygen and particulate organic matter.
Biological parameters would include algae (especially blue greens and diatoms), zooplankton,
total chlorophyll and chlorophyll a. Monitoring protocols would be developed to reduce the
taxonomic and biomass shrdiês of phyto- and zooplankton and replace these with chlorophyll
a and other surrogate measurements.

Colorado River Mainstem

Dam Discharges. Dam discharges create the physical conditions that control many of
the downstream ecosystem processes, for example, sediment dynamics, habitat development,
and biotic recruitment and survival. The objectives for monitoring the outputs of Glen
Canyon Dam are to determine how closely dam discharge follows the prescribed operations
of the dam and the extent of the variability in discharge, should it occur. These outputs,
which also include discharges or spills above dam hydropower operations, would be
measured both at the dam, based on power production, and at the U.S.G.S. gage just
downstream. Outputs to be monitored include, hourly water discharge (both flow rate and
volume) and ramping rates (changes in discharge over the hour). From the above data,
information on maximum and minimum daily discharges and daily fluctuations, and
frequency and volume of spills, can be determined and placed in a perspective of average
conditions and variance.

Water and Sediment Transport. The transport of water and sediment through the
Canyon are interconnected (e.g., sediment transport curves). Discharge rates and changes in
river stage influence the amount of sediment transported and stored in the system; sediment
being the primary substrate for many Canyon biological processes as well as camping
beaches. The objectives for monitoring changes in water and sediment transport are to
determine whether the flux of water and sediment through the Canyon is'as at the level
predicted by the EIS for the prescribed dam operations, and whether the flux varies as
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expected within different reaches of the Canyon. Measurement objectives are: (1)

continuously measure the flux of water through Grand Canyon (2) periodically measure flux
of sediment through the Canyon, and (3) measure the differences in flux in different reaches.
Measurements of flux not only permit comparison of measured differences in fluxes which
can be compared with measured storage changes, but the fluxes themselves are critical
determinants of biological processes.

Although a water flow and sediment routing model is being developed by the U.S.
Geological Survey, it is not yet time to solely rely on this model to estimate fluxes; field
measurements must be continued. Gaging stations do not exist at the end points of each
geomorphologically distinct reach in Grand Canyon (whether using the classification of
Schmidt and Graf, 1990; and others), and new gagrng stations would not be established
through the main channel to define each geomorphically distinct reach. The emphasis of
long-term monitoring would be on maximizing the analysis of data collected at existing
gages. Because most river managers have expressed greatest concern about impacts of dam
operations on upstream reaches of Grand Canyon, and because those reaches have been
shown to have the greatest potential for sediment storage deficit, it is important that gagrng
stations on the Colorado River at Lees Ferry, above the Little Colorado River, and upstream
from Bright Angel Creek be maintained as sediment measurement stations as well as

discharge stations. It is also critical to measure outflow from the system and therefore, of
existing gagng stations, the station above Diamond Creek would be maintained. It is less
critical to evaluate flux differences between miles 87-225, and the gage above National
Canyon is considered the least important gage presently existing in Grand Canyon, although
it continues to be useful for bed movement studies and sediment transport modelling. If one
gage is removed in Grand Canyon, it should be the National Canyon gage although the
economy of this decision over the long-term might be questionable.

If one gage were to be added in Grand Canyon, it should be located upstream from
Nankoweap Creek (perhaps upstream from Buck Farm Canyon), so that fluxes could be
measured through the distinctly different reaches of upper and lower Marble Canyon,
reaches in which impacts from upramping waves are greatly attenuated. However, addition
of a new gage in Grand Canyon would represent a significant increase in the impact of
scientific activities on the Canyon, and the U.S. Geological Survey should explore alternative
strategies to installation of permanent cableways for purposes of water and sediment gaging.

The ongoing water and sediment modeling effort, although primarily a research effort,
would be included in the monitoring program because the modeling effort represents a long-
term alternative to continued widespread gaging presence in Grand Canyon. Such modeling
also holds out the hope for calculation of flux differences in short reaches. of Grand Canyon.
Other modeling efforts, although of possible use in long-term management of Grand Canyon,
would not be considered part of a long-term monitoring program but rather long-term
research. This is not to imply that development of these models would be discontinued as
continued long-term research is essential to success of the long-term monitoring program.

Measurements of sediment fluxes would be the basis for computing annual reach-
scale sediment budgets of Grand Canyon. The sediment budget approach to river
management has been endorsed by geomorphology and sediment researchers (GCES Fort
Collins, 1992). Because there are insufficient gages to compute sediment budgets for all
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geomorphic reaches of Grand Canyon, such budgets would only be computed for the
following reaches: Lees Ferry to Little Colorado River, Little Colorado River to Bright Angel
Creeþ and Bright Angel Creek to Diamond Creek.

Calculation of these budgets also necessitates measurement of sediment inflow from
tributaries. The Geological Survey would continue to operate its stations on the Paria River
at Lees Ferry and Little Colorado River near Cameron. Sediment from Moenkopi Wash, a
major sediment contributor to the Little Colorado River, is not measured and consideration
would be given to developing a measurement station on this wash. New sediment
measurement stations would not be established on other tributaries to the mainstem because
sediment input from these tributaries is inconsequential compared to inputs from the Paria
and Little Colorado Rivers. This is not necessarily the case for water discharge data, and
gages for these measurements on major tributaries might still be considered.

Water Chemistry. Chemistry of water in the mainstem of the Colorado influences
most aquatic and riparian biological processes. Changes in water chemistry and temperature
may alter physiological processes of aquatic biota potentially triggering changes in the
aquatic trophic dynamics of the Canyon. Nutrient trapping by Glen Canyon Dam, changes
in nutrient transport within Lake Powell resulting from changes in lake level, and in the
mainstem resulting from water transport fluxes all influence the water chemistry of the
mainstem below the dam. Thus, the objective of water chemistry monitoring is to determine
the aquatic environment of the Canyon and evaluate this in terms of maintenance of those
riverine ecosystem components deemed critical by the resource management agencies and
interests; that is, fish, aquatic food base and riparian vegetation.

Evaluation of chemical and biological changes in the riverine ecosystem would be
dependent, in part, on river discharge, water temperature and sediment data collected at the
recoÍrnended gages on the mainstem and at the point of discharge from the dam (tailrace).
Basic data on water temperature, conductivity and pH would be measured at these gages
and the discharge point at the same time interval established for sampling discharge and/or
sediment transport. Measurements of dissolved oxygen, particulate and dissolved organic
matter, and nitrogen and phosphorus would be made seasonally.

Canyon Tributaries

Tributaries to the mainstem of the Colorado River in Glen and Grand Canyons are
influenced by dam operations primarily at their confluence with the mainstem. With the
exception of the influence of rising and falling river levels at the confluence, tributaries are an
input to the mainstem. As such, the objective for collecting long-term monitoring
information on changes in tributary characteristics is to evaluate possible causes of mainstem
changes, that is, dam vs non-dam operational causes. Tributaries of the Colorado River are
relatively pristine refugia for native fish, trout and other non-native fishes as well as riparian
ecosystems. For this reason, they would be included in the long-term monitoring progr¿ìm
where they would be considered as "control" for evaluating changes in selected attributes in
the mainstem (e.g, aquatic biota), and as a source of attribute inputs.

Tributary inputs to the mainstem include hydrological, sediment and limnological
attributes. Not all tributaries can be monitored thus emphasis would be limited to those with
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major inputs, either abiotic or biotic. In addition to water and sediment discharges from the
Paria and Little Colorado Rivers mentioned earlier, hibutary discharges, water chemistry (see

parameters above for mainstem) and biological attributes (see aquatic food base) would be
monitored at the Paria and Little Colorado Rivers, and Kanab, Bright Angel, and Havasu
Creeks. Measurements would be continuous for discharge rates, and seasonally for chemical
and biological attributes and would be taken in conjunction with these measurements at the
gages in the mainstem. Discharge rate monitoring would require maintenance, reinstallatiorç
or installation of a gag¡ng system in the above hibutaries and the significance of the necessity
for this invasive technology would be considered. Other selected tributaries, especially with
perennial flows, would be sampled quarterly for comparison with primary tributary and
mainstem data; measurements being limited to water chemistry and biological attributes.

Sediment Dynamics

Sediment in the Canyon is either in transport or in storage above or below the river
surface. Sediment transport flux is monitored periodically at the gage sites in the Canyon.
Stored sediment in the channel and eddies is the source and foundation of elevated sediment
deposits. The prescribed dam operations in the Record of Decision would consider sediment
accumulation in the riverine system, in the channel or eddies and as elevated deposits (e.g.,
beaches). Therefore, the objective of monitoring changes in stored sediment is to evaluate the
sediment budget predictions of the EIS relative to the selected alternative. In order to
determine the influence of dam operations on the integrity of these deposits, the
measurement objective of the monitoring program is to determine the changes in sediment
storage in different reaches of Grand Canyon. The accomplishment of this objective wor¡ld
permit measurement of temporal change in the status of critical bar and bank sediment
deposits and in debris fan deposits, and to place that change within the context of
measurements of all sediment storage change in Grand Canyon.

Selected campsite beaches would continue to be measured annually. Established
survey techniques would be employed by trained surveyors. Measurement of short-term
changes on bars, although of interest in determining sediment dynamics, are not the focus of
the long-term monitoring program.

Measurement of bar changes throughout the Canyon would be made using air photo
interpretation and video imaging analysis strategies. Such measurements permit wider
ranging measurements using less invasive measurement strategies. Short-term repeat
photography is not recommended as part of the long-term sediment monitoring program
except perhaps at sensitive archaeological sites (see Cultural Resou¡ces section).

Fishes and Aquatic Food Base

Aquatic Food Base

Many wildlife species, including fishes, depend on the aquatic food base for their
survival. Fluctuations in aquatic food resulting from dam operations or other influences
would invariably cause changes in some or all of the populations of native and non-native
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fish species, The preferred alternative includes prediction of enhancement of the aquatic
food base to ensure sufficient food for the endangered fish species and the economically
valuable trout popr.rlation. For this reason, the objective of the long-term monitoring
program is to determine whether the biomass, habitat and composition of the aquatic food
base is responding to dam operations as expected

Aquatic food base monitoring would be seasonal and include the mainstem, and
tributaries. Quantification of changes in species survival and productivity within categories
or functional groups of lower trophic levels in the ecosystem may be used as gross indicators
of change. Standing crop (biomass), dominance and habitat requirements of phyto- and
zoobenthos, and phyto- and zooplankton would be measured seasonally at the dam, Lees
Ferry, Little Colorado River and Diamond Creek and at least two wide-reach sites and two
n¿ürow-reach sites between the Little Colorado River and Diamond Creek. When
appropriate, sampling protocol would be comparable with the protocols used during GCES II
research to ensure compatibility of data.

The sampling protocol would sort the benthos into biotic categories. Numbers of
organisms and ash-free dry mass would be determined for multiple samples nurnerous
enough for each biotic category to assure statistical reliability. Complementing biotic
sampling, the following abiotic parameters would be ascertained for comparison with abiotic
data from gage sites: water temperature, dissolved oxygen, pH, and conductivity.
Substratum, microhabitat conditions, turbidity, water velocitp stage/ and depth would be
recorded at each sampling site.

Fishes

Fishes are an important part of the Colorado River ecosystem because of their intrinsic
value if native, the trophic role of both native and non-native taxa, the important recreational
value of non-native trouts, and because some native taxa are listed as endangered or
candidates for listing under the Endangered Species Act. Fish populations depend on
appropriate habitat and an adequate food base. Both of these factors may change as a result
of dam operations. Habitat determination for many of the species is a result of the GCES
research program. However, reproduction, recruihnent and growth of various species in
response to the aquatic environments created by dam operations would result in different
demographic distributions of native and non-native species within the Canyon. Operations
of the préferred alternative are predicted to enhance iecruitment of native fish speõies
through reduction of "flushing" of larval fish from tributaries into the mainstem for example,
and trout through reduction in loss of spawning habitat (redds) and stranding of young.
Loss of spawning habitat through armoring of normal redds areas may also be a
consequence. In addition, dam operations are expected to enhance the food base to ensure
growth and maintenance of the existing populations. The objective of this program,
therefore, is to monitor the condition and population fluxes of native and non-native fish
species to evaluate their response, as predicted, to dam operations.

Monitoring would include all native and non-native species. There would be a long-
term data base existing for the stahrs of adult fishes when the long-term monitoring program
is initiated; information on pre-adult life stages would likely be less complete.
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Sampling time-frames would differ for different taxa and life stages. Because
information on some of the fish species is not complete, adults of long-lived taxa would be
sampled annually. As information becomes more complete, sampling would be on a four-
year cycle. Short-lived species and young-of-the-year of all taxa would be sampled twice
annually during the period of larval fish presence (spring) and following the period of
surnmer flooding. Sampling locations would correspond as closely as possible to those
selected for monitoring of the aquatic food base, but would also include selected tributary
sites (e.g., Paria, LCR, Bright Angel, Nankoweap, Havasu, and others to be determined). The
assumption is that by the time long-term monitoring is initiated, sufficient understanding of
many relationships among sampling sites and ecosystem parameters would have been
established to allow use of sampling site data for assessing overall stahrs, trends and changes
of fish populations as well as the aquatic food base.

The sampling protocol for adr¡lts of long-lived species would be comparable with that
used during GCES II research and interim flow monitoring to ensure compatibility of data.
Monitoring in the Little Colorado River would be comparable with protocols developed
during the GCES II humpback chub research program. Sampling protocols for short-lived
species and young of others would be determined through evaluation of monitoring
proposals but would produce data compatible with those generated through monitoring of
other age classes.

Creel data, regular surveying of fishing guides, and other methods compatible with
protocols developed by Arizona Game and Fish Department would be used for assessing
trends in trout populations in the Lees Ferry reach, while protocols developed by Arizona
Game and Fish and the Hualapai Wildlife Management Department to assess recreational
fish populations would be used for lower reaches. Timing of those activities would be
determined by the resource management agencies, but would not exceed an annual reporting
schedule. Data collection and reporting from the two departments would be compatible.

Riparian Vegetation

Mainstem Vegetation and Habitats

Riparian vegetation along the Colorado River and its tributaries is imporlant for
streambank stability, wildlife habitat, campsite modification and aesthetic values. Riparian
vegetation along the mainstem comprises three distinct communities, old high water zone
(OHWZ), new high water zone (NHWZ), and near-shoreline wetlands (marshes). All of
these communities are important ecosystem components; however, only the NHWZ and
marshes would be impacted directly by dam operations. Maintenance of these vegetational
communities for wildlife habitat is a predicted ecosystem response to the preferred
alternative in the EIS. The National Park Service and the Hualapai Tribe consider the OHWZ
important in maintaining relicts of the pre-dam ecosystem. The OHWZ may be maintained
by periodic habitat maintenance flows through wetting of the substrate in the root zone
downslope toward the river. These habitat maintenance flows are recommended for most of
the alternatives with low or non-fluctuating discharge. The objective of this long-term
progr¿un, therefore, is to monitor all three vegetation communities to determine the level of
maintenance of these communities by the prescribed dam operations.
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The National Park Service has established permanent quadrants along the mainstem
and in selected perennial and ephemeral tributaries for the purpose of evaluating long-term
responses of riparian and wetland communities to natural and anthropogenic influences
(Stevens 1992). Equivalent quadrants have been established by the Hualapai Tribe in the
riparian zone duting interim flow monitoring" A statistically significant number of these
quadrants, distributed throughout Schmidt and Grafs (1990) geomorphic reach designations
between Glen Canyon Dam and Diamond Creeþ and those below Diamond Creek on the
Hualapai reservation, ñay be the appropriate sampling locations for riparian vegetation
because they can be considered baseline information locations. Stage'to-discharge
relationships would also have been developed for each by the time the long-term monitoring
program begins. The geomorphic settings examined at each area would include marsh,
NHWZ (which includes low bar, general beach, channel margo debris fan) and OHWZ (see

Stevens 1992 for stage elevations of these settings).

Because of different response rates to changes in river dynamics, sampling procedures
(particularly timing) must differ in the different communities. Marshes and low bar settings
would be sampled frequently (e.g., twice a year for the first five years and aanually
thereafter, except when there are unusual hydrological events, and then immediately after
and again twice a year for three years). General-beach, channel-margin and debris-fan
settings would be sampled annually, while OF{WZ settings wor¡ld be sampled infrequently
(e.g., every five years).

Annual video- or photography of the Canyon would be used to map and quantify
changes in cover of riparian vegetation in established (or expanded) GIS reaches. This would
be linked with equivalent monitoring of sediment and bar changes.

Tributaries

Riparian vegetation near the mouths of the primary tributaries, but outside the
influences of the mainstem, would be characterized and used as reference points for
autogenic changes. Characterization would be limited to community structure and species
composition and sampled about every five years after a baseline has been established.
Tributary quadrants would be located in comparable settings as along the mainstem (i.e.,
channel margin, and debris flow terrace). Timing (i.e., time of year) of sampling along the
tributaries wor¡ld correspond with equivalent settings along the mainstem.

Riparian Wildlife and Wildlife Habitat

Riparian Habitat

Habitat relations of most riparian fauna in the Canyon have not been well established.
Determination of faunal responses to dam operations is extremely difficult and is dependent
on known faunal responses to changing ambient conditions. Thus, to achieve the objectivq of
monitoring the response of faunal assemblages to dam operations, it might be best to align
these responses with sampling of riparian vegetation, recognizing that not all riparian fauna
are associated with vegetation.
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Invertebrates

It is unlikely that a completed baseline of invertebrate assemblages will be available

when long-term monitoring begins, although there presently exists a large database.

Mordtoring key taxa, when such are identified, may permit evaluation of responses to dam
operations. An inventory of the invertebrate fauna would be established by the National
Pãrk Service and Hualapai Tribe as part of a general inventory program/ but an extensive
and intensive long-term monitoring program would even then disallow more than an

estimate of invertebrate responses to variation in river discharges. Thus, as part of a long-
term research program, it is essential to establish the invertebrate assemblages (e.8., selected

taxa) that are associated with different riverine and shoreline vegetation communities. Long-
term monitoring of these vegetation communities may in this way be used as a surrogate for
estimating responses of invertebrates to operational changes.

Terrestrial Vertebrates

The intensity of effort required for sampling terrestrial vertebrates (herpetofauna,

mammals and birds), and the low potential for distinguishing between resPonses to non-dam
changes and those caused by dam operations, limit usefulness of long-term population
studies as indicators of change in the riverine ecosystem. In addition, baseline data to
support a long-term monitoring program are minimal (except for avifauna), indicating the
need for more inventory of terrestrial vertebrates by the National Park Service and the
Hualapai Tribe. When inventory is complete and habitat relations of selected assemblages

(especially herpetofauna and birds) are established, data from long-term monitoring of
vegetation and other habitat components would indicate the probable status of many
terrestrial vertebrate populations.

Avifaunal data are perhaps most extensive (see Brown 1989), and a substantial
baseline may, in fact, be available if synthesized with the long-term monitoring program in
mind. Avifaunal inventory and monitoring, if undertaken, would emphasize riparian-
obligate species, resident non-obligate species, migrant species in a
biogeographic/geomorphic/seasonal context, listed or special status taxa (e.g., bald eagle,

peregrine falcon, southwestern willow flycatcher, belted kingfisher), and wintering and
breeding waterfowl. Locations of birds and nests observed would be mapped on the GIS

system within the Schmidt and Graf (1990) canyon reach designations. Intensive sampling
would occur at the large sample sites (also to be used for herpetofauna and mammals, see

below). Nest sites would be mapped and habitat described. [Annual survey of wintering
bald eagles /trout population relationships at Nankoweap, representative of the impacts of
aquatic responses on listed avian populations, would continue into the long-term monitoring
using techniques compatible with those in National Park Service (1992).1

Monitoring of vertebrates, if áetermined to be essential, would require large study
sites where full descriptions of vegetation, soils and topography are available. Spot sampling
elsewhere might also be required to expand the long-term monitoring data base. For
herpetofauna and mammals, a seasonal sampling schedule is recommended. Establishment
of a baseline is necessary for assessing population changes over time and the expense and
effort to do this may be too great to include terrestrial vertebrates in the long-term
monitoring program. This does not exclude the necessity of the National Park Service and
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the Hualapai Tribe in initiating or continuing its inventory of these taxa, but not as part of
the long-term monitoring program"

Endaneered and Special Status Species

Information on the response of endangered and special status species to dam
operation may be crucial to the species' recovery. In addition to their special stahrs, these
species are considered important because many were part of the pre-dam ecosystem. The
objective of the longterm monitoring program is to track the poprrlations of these species as
they respond to changes in their habitat and food base caused by dam operations and other
factors which are expected to enhance the chances of their survival and/or recovery. Of the
list presented earlier in this document, humpback chub and razorback sucker would be
monitored under the fish monitoring program, while the bald eagle, peregrine falcon,
southwestern willow ßycatcher, belted kingfisher and Kanab ambersnail would be monitored
under the wildlife monitoring program.

Cultural Resou¡ces

Cultural resources include archaeological sites, traditional Indian cultu¡al properties,
and historical sites. All of these resources have the potential of being altered or lbstlhrough
processes caused by dam operations as well as other factors, especially those within the
discharge potentiàl of the dam or along arroyos that may be infuenced by loss of the
sediment foundation. It is the objective of this long-term monitoring program to track the
integrity of these resources over time and to determine possible mitigating measures when
appropriate.

Physical Sites

The long--term monitoring progïam for physical sites would adopt the Programmatic
Agreement for Compliance with Section 106 of the National Historic Preservation-Act
between the National Park Service, Indian Tribes, Bureau of Reclamation, the Arizona State
Historic Preservation Office and the Advisory Council on Historic Preservation, as the
monitoring design under this long-term monitoring program. The important aspects of that
agreement (from Balsom et al1,991) are presented here.

To effectively monitor impacts of dam operations on cultural sites, baseline
information must be complete, with accurate maps, descriptions, and photographs of each
site having potential of being impacted. The long-term monitoring program must be
sensitive to- tle tugtt" nahue of sites, the dynamic geomorphic conditions under which they
persist, and the delicate situations relative to Indian Tribes and agency responsibilities for
their protection and preservation.

The monitoring program must be designed to identify both the present condition of
sites and achral changes resulting from dam operations and other factois. (Monitoring data
would be used to guiae mitigative measures tõ preserve sites in as pristine a conditioi as
possible.)
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Not all sites would be monitored. An extensive representation of sites with evidence
of impact by mainstem discharges, including flooding, would be included, while a smaller
representative sample of sites not presently impacted by river flows would also be
monitored. If observations indicate that specific sites within the population of sites from
which the sample was selected show evidence of impacts from dam operations, these sites
would be added to those monitored under the long-term monitoring program. Sites to be
monitored would be categorized into the following groups from which decisions on intensity
of monitoring can be made: (1) direct impact, inundation or bank cutting within the site area
in recent years; (2) indirect impact A, bank slumpage or slope steepening adjacent to the site,
and B, evidence within the site of accelerated erosion exacerbated by the proximity to river
eroded sediments; (3) potential impact A, buried in or located on old river alluvium and
below the 300,000 cfs discharge zone, and B, located below the 300,000 cfs discharge zone
and not situated in or on river alluvium.

Other impact categories dealing with arroyo cutting (from external causes not head
cutting from the river), recreational use (unless evidence of changes in recreation resulting
from dam operations), or sites located above the 300,000 cfs discharge zone are not included
in this long-term monitoring program, but should be monitored under a continuing cultural
site inventory and monitoring program of the National Park Service, the two efforts to be
closely coordinated.

Representative samples of sites would be chosen, randomly and non-randomly, within
the above categories to insure that sites in the greatest danger of impact are closely
monitored and remedial actions taken when required. Sites that have no potential for
external impacts wor¡ld be identified. and used as controls.

Schedule for monitoring cultural sites wor¡ld be dependent on the baseline condition
of the site. It is assumed that all sites will have been categorized and described, including
geomorphological settings, prior to initiation of the long-term monitoring program. Sites that
are directly impacted by river discharges (including loss of sediment foundation) would be
monitored quarterly, while a sample of other sites (ca. 20%) would be visited annually.
Selection of these latter sites would be based on sensitivity, tribal concerns and other factors
determined by archaeologists, respective Indian Tribes and geologists. Sites which are not
impacted by river discharges, but show impacts due to such factors as arroyo cutting, would
be integrated with the long-term monitoring program. Annual aerial photo- or videographs
would also be used to evaluate site changes, especially of those of sufficient size to allow
remote sehsing of change. This work would be coordinated with the sediment dynamics
monitoring program. Sites with potential for rapid degradation would be monitored weekly
through the use of oblique photography using hidden time-lapse cameras. If rapid loss is
discovered, recovery archaeology and/ or mitigation would immediately be initiated.

Tribal Cultural and Spiritual Values and Tribal Concerns.

Monitoring of tribal values and concerns with dam operations and impacts would be
an integral part of the long-term monitoring program. Tribal attitudes and values may
change over time, both in response to passing years but also as a result of achral or perceived
changes in the Canyon ecosystem or other influences or factors. The objective of this
program is to monitor these values and attitudes on an ongoing basis and to structure them
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to allow for quantitative-analytical techniques and to determine possible changes in attitude
or values in relation to dam operations

Each affected Tribe should develop and implement a set of visitations on an annual
basis.' These visitations should include estabtished sets of questions, determined by the Tribe
and comparable over time, dealing with the Canyon resourèes. Questions and timing of
visitations should be determined by each Tribe in cooperation with the organÞation
responsible for the overall long-term monitoring program.

Recreation

Recreational use of the Canyon is of economic and environmental importance. As a
major use of the Canyon, recreation creates jobs and financial support within the region, but
also is a significant component of impact analysis. The preferred ãlternative in the trtS tras
c,onsidered impacts on recreation and has attempted to enhance the recreational experience in
the Canyon and increase safety. Also of importance are the possible impacts of recieation on
Canyon resources. The objectives of the long-term monitoring program, therefore, are to
determine whether recreation is enhanced and safety improved ovèr impacts of the historic
operation of the dam, and whether changes in recreational patterns resulting from the
selected dam operational alternative have any effect on the canyon.

To determine whether dam operations are affecting the pattern and amount of use in
theCanyon, data on-use-and change-s resulting from recreãtion wor¡ld be compiled annually.
Such data can be utilized to assess changes in use, but also may help determine causes of
some changes in other resources (e.g., fish populations, and beach sizes or qualities, etc.).
Recreation use data ate available from or can be obtained through the Natiónd Park Service,
Arizona Game and Fish pepartment, Native American tribes, and fishing guide, angler and
boatrnan surveys/ including the following: (1) Whitewater rafting, including commõrcial,
private and tribal enterprises. Data would include user days, length of trip, put-in and take-
out points,,beaches used, and safety (accident) records, (2iAngleT uses, in-clüding
commercial and private use above Lees Ferry. Data would include angler user dáys, fish
catch data, and safety (accidmt) records. (3) Miscellaneous uses, e.g., Ëirdwatchinþ use of
riparian habitats (both mainstem and tributaries) for hiking, sightseéing within thJCanyon,
etc. to be evaluated through_ National Park Service and Huãhpãi Tribe permitting records,
Game and Fish surveys, and other means. Survey results would be summarized-and
evaluated annually.

Beach area data would be monitored using aerial video- or photography at the same
discharge levels each year. Changes in beach camping area, above high áis¿hárge levels, can
be determined through digitized video- or aerial photographs and validated on á sample
basis through- ground truthing coordinated with beach surveys under the sediment dynamics
component of the long-term monitoring program.

To determine possible reasons for changes in recreational use, recreationist's values
and concerns would be monitored on a five year basis or following unusual events. This
information would be gathered using surveys of appropriate user þoups. Value evaluation
is separate from values determined using non-use value methodolõgies. The former deals
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directly with use and experiences in the Canyon while the latter are based on no direct
contact with the Canyon.

Recreationists' values to be monitored using surveys that deal with the relative value
of Canyon experiences include: (1) satisfaction with existing discharge levels, (2) percePtions
of effects of dam operations, (3) attifudes about congestion at beaches or high level visitor
sites, and (4) attitudes toward researcher/monitoring teams in the Canyon. Information
gathered during the pre-long-term monitoring period would be used as the baseline for
comparison and evaluation of change in these values and perceptions.

Hydropower Supply

Hydropower supply is an integral part of the economy of the region. Changes in
power operations resulting from changes in annual dam operations would #fect the power
supply and its costs. The objectives of this program are to determine the impact of changes
in dam operations on hydropower outputs and the concomitant power marketing and
economics of the region, a concern of those agencies tied to hydropower production.

Actual power generation would be monitored on an hourly basis as input to assessing
the consequences of dam operations on power economics. Power generation is also a method
for estimating water discharge rates and volumes.

Economics and Finances

Long-term monitoring would include the maintenance of a cu¡rent data base for
future power resource economic reviews to determine the consequences of the anticipated
changes in Glen Canyon Dam operations. A periodic review of the electric Power market
would determine whether new information supports decisions based upon previous forecasts.
The Power Resources Committee (PRC) Phase II effort would be used as the basis for the
periodic review. For each review, current measured parameters can be compared to the risk
and sensitivity analysis work completed in Phase II studies. If the current measures or
assumptions fall within the range of assumptions made in Phase [I, then the impacts can be
determined from this information. Conclusion can then be made regarding the degree of
influence changes in certain measured parameters (i.e., load growth, fuel escalation rates)
would have on the economic and financial impacts.

A more detailed review wou-ld involve assessing the significance of changes in the
value or financial benefits of power and recreational uses which might impact the economic
and social benefits of changes in Glen Canyon Dam (GCD) operation. A detailed review
would take place when a different operational alternative for GCD is proposed. The decision
to go to this level of analysis, based in part on a recommendation of the Adaptive
Management Working Group, would be made on a case-by-case basis.

In preparation for these reviews, a data base of revenues, rates, supplies, purchases
and loads must be established through monitoring the following parameters: (1) annual
revenue requirements of Western Area Power Administration (Western), (2) rate charges for
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Western wholesale power, (3) regional power supply adequacy for Western Systems
Coordinating Council (WSCC) annual reports (moving, L0-year projection), (4) historical
regional power loads from WSCC, (5) annual evaluation of costs of power purchases and
sales within and outside the region available from EIA, (6) updates of utility data already
collected by the PRC.

Concomitant with evaluation olimpacts on power revenues, should be an evaluation
of impacts on the economics and revenues of other uses of Glen and Grand Canyon. These
uses especially include recreational revenues, but changes in other regional revenue sources
resulting from the selected dam operation would be considered.

The detailed review would follow procedures established by the PRC of Glen Canyon
Environmental Studies to evaluate the economic impacts of various dam operation
alternatives for the Glen Canyon EIS. If required, additional transmission related and short-
term operational reviews may be necessary with any further changes at Glen Canyon Dam.

Evaluation of the non-use values of the Glen and Grand Canyon riverine system
would also be part of the economic and financial component of the long-term monitoring
program. It is possible that the public's perception of the Canyon may change as a result of
the future operations of Glen Canyon Dam; thus it is valuable to determine this perception
through use of non-use economic methodologies.
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ADDENDA

Addendum 1.

Background and Input Attributes and Benchmark (Unaffected) Sites

Background and input attributes are those factors whose variation may be used to
help explain changes in the mainstem Colorado River corridor ecosystem. They occur or are

located above and/or below the dam, but are not those attributes along the mainstem
corridor influenced by dam operations. Information on background and input attributes is

important to archive for use by the long-term monitoring program on effects of dam
operations, however, gathering of this information is not part of that program.

The Role of External Factors and Benchmark (Unaffected) Sites

Although long-term monitoring of the Grand Canyon ecosystem may detect temporal
change which might be associated with dam operations, other possible causative factors, such

as climate, will exist. Thus, identification of external factors that may be regularly monitored
for other purposes such as climatological data, and identification and monitoring of
unregulated analogues to the Grand Canyon ecosystem could provide an opportunity to
distinguish "natural" change from dam-related change.

Benchmark (unaffected) sites are locations that might be considered as control sites

similar in geomorphology to the Grand Canyon that can be used to analyze differential
influences of dam and non-dam variables. Unfortunately, there is insufficient scientific data
on which to identify unregulated analogues to the Grand Canyon at this time. Candidate
areas include Cataract Canyon and the Grand Canyon tributaries. The latter are only
relevant for biological parameters. Research should be considered in Cataract Canyon to
determine its possible analogue stafus as an "unregulated Grand Canyon". At a later time,
the National Park Service might propose a companion Cataract Canyon monitoring Program
as one basis for interpreting environmental change in Grand Canyon.

Some ecological monitoring of tributary conditions in Grand Canyon is included in
this program, however, such efforts would be limited. Further research is necessary to
determine the nature of appropriate comparisons between the "big river ecosystem" of the
Colorado River and the "small river ecosystems" of the tributaries.

The external factors that would be used for differentiating between natural and dam
caused changes are discussed below.
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Meteorolow/Climate

Re#onal Meteorolog]¡/Climate. Hydrology of the Glen Canyon/Grand Canyon
region is a consequence of regional precipitation and temperafure patterns. Tributaries,
especially the Little Colorado River, Paria River and,Kanab Creeþ are all important in the
dynamics of the river. As part of the background data base for long-term monitoring, and
for interpreting different causes of change in the Colorado River ecosystem, it is essential to
include climatological data from NOAA weather stations that influence major tributaries to
the Colorado River above and below Glen Canyon Dam. The minimum set of climatological
stations would include: Page, Jacob Lake, Kanab, Cameron, Supai, Pipe Springs NM and
Peach Springs. Additional stations at the headwaters of the Little Colorado Rjver, Kanab
Creek and Paria River would also be considered. When necessary, data from stations at the
headwaters of the San Juan, Green and Colorado Rivers would be archived..

H)¡drometeoroloãI. In addition to climatological data, it is essential to archive
information on hydrometeorological changes. These include not only precipitation (part of
climatological data), but snowpack and runoff in the major tributaries to Lake Powell and the
Colorado River below Glen Canyon Dam. Hydrometeorological data are presently collected
for some of the tributaries of Lake Powell. Snowpack measurements are also a regular part
of the predictive models used by the Bureau of Rèchmation in its forecasts for annual aid
monthly releases of water from Glen Canyon Dam. These data, however, would not only be
used for predictive purposes but as part of the overall data set archived for the monitoring
program.

Local Microclimate. There is a very limited set of local meteorological stations in the
Grand Canyon, the primary one being at Phantom Ranch (Grand Canyon NP). Changes in
the Colorado River riverine/riparian ecosystem may be a response to non-anthropogenic
environmental changes as well as changes or influences from dam operations. As part of its
inventory and monitoring program, NPS would need to upgrade and add to local
climatological stations to give adequate coverage for interprãting local climatological
influences. The Phantom Ranch station would be instrumented to measure solar radiation in
addition to temperature and precipitation. Complete weather stations would be established
at Lees Ferry. The Hualapai Tribe should add a complete weather station at Diamond Creek
near the river as part of its long-term resource studies. Other stations within the Canyon, for
example, Indian Gardens, would be upgraded to full climatological station status. Data from
these stations then become part of the background archives for the long-term monitoring
program. The importance of upgrading or adding climatological stations for data input into
the long-term monitoring program cannot be over emphasized. There is such a critical need
for this information, for example, the affects of solar insolation and canyon temperature on
water temperahrre, that this effort would be considered as an integral part of the long-term
monitoring program.
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Addendum 2.
Information Management

Characteristics of Long-term Monitoring

Essential to any long-term monitoring program is that it addresses management
needs, specifically, it would be designed to ensure that management objectives are being met.

It would also be designed to recognize the temporal characteristics of the system being
monitored. In the case of the Grand Canyon, long-term monitoring in response to operations
of Glen Canyon Dam would continue indefinitety, or as long as the dam is operable.
Periodic review of the program is necessary to determine the intensity of the monitoring
program. The potential longevity of this program would be recognized in the selection or
establishment of institutions that can maintain continuity while carrying out monitoring
activities. Because continuity in methodology and procedures is essential to ensure
comparability of data, no monitoring activity should be based on the sole contributions of
any one individual but would be aligned with an agency or long-term organization.

Monitoring activities must also recognize the spatial scale of the resources. The
enormity of Grand Canyon requires that projects actually be a sample, and that an hierarchy
of spatial scales (e.g., nesting or representative sample units) would be used. Selection of
sample unifs or areas would also consider the sensitivity or fragility of the system, thus
metñodologies would leave as small a "foot print" as possible. The type, frequency and
location of measurements would, however, invariably follow from the objectives of the long-
term monitoring program.

Lastly, the long-term monitoring program would be sufficiently flexible to permit
initiation of "new" monitoring activities to respond to transient events such as floods or
tributary sediment pulses, and to changes in direction which may result from changes in
management goals.

Development of Long-tenn Monitoring Activities

Potential use and integrity of monitoring activities is dependent on their initial
procedural design. Each proposed monitoring activity must be reviewed by other workers
prior to implementation to ensure comparability of data, prevent overlapping efforts, and to
encourage interaction and integration by using comparable spatial and temporal boundaries.
Considerable resources wot¡ld need to be devoted to careful documentation of procedures,
quality assurance and quality control (QA/QC), definition of variability (i.e., defining
uncertainty), etc. This would reduce the total amor¡nt of data which can be collected, but it is
necessary to provide the documentation for future daüa use and interpretation.

All participants in the long-term monitoring program must be required as a condition
of participation to have their data internally and externally reviewed and entered into a

coûunon data base system on a regular and timely basis. Field data must be carefully
referenced to known, consistent locations (georeferenced). These reference points must be
consistent among monitoring and research activities, and included as an integral part of the
GIS data management system.
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Effective monitoring activities must be based on a thorough knowledge of the
physical and biological characteristics of the system. Because the baseline information may
be limited for some areas and resources, and methodologies may not be futly tested, many
activities would be initiated as "pilot projects" and the comparabitity of the data tested before
being settled uPon as a major part of the long-term monitoring program. Trade-off between
minimum detectable effects and monitoring efforts and costs must furtherrnore be accepted
as part of the evaluation procedures for selection of monitoring projects within the longterm
monitoring program.

Protocols for Data Collection and Processing

Each component of the long-term monitoring program must have an explicit, detailed
protocol which spells out: (1) objectives, (2) experimental design, (3) procedures for data
collection, QA/QC, data analysis, data storage, and reporting. This á[ows anyone to
replicate measurements and to evaluate them in a consistent statistical manner. Where
appropriate, each experimental design would be evaluated for statistical integrity. The
protocol for each component would specify the level of knowledge and training required for
those collecting field data, analyzing samples, entering data, and interpreting the data. There
would be a comparable protocol for managing the data base.

Scientists collecting the data would be involved with data interpretation. Although
the time frame of the long-term monitoring program extends wetl beyõnd the participatiôn
period of any one scientist, it is anticipated that those who collect the data would be familiar
with the Grand Canyon and may use the data as part of ongoing research programs. This
connection of data collection and interpretation would result in data being collected
appropriately and efficiently.

Releasing and sharing data must be a requirement for every project. Those collecting
original information, however, should be allowed a reasonable time for analysis and
publication before releasing the data to the public. Trust must be established among data
collectors and managers to ensure transfer and integration of information. Each monitoring
project would prePare an annual report using a consistent and defined format, including
reports from data base managers.

Data Base Management

A general principle is that all data would be freely available. In some cases, however,
such as archaeological-site data, data that Indian Tribes define as sensitive, or information on
localized endangered species, a level of confidentiatity may be necessary.

A centralized, integrated data base is necessary to avoid duplication of effort and
facilitate exchanges of information among projects. This includes iñcorporation of
information from past monitoring, inventories and research. Each file in the data base must
be cross-referenced to files which document data-collection procedures, variability, and
uncertainties. All data would be copied and stored in at least two locations to maximize
security.
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Certain kinds of data and collected information are unsuitable for storage in a
traditional computerized data base. These include audio and video recordings, for example,
as well as biological and geological specimens and copies of historical literahre and'
photographs. This information and collections need to be archived following procedures
appropriate to their unique characteristics, and cross-referenced to other information.

Management of the Monitoring Program

The resource m¿ìnagement agencies and interests have established an Adaptive
Management Working Group that would oversee the management and archiving of the long-
term monitoring program and data (see chapter in EIS). This group would evaluate the
findings of the long-term monitoring program. This evaluation may lead to
recommendations for changes in dam operations to ensure compliance with the objectives of
the 1,992 Grand Canyon Protection Act.

Although no specific institution has been selected for the actual management of the
long-term monitoring program or archiving of monitoring information, an organizational
struchrre needs to be set in place prior to initiation of any phase of long-term monitoring of
the effects of Glen Canyon Dam operations. It would need to absorb the ongoing program of
the Glen Canyon Environmental Studies which has managed data collection efforts to date
and has embarked on an information management program as well (Scientific Information
Managemeirt system - SIM).

GIS and Remote Sensing

The use of Geographic Information Systems (GIS) for data storage is an important
component of the data management process; however, not all data can be put into GIS
format. GIS can be an important analytical tool for integrating and comparing spatially
based data, but the applicability of this technique would depend upon the particular
objectives of each monitoring project. Each project would specify which GIS data layers are
required.

The validity of the existing GIS reaches in the Canyon would be tested for
representativeness or designation as critical reaches. Usefulness of these reaches for the long-
term monitoring program would be evaluated once the objectives and priorities for long-term
monitoring are established. The use of satellite and remote sensing (e.g., aerial video- and
photography) data would also be evaluated rel¡ative to the level of detail needèd for each
monitoring project (satellite data would probably be too coarse for use in monitoring in the
Canyon).
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lnlroduction

The purpose of this hydrology appenrìix is to supplement hydrologic infortration in the
main EI-S d.ocument as we[äs to'provide more technical and detaite¿ hydrologic
information for the reader who is interested in such detail. Generally, no interpretations
or conclusions are provided, other than those presented in the main EIS document. Most
information is presented in frequency curve formats, however, tables or pie charts are also
included for some parameters. Also, a text discussion is provided concerning downstream .

transformation of fluctuating releases.

Hydrologic information is included to provide the following perspectives:
.i

1. Predam conditions compared to postdam conditions.
2. Conditions under postdam operations compared to computer model-projected

conditions under alternative future operations.
3. Frequencies of Colorado River streamflows (water releases) on hourly (inclurling

minimums, maximums, and fluctuations), daily, monthly, seasonal and annual
bases.

4. Frequencies of lake Powell and lake Mead reservoir storage levels on monthly
and annual bases. 

"5. Frequencies of Upper and Lower Basin and Mexico water depletions.
6. Example scheduling of Habitat Maintenance Flows and BeacVHabitat Building

Flows.
7. Discussion of Downstream transformation of fluctuating releases.

Historic data were available from either United States Geological Survey publications or
from records of the Bureau of Reclamation's Upper Colorado Region. Projected future
a'lnual and monthly operations data were generated by the Colorado River simulation
systemcomputermodel.Projectedhourlyoperationsdataweregeneratedbythe
Environmental Defense Fund's Peak Shaving Modet for the Power Resources Committee
of the Glen Canyon Environmental Studies. I
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Frequencies of

Historic Daily Flows
at Lees Ferry (cfs)

A. Pie Chart Summaries of Predam and Postdam Flows by Season

B. Predam (1922-1962)
1. All Months (1 frequency graph)
2. Individual Months (12 frequency graphs)

C. Postdam (1963-1990)
1. All Months (1 frequency graph)
2. Individual Months (12 frequency graphs)
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Historic October Daily Flows at Lees Ferry
Flow Duration for Water Years 19?2-1962
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Hlstoric February Daily Flows at Lees Ferry
Flow Duration for Water Years 19?2-1962
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Historic April Daily Flows at Lees Ferry
Flow Duration for Water Years 1922-1962
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Historic February Daily Flows at Lees Ferry
Flow Duration for Water Years 1963-1989
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Historic April Daily Flows at Lees Ferry
Flow Duration for Water Years 1963-1989
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Historic June Daily Flows at Lees Ferry
Flow Duration for Water Years 1963-1989
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Frequencies of

Historic Hourly Releases
at Glen Canyon Dam (cfs)

A. Pie Chart Summaries by Season

B. Individual Months (12 frequency graphs)
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Frequencies of

Historic Minimum Hourly Releases
for Each Day (cfs)

A. Pie Chart Summaries bY Season

B. Individual Months (12 frequency graphs)
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Flow Duration for Water Years 196G1989

U'ILO2;
.EP
ìõo2
l¡-õ
>-c
oI

15

10

0
0 o.2 0.4 0.6

Exceedance Frequency

0.8

32

30

28

26

24

(n 22

l\^ 20
.=Ê 18

ËE ro
LX
>Ë 14

B- 12r 
10

I
6

4

2

0

Minimum Hourly Releases for Days in September
Flow Duration for Water Years 1 966-1 989

Exceedance Frequency

B-64

0

Ë()
oo
oo
ol

-9
Ëõ
fo
o
CL

tr
.gîlo

-9
Ë
6Ja
oÌ

-9(,
oo
oìo
J! ) 31,fþ Éfg

\

MEdian = 5,f 89
(Avg. = 9'744¡

/

-

\

:ooo

\

g
Ë6tg
o
o-
CL
f

c
-qîlô

\

-g
Ë
qt
f
ø
oìo
J

Median = 3,9631
(Avg. = 7'519¡

/

-rr-

g
(,
oo
o
3o
J

\
0.2 0.8



Frequencies of

Historic Maximum Hourly Releases
for Each Day (cfs)

A. Pie Chart Summaries by Season

B. Individual Months (12 frequency graphs)
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Frequencies of

Historic Daily Fluctuations
in Releases (cfs)

A. Pie Chart Summaries by Season

B. Individual Months (12 frequency graphs)
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Historic Fluctuations in Hourly Releases for Days in October
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Flow Duration for Water YearS 1966-1989
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Flow Duration for Water Years 1966-1989
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Historic Fluctuations in Hourly Releases for Days in June
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Historic Fluctuatlons ln Hourly Releases for Days in August
Flow Duration for Water Years 1966-1989
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Frequencies of

Historic End-of-Month Storage
in Lake Powell (acre-feet)

o Individual Months (12 frequency graphs)
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Hlstorlc December End of Month Storage ln Lake Powell

0)
0)
¡l-

IE)^À3t
<ä
g'ã
(ú

o
U'

28

26

24

22

20

18

16

14

12

10

I
6

4

2

0 0.2 0.4 0.6

Exceedance FrequencY

Historlc January End of Month Storage ln Lake Powell

0)o
l.L

I9^69,<b

t'ã
(ú

o
U)

28

26

24

?2

20

18

16

14

12

10

I
6

4

2

0 0.2 0.4 0.6 0.8

Exceedance Frequenry

B-88

Exceedance Levels for Water Years 1963-1988

7,568,(X)0
1,200)

Exceedance Levels for Water Years 1963-1988

',254,000



Historic February End of Month Storage in lake Powell
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Historlc April End of Month Storage in lake Powell

Exceedance Levels for Water Years 1 963-1 988

o
0)ll.
I9^iaD<b

.E=
grã
(ú

o
Ø

28

26

24

2,
20

18

16

14

12

10

I
6

4

2

0
0 o.2 0.4 0.6

Exceedance FrequencY

0.8

1

':

I
.l

_l

i

oott
IE)^õ9.<ä
sã
(ú

o
Ø

28

26

24

2.
20

18

16

14

12

10

I
6

4

2

0

Historlc May End of Month Storage ln Lake Powell
Exceedance Levets for Water Years 1 963-1 988

0.2 0.4 0.6 0.8

Exceedance Frequency

B-90

0

-

g
(t
o6
@oof

\¡

@

Ëql
Jo
ooo
=

ç
-gÌto

= 17,316,000
14,986,834)

E
Éqt
fø'b
oìo

,,J

\
El('I gE

t9 \

a--

-9
o
E
ooof

\\_]

-9Eqt
fø

.o
CL
CL

'J

Median = 
J

(Avg. = 18

/

g,33g,ooo

010,804

-9
Ëqt
ta
oÌo

.J

oÌo
J

\



Historic June End of Month Storage in Lake Powell
Exceedance Levels for Water Years 1963-1988
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Historlc August End of Month Storage in Lake Powell
É<ceedance Levels for Water Years 1 963-1 988
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Frequencies of

Historic Ramp Rates
at Glen Canyon Dam (cfs)

A. l-Hour Ascending and
Descending Rates (1 frequency graph)

B. 4-Hour Ascending and
Descending Rates (1 frequency graph)



Glen Canyon Dam 1-Hour Ramp Rates
Historic Rates For Moderate Monthly Releases of 800,000 Acre-Feet
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Frequencies of

Projected Annual Flow Volumes
at Lees Ferry (acre-feet)

A. Summary Tables of CRSS Model Results with Several Alternatives

L With Increased Storage Capacity Method of Reducing Flood
Frequency (l table)

2. Witñ Lower Storage Level Method of Reducing Flood Frequency
(1 table)

B. 1 Frequency Graph with Several Alternatives



ALTERNATIVE

No Action Alternative
(and Max. Powerplant Capac.)

High Fluctuating Flow

Annual Lake Powell
(Summary of CRSS

TD
I(o

(o

Moderate Fluctuating Flow

Average
(Median)

Low Fluctuating Flow
(lnterim and Prefened)

2O.YEAR ANALYSIS

10,161,000 af
(9,367,000 af)

Existing Monthly Volume
Steady Flow

Total Releases
Model Results)

10,148,000 af
(9,329,000 af)

Seasonally-Adjusted
Steady Flow

=8.23 maf

FREQUENCY

30.3%

>8.23 maf
<=11.0 ma1

Year-Round Steady Flow

*

* Same as for High Fluctuating Flow Alternative

3O.7o/"

40.2o/"

*

>11.0 maf

*

39.9%

*

29.5%

10,142,000 af
(9,361,000 af)

Average
(Median)

*

sO-YEAR ANALYSIS

*

29.4o/o

10,149,000 af
(9,359,000 af)

9,881,000 af
(8,573,000 af)

*

*

9,875,000 af
(8,559,000 af)

3O.1"/"

:8.23 maf

*

FREQUENCY

*

30.1o/o

46.O%

*

>8.23 maf
<=11.0 mal

41.6/o

*

46.3o/o

*

41.3o/o

27.2o/"

*

28.3o/o

>11.0 maf

273%

*

*

28.60/"

9,871,000 af
(8,554,000 af)

26.8/o

*

*

26.4%

9,877,000 af
(8,578,000 af)

*

t

45.7"/"

*

*

45.8%

*

28.8o/"

*

28.60/"

25-5"/"

25.6/"



ALTERNATIVE

No Action Altemative
(and Max. Powerplant Capac.)

Annual Lake Powell Total Releases
(Summary of CRSS Model Results)

High Fluctuating Flow

(D
I

Joo

Moderate Fluctuating Flow

Average
(Median)

Low Fluctuating Flow
(lnterim and Prefened)

2O.YEAR ANALYSIS

10,161,000 af
(9,367,000 af)

F:<isting Monthly Volume
Steady Flow

10,161,0@ af
(9,367,000 af)

=8.23 maf

Seasonally-Adjusted
Steady Flow

FREQUENCY

30.3%

>8.23 maf
<=11.0 ma1

Year-Round Steady Flow

*

30.3%

* Same as for High Fluctuating Flow Altemative

4O.2o/o

*

>11.0 maf

*

4O.2o/"

*

29.5o/o

Average
(Median)

10,160,000 af
(9,375,000 af)

*

SO.YEAR ANALYSIS

*

29.5o/o

9,881,000 af
(8,573,000 af)

10,167,000 af
(9,378,0@ af)

*

*

9,882,000 af
(8,567,000 af)

3O.2/"

=8.23 maf

*

FREQUENCY

*

3O.1o/o

46.0o/"

*

>8.23 maf
<=11.0 mal

4O.3o/o

*

Æ.9o/o

*

27.2%

40.3o/o

*

>11.0 maf

*

*

27.3o/o

*

26.8o/o

29.60./o

9,880,000 af
(8,554,000 af)

*

*

26.8o/o

9,885,000 af
(8,575,000 af)

*

*

ß.8o/"

!t

*

45.7o/o

*

27.41o

*

27.4o/o

*

26.9o/o



Proiected Annual Flows
at Lees Ferry
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Frequencies of

Projected Monthly Flow Volumes
at Lees Ferry (acre-feet)

o 12 Graphs, Each with Several Alternatives
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Projected December Monthly Flows
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Proiected April Monthly Flows
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Frequencies of

Projected Daily Fluctuations
in Releases (cfs)

o 12 Frequency Graphs, Each with Several Alternatives
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Profected Mlnlmum Hourly Releases
for Days in February
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Profected Mlnlmum Hourly Releasee
for Days in April
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Frequencies of

Projected Minimum Hourly Releases
for Each Day (cfs)

o 12 Frequency Graphs, Each with Several Alternatives
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Proiected Maxlmum Hourly Releases
for Days in February
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Frequerieies of

Projected Maximurm Hourly Releases
for Each Day (cfs)

o 12 Frequency Graphs, Each with Several Alternatives
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Frequencies of

Projected Annual Depletions
(acre-feet)

A. 2 Summary Tables of CRSS Model Results for Upper Basin Depletions (1

table for each method of flood frequency reduction)

B. 2 Summary Tables of CRSS Model Results for Lower Basin Depletions
(1 table for each method of flood frequency reduction)

C. 2 Summary Tables of CRSS Model Results for Mexico Depletions (1 table
for each method of flood frequency reduction)

D. 1 Frequency Graph for Upper Basin Depletions with Several'Alternatives

E. 1 Frequency Graph for Lower Basin Depletions with Several Alternatives

F. 1 Frequency Graph for Mexico Depletions with Several Alternatives



ALTERNATIVE

No Action Alternative
(and Max. Powerplant Capac.)

Annual Upper Basin Depletions
(Summary of CRSS Model Results)

High Fluctuating Flow

w
I

J

û){

Moderate Fluctuating Flow

AVERAGE

Low Fluctuating Flow
(lnterim and Prefened)

2O-YEAR ANALYSIS

4,154,000 af

Existing Monthly Volume
Steady Flow

4,154,000 af

Seasonally-Adjusted
Steady Flow

<=4 maf

FREQUENCY

42.60/"

>4 maf
<=5 maf

Year-Round Steady Flow

*

t Same as for High Fluctuating Flow Alternative

42.6/"

57.4"/"

*

>5 maf

*

57.4o/o

*

0.o%

AVERAGE

*

5O-YEAR ANALYSIS

*

*

O.O/"

4,562,000 af

*

*

*

4,562,000 af

*

<=4 maf

*

FREQUENCY

*

17.60/"

*

*

>4 maf
<=5 maf

*

*

17.6%

*

69.2o/"

*

*

>5 maf

*

*

69.2/"

*

13.2/"

*

*

*

*

13.2/o

*

*

*

*

*

*

*

69.4"/"

*

*

*

13.Oo/o

*



ALTERNATIVE

No Action Altemative
(and Max. Powerplant Capac.)

Annual Upper Basin Depletions
(Summary of CRSS Model Results)

High Fluctuating Flow

TD
I

(¡)
@

Moderate Fluctuating Flow

Low Fluctuating Flow
(lnterim and Prefened)

AVERAGE

2O.YEAR ANALYSIS

Existing Monthly Volume
Steady Flow

4,154,000 af

Seasonally-Adjusted
Steady Flow

4,154,000 af

<=4 maf

FREQUENCY

42.6o/o

Year-Round Steady Flow

>4mat
<=5 maf

*

* Same as for High Fluctuating Flow Altemative

42.6o/0

.,...,"..,.-,-.".. -...,:. t, -,..,, -:

57.4o/o

*

>5 maf

*

57.4o/o

*

O,O/o

AVERAGE

*

sO.YFÁR ANALYSIS

*

*

O.O/o

4,562,000 af

*

*

*

4,562,000 af

*

*

<=4 maf

FREQUENCY

*

17.60/o

*

*

>4 mú
<=5 maf

*

*

*

17.60/o

69.2/o

*

*

*

>5 maf

*

69.2o/o

*

13.2o/o

*

*

*

*

13.2o/o

*

*

t

*

*

*

*

69.3%

*

*

*

13.1o/o

*



ALTERNATIVE

No Action Attemative
(and Max. Powerplant Capac.)

Annual Lower Basin Depletions
(Summary of CRSS Model Results)

High Fluctuating Flow

TD
I

J

û)
ro

Moderate Fluctuating Flow

AVERAGE

Low Fluctuating Flow
(lnterim and Preferred)

2O-YEAR ANALYSIS

8,14Í1,000 af

Existing Monthly Volume
Steady Flow

<7.5 maf

9,120,000 af

Seasonally-Adjusted
Steady Flow

FREQUENCY

0.5"/"

>=7.5 maf
<:8.0 maf

Year-Round Steady Flow

*

* Same as for High Fluctuating Flow Alternative

O.5o/"

7O.5o/o

*

>8.0 maf

*

72.2/"

*

29.O/"

AVERAGE

9,130,000 af

*

sO-YEAR ANALYSIS

*

27.3o/o

8,090,000 af

9,131,000 af

*

*

9,075,000 af

<7.5 maf

*

o.9%

FREQUENCY

*

9.5%

*

>=7.5 maf
<=8.0 maf

tc

71.60/"

*

8.8"/"

*

63.5%

71.9o/o

*

>8.0 maf

27.5o/o

*

6.7o/o

*

27.O/o

27.6%

8,078,000 af

*

*

25.5o/"

9,087,000 af

*

*

1O.1o/o

*

*

*

8.7o/o

63.6%

*

65.07"

26.3o/o

26.3%



ALTERNATIVE

No Action Altemative
(and Max. Powerplant Capac.)

Annual Lower Basin Depletions
(Summary of CRSS Model Results)

High Fluctuating Flow

TF
I

ào

Moderate Fluctuating Flow

AVERAGE

Low Fluctuating Flow
(lnterim and Prefened)

zO-YEAR ANALYSIS

Existing Monthly Volume
Steady Flow

8,143,000 af

Seasonally-Adjusted
Steady Flow

8,144,000 af

<7.5 maf

FREQUENCY

O.5o/o

Year-Round Steady Flow

>=7.5 maf
<:8.0 maf

*

* Same as for High Fluctuating Flow Altemative

O.5o/o

70.5o/o

*

>8.0 maf

t

7O.5o/o

*

29.Oo/o

AVERAGE

8,141,000 af

*

5O.YEAR ANALYSIS

*

29.Oo/o

8,090,000 af

*

*

*

8,090,000 af

O.9/"

*

<7.5 maf

FREQUENCY

*

9.s%

*

*

>=7.5 maf
<=8.0 maf

7O.1"/o

*

9.50/6

*

6iÍt.5%

*

*

>8.0 maf

*

*

63.5%

*

27.Oo/o

8,080,000 af

*

*

*

27.Oo/o

8,091,000 af

*

'*

*

10.5o/o

*

*

9.4o/o

62.6o/o

*

trt.6%

26.9o/o

27.O%



ALTERNATIVE

No Action Alternative
(and Max. Powerplant Capac.)

Annual Deliveries to Mexico
(Summary of CRSS Model Results)

High Fluctuating Flow

tI,
I

J

Þ
4

Moderate Fluctuating Flow

AVERAGE

Low Fluctuating Flow
(lnterim and Preferred)

2O-YEAR ANALYSIS

2,225,OOO at

Existing Monthly Volume
Steady Flow

>=1.5
<=1.6

2,211,000 af

Seasonally-Adjusted
Steady Flow

FREQUENCY

73.6a/"

>1.6 maf
<=4.0 maf

Year-Round Steady

*

* Same as for High Fluctuating Flow Altemative

76.O/"

13.8o/"

*

>4.0 maf

*

10.3%

*

12.60/o

AVERAGE

Flow

2,192,000 af

*

sO-YEAR ANALYSIS

*

13.7o/"

2,133,000 af

2,193,000 af

*

*

>=1.5 ma
<=1.6 ma

74.9%

2,126,000 af

*

FREQUENCY

*

74.9%

76.1"/"

*

>1.6 maf
<=4.0 maf

12.8o/o

*

77.8o/"

*

12.5o/o

12.8o/o

*

12.3/"

>4.0 maf

9.7%

*

*

12.3o/"

11.4o/o

2,111,000 af

*

*

12.5"/"

2,109,000 af

*

*

76.8o/o

*

*

Tl.Oo/"

*

12.O%

*

12.O%

11.2o/o

11.Oo/o



ALTERNATIVE

No Action Altemative
(and Max. Powerplant Capac.)

Annual Deliveries to Mexico
(Summary of CRSS Model Results)

High Fluctuating Flow

fp
¡

Àlu

Moderate Fluctuating Flow

AVERAGE

Low Fluctuating Flow
(lnterim and Prefened)

2O.YEAR ANALYSIS

2,225,OOO al

Existing Monthly Volume
Steady Flortt

>=1.5 ma
<=1.6 ma

Seasonally-Adjusted
Steady Flow

2,225,OOO al

FREQUENCY

73.60/o

>1.6 maf
<:4.0 maf

Year-Round Steady Flow

*

* Same as for High Fluctuating Flow Altemative

73.704

13.8/"

*

>4.0 maf

*

13.8/o

*

12.6o/o

AVERAGE

2,224,0OO al

*

5O.YEAR ANALYSIS

*

12.57o

2,133,000 af

2,224,0OO al

*

*

>=1.5 ma
<=1.6 ma

2,133,000 af

*

*

FREQUENCY

t

76.1o/"

*

>1.6 maf
<=4.0 maf

t

*

*

76.21o

*

12.5o/o

13.7%

*

>4.0 maf

t

*

12.5o/o

*

12.6%

11.4o/"

*

*

*

11.3o/"

2,132,OOO al

*

*

*

*

*

*

*

t

*

*

*

t
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Frequencies of

Projected End-of-Month Storage
in Lake Mead (acre-feet)

A. Summary Tables of CRSS Model Results with Several Alternatives

1. With Increased Storage Capacity Method of Reducing Flood
Frequency (1 table)

2. With Lower Storage Level Method of Reducing Flood Frequency
(1 table)

B. 12 Monthly Frequency Graphs, Each with Several Alternatives



ALTERNATIVE

No Action Altemative
(and Max. Powerplant Capac.)

Lake Powell
(Summary of

High Fluctuating Flow

TE
I

à\¡

Moderate Fluctuating Flow

20th Year
Average

& (Median)

Low Fluctuating Flow
(lnterim and Prefened)

2O-YEAR ANALYSIS

September 30 Storage
CRSS Model Results)

18;554,000 af
(18,904,000 af)

E:<isting Monthly Volume
Steady Flow

<=10 maf
& (Lowest)

18,787,000 af
(19,033,0O0 af)

Seasonally-Adjusted
Steady Flow

FREQUENCY

O.4o/"

(9.5 maf)

>10 maf
<=20 maf

Year-Round Steady

0.3%
(9.5 maf)

*

* Same as for High Fluctuating Flow Altemative

54.4o/"

*

>20 maf

*

53.6%

SOth Year
Average

& (Median)

*

45.2o/"

18,816,000 af
(19,022,0O0 af)

Flow

*

sO-YEAR ANALYSIS

*

46.1o/"

17,468,000 af
[19,302,000 af)

18,821,000 af
(19,007,000 af)

*

*

17,605,000 af
(19,400,000 af)

<=10 maf
& (Lowest)

O.2o/o

(*)

*

FREQUENCY

2.60/o

(6.7 maf)

*

O.2o/o

(*)

*

>10 maf
<:20 maf

53.7o/o

2.4o/o

(6.8 maf)

*

*

56.1%

53.7%

*

>20 maf

*

*

55.1o/o

*

41.3o/o

*
(19,406,000 af)

*

*

*

42.5o/"

17,646,000 af
(19,384,000 af)

*

*

*

(6.7 maf)

*

*

2.3%

(")

*

*

*

*

*

42.6/"



ALTERNATIVE

No Action Altemative
(and Max. Powerplant Capac.)

Lake Powell September 30 Slorage
(Summary of CRSS Model Results)

High Fluctuating Flow

(D
I

s
æ

Moderate Fluctuating Flow

20th Year
Average

& (Median)

Low Fluctuating Flow
(lnterim and Prefened)

2O.YFAR ANALYSIS

18,554,(X)O af
(18,904,000 af)

Þ<isting Monthly Volume
Steady Flow

<=10 maf
& (Lowest)

18,552,0(X) af
(18,903,000 af)

Seasonally-Adjusted
Steady Flow

FREQUENCY

o.40Á

(9.5 maf)

Year-Round Steady Flow

>10 maf
<=20 maf

*

O.3/"
(9.5 maf)

* Same as for High Fluctuating Flow Alternative

54.4o/o

*

>20 maf

*

54.60/o

50th Year
Average

& (Median)

*

ß.2o/o

18,548,000 af
(18,897,000 af)

*

sO-YEAR ANALYSIS

*

ß.1o/o

17,46iÍ1,ff)0 af
(19,302,00O af)

18,552,0(X) af
(18,894,000.af)

*

O.2o/o

(9.4 maf)

*

<=10 maf
& (Lowest)

17,459,000 af
(19,32tf1,000 af)

*

FREQUENCY

2.6o/o

(6.7 maf)

*

o.2%
(*)

*

>10 maf
<=20 maf

54.7o/o

2.6o/o

(6.7 maf)

t

*

56.1o/o

54.7o/o

*

*

>20 maf

*

56.1o/o

*

17,451,000 af
(19,349,000 af)

41.3o/o

*

t

*

41.3o/"

7,487,OOO al
19,359,000 af)

*

*

*

(")

*

*

2.5o/o

(6.8 maf)

*

*

*

*

*

41.4o/o
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Frequencies of

Projected End-of-Month Storage
in Lake Powell (acre-feet)

A. Summary Tables of CRSS Model Results with Several Alternatives

1. With Increased Storage Capacity Method of Reducing Flood
Frequency (1 table)

2. With Lower Storage Level Method of Reducing Flood Frequency
(1 table)

B. 12 Monthly Frequency Graphs, Each with Several Alternatives



ALTERNATIVE

No Action Altemative
(and Ma,r. Powerplant Capac.)

Lake Mead September 30 Storage
(Summary of GRSS Model Results)

High Fluctuating Flow

TE
I

(,r\¡

Moderate Fluctuating Flow

20th Year
Average

& (Median)

Low Fluctuating Flow
(lnterim and Preferred)

2O-YEAR ANALYSIS

18,729,000 af
(19,002,000 af)

Existing Monthly Volume
Steady Flow

19,092,000 af
(19,377,000 af)

<=10 maf
& (Lowest)

Seasonally-Adjusted
Steady Flow

FREQUENCY

o.4%
(9.4 maf)

>10 maf
<=20 maf

Year-Round Steady Flow

0.3%
(9.4 maf)

*

* Same as for High Fluctuating Flow Altemative

52.1"/"

*

>20 maf

*

50.7"/"

50th Year
Average

& (Median)

*

47.5"/"

19,137,000 af
(19,409,000 af)

*

sO-YFAR ANALYSIS

*

14,045,000 af
(11,741,000 af)

49.O/"

19,102,000 af
(19,370,000 af)

*

0.0%
(10.1 maf)

*

<=10 mal
& (Lowest)

14,404,000 af
(11,687,000 af)

*

FREQUENCY

9.7"/"
(8.2 maf)

o.5%
(9.3 maf)

t

*

>10 maf
< =20 rnaf

51.Oo/"

9.2/"
(8.1 maf)

*

:È

52.5"/"

51.9/o

*

*

>20 maf

*

5O.4"/"

*

14,653,000 af
(12,265,0O0 af)

48.9o/"

37-8/"

*

*

14,415,000 af
(12,145,000 af)

4O.4o/o

*

6.8o/o

(8.5 maf)

*

*

*

9.5o/o

(")

*

52.60/o

:È

50.0"/o

40.60/"

4O.SYo



ALTERNATIVE

No Action Altemative
(and Max. Powerplant Capac.)

Lake Mead September 30 Storage
(Summary of CRSS Model Results)

High Fluctuating Flow

TD
I

(Jr
æ

Moderate Fluctuating Flow

20th Year
Average

& (Median)

Low Fluctuating FIow
(lnterim and Prefened)

2O-YEAR ANALYSIS

18,729,0@ af
(19,002,0ü) af)

Existing Monthly Volume
Steady Flow

<=10 maf
& (Lowest)

18,729,000 af
(19,006,0ü) a0

Seasonally-Adjusted
Steady Flow

FREQUENCY

o.40Á
(9.4 maf)

>10 maf
<=20 maf

Year-Round Steady Flow

O.3o/o

(9.4 maf)

*

* Same as for High Fluctuating Flow Alternative

52.1o/o

*

>20 maf

*

52.2o/o

S0th Year
Average

& (Median)

*

47.5%

18,756,000 af
(19,002,000 af)

*

sO.YEAR ANALYS¡S

*

14,045,000 af
('11,741,000 af)

47.5o/o

18,722,NO at
(19,010,000 af)

*

O.O/"

(10.1 maf)

*

<=10 mal
& (Lowest)

14,O22,ON al
[11,675,000 af)

*

FREQUENCY

9.7%
(8.2 maf)

O.6/"
(9.3 maf)

*

*

>10 maf
<:20 maf

52.4o/"

9.7o/"

(8.2 maf)

*

*

52.5o/o

51.9/"

*

47.6o/o

>20 maf

*

52.4o/o

*

47.6o/o

37.8o/o

14,209,üX) af
[11,638,000 af)

*

*

13,966,000 af
11,693,000 af)

37.94

*

*

7.6%
(*)

*

*

1O.1o/6

(8.1 maf)

*

il.5o/o

*

52.OV"

37.9o/o

*
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Lake Mead End-of-December Storage
2o-Year Study Period
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Example Scheduling of

Habitat Maintenance Flows
and Beach/Ilabitat Building Flows for the

A.
B.

Modified Low Fluctuating Flow Alternative

CRSS Hydrologic Scenario (Trace) No. 48
CRSS Hydrologic Scenario (Trace) No. 60



Example Scheduling of Special Flows
Modified Low Fluctuating Flows - CRSS Hydrologic Trace No. 48

(tc
Ê
v{t
(l)
oll.
o
o

@
¡

O)\¡

January 1 content

I Ann. Releases with Beach/Habitat Building Flows

19 maf storage

ffi Ann. Releases with Habitat Maintenance Flows

t-_l Ann. Releases without Special Flows



Example Scheduling of Special Flows
Modified Low Fluctuating Flows - CRSS Hydrologic Trace No. 60
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January 1 content

I Ann. Releases with Beach/Habitat Building Flows

ñffi Ann. Releases with Habitat Maintenance Flows

t- -_l Ann. Releases without SpecialFlows



Example Scheduling of

Habitat Maintenance Flows
and Beach lHabitat Building Flows for the

Seasonally-Adjusted Steady Flow Alt.

A. CRSS Hydrologic Scenario (Trace) No. 48
B. CRSS Hydrologic Scenario (Trace) No. 60
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Example Scheduling of Special Flows
SASF - CRSS Hydrologic Trace No. 48

2Oo5 2o1o 20ß 2o2O 2025 2o3o

Example Scheduling of Special Flows
SASF - CRSS Hydrologic Trace No. 60

f Ann. Releases with Beach/Habitat Building Flows

ffi Ann. Fleleases with Habitat Maintenance Flows

I Rnn. Releases with Beach/Habitat Building Flows

ffi Rnn. Releases with Habitat Maintenance Flows

l----l ¡nn. Releases without Special Flows
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Downstream Transformation
of Fluctuating Releases



Downstreom Tronsfolmotion of Fluctuoting Releoses

As described in chapter III, WATER, daily fluctuations in releases from Glen Canyon Dam

produce long waveJ that travel the length of the canyon. The waves produced by fluctuating
ieleases tranifer the energy of the released water downstream by continuously displacing an

equivalent amount of water. As a wave passes a fixed location, an observer sees displaced

water, not the released water that initially formed the wave.

Because the fluctuations occur at 24-hour intervals and the wave peaks travel faster than the

wave trough, each wave catches up to the one that precedes it. The leading edge of each

wave is suþerimposed on the trailing edge of the preceding wave, and the extent of the

overlap inðreaseJ downstream. The result is a downstream transformation of the wave

pattern that is considerably different from the lengthening and flattening that is typical of a
single, isolated wave.

The following characteristics of downstream transformation of fluctuating releases are based

on studies of S-ith and Wiele (written communication, 1992) and examination of several sets

of hydrographs of research and normal fluctuating flows:

. Wave peaks and troughs become pointed, regardless of the duration and variability of
maxinium and minimum releases. Normal fluctuating releases typically have two peaks

lasting a few hours each, in response to mid-day and evening electrical demands.

Although release rates are highly variable, wave transformation eliminates the variations
in the Ãaximum and minimum release patterns, forming a single peak and trough, as

shown in figure B-L.

. The shape of the wave becomes triangular. The shape of the wave at Lees Ferry is similar
to that below the dam, but by the time the wave reaches the mouth of the LCR, it has

transformed to the rounded triangular shape that will be maintained until the wave enters

Lake Mead (see figure B-1). This shape probably is established in the reach between

RM 36 and the LCR (RM 61).

r Although ramp rates may influence the steepness and shape of the flow pattern between

the dam and the LCR, this influence appears to be minimal at sites downstream from the

LCR.

. The rate of increase in flow between the trough of one wave and the peak of the next
wave (initially, the up ramp rate) tends to increase or remain constant with distance, as

shown in figure 8-L.

. The rate of decrease in flow between a wave peak and the next trough (initially, the down
ramp rate) decreases with distance (see figure B-L).

. Inflows from side canyon streams and springs increase both the maximum and minimum
flow in the river.

o Maximum flows (wave peaks) decrease downstream, unless offset by tributary inflows.
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Figure B-7.-Transþrmation of the discharge wøoe during fluctuatìng flows on
March 77, 1997. Minimum ilíschatge increaseil substantiølly ilue to the combined
efrects of waae trønsþrmatíon anil tributary flows. Downstream from the LCR,
tributøry inflows more thøn ofrset the d.ecrease ín maximum ilischørge due to u)øoe
tuansfonnatíon, Cumuløtiae trìbutary infloza befioeen the dam and Dìamond Creek
is estimated to be approximøtely 2,000 cfs. Note: The leøilíng edge-the part of a
waoe that arioes first at ø sìte-is the left síde of ø plot of a dischørge flucttrøtion
aetsus tìme.

¡ Minimum flows (wave troughs) increase downstream. The lower the minimum release
from the dam, the greater the increase. Also, the greater the range of fluctuations at the
dam, the greater the increase in minimum flow. The duration of the minimum flow
decreases from several hours at the dam to less than L hour downstream from the LCR.

¡ The waves travel much faster than the released water that forms them (see following
discussion under "Ttavel Time of Water").

r The length of each wave tends to become constant below the LCR. Discharge waves
typically are between 50 and L50 miles long.

úr contrast with the discharge wave patterns, which gradually transform downstream, river
levels (stage) and wave heights (difference between maximum and minimum river stage)
vary widely from one location to another, depending on the width, depth, and slope of the
channel. River stage data for the two research fluctuating flows described in table B-L are
used to illustrate how wave height and minirnum stage vary as a result of local channel
geometry and wave pattern transformation. Ramp rates were fairly uniform during these
research flows, and minimum and mafmum releases had durations of 4to 6 hours.

B-176



Table B-1.-Characteristics of two research fluctuating flows

Research
flow Date

Minimum
release

(cfs)

Maximum
release

(cfs)

Range of
flow fluctuations

(cfs)

B
D

February 1991

May 1991

5,000
2,700

14,600
26,500

9,600
23,800

For a given range of flow fluctuations, wave heights are greater in narrow reaches than in
wide ieaches. Evidence of the wide and narrow reaches, which alternate throughout the

canyory can be seen in figure B-2. The general trend is a decreasing wave height with
distance, a result of the increasing minimum flow and more or less constant maúmum flow,
as described above. The increase in stage of the wave trough, using the 5,000-cfs stage as a

reference, is illustrated in figure B-3. Variations in the general trend are caused by variations
in channel geometry.

(5,000 to 14,600 cfs)

50 1(X) 150

River Mile

250 300

Eigure B-2.-Variøtions ìn zaaae height for tuto reseørch fluctuøting flotos. Wøoe height
oaries locøtty as the ilischarge wøoe traaels through ølternøtìng fløtrotv ønd uíde
rcaches of Grønd Canyon. The generøl trenil is a downstueam decrease in zoaae

height, becøuse the minimum dischørge increøses substantíal.ly anil the maximum
dischørge decreøses or remains about the same, depeniling on tributary inflou
(moilified lrom Smith ønd Wiele, ztritten communicatíon, 7992).

16

12

c)
(l)

=
-c
_9fe
o
6
B

B-177



¡

,]

Õo^
@¿
o
o,
aú
g,

õ1
ú,
.c
o
Poo
.E
õ

.l..;

.:

..ì
.i
i --ì

.t

River Mile

Fìgarc B-3.-General dounstream ìncrease ìn støge ol waoe trough for two fluctuøting
rcseørch flous. Local ñoer støge for 5,N)0 cfs ìs useil for comparison between sites,
The íncrcøse is cøused by downstreøm increøses ín mìnimum dischatge ønd ìs greater

for the higher ftuctuations than for the lower fluctu.atíons. Locølly, increases arc
greater in nørow reaches than ìn wìile rcøches (moilifieil lrom Smíth and Wiele,
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Trqvel Time of Woter

Information about travel time of water released from the dam to sites of interest downstream
is important for assessing water quality. Tra¡¡el time is determined by water velocity, which
varies with discharge. Dissolved constituents travel at.the same velocity as the water,
suspended materials travel somewhat slowly, and floating materials more rapidly. The
energy waves produced by fluctuating releases from the dam, however, travel at
substantially greater velocities than the water that initially forms them, so wave travel times
through a given reach are much shorter than travel times of the released water.

Mean travel time of the water through long reaches varies with mean (average) discharge,
not with the magnitude of flow fluctuations. As demonstrated by the dye studies of Graf
(1991,; written communication, 1992), mean travel time of water for the research fluctuating
flow of }May 6-1L, 199L, was nearly identical to that of the research steady flow of llll4ay 20-25,
199'1.;both flows had the same mean daily discharge, about 15,000 cfs. The daily fluctuations
for the first test werc 2,700 to 26,500 cfs at the dam. In that test, the dye-tagged water took
about 104 hours to travel 236 miles downstream from Lees Ferry (about 2.3 miles per
hour)-nearly three times the travel time of the wave peak, which took about 37 hours to
travel 225 miles (about 6.1 miles per hour). Mean travel times of water for selected releases
are given in table B-2.

Table B-2.-Travel times and velocities of water in Glen and Grand Canyons
(source: Graf, written communication, 1992)

Mean daily
discharge

(cfs)

Mean
travel time

(hours)

Mean
velocity
(mph)

Glen Canyon
(RM -16-0)

Grand Canyon
(RM 0-236)

5,000
1s,000
23,000
30,000

5,000
8,000

15,000
30,000

'zo
tg.g

'6.7
's.5

'z4o
"176tloB

370

0.80
1.72
2.39
2.91

1.0
1.3
2.2
3.4

t Dye measurement.
2 Graphical extrapolation.
3 S¡mulation based on dye measurement.
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Appendix C WATER QUALITY

WATER QUALITY

Selective withdrawal facilities are structures that allow water to be withdrawn from different
elevations in the reservoir with distinct water quality characteristics for the purposes of
reservoir and downstream water quality or aquatic habitat management. At Lake Powell,
selective withdrawal facilities would be used to withdraw warmer water from nearer the
reservoir surface during late spring and summer for discharge downstream to warm the
river. Warmer instream temperatures during critical life stages, such as spawning and
rearing, may promote recovery of some native fish populations. The establishment of
successful spawning and recruitment of native fish in the mainstem may require warrner
releases during critical periods approximately once in five years.

Providing warmer release temperatures from Glen Canyon Dam through selective
withdrawal has the potential to help recovery of endangered native fish species in Grand
Canyon. However, further sfudy is needed because not enough is known about potential
corollary and secondary effects to the water quality and aquatic ecology of Lake Powell and
the downstream.

The study area for evaluation of water quality related to Glen Canyon Dam includes Lake
Powell and the Colorado River with its tributaries between the dam and about Separation
Rapids. Separation Rapids is usually considered the inflow area of Lake Mead, yet during
extended low inflow periods, Lake Mead may recede, moving the inflow area downstream of
Separation Rapids. Chemical, physical, and biological characteristics of the study area, their
influence on river system water quality, and potential effects of selective withdrawal
operations are presented in this appendix.

Reservoir water quality is always changing for reasons including:

r The reservoir phase, such as the initial filliog stage, a full reservoir, and subsequent
drawdown and filling cycles,

o Seasonal climatic changes, and
. Variable quantity and quality of reservoir inflow.

The constantly changing nature of reservoir limnology necessitates the collection of data at
regr.rlar intervals, at representative locations throughout Lake Powell. A complete and
comprehensive data base would permit comparisons between the seasons and various years/
and provide a history to examine for trends, cycles, and other changes. General
characterizations of water quality conditions and predictions of future changes may then be
made more confidently.

Lake Powell limnology-or water quality and aquatic ecology-has been studied at various
levels of detail since abou t 1,968. Reservoir fisheries have been shrdied in greatest detail.
Since about 1,972, Reclamation's water quality data collection program focused on salinity,
and temperahrre, circulation, dissolved oxygen (DO), and pH data were also acquired.
Recently, the Lake Powell Monitoring Program has been gathering data at more regular
intervals throughout the lake. Short-term and single-event studies, often not conducted
reservoir-wide, have provided additional information on nutrients, plankton, sediment
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chemistry, and hace elements such as mercury, selenium, and lead. The U.S. Fish and
Wildlife Service (FWS) collected fish samples for trace chemical analysis. The NPS conducts
bacteriological studies in recreation areas for human health concerns.

Lake Powell is a relatively young reseryoir that has undergone stages of initial filling, full
pool, and drawdown, and each stage has exhibited different water quality characteristics.
Historic water quality data for Lake Powell summarized in this appendix provides limited
basic background for describing some water quality components and processes at particular
stages of reservoir developmenÇ however, since data were not collected at regular intervals
through all stages of Lake Powell's development, only qualitative predictions can be made.
It is difficult and potentially misleading to use discontinuous and limited information to
make general statements characterizing water quality of such a large, dynamic water body,
and quantitative predictions of future changes and impacts may not be made with
confidence.

Tributaries to Lake Powell

The Colorado River is the major tributary to Lake Powell, followed by the Green and San

Juan Rivers, respectively. The Green River joins the Colorado River upstream of Lake
Powell, and the junction of the San Juan and Colorado Rivers is inundated by the reservoir.
Collectivel/, the three tributaries contribute approximately 95 percent of the total reservoir
inflow (Reynolds and Johnson,1,974). Water quality of each tributary is unique in chemical,
physical, and biological composition as a result of diverse basin geology, development,
seasonal and annual hydrologic variations, and other factors.

Water quality varies not only among basins, but also within each basin. The headwater
regions have had limited human disturbance and are underlain by rock formations that are
resistant to weathering, so water from there is quite pristine. Lower in the basins, rock
formgtions are more weatherable, often of marine origin, and greater human development
has occurred, coutributing to increased input of sediment, dissolved solids, and constituents
derived from agriculture, municipalities, and industry. Selenium, mercury, and uranium are
naturally occurring elements in the Colorado River basin and tend not to accumulate with
sediments in the river, but rather in Lake Powell sediments.

Saline ground water and natural springs within the Colorado River basin also contribute
dissolved solids to the river. Isolated discharges of contaminants to or along some tributaries
(see next paragraph) have occurred, but are not well-documented, and the fate of the
contaminants is unknown. It is suspected that the contaminants were transported down
river to Lake Powell and deposited in the delta sediments.

The quality of sediments deposited in Lake Powell is not precisely known. Limited sedime.nt
chemistry analyses have been conducted on samples taken from the lake, so insufficient
information exists to characterize the quality of sediments or track types of deposition. A
water quality specialist for the Bureau of Reclamation expressed the folowin¡lconcerns in a
1990 memorandum (Miller, written communication, 1990):
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Oil spills hnae occurred in the San luan Riaer drainage since the 1.970's. Mine tailings haae
contaminøted the Animas Riaer (a tributary of the San luøn). Samples of fish tissue t'rom the San

lwn Riaer showed petrochemicøl contamination. Selenium concentrations excteding 20 parts pu
billion hnoe been reported in the San lunn Riaer at USGS sampling stations oaer the past sanerøI
years. The combination of organics and metals thnt møy now be settling in the San lrnn arm of
Lake Powell could yield toxins upon resuspension.

Lake Powell

Reservoir Circulatlon

The Colorado, Green, and San Juan Rivers are the main tributaries to Lake Powell, and their
particular water quality characteristics exert chemical and physical compositional control on
the lake (Reynolds and Johnson,1,974). .Various chemical, physical, and biological processes
and characteristics of Lake Powell act on inflow to influence the overall reservoir water
quality. Some processes and characteristics include:

. Reservoir circulation and müng

. {lgal growth and respiration
o Chemical reactions
. Changlng meteorological conditions
. Variations in inflow quantity and quality
o Retention time in the reservoir
. Reservoir size and shape
. Contaminant retention on sediments

Neither all of the processes listed above occur simultaneously, nor do all of the processes and
characteristics have equal effect, so water quality varies throughout the reservoir and over
time.

Mixing processes/ including cr¡rrents created by inflow, outflow, and heat distribution, have a
major effect on reservoir water quality. There are three distinct seasonal inflows to
Lake Powell (Merritt, '1,976), and their descriptions are suÍunarued in table C-1.

c-3



Appendix C WATEB QUALITY

¡L

Sptirrg and late fall-winter inflow currents are the most influential, but affect different
areas qrithin the reservoir. Spring inflow is warm, since snowmelt from higher in the
basin heats as it travels the great distance aðross the Colorado Plateau during the long
days of spring and summer, and is less dense than reservoir surface water, so it flows
near the surface over the cold, dense, deeper water of Lake Powell. Late fall-winter
inflow is dense and penrasive, so it flows along the reservoir bottom (Johnson and Page,
1981). The density of late summer i¡flow is interrrediate between that of spring and
winter inflows, so it enters and flows through Lake Powell at about mid-depth.

Wlthdrawal Cunent

The distinct seasonal inflow currents are further influenced by the withdrawal current
produced when reservoir water is drawn through the penstock intakes located at elevation
3470 feet, or about 230 feet below full pool. The vertiõal extent of the withd¡awal cu:nent
increases with discharge and reaches a maximum of about 100 feet above and below the
intakes (Johnson and Menitt, L979). The withdrawal cument is a deep-reaching reseivoir
cunent and may extend the length of Lake Powell (Menritt, L976), depending on the
season, discharge magnitude, and other factors. Reservoir profrles (or plots of
measurement with depth in the resenroir, of temperature, pH, DO, and conductivity) tend
to exhibit pronounced changes from former trends in the vicinity of the withdrawal plume,
near the intake elevation.

The intakes are located in the hypolimnion when reservoir elevations are above 3590 feet,
although the withd¡awal cunent entrains metalimnetic water before reservoir elevations
reach that level. Release water quality changes occur as a result of withdrawing water
from the metalimnion and epilimnion, discussed below, and exposing delta sediments as
the lake recedes. Exposed sediments are vulnerable to resuspension by inflow and wave
action, which facilitate release of constituents associated with sediments back into the
water. Reservoir elevations of 3590 feet or below are considered rare events, likely to
occur less than 5 percent of the time.

Table C-1.-Characteristics of inf low to Lake Powell

lnflow
name Duration

Percent

of total

inflow

Tempera,

ture
("F)

Total

dissolved

solids
(ppm)

Relative

sediment

concentration

(ppm) Relative density

Spring

Late summer -

early fall

Late fall -

winter

April-July

August-October

November-March

60

12

28

Warm
(57-64)

Warmer
(64-72)

Cold

(32-3e)

Low
(200-300)

High

(¿ 1,100)

Low

(500-600)

High

(1,000-3,000)

Moderate

Very low

< surface water

> surface water
but < bottom water

> bottom water
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Heat Distrtbution

Uneven heat distribution throughout Lake Powell also creates currents. Lake Powell
typically stratifies annually into three layers that differ in temperature: the epilimnion,
metalimnion (thermocline), and the hypolimniorl. $unlight penetrates and warms the
upper part of the reservoir, called the epilimnion. Summer surface temperatures reach
about 80 oF, and winter temperatures may drop to 45 'F. The thickness of the epilimnion
ranges between 30-50 feet, but may extend to 80 feet. The metalimnion is the zone below
the epilimnion, also ranging between 30-50 feet, and extenrling to 80 feet in depth where
sunlight is limited and water temperatures decrease with depth. Temperatures continue
to decrease in the metalimnion until a level is reached below which temperatures cease to
change. The hypolimnion is the deepest region where essentially no light reaches, and
water temperatures of about
46 "F persist throughout the year.

Lake Powell is typically thermally stratified for much of the year, but from about October
through December, the epilimnion cools, becoming more dense and sinks, mixing with
layers below. This primarily vertical mixing process, or turnover, blends the quality of
water in the reservoir to about penstock intake elevation, but not to the reservoir bottom.
Vertical mixing within the reservoir modifies the thermal regime, creating more uniform
temperature, or isothermal, conditions with depth from about January through March.
The temperature in the mixed region of Lake Powell is about 46 'F during that period.
Generally by late March thermal stratification begins as the reservoir surface warms, and
is fully developed by JuIy. The effects of high inflow or extended drought conditions
induce different reservoir dynamics. During recent extended low inflow conditions, Lake
Powell was d¡awn down over 80 feet from full pool, and development of isothermal
conditions was less extensive than observed in other years prior, perhaps due to a weak
turnover and less reseryoir mixing. Contrastingly, high inflows of 1983 and 1984
necessitated the release of reservoir water from both the spillways and river outlets,
flushing the reservoir out at two levels. Combining two levels of outflow with the large
mass of inflow created extensive mixing reservoir-wide, preventing prominent
stratifrcation for over a year.

Removing \¡yarmer water from Lake Powell by selectively withdrawing may decrease
reservoir temperatures, and in turn potentially:

. Reduce reservoir productivity,

. Diminish the threadfin shad population,

. Change reservoir circulation strength and patterns, and

. Reduce reservoir evaporation.

Dissolved Orygen

The epilimnion is where most biological activity and atmospheric reaeration occurs, so it
is well oxygenated, averaging 8.0 milligrams per liter (mS/L) of dissolved oxygen. DO
concentrations are highest in the srunmer, primarily due to photosynthesis, but vary with
circulation and biological activity. Concentrations generally decrease with increasing
reservoir depth. In the metalimnion, DO concentrations typically range between 5-l-0
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mEL, however the DO concentrations in the metalimnetic oxygen minimum layer,
discussed below, may be as low as 2 mg/L. Concentrations at the bottom of the
hypolimnion becomé very low, 2-4 mgtL (Johnson and Page, 1981), and turnovs¡ mixing, l

which would bring oxygenated water from upper reservoir strata, does not reach the
reservoir bottom. DO concentrations below 2 mg[L have not been recorded'at that depth,
perhaps due to the relatively oxygen-rich winter underflow density cunent. The
underflow density current flows along the resen¡oir bottom, lifting low-oxygen bottom
water and carrying it to the dam, where it is eventually discharged from the reservoir.

Although most of the nutrient-rich sediments settle out in the deltas, as discussed below,
sufficient nutrients and organic material remain in surface inflows for aquatic growth.
Algae, bacteria, and chemical process of organic decay consume DO in the water, which
may cause development of a dissolved oxygen minimum layer that is theorized to form
near the lake surface, then sinks toward the metalimnion, about 45-60 feet below the
surface (Johnson and Page, 1981). The dissolved oxygen minimum layer, with
concentrations as low as 2 mglL, reaches its maximum size by September, potentially
extending the full length of Lake Powell, and is more prominent in tributary bays
(Johnson and Page, 1981). This DO deficient layer may impact fishery distributions by
presenting a formidable barrier to vertical migration during late summer and early fall
(rWood and Kimball, 1987), even though hypolimnion DO concentrations are generally
adequate to support fisheries (Johnson and Page, 1981). Vertical mixing in the reservoir,
beginning in about October, breaks up the low DO layer.

Selective withdrawal operations may intercept the metafimnetic DO minimum layer, since
timing of development partially overlaps the critical period when withdrawals from the
metalimnion or higher would be required. Lower DO concentrations in releases would
depress river concentrations, predominantly in the Glen Canyon reach, but data have
shown that releases with relatively low DO content approach saturation by Lees Ferry.

Nutrients

Spring inflows caïTy large amounts of nutrient-rich sediment and organic material (see
tabie C-1), most of which settles out in the deltas (see chapter III, SEDIMENT). The
river may be turbid through Cataract Canyon, the headwater area of Lake Powell but
about 30 miles downstream at the Hite Marina, the river may clear considerably. An
estimated 98 percent of total phosphorus and 46 percent of total nitrogen entering Lake
Fowell is trapped in the reservoir, probably associated with sediments (Paulson and
Baker, 1984). Overall, nutrient concentrations in Lake Powell are low since most of the
nutrients are bound to sediments. Bound nutrients do not contribute to lake productivity
because they are biologically unavailable. Since Lake Powell is long, narrow, and deep
with many c¿uûyons, wind and \Mave action have less effect on resuspending bottom
sediments than sediments in shallow water or on exposed beaches or deltas. Sediment
resuspension may facilitate release of nutrients back into the water column (Miller et al.,
1e83).
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Although nutrient concentrations appear low in the main body of Lake Powell, potentially
restricting primary productivity (Maddux et al., 1988; Angradi et al., 1992) (see
chapter III, Aquatic Food Base), tributary inflow areas benefit from nutrient-rich
sediment inflow, and as a result, have higher levels of productivity. Agitated flow
resuspends some sediment, facilitating disassociation of nutrients from sediment particles,
thereby increasing the physical and biological availability of nutrients. Algal blooms
occur occasionally in the shallow, warm, clear, nutrient-rich inflow areas in late summer,
and may occur more frequently during low reservoir conditions. Under low reservoir
conditions, water temperatures increase in shallow areas of the reservoir, such as coves or
inflow areas, and nutrient concentrations also increase, perhaps due to resuspended
sediments by wave action and i¡flow. Since most of the sediment settles out in the delta,
little particulate matter remains to cloud the water in Lake Powell. Particulates limit the
depth that light can penetrate water, thereby limiting aquatic productivity. Preliminary
light penetration studies have determined that the depth light reaches in the forebay, or
area near the dam, is about 82 to 113 feet.

Extracting water from the metalimnion or higher with selective withdrawal operations
may induce movement of nutrient plumes from inflow areas out into the reservoir,
potentially modifying reservoir nutrient distribution. Impacts to the reservoir may be
influenced by the rate of nutrient cycling in the reservoir, or uptake of nutrients by
aquatic organisms and the eventual return of nutrients to the system through death or
wastes. More rapid nutrient cycling rates may intensify the metalimnetic DO minimum
layer, thus potentially increasing the possibility of withdrawing from DO minimum layer
during selective withdrawal operations. Slower nutrient cycling rates in the reservoir
may result in withdrawing water of somewhat higher nutrient content from the
metalimnion and epilimnion, thereby increasing downstream concentrations.

Phosphorus availability is influenced by factors including:

. Input sources,

. SedimenVnutrient relationships,

. Mixing processes within the lake,
' The shape and form of the reservoir, affecting reservoir circulation (Miller et al.,

1983),

' Flydraulic retention time (the intervening time between when a volume of inflow
enters and leaves the lake), and. Intake depth.

Paulson and Baker (1984) found phosphorus concentrations in Lake Powell to be low,
ranging from below the detection limit to about 0.010 mglL, of which an estimated 10 to
30 percent is biologically available (Evans and Faulson, 1981). These findings are
consistent with preliminary results of a 1990-1991 water quality survey conducted in
Lake Powell forebay. Additionally, the preliminary results indicated that nitrogen
concentrations were also low (less than 0.02 rri'g/L to over 0.50 mg/L), \Mith nitrate being
the primary form of nitrogen, which is benefrcial to aquatic productivity.
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Concentrations of both nitrogen and phosphorus increased with reservoir depth. Stewart
and Blinn (1976) found phosphate concentrations (ortho-phosphate) to be over six times as
high in the summer (June through August) as those recorded throughout the remainder of
the year. Nitrogen concentrations in the hypolimnion are relatively high (0.30 to 0.40
mgll of nitrate), averaging about three to frve times epilimnetic concentrations (Vemieu,
verbal communication, 1991). Silica, an essential nutrient for diatoms and other
planktonic organisms, averaged about 8.0 mg/L throughout Lake Powell forebay.

Selectively withdrawing water from the metalimnion or higher, where nutrient
concentrations are lower than in the hypolimnion, would leave water with higher nutrient
concentrations in the reservoir, and over time, concentrations would tend to increase"

Productivity

Variables affecting lake prinary productivity fall into three main groups :

. Solar enerry input variables, such as temperature and light,

. Nutrient supply and relationships to sediments, and

. The shape and form of the resen¡oir whiòh affect circulation (Miller et al., I-983).

Other influencing factors include hydraulic retention time, or the i¡f,srvsnìng time
between when a volume of inflow enters and leaves the lake, intake depth, and mixing
processes within the lake. These variables influence availability of phosphorus.

Several variables influencing primary productivity change throughout the year, such as

the amount of solar energy input and forms and strength of circulation pattems, so

definite patterns of seasonal algal succession have been observed in lüann Creek Bay
(Stewa¡t and Blinn, 1976). In the spring, there was a rapid increase in the diatom
popuìation. During the warm summer, a phytoplankton community composed of a variety
of species developed. Initiation of reservoir overturn stimulated a late autumn diatom
increase, and colder winter temperatures effected a pronounced decline in phytoplankton.
Water temperature appeared to be a very important regulator of phytoplankton density in
rWarm Creek Bay, and concentrations of nitrogen compounds often conelated significantly
with both total number of phytoplankton and individual species.

Periphytic organisms, or those that grow on submerged temestrial vegetation, along the
shores of Lake Powell share some of the same influencing factors and variations ar;

planktonic, or floating, communities. Studies have shown that the relative diversities and
densities of periphytic organisms indicate that development of the aquatic community in
Lake Powell is similar to that of other manmade lakes. Both variations in reservoir level,
which redistribute unstable reservoir soils, and the inflow sediment load produce chnnges
in bottom substrate, which in turn influence the type and density of aquatic vegetation
and other organisms inhabiting the area (Potter and Louderbough, 1977).

Changes in composition and density patterns of the periphytic organisms in Lake Powell
were related to depth and time, as is typical of aquatic communities subject to changing
water levels (Potter and Louderbough, L977). Diatoms near the shore of the reservoir
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exhibited similar seasonal successions as diatoms of rffarm Creek Bay, described above.
Diatom diversity appeared to be inversely related to density; diatom density was usually
greatest when diversity was lowest.

Chironomid larvae comprised approximately 95 percent of the macroinvertebrates and
were the major food source of maturing fish in the lake (Potter and Louderbougtr, 1977).
Population density of Chironomids decreased with depth, possibly a function of
temperature and food supply since both temperature and available food decrease with
depth.

Selective withdrawals from the metalimnion or epilimnion, the most productive strata,
may entrain phytoplankton and zooplankton, reducing reservoir productivity.

Salinity

Total dissolved solids ODS) concentrations, or salinity, are also unevenly distributed in
Lake Powell. Under normal hydrologic conditions, salinity concentrations near the
surface tended to remain high in the vicinity of the dam for most of the year since fresh
spring inflows may not reach the dam before fall turnover mixes higher salinity water
from lower depths with water in the upper reservoir levels. Exceptions may occur during
high spring inflows or extended drought. þpically, spring inflows are low in salinity, and
Iarge inflows may reach the dam within two months. Tffeak winter turnovers, observed
during the recent drought, produce limited mixing of deep saline water with less saline
above. A zone of increasing salinity concentrations with depth generally develops between
the epilimnion and hypolimnion, and below this zone, salinity concentrations vary due to
differing inflow characteristics and uneven circulation.

The lower part of the hypolimnion maintains a fairly constant 600 mg/L saìinity
concentration. Fall tuûrover, extending to about penstock elevation, brings high salinity
water up from the hypolimnion and mixes it with strata above. The degree of mixing
between reservoir strata depends on the strength of the turnover. A strong fall turnover
blends strata more completely.

Turnover mixing during recent extended low resewoir conditions has been relatively
incomplete, so winter reservoir temperature distributions have not been isothermal, and a
salinity concentration gradient has persisted. High spring inflows, such as those of 1983,
temporarily destratify the reservoir. The amount of destratification depends on the inflow
magnitude

Surface evaporation from Lake Powell removes heat and lowers the overall reservoir
temperature. The estimated average net evaporative loss from Lake Powell is 500,000
acre-feet annually (Jacoby et al., 1977), although it is felt that it may be an over-estimate.
Reservoir evaporation may be reduced due to lowering of water temperatures during
selective withd¡awal operations. Evaporation influences reseryoir salinity concentrations
by removing water and concentrating salts. Past salinity analyses on Lake Powell have
tended to overpredict salinity, perhaps due to over-estimating evaporation.
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High salinity concentrations reduce the suitability of water for drinking, irrigation,
municipal, and industrial purposes. Irrigation in the Colorado River Basin has increased
salinity concentrations in the river, and by L970, salinity had become a major concern in
the basin. The Colorado River Basin Salinity Control Act of 1974 (CRBSC Act) was
implemented in response to amendments to the Federal Water Pollution Control Act of
1972 (FWPCA, L972), requiring establishment of instream standards for water quality.
The Colorado River Basin states set salinity standards at L972 average concentrations,
establishing a nondegradation policy for the Colorado River (Moody and Mueller, 1984).

Reservoirs are recognized as important features in meeting CRBSC Act objectives.
Unregulated streams exhibit a relationship between magnitude of flow and
salinity concentrations, but reseryoirs allow inflow ¡1ixing, so regulated outflow from
reservoirs and salinity concentration no longer exhibit the same relationship as the
inflow. Annual predam salinity concentration ranges observed at downstream gauging
stations have narrowed, and the total annual input, or load, downstream has been
reduced. A reduction in downstream salinity loads, without concurrent load reductions
upstream of the dam, indicates that Lake Powell retains part of the salinity load. Salinity
budget studies show that reservoirs a¡e effective in salinity control, but the estimated
Ievel ofeffectiveness is not reliable because ofloss ofsalts by precipitation and'degree of
model accuracy:

Since salinity concentrations increase with depth in Lake Powell, selectively withdrawing
water from the metalimnion or higher would remove lower salinity water, and leave
higher selinify water in the reservoir. Over time, salinity concentrations in Lake Powell
would tend to increase. However, a reduction in reservoir evaporation may consequently
reduce the amount of salinity increase. Consequently, more va¡iability in salinity
concentrations may be observed.

Sediment Chemtstry

A baseline water quality study conducted for Lake Powell included an analysis of
tributary delta sediments and surface and bottom waters for lead, mercurJ¡, and selenium
among other constituents (Potter and Drake, 1989). Results indicated that Lake Powell
acts as a trap for most of the elements investigated, except lead. More dissolved lead left
the reservoir than came in, end this was attributed to input from recreational boating and
gas spills in Lake Powell (Potter and Drake, 1989). Based on limited data collected, the
results indicated that mercury and selenium, both naturally occurring in the
Colorado River basin, were at higher concentrations in lake sediments than combined
concentrations from tributary sediments. Both mercury and selenium accumulate in
tissues of living organism (Wood and Kimball, 1987).

In 1988, reservoir bottom material was collected at three sites-near Hite, Utah; in
Zahn Bay (San Juan Arm); and near Glen Canyon Dam-and analyzed only for various
metals, for the purpose providing some insight into sources and distributions of metals in
Lake Powell. Provisional results indicate general concentration reductions in the
downstream direction of Lake Powell, perhaps partly due to sediments with attached
metals settling out in the deltas. In cases where concentrations increased from upstream
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to downstream, the San Juan River may have been the source. Zahn Bay bottom
materials, for instance, had elevated concentrations over those upstream at Hite,
indicating probable contributions from the San Juan River.

Withdrawals from nearer the resewoir surface during selective withdrawal operations
would entrain water with higher lead concentrations, but lower selenium and mercury
concentrations. Resultingly, downstream concentrations of lead would increase, and
selenium and mercury would decrease. Lake Powell selenium and mercury concentrations
would tend to increase, but lead concentrations may decrease.

Preliminary 1990 and 1991 water quality survey results indicated that many of the
remaining element concentrations were within National Interim Primary Drinking Water
Regulations (EPA-570/9-76-003). Lake Powell is a drinking water source for the city of
Page, Arizona, and for Hite Marina at the upper end of the reservoir. Neither the city of
Page nor the marina discharges wastewater into Lake Powell. Other marinas a''td area
water users obtain water from ground-water wells. The cooling water supply for Navajo
Powerplant is also from Lake Powell, and the cooling water is recycled and discharged to
holding poûds, but not returned to the reservoir.

Water Quality below Glen Canyon Dam

Lake Powell has had a major influence on water quality below GIen Canyon Dam.
Release water quality is dependent on the reservoir strata (hypolimnion, metalimnion, or
epilimnion) from which water is withdrawn, which in turn is contingent on two factors:

. level of the intakes and

. reseryoir elevation.

The elevation of the intakes is fixed at 3470 feet, which has been within the hypolimnion,
the strata with nearly constant temperature and chemical characteristics. Selective
withdrawal facilities at Glen Canyon Dam would extend withd¡awals from the
hypolimnioû, üp into the metalimnion and epilimnion, where water differs in temperature
and other water quality characteristics.

Reservoir elevation influences release water quality particularly when Lake Powell is
drawn down below 3590 feet; large areas of delta sediments are exposed, and the
metalimnion and epilimnion descend toward the intakes. Changes in release water
quality that may potentially arise stem from resuspension of sediments and withdrawing
water from different reservoir strata, and are discussed above.

In general, regulated releases have reduced the range of downstream riverflow, turbidity,
temperature, salinity, and other water quality parameters. Figure III-5 (chapter III,
TWATER) illustrates changes in riverflow since regulation at Glen Canyon Dam. River
temperatures below the damsite varied with seasons and ranged from 32 to 82 "F
(Carothers and Minckley, 1981). Today, releases from GIen Canyon Dam range between
43 and 54 oF, and average about 46'F. River temperatures at Lees Ferry, about 15 miles
downstream, vâry only about 6 oF throughout the year.
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River Temperatures

River temperature surveys conducted in 1978 below Glen Canyon Dam (Brickler and
Tunnicliff, 1980) showed downstream temperature as a funcdòn of:
' Reservoir temperature in strata (hypolimnion, metalimnion, or epilimnion) where

water is withdrawn,
' River water level, which depends on discharge magnitude, and. Distance downstream from the dam.

Since construction of the dam, river temperatures increase gradually with distance
downstream at an approximate rate of 2 oF per 35 miles during the-months of July and
August. The greatest amount of instream warming occurs from June through August.
Provisional data collected in 1990 showed that the average downstream temperature is
about 55 oF, and actual river temperatures deviate lrery little from the 

"rr""ág" 
(Sartoris,

1990). Temperature of the river at Lees Ferry is inversely related to Lake Powell water
surface elevations; the lower the reservoir, thã warmer thã releases (Lechleitner, written
communication, 1991). River temperatures at Diamond Creek, about 240 miles below the
dam, are seldom higher than 60 "F.

Wanner releases due to selective withd¡awal operations during late spring and summer
would increase river temperatures below the dam. Wa:rrer river temp""utot", -rybenefit some life stage of both native a.d non-native fish. As wa.nn ,"l"ur", continue to
warm as they flow downstream, a section of river may become sufFrciently warnn to induce
spawning in native fish species, and promote survival of young. Althougl warmer
in.qtream temperatures may stimulate productivity, individuJspecies'ti-ift 

"tt¿tolerances to temperature change are not completely known. Increased temperatures in
the river and in Lake Mead may increase evaporation rates.

Sallnity

Salinity concentrations in Colorado River in the area of Lake Powell prior to the dam
ranged from over 300 mg/L in the summer to approximately LZOO mftLin the fa]I, but the
average was about 600 mgll, (Johnson and Merritt, lg7g). Lake powell has had. a
dampening effect on concentration variations below the dam. Salinity concentrations in
the river since Lake Powell filled in 1980 have ranged between 4gZ and,64õ mgtL
(Liebermentt et al;, 1989), but the average has remained nearly the same * p"io" to the
dam, approximately 600 mglL. Mean river salinity concentrations exhibit an increasing
trend downstream, due primarily to tributary input (Sartoris, 1gg0). Historically, salin]ty
has been relatively high in the Colorado River, and the U.S. Public Health Drinking
water standard (1962) of 500 mgtL has been exceeded occasionally.

$atinify sencentrations of water selectively withdrawn from the metalimnion or higher in
Lake Powell may be lower than withdrawals from the hypolimnion, ând.oor"qo.o:tly,
downstream salinity concentrations may be reduced
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Dissoived Orygen

Dissolved oxygen concentrations below Glen Canyon Dam range from approximately
6 mglL in the winter to I mglL in the surnmer" Concentrations generally increase slightly
.¡/ith distance downstream, depending on the season. Releases from the dam that may be

Iow in DO are reaerated and typically reach near-saturation concentrations by Lees Ferry.

Selective withdrawal operations would generally withdraw water of greater dissolved
oxygen content from the metalimnion or above, although the DO minimum layer that
develops occasionally in the metalimnion may be intercepted.

Nutrients

Releases from Glen Canyon Dam are relatively clear and low in nutrient content,
particularly phosphorus, due to retention of nutrient-rich sediment in Lake Powell, as

äiscussed eaili"r (Paulson and Baker, 1980). Although nutrient concentrations are low,
sunlight reaches deeper in clear water and enhances productivity. Studies have shown
that nutrients (nitrogen and phosphorus) exhibited different downstream trends.
Nitrogen (nitrate-nitrogen) concentrations ranged between 0.32 and 0.35 mg/L with no

apparent downstream trend. Phosphorus, both soluble reactive and total phosphorus,
concentrations increased with downstream distance and ranged between about 0.01 and
0.L7 me/L and 0.02 and 0.29 mglL, respectively (Maddux et al., 1988).

Nutrient concentration of releases may be reduced during selective withdrawal operations
when water is withdrawn from the upper reservoir strata, which would decrease

downstream nutrient concentrations. Lower nutrient concentrations in the river may
decrease productivity, yet increased river temperatures may lessen nutrient-related
reductions in productivity.

Metals and Trace Elements

Preliminary studies (Hart and Sherm an , t992) have shown that concentrations of lead
and selenium in the Colorado River below the dam tend to increase in the summer and
with distance downstream. Mercury concentrations in the mainstem do not appear to
change signifrcantly with distance downstream.

Selective withd¡awals from the reservoir metalimnion and epilimnion may have higher
lead concentrations, but lower selenium and mercury concentrations, so releases will
exhibit similar concentrations trends

Water Quality of Downstream Tributaries to the Colorado River

Colorado River tributaries below Glen Canyon Dam vary considerably among each other
in water quality, each reflecting the chemical composition of its watershed (Brickler and
Tunnicliff, 1980). Downstream tributaries flow mainly during spring arrd summer,
contributing sediment and nutrients to the river system. The majority of the tributaries
with appreciable streamflows have lower salinity concentrations than the mainstem.
Tributaries with only intermittent streamflow, or pools, have high sal.inity concentrations,
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possibly due to high evaporation rates in the pools, or inflow from saline springs.
Tributary temperatures are generally warmer in the summer and colder in ttre winter
than those of the Colorado River mainstem, depenrling on discharge, and exhibit seasonal
temperature trends, ranging from near freezing to about 79 'F (Sartoris, 1990). Dissolved
oxygen concentrations in the tributaries differ little from the Colorado River mainstem
below Lees Ferry (Sartoris, 1990). Nutrient concentrations, particularly nitrogen (nitrate-
nitrogen) and phosphorus (ortho-phosphorus) are generally low in the tributaries, but
concentrations are not atypical of those found elsewhere in the Colorado River corridor
(Brickler and Tunnictitr, 1980)

Nutrient concentrations are generally low in the side creeks, although somewhat higher
than in the meinstem. Natural sources of nutrients accumulate in Jome watershedÀ oo""
the winter and are flushed out by high spring runoff, creating short-term high
concentrations.

Selective withdrawal operations at Glen Canyon Dam witl not affect tributaries
to the Colorado River below the dam.

Summary

Potential effects of selective withdrawal operations at Glen Canyon Dam to water quahty
and aquatic ecology in Lake Powell, the Colorado River below the dam, and Lake Mead
were briefly described throughout this appendix; however, further investigations are
required to verify the feasibility and potential success of selective withdrawal at Glen
Canyon Dam, and deterrrine corollary and secondary effects of such operations on
reservoir and river limnology. Identified analyses and research areas may fall into one of
five categories:

¡ River temperature ranges suitable to the life stages of the humpback chub. Possible release temperatures from Lake Powell. Potential downstream warrring rates
' Strrrctural feasibility-Can a suitable facility be built for Glen Canyon Dam?. Potential effects of selective withdrawal operations

The identified analyses and research are summ arized.under each of the frve categories
below.

A. River temperaturs ¡angês suitable to the life stages of the humpback chub

Identify the thermal requirements and tolerances per life stage of native fish, particularly
the humpback chub.

B. Possible release temperatures from Lake Powell

Estimate release temperatures from Glen Canyon Dam with selective withdrawal
capabilities.
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C. Potential downstream warming rates

Estimate the increase in river temperature with distance downstream during selective
urithùawal operations.

D. Structural feasibility-Can a suitable facility be built for Glen Canyon Dam?

Determine what type of facility may best accomplish release temperature objectives at
Glen Canyon Dam.

E. Potential effects of selective withdrawal operations

Selective withdrawal operations at Glen Canyon Dam may effect the water quality and
aquatic biology of Lake Powell, the Colorado River below the dam, and Lake Mead.

Impacts to Lake Powell may include changes in reservoir:

. Heat budget (temperature),

. Water budget,

. Nutrient budget,

. Salinity budget,

. Dissolved oxygen content,

. Sport frsheries,

. Spatial variability, and

. Primary and secondary productivity.

Potential downstream impact issues are similar to those in Lake Powell, but generally are
opposite in effect, and include:

. Increased river temperature,
o Decrease in nutrient input,
. Decrease in salinity input,
. Change in dissolved oxygen content below the dam,
. Non-native fisheries, including trout and upstream migration of species from lower

in the river and Lake Mead,
. Primary and secondary productivity, inclusive Cladophora, diatoms, Oscillatoria,

Gammarus, and aquatic insects.

Changes due to selective withdrawal operations at Glen Canyon Dam may also be
observed in Lake Mead, and include:

. Increased inflow temperature,

. Decrease in nutrient input,
o Decrease in salinity input,
. Upstream migration of non-native fisheries, and
. Primary and secondary productivity.
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APPENDIX D SEDIMENT SEDIMENT HIGHLIGHTS

SEDIMENT HIGHLIGHTS

Riverbed Sand

Annual sand supply and the Colorado River's capacity to transpon sand
have been greatly reduced since closure of Glen Canyon Dam

Sand loss from the Glen Canyon reach is irreversibte

Sand stored upstream of the Little Colorado River decreased during 1966-89;
downstream it increased

As riverflow increases, the river's capacity to transport sand increases
exponentially

The amount of sand stored in the river increases as flow fluctuations
decrease

About 70 percent of the postdam sand load in the Colorado River is delivered
by the Paria and Little Colorado Rivers

Floodflows have a tremendous capacity to transport sand and, if they occur
too frequently, can upset the long-term sand balance

Sandbars

Sandbars (beaches) are dependent on sand stored within the river

Nearly att sandbars are associated with eddies

Cycles of sandbar deposition and erosion are a natural process

Eroded sandbars are likely to rebuild during periiods of higher flows

Fluctuating flows build higher sandbars than steady flows, but the higher
bars are less stable

Rapidly falling river stage is the primary cause of sandbar erosion from
fluctuating flows; the greater the range in stage change, the greater the
erosion potential

Sandbar erosion has not been linked to up ramp rates

Backwaters form within a small range of flows and have little or no vetocity

Deposition of silt and clay, important for estabtishment of riparian marshes,
depends mainly on tributary floods and river level
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.jìi
':

I High Terraces
ì.l

,. ' ,i High terraces were deposited in wide reaches of Grand Canyon by large
j sediment-laden floods over the last 2,000 years

.'ì: Many high terraces contain buried archaeological remains which may be
' i exposed or destroyed by erosion

' - Arroyos cause substantial erosion of many high terraces; a few terraces also
ì are susceptible to erosion by floods

.' .ì' "i Erosion of high terraces will continue regardless of dam operations
.l.,:,]i

. '!
. I Debris Fans and Rapids

' .1

; -,'l

. .ì Debris fans and rapids create sand-storage areas along the Golorado River

: Debris flows from side canyons are independent of dam operations.'.

' 
The river channe! becomes narrower and steeper at rapids as new debris

ì flows aggrade debris fans
.: ! River flows much greater than powerplant capacity are needed to remove

: boulders and maintain channelwidth and slope at major rapids

Lake Deltas

Deltas have formed in tributary mouths by sediment trapped in Lakes Powell
and Mead

The sizes of deltas in Lake Powell are independent of dam operations

Grovuth of the Colorado River delta in Lake Mead has slowed since closure
of GIen Canyon Dam

Where the river is affected by Lake Mead, sediment deposits exposed along
the channel margins have steep banks that are easily eroded.

When the lake level is low, exposed deltas become substrate for riparian
vegetation, and navigation becomes more difficult
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RIVERBED SAND

o Methods used to analyze riverbed sand

o Figure D-1-Typical profile of the Colorado River in Grand Canyon

o Table D-1-Summary of tributary sand supply to the Colorado River

o Table D-2-Computed sand loads for steady and fluctuating releases of
the same volume

o Table D-3-Sand transport capacity of the Colorado River between Lees
Ferry and the Little Colorado River, for a low, moderate, and high
release year, by alternative
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Methods Used To Analyze Riverbed Sand

This discussion was drawn from Randle, Strand, and Streifel (1993). It describes the
methods and assumptions used in the analysis of riverbed sand in chapter [V,
SEDIMENT.

Future changes in the quantity of riverbed sand storage depend on tributary sand
supply and the daily and seasonal operation of Glen Canyon Dam. A sand mass-balance
model was developed to estimate the impacts to riverbed sand from various operating
criteria at Glen Canyon Dam. This model uses the following basic equation:

Riverbed sand change = Tributary sand supply

+ Upstream reach sand supply
- Downstream sand load

This equation was used to compute net changes in riverbed sand storage for two reaches
of the Colorado River between the USGS gaugmg stations at Lees Ferry (RM 0), above
the LCR (RM 61), and near Phantom Ranch (RM SÐ. Changes in sand mass may occur
locally at sandbars, eddies, or main channel pools, and changes would not necessarily be
uniform throughout the reach. Historic changes were computed for the period 1965-89
for both reaches. Changes over a future 20- and S0-year period were computed for the
reach between Lees Ferry and the LCR for each alternative.

The Paria and Little Colorado Rivers were assumed to be the only sources of sand. The
future patterns of tributary sand supply were assumed to be the same as historical
estimates for the period 1941-90. These sand loads were computed from the mean daily
flows and the sand-load discharge rating curves developed by Randle and Pemberton
(1e87).

Contributions of sand to the Colorado River between the dam and the Paria River at
Lees Ferry were assumed to be zero, since that reach has no substantial source of sand.
Ungauged tributaries downstream from the Paria can supply large amounts of sediment
during flash floods and debris flows; however, these are relatively infrequent events, and
no general models exist to predict their occurrence. Therefore, sand contributions from
ungauged tributaries also were assumed to be zero. (R.H.Webb and T.S. Melis, U.S.
Geological Survey, are studying side canyon floods and debris flows, including sand
contributiory as part of the Glen Canyon Environmental studies.)

Colorado River sand loads were computed using the sand-discharge equations
developed by Pemberton (1987) and estimates of future monthly release volumes. The
original equations developed by Pemberton were adjusted for each fluctuating flow
alternative to account for the variations in hourly releases. Future hourly release
patterns were projected by S. Rosekrans (Environmental Defense Fund) using the
Environmental Defense Fund's peak-shaving model (see chapter IV, WATER). For each
alternative, a relationship between sand transport and monthly release volume was
developed by computing sand transport for each hour of the month and then
performing a regression analysis between the computed monthly sand transport and
monthly release volumes.
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Future water-release scenarios (50 years of monthly release volumes) were computed by
C. Phillips (Bureau of Reclamation) using the Colorado River Simulation Model
discusseã in chapter IV, WATER. For each operational alternative, 35 water release

scenarios were developed using natural flow data for 1906-90. Existing levels of the

Upper Colorado Basin reservoirs were used for the initial conditions for all scenarios.

ft ö SS scenarios included all wet and dry cycles of the historic record; the sequence of
annual data was not altered, but the relative position of a given year was different in
each scenario.

Sand loads computed from each water-release scenario were matched with the historical
sand loads from the Paria and Little Colorado Rivers (L941-90), as demonstrated by
Smillie, ]ackson, and Tucker (1993),to estimate changes in riverbed sand over the next 20

and 50 years for a given altemative. Cumulative frequency curves were prepry9{ using
the 8b iomputed net changes in riverbed sand storage at the end of the 20- and S0-year

periods fofeach alternative. Each scenario was assumed to have an equal chance of
^occurring. 

The frequencies of a net gain in riverbed sand at the end of the 20- and 50-

yeur periods are used in chapter tV, SEDIMENT, as the probabilities of having a net gain
in riverbed sand.

The relationship between sand load and discharge over time was assumed to be

constant. This would tend to overestimate either long-term deposition or erosion.
Downstream transformation of discharge waves from fluctuating releases were not
accounted for, because calibrated models to reliably predict this were not available (].D.

Smith and S.M. Wiele, U.S. Geological Survey, are developing such a model under the
Glen Canyon Environmental studies). Therefore, computed sand loads are somewhat
overestimated, and riverbed sand storage is somewhat underestimated under high
fluctuating flows, such as the No Action, Maximum Powerplant Capacity, and High
Fluctuating Flow Altematives.

The sand mass balance model could be improved by developing more accurate methods

to predict sand transport and also by using synthetic hydrographs to estimate future
flow conditions.

I

D-5



APPENDIX D SEDIMENT RIVERBED SAND

3140

3100

3060

3020

2980

6789101112
Miles downstream from Lees Ferry

Figure D-|.-Typical profile of the Colorado River in Grand Canyon.
Changes in the water-surface profile are evident where the
channel bottom is aggraded by debris flows at Badger Creek
Rapid (RMI) and Soap Cree( Rapid (RMtl).

Table D-1.-Summary of tributary sand supply to the Colorado River
[Modified from Randle and Pemberton (1987);
shown graphically in chapter lll, SEDIMENT]

o
o)

c
.o
(Il

o)
t¡l

2940 r
5

Reach

Average annual sand supply
(thousands of tons)

Gauged Ungauged
River mile tributaries tributariesl

Glen Canyon Dam to Lees Ferry

Lees Ferry to Little Colorado River

Little Colorado River to Phantom Ranch

Phantom Ranch to NationalCanyon

National Canyon to Diamond Creek

Totals

-16 to 0

0to61

61 to 87

87 to 166

166 to 225

7852

1,6103

31 84

38.6

150

35.6

316

183

2,713

1 Estimated on basis of drainage area
2 Paria River, 1941-90
3 Little Colorado River, 1948-89
a Kanab Creek, 1964-80
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Table D-2.-Computed sand loads in the Colorado River for steady and fluctuating
releases of the same volume

Flow type
At Lees Ferry

(tons/day)

Above the
Little Colorado

River
(tons/day)

At Phantom
Ranch

(tonsiday)

Steady flow (15,700 cfs)

Fluctuating flow (3,600 to 23,700 cfs)

200

340

1,500

2,500

3,100

5,100

Percent increase (frpm steady to
fluctuating flow)

Percent decrease (from fluctuating to
steady flow)

65

39

67

40

70

41
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Table D-3-sand transport capacity of the colorado River between Lees Ferry and
the Little colorado River, for a low, moderate, and high release year, by alternátive.
Probability of net gain in sand storage is computed using the record of sand delivery
from the Paria River. [HMF, habitat-maintenance flow]

Sand Probability of
transport net gain in
capacity sand storage

(1,000 tons) (percent)Year
Dam release

(maf)

MAXIMUM POWERPLANT CAPACITY

8.2
13.6
21.1

HIGH FLUCTUATING FLOW

53
15
<1

51

14
<1

1989
1987
1984

58
15
<1

1 989
1987
1984

73
63
17
<1

NO ACTION

r989
1987
1984

1 989
1987
1984

8.2 423
13.6 1,546
21.1 5,041

8.2
13.6
21.1

8.2
8.2

13.6
21.1

481
1,595
5,042

492
1,641
5,106

278
397

1,325
4,884

266
386

'1,312

4,879

218
1,231
4,823

264
388

1,040
5,018

MODTFIED AND INTERIM LOW FLUCTUATING FLOW 1

1989 (w/o HMF)
1989 (w/HMF)
1987
1984

EX¡STING MONTHLY VOLUME STEADY FLOW

MODERATE FLUCTUATING FLOW

1989 (w/o HMF)
1e8e (wiHMF)
1987
1984

8.2
8.2

13.6
21.1

1 989
1987
1984

8.2
13.6
21.1

8.2
8.2

13.6
21.1

YEAR.ROUND STEADY FLOW

76
64
17
<1

80
17
<1

73
64
19
<1

82
19
<1

SEASONALLY ADJUSTED STEADY FLOW

1989 (w/o HMF)
1989 (w/HMF)
1987
1984

8.2 196
13.6 1,051
21.1 5,015

1 lnterim Low Fluctuating Flow Alternative has no HMF; otherwise same.
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SANDBARS
(BEACHES AND BACKWATERS)

o Empirical results from research flows

o Table D-4-Hydraulic characteristics of geologic reaches

o Figure D-2-Comparison of sandbar change during the last century

o Figure D-3-Downstream increase in minimum discharge for
alternatives with fluctuating flows

¡ Table D-S-Range in river stage at the two USGS gauging stations in

reach 0 (Glen Canyon), by alternative

o Table D-6-Differences in potential sandbar heights from no action, by

alternative, for a minimum release year

O Tables of reach-averaged range in river stage and reach-averaged
active sandbar widths in reaches 1 through 11, by alternative
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Empirical Results from Research FIows
Special research flows and data-collection programs were conducted from June L990
through luly 1991. as part of the Glen Canyon Environmental Studies (GCES). The
research flows included a variety of both steady and fluctuating releases,lasting a
minimum of LL days and preceded by 3 days of 5,000 cfs steady flow. Some of lhe
flrrctuating flows were uniform (same daily pattern), and some varied in response to
changes to electrical load (normal releases). The following information is summarized
from preliminary results of the GCES Sand Bar Stability Team (Beus and Avery, written
communication, 1992). Component studies were described by Beus, Avery, and Cluer
(1991); Budhu and Contractor (1991);Carpenter, Carruth, and Cluer (Lgg1-);Cluer (199I);
stevens, schmidt, and Brown (1991); and werrell,Inglis, and Martin (199r).

Sandbars were observed to be more dynamic downstream from the LCR. M*y
sandbars underwent cycles of substantial deposition and substantial erosiory with little
net change. {Iag-current erosion dominated over seepage-induced erosion during high
flows and high flow fluctuations. Reattachment bars *"ie more susceptible to ero-sioñ
than separation bars.

Sandbar volume changes were measured at 29 sites over the course of L6 different
research flows. The changes were measured in the hydrologically active zone-the part
of the sandbar between river stages corresponding to 5,000 and 31,500 cfs. The findings
are:

o 3 sandbars had eroded

O LL sandbars remained relatively unchanged

o L5 sandbars had aggraded

Overall, measured sandbar volumes increased by an average of 2.9 percent between
October 27,1990 and |uly 3'J.,,\99I. The total sand volume for all29 sites decreased by
L.2 percent because of substantial erosion at a few sites.

Steady and low fluctuating flows resulted either in net erosion or negligible change.
Three of the five high uniform fluctuating flows resulted in systemwide deposition, and
the other two resulted in systemwide erosion.

Fall and winter flows during 1990-gl generally were erosive, whereas some spring and
summer flows were depositional. Recreation intensity did not appear to be correlated
with sandbar erosion or deposition. Periods of deposition usually were followed by
erosiory particularly when high fluctuating flows were followed by low fluctuating
flows or steady flows.

Cycles of gradual deposition and rapid erosion were documented by daily photographs
at five of the six sandbars equipped with automatic cameras (Cluer, written
communication, L992). Most of the sandbars rebuilt to nearly the same area or larger,
following the retum to high fluctuating flows. One deposit, however, eroded rapidly
during December L990 and remained greatly reduced in size throughout the remainder
of the study. \¡Vhen low fluctuating releases followed erosion events,little deposition
occurred.

:¡
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Table D-4.-Hyd raulic characteristics of geolo gic reaches.

Reach
No.1 River miles Reach name

width
type

0-11

11-22

22-36

36-61

61-77

77-118

11 8-126

126-140

Permian Section

SupaiGorge

RedwallGorge

Lower Marble
Canyon

Furnace Flats

Upper Granite Gorge

Aisles

Wide

Narrow

Narrow

Wide

Wide

Narrow

Narrow

Narrow

Middle Granite Gorge Narrow

140-160 Muav Gorge

160-214 Lower Canyon Wide10

11 214-235 Lower Granite Gorge Narrow

1 See map in chapter lll, SEDIMENT.
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(a) Bars ¡nundated by 30,000 cfs

(b) Bars lnundated between 30,000 and 60,000 cfs

E Bar¡ Aggreded
EE Bar¡ Unchrngcd
I Bar¡ Erod¡rl

Figure D-2.-Comparison of sandbar change by reach during the tast
century, for (a) low-elevation sandbars, and (b) high-elevation
sandbars. Reaches are described in table D-4. Upstream from
RMl18 (reaches 1-6), more sandbars (both high-elevation and
low-elevation) have eroded than have aggraded or remained
unchanged. Betwee.n BM0 and RM36, 86 percent of low-elevation
sandbars have eroded; downstream f rom RMI 1 I (reaches 7-1 1),
more sandbars have aggraded or remained unchanged. These
conclusions are based on comparison of photographs taken 100
years apart and do not account for short-term changes in
sandbars. (After Webb, written communication, 1992.)
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Table D-S.-Range in river stage at the two usGS gauging stations in reach o (Glen
Canyon), by alternative [Source: USGS rating tables; eBF, beach/habitat-buiìding flow;
HMF, habitat-maintenance flowl

Ditference in stage
(rt)

,i
,.1

j

i

Alternative
Release

type

Range in
discharge

(cfs)
Below dam At Lees Ferry
(RM -14.5) (RM 0)

No Action

Maximum Powerplant
Capacity

High Fluctuating Flow

1,000-24,000

1,000-31,500

1,000-24,000

1,000-33,200

3,000-23,000

3,000-31,500

31,500-41,500

31,500-45,OOO

5,OOO-13,200

5,OOO-22,300

5,000-30,000

22,300-40,000

22,300-45,000

5,000-10,000

5,000-20,000

5,000-30,000

20,000-40,000

20,000-45,000

5,000-10,000

5,000-20,000
20,000-30,000

20,000-45,000

9,200-16,300

16,300-26,300
16,300-45,000

8,000-19,000

8,OOO-3O,OOO

18,000-40,000

18,000-45,000

10,900-11,900

11,900-21,900

11,900-45,000

Moderate Fluctuating Flow

Modified Low Fluctuating
Flow

lnterim Low Fluctuating
Flow

Existing Monthly Volume
Steady Flow

Seasonally Adjusted
Steady Flow

Daily

Annual

Daily

Annual

Daily

Annual

BBF

BBF

Daily

Annual

HMF

BBF

BBF

Daily

Annual

HMF

BBF

BBF

Daily

Annual
BBF

BBF

Annual

BBF

BBF

Annual

HMF

BBF

BBF

Annual

BBF

BBF

9.2

11.0

9.2

13.1

7.6

9.7

3.9

4.8

3.5

6.3

8.3

6.0

7.1

2.3
5.7

8.3

6.7

7.8

2.3

5.7
2.6

7.8

2.6

2.8

8.9

3.6

6.8

7.3

8.4

0.4

3.2

10.4

6.5

7.5

6.5

7.7

4.9

6.1

1.1

1.5

2.3

3'9
5.0

2.2

2.8

1.5

3.5

5.0
2.5

3.1

1.5

3.5
1.4

3.1

1.6

1.6

3.8

2.2

4.O

2.9
3.5

o.2

1.8

4.7

Year-Round Steady Flow
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APPENDIX D SEDIMENT SANDBARS

Table D-G-Differences in potential sandbar heights from no action (NA), by alternative, for a
minimum release year (8.23 maf). Values are ranges for 11 reaches, from tables of reach-
averaged change in river stage, p. D-17 through D-26)

[BBF, beach/habitat-building flows; NA, no action; HMF, habitat-maintenance flows]

Without BBF
With beach/habitaþbuilding flows

45,000 cfs BBF
(difference Discharge Difference (difierence

Alternative from NA) (cfs) from NA from NA)

Maximum Powerplant 0-1 ft higher
Capacity

High Fluctuating Flow same as NA 41,500 3-4 ft higher 4-5 ft higher

Moderate Fluctuating Flow 0-1 ft lower 40,000 3-4 ft higher
(3-4 ft lower
w/o HMF)

Modified Low Fluctuating 0-1 ft lower 40,000 3-4 ft higher
Flow (4-6 ft lower

w/o HMF)

lnterim Low Fluctuating 4-6 ft lower 30,000 0-1 ft lower
Flow

Existing Monthly Votume 5-8 ft lower 26,300 1-3 tt lower
Steady Flow

SeasonallyAdjusted Steady 0-1 ft lower 40,000 3-4 ft higher
Flow (5-7 ft lower

w/o HMF)

Year-Round Steady Flow 6-11 ft lower 21,900 3-5 ft lower
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Tables of reach-averaged range in river stage and reach-
averaged active sandbar widths in reaches 1 through f 1, by
alternative (p. D-l8 through D-26). Values are listed for daily and
annual ranges in flow, habitat-maintenance flows, and setected
beach/habitat-building flows, for a minimum release year (8.23
maf).

Information from these tables is used in chapter IV to summarize impacts of alternatives
on sediment, fish, and vegetation. The sandbar area between river stãges corresponding
to the maximum and minimum flows is referred to in chapters III and IV as the
hydrologically active zone or fluctuatingzone. Sand within this zone is considered to be
unstable.

The 11- reaches are described in table D-4 (p. D-12). Local minimum flows, obtained ,'
from research flows, are shown in figure O-g (p. D-14). Range in stage was calculated by
extension of the model of Randle and Pemberton (L987), as discussed in chapter [V,
SEDIMENT. Active width of sandbar was calculated using range in river stage and a
barface slope of 1L0, as suggested by Budhu (written communication, 1992; see chapters
Itr and IV, SEDIMENT).

Local maximum flows, habitat-maintenance flows, and beach /habitat-building flows
were not adjusted for inflows from tributaries and springs. Inspection of hydrographs
for a variety of research flows suggests that, in the absence of side canyon floods, normal
downstream decrease in maximum flow is approximately offset by normal gains from
inflows from tributaries and springs (see Downstream Transformation of Fluctuati.g '

Releases, appendix B, Hydrology). Although the decrease in maximum flow caused by
wave transformation rarely is identical to the increase caused by inflows, this
assumption is believed to be valid for comparing the relative differences between
altematives.

Steady flows, which are not affected by wave translation, also were not adjusted locally
for inflows from tributaries and springs. It was assumed that such increases apply
equally to both the minimum and the maximum flows indicated in the tables and,
therefore, the differences in river stage are essentially the same with or without the flow
increases.

In order to calculate differences in potential sandbar height (i.e., differences in river
stage) for comparing alternatives by specific reaches, a common local base discharge is
needed. Values for a local flow of 5,000 cfs are listed in the tables for habitat-
maintenance and beach/habitat-building flows. A summary of the differences, by
alternative, is given in table D-6,p.D-1,6.
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NO ACTION ALTERNATIVE

Reach-averaged range in stage and active sandbar width

Normal operations-minimum release year (8.23 maf)

Daily discharge range
(1,000 to 24,000 cfs at dam)

Annualdischarge range
(1,000 to 31,500 cfs at dam)

Local
minimum

flow 1

Reach (cfs)

Range in
stage
above
local

minimum
flow
(ft)

Active
sandbar

width
(fr)

Range in
stage
above

5,000 cfs
(ft)

Range in
stage
above
local

minimum
flow
(fÐ

Active
sandbar

width
(fÐ

Range in
stage
above

5,000 cfs
(ft)

9
10
10
8
7

12
't2

11

12
12
12

51

58
54
40
32
54
47
4'l
48
42
39

11

12
11

I
7

11

10
I

10
9
9

1

2
3
4
5
6
7
I
I
10
11

2,400
2,900
3,600
4,500
5,400
6,100
6,700
7,000
7,300
8,200
9,000

14
15
14
11

10
15
13
12
't4
12
12

65
74
68
52
44
72
63
57
65
59
55

12
14
13
11

10
16
15
14
16
15
15

l lncrease¡nminirnumflowestimatedonthebasisof hydrographsof normal fluctuatingflowsof March 12, 1991. Range
of fluctuations was 1,300-18,500 cfs. lnflow from streams and springs between Glen Canyon Dam and RM225 not
est¡mated.
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MAXIMUM POWERPLANT CAPACITY ALTERNATIVE

Reach-averaged range in stage and active sandbar width

Normal operations-minimum release year (8.23 maf)

Daily discharge range
(1,000 to 24,000 cfs at dam)

Annualdischarge range
(1,000 to 33,200 cfs at dam)

Local
minimum

flow 1

Reach (cfs)

Range in
stage
above
local

minimum
flow
(ft)

Active
sandbar

width
(ft)

Range in
stage
above

5,000 cfs
(ft)

Range in
stage
above
local

minimum
flow
(ft)

Active
sandbar

width
(ft)

Range in
stage
above

5,000 cfs
(ft)

51

58
54
40
32
54
47
41

48
42
39

11

12
11

9
7

11

10
I

10
9
I

1

2
3
4
5
6
7
I
I
10
11

2,400
2,900
3,600
4,500
5,400
6,100
6,700
7,000
7,300
8,200
9,000

I
10
10
8
7

12
12
11

12
12
12

14
16
15
12
10
16
14
13
14
13
't2

67
77
71

54
47
76
66
60
69
62
59

12
't4
14
11

10
17
15
14
16
16
16

I lncrease in minimum flow estimated on the basis of hydrographs of normal fluctuating flows of March 12, 1 991 . Range
of fluctuations was 1,300-18,500 cfs. lnflow from streams and springs between Glen Canyon Dam and RM225 not
estimated.
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HIGH FLUCTUATING FLOW ALTERNATIVE

Reach-averaged range in stage and active sandbar width

No rmal operations-mi ni mu m release year (8.23 maf)

Daily discharge range
(3,000 to 23,000 cfs at dam)

Annualdischarge range
(3,000 to 31,500 cfs at dam)

Local
minimum

flow 1

Reach (cfs)

Range in
stage
above
local

minimum
flow
(ft)

Active
sandbar

width
(ft)

Range in
stage
above

5,000 cfs
(fÐ

Range in
stage
above
local

minimum
flow
(ft)

Active
sandbar

width
(ft)

Range in
stage
above

5,000 cfs
(fÐ

9
10
10
I
7

12
11

10
12
11

11

10
11

10
I
7

11

I
8
9
I
7

1

2
3
4
5
6
7
I
I
10
11

3,500
3,900
4,400
5,000
5,700
6,500
7,100
7,400
7,900
8,900

10,000

45
51

48
36
30
50
43
38
43
37
33

13
14
14
11

10
15
13
12
13
12
11

60
69
65
50
44
70
61

55
63
56
52

12
14
13
11

10
16
15
14
16
15
15

1 lncrease in minimum flow estimated on the basis of hydrographs of research fluctuating flows of May 7, 1991 . Range of

fluctuations was 2,700-26,500 cfs. Estimated inflow from streams and springs between Glen Canyon Dam and RM225

is 1,550 cfs.

Sel ected beach/h ab itat-b u i ld i n g f lows

41,500 cfs at dam 45,000 cfs at dam

Range in
stage
above

5,000 cfs
Reach (tt)

Range in
stage
above

31,500 cfs
(ft)

Range in
stage
above

5,000 cfs
(ft)

Range in
stage
above

31,500 cfs
(ft)

16
18
17
14
14
21

19
18
21

20
20

1

2
3
4
5
6
7
I
9
10
11

15
17
16
14
13
20
18
17
19
19
19

3
4
3
3
3
4
4
3
4
4
4

4
5
4
4
4
5
5
5
5
5
5
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MODERATE FLUCTUATING FLOW ALTERNATIVE

Reach-averaged range in stage and active sandbar width

No rmal operations-minimu m release year (8.23 maf)

Daily discharge range
(5,000 to 13,200 cfs at dam)

Annualdischarge range
(5,000 to 22,3O0 cfs at dam)

Range in
stage
above

Local local Active
minimum minimum sandbar

flow 1 flow width
Reach (cfs) (tt) (ft)

Range in
stage
above Range in
local Active stage

minimum sandbar above
flow width 5,000 cfs
(fr) (fr) (ft)

Range in
stage
above

5,000 cfs
(ft)

18
21

19
14
10
20
17
14
16
14
12

1

2
3
4
5
ft
7
I
I
10
11

5,100
5,300
5,500
5,800
6,200
6,600
7,000
7,100
7,300
7,800
8,400

4
5
5
4
3
5
4
4
4
4
3

5
5
5
4
4
6
6
5
6
6
6

I
10
10
I
7

12
11

10
11

11

11

37
M
42
32
28
47
42
37
43
40
37

8
I
I
7
o

10
9

.8
9
I
I

1 lncrease in minimum flow estimated on the basis of hydrographs of research fluctuating flows of Jan. 29, 1991 . Range
of fluctuations was 5,000-14,600 cfs. Estimated inflow from streams and springs between Glen Canyon Dam and
RM225 is 1,400 cfs.

H ab itat- m ai nte n an ce f low Selected beach/habitat-building flows

Annualdischarge range
(5,000 to 30,000 cfs at dam) 40,000 cfs at dam 45,000 cfs at dam

Range in
stage

abovelocal Active
minimum sandbar

flow width
Reach (ft) (ft)

Range in Range in
stage stage
above above

5,000 cfs 22,300 cfs(ft) (rr)

Range in Range in
stage stage
above above

5,000 cfs 22,300 cfs
(ft) (ft)

Range in
stage
above

5,000 cfs
(ft)

7
I
I
7
7

10
I
8
I
I
I

16
18
17
14
14
21

19
18
21

20
20

1

2
3
4
5
6
7
I
9
10
11

11

13
12
10
I

14
't2
11

13
12
12

52
60
58
45
4'l
66
59
54
62
57
55

11

13
13
10

9
15
14
13
15
15
14

15
17
16
14
13
20
18
17
19
19
19

7
7
6
Þ

Þ

I
7
7
I
8
I
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MODIFIED LOW FLUCTUATING FLOW ALTERNATIVE

Reach-averaged range in stage and active sandbar width

Normal operations-minimum release year (8.23 maf)

Daily discharge range
(5,000 to 10,000 cfs at dam)

Annualdischarge range
(5,000 to 20,000 cfs at dam)

Range in
stage
above

Local local Active
minimum minimum sandbar

flow 1 flow width
Reach (cfs) (ft) (ft)

Range in
stage
above

5,000 cfs
(fÐ

Range in
stage
above
local

minimum
flow
(ft)

Active
sandbar

width
(ft)

Range in
stage
above

5,000 cfs
(f0

10
12
10
7
4
I
6
5
5
3
1

1

2
3
4
5
6
7
8
9
10
11

5,100
5,300
5,500
5,800
6,200
6,600
7,000
7,100
7,300
7,800
8,400

3
3
3
2
2
3
2
2
2
2
1

3
3
3
3
2
4
4
4
4
4
4

7
I
9
7
6

10
10
I

10
10
10

33
38
37
28
24
41
36
32
37
34
31

7
I
I
6
6
I
I
7
8
I
7

1 lncrease in minimum flow estimated on the basis of hydrographs of research fluctuating flows of Jan. 29, 1991 . Range

of fluctuations was 5,000-14,600 cfs. Estimated inflow from streams and springs between Glen Canyon Dam and

RM225 is 1,400 cfs.

Habitat-maintenance flow Selected beach/habitat-building flows

Annualdischarge range
(5,000 to 30,000 cfs at dam) 40,000 cfs at dam 45,000 cfs at dam

Range in
stage

abovelocal
minimum

flow
Reach (ft)

Range in
stage
above

5,000 cfs
(tr)

Active
sandbar

width
(ft)

Range in Range in
stage stage
above above

5,000 cfs 20,000 cfs
(ft) (ft)

Range in Range in
stage stage
above above

5,000 cfs 20,000 cfs
(fÐ (ft)

1

2
3
4
5
6
7
I
9
10
11

11

13
12
10
I

14
't2

11

13
12
12

52
60
58
45
41

66
59
54
62
57
55

11

13
13
10
I

15
'14

13
15
15
14

15
17
16
14
13
20
18
17
19
19
19

I
I
7
7
7

10
I
I
I
I
9

I
10

9
7
7

11

10
9

11

10
10

16
18
17
14
14
21

19
18
21

20
20
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INTERIM LOW FLUCTUATING FLOW ALTERNATIVE

Reach-averaged range in stage and active sandbar width

N o rmal operations-minimu m release year (8.23 maf)

Daily discharge range
(5,000 to 10,000 cfs at dam)

Annualdischarge range
(5,000 to 20,000 cfs at dam)

Range in
stage
above
local Active

minimum minimum sandbar
flow I flow width

Reach (cfs) (ft) (tt)

Range in
stage
above

5,000 cfs
(tr)

Range in
stage
above
local Active

minimum sandbar
flow width

Range in
stage
above

5,000 cfs
(ft)(ft)(tr)

7
9
I
7
6

10
10
I

10
10
10

1

2
3
4
5
6
7
I
9
10
11

5,100
5,300
5,500
5,800
6,200
6,600
7,000
7,1OO
7,300
7,800
8,400

3
3
3
2
2
3
2
2
2
2
1

10
12
10
7
4
I
o
5
5
3
1

3
3
3
3
2
4
4
4
4
4
4

7
I
I
6
6
I
I
7
I
I
7

33
38
37
28
24
41

36
32
37
34
31

I lncrease in minimum flow est¡mated on the basis of hydrographs of research fluctuating flows of Jan. 29, 1991. Range
of fluctuations was 5,000-14,600 cfs. Estimated inflow from streams and springs between Glen Canyon Dam and
RM225 is 1,400 cfs.

Selected beach/habitat-building flows

30,000 cfs at dam 45,000 cfs at dam

Range in Range in
stage stage
above above

5,000 cfs 20,000 cfs

Range in Range in
stage stage
above above

5,000 cfs 20,000 cfs
Reach (ft) (f0(ft)(ft)

1 11

213
310
49
515
624
713
815
914
10 13
11 14

I
10
I
7
7

11

10
o

11

10
10

16
18
17
14
14
21
19
18
21
20
20

4
4
4
3
3
5
4
4
5
5
5
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EXISTING MONTHLY VOLUMES STEADY FLOW ALTERNATIVE

Reach-averaged range in stage and active sandbar width

Normal operations-minimum release year (8.23 maf)

Annualdischarge range
(9,200 to 16,300 cfs at dam)

Range in
stage
above

9,200 cfs
Reach (ft)

Range in
stage
above

5,000 cfs
(ft)

Active
sandbar

width
(ft)

1

2
3
4
5
6
7
I
I
10
11

3
4
4
3
3
5
4
4
5
5
4

12
15
15
11

10
19
17
15
19
18
18

6
7
7
b
5
8
I
7
I
I
I

Se I ected be ach/habitat-b u i I d i ng f I ows

26,300 cfs at dam 45,000 cfs at dam

Range in
stage
above

5,000 cfs
Reach (ft)

Range in
stage
above

16,300 cfs
(ft)

Range in
stage
above

5,000 cfs
(ft)

Range in
stage
above

16,300 cfs
(ft)

110
211
311
49
58
614
7 13
812
I 13
10 13
11 13

4
4
4
4
3
5
5
4
5
5
5

16
18
17
14
14
21

19
18
21

20
20

10
11

11

I
I

13
12
11

13
12
12
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SEASONALLY ADJUSTED STEADY FLOW ALTERNATIVE

Reach-averaged range in stage and active sandbar width

Normal operations-minimu m release year (8.23 maf)

Annualdischarge range
(8,000 to 18,000 cfs at dam)' :1

Range in
stage
above

8,000 cfs
Reach (ft)

Range in
stage
above

5,000 cfs
(ft)

Active
sandbar

width
(ft)

1

2
3
4
5
6
7
I
I
10
11

5
6
5
4
4
7
b
6
7
6
6

20
23
23
18
16
29
27
24
29
28
27

7
I
I
6
5
I
I
I
I
I
I

H ab itat- m ai nte n an ce f low Selected beach/habitat-building flows

40,000 cfs at dam 45,000 cfs at dam
Annualdischarge range

(8,000 to 30,000 cfs at dam)

Range in Active Range in
staoe "-'::- staqe

sanooaraDove aoove
8,ooo cfs *r':ln 

s,ooo cfs
Reach (tt) \tr/ (ft)

Range in Range in
stage stage
above above

5,000 cfs 18,000 cfs
(ft) (fÐ

Range in Range in
stage stage
above above

5,000 cfs 18,000 cfs
(ft) (fr)

'ì
- .l

-J
:l

:

9
11

10
I
I

12
11

10
12
11

11

16
18
17
14
14
21

19
18
21

20
20

I
9
8
8
8

11

I
I

10
10
10

11

13
13
10

o

15
14
13
15
15
14

43
49
49
39
37
60
55
50
59
57
56

19
211
311
49
58
613
712
811
913
10 12
11 12

15
17
16
14
13
20
18
17
19
19
19
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YEAR.ROUND STEADY FLOW ALTERNATIVE

Reach-averaged range in stage and active sandbar width

Normal operations-minimum release year (8.23 maf)

Annual discharge range
(10,900 to 11,900 cfs at dam)

Range in
stage
above

10,900 cfs
Reach (tt)

Range in
stage
above

5,000 cfs
(ft)

Active
sandbar

width
(ft)

1

1

1

0
0
1

1

1

1

1

1

1

2
3
4
5
6
7
8
9
10
11

4
5
4
4
3
5
5
5
5
5
5

0
0
0
0
0
0
0
0
0
0
0

Sel ected beach/h ab itat- bu i I d i n g f I ows

21,900 cfs at dam 45,000 cfs at dam

Range in
stage
above

5,000 cfs
Reach (ft)

Range in
stage
above

11,900 cfs
(fr)

Range in Range in

stage stage
above above

5,000 cfs 11,900 cfs
(ft) (ft)

18
210
39
48
57
611
711
I 10
911
10 11

11 11

4
5
5
4
4
6
5
5
6
6
6

16
18
17
14
14
21

19
18
21

20
20

12
14
13
11

11

16
14
13
15
15
15
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Figure D-4.-Profile along Dirty DevilCanyon showing original river
surface and 1986 average bottom profile (from Ferrari, 1988b).
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Figure D-í.-Profile along Escalante Canyon showing originalriver
surface and 1986 average bottom profile (from Ferrari, 1988b).
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Figure D-6.-Profile along San Juan River showing originat river surtace
and'1986 average bottom profile (from Ferrari, 1988b).
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Fìgure D-7-Profile along Navajo Canyo;n showing original river surlace
and 1986 average bottom protile (from Fenai, lgSgb).
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Aooendix E HYDROPOWER

HYDROPOWER

Federal Projects of the Colorado River Storage Project from which Western's SLCA Markets
Power

Colorado River Storage Project
Glen Canyon Powerplant
Flaming Gorge Powerplant
Blue Mesa Powerplant
Crystal Powerplant
Morrow Point Powerplant
Fontenelle Powerplant

Seedskadee Project (CRSP Participating Project)
Fontenelle Powerplant

Collbran Project
Upper Molina Powerplant
Lower Molina Powerplant

Rio Grande Project
Elephant Butte Powerplant

Falcon and Amistad Powerplants
Dolores Project (CRSP Participating Project)

Towaoc Powerplant
McPhee Powerplant

Provo River Project
Deer Creek Powerplant
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Plant Name

Glen Canyon

Flaming Gorge

m
I
]u

Table E-1.-Operational Characteristics of SLCA/IP

Blue Mesa

No. of
Units

Morrow Point

Crystal

Maximum
Operating
Capacity

(MW)'

8

Fontenelle

3

Elephant Butte

Upper Molina

l0-Year Annual
Average (1980-90)

Gross Generation
(MWh)

2

Lower Molina

't 
þ562

2

Deer Creek

1

Towaoc

152

1

McPhee

3

96

1800,000

7741

1

Generator operating câpacity is dependent upon reservoir elevations.
I¡stalled capacity is 1,356 MW. Capacity has been limited to less than 1,300 MW because maximum allowable water release for power is 31,500 cfs.
Releases restricted to 2,400 ds maximum in August and September
Morrow Point is limited to 156 MW due to hansformer capacity.
Projected annual generation.

Minimum Flow
Below Powerplant

(cfs)

1

31

540,000

2

3,000 Summer
1.000 Winter

13

1

292,000

24

1

398,000

400 Winter
800 Summer

9

189,000

5

Maximum
Power Release

(cfs)

0

52,000

5

0

112,000

11.5

300

37,000

1

400

Under
Automated
Generation

Control

22,000

31,500

0

Not Applicable

27,N0

Not Applicable

4,7003

7,1702

Yes

85

3,000

Not Applicable

1000

Yes

20

7,700

1.700

Yes

Yes

2,200

No

52

No

52

No

600

Yes

375

Yes

75

No

No

No



Appendix E HYDROPOWER

Golorado River Basin Fund

The Reclamation Act of 1.902 authorized construction of dams and associated water systems
for irrigating the arid western United States. The act also authorized establishment of a
Reclamation Fund designed to be financially self-sufficient by receiving revenues from the
sale of public lands in the west, plus various user fees and congressional appropriations for
specific purposes. Reclamation was empowered to use money from the fund to construct
Federal irrigation projects, with repayment by those benefiting from use of the water.

This repayment procedure was followed until it was determined that water revenues would
not be sufficient to repay irrigation investments. The Town Sites and Power Development
Act of 1906 authorized sale of Federal hydropower surplus to irrigation needs and
application of net power sales to repay irrigators' obligations beyond their ability to repay.
Additionally, power revenues pay a17 costs associated with power development including
operation and maintenance procedures.

Multi purpose Cosf Allocati on

The Colorado River Project Act incorporated the concept of multipurpose water resource
project development to include not only irrigation and hydropower generation but also
municipal and industrial water use, flood control, fish and wildlife mitigation and
enhancement, water quality improvement, and recreation. Costs were allocated among these
various uses, with hydroelectric power paying both its share and a major portion of the
amount assigned to irrigation.

After construction of an irrigation project is completed, Reclamation prepares a final cost
allocation report. This report allocates repayment requirements to each project purpose.
Reclamation used the "separable cost-remaining benefits" method for cost allocation of the
CRSP. Under this method, costs that can be specifically identified with a particular project
purpose are assigned to that project purpose. For example, cost of Glen Canyon Powerplant
would be assigned to the power function for repayment purposes, while cost of a boat ramp
would be assigned to recreation. Costs that cannot be identified with a particular project
purpose, such as the actual concrete struchrre of the dam, are allocated among the project
purposes, based on the percentage of benefits each project receives from these "joint" costs.

Reclamation completed tlrre Report of Allocøtion of Costs - Colorado Riaer Storøge Project n 1974.
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Bridger Volley
Eleclric Associolion

YomÞo Vollev
Eleclrió Associólion

State of Wyoming
Customer Service Map
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Yompo
Eleclric Ass

Son
Elecl rlc

Volley
I Cooperollvo

State of Colorado
Customer Service Map
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Bridger VolleY
Electric. Associotion

'll

Mt. Wheeler
Power, lnc.

Electric
lnc.

Moon Loke
Associotion,

Flowell Electrïc
Associotion, lnc

Emoíre Electric
Aisociotion

Dixie-Escolonte
Rurol
Electric I

Associotion
orkone Power

Assocíotion

State of Utah
Customer Service Map
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State of Arizona
Customer Service Map

Dixie-
scolonte
Rurol

Electric
sociotion

lnc.

e Power

Continentol
Divide
Eleciric

Cooperotive

Novoooche
E I eclri c

Cooperoiive

Columbus
E leclric

Cooperolive
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Appendix E HYDROPOWER

State ol New Mexico
Customer Service Map

-!

Springer
Electric

Coo perotive

Southwestern
Eleciric

Cooperoti
N.M. 26

o Arnoo
Eleclriç.
,operottve

^os

Kit Co
Electric

Jemez I Mountoins
Eleclric I Cooperotive

Continenicl Divi
Eleciric Coo perot

Moro-Soñ M¡guel
Eleclric Coopercl

Centrol New MéxicoElectric Coooeiotive

Socorro Elerciric Cooperoiive

Novoooche
Eleitric

Cooperolive

Sierro Eleclric
Cooperotive

tric Coopero
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Mt. Wheeler
Power, lnc.

State of Nevada
Customer Service Map
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Appendix E HYDROPOWER

Table E-2.-SLCA/IP Power Allocations (firm capacity and energy)

NGAct¡on Alternative Allocations (26192)

1,407.227 = Marketabte Winter Capac¡ty Totâl (MW)

3,105,848.030 = Maftetable Winter Energy Total (MWh)

1 ,314.863 = Marketable Summer Capacity Total (MW)

2,904,402.851 = Marketable Summer Energy Total (MWh)

CUSTOMER

Winter Season

Cap % Eng

Summer Season

Cap % Eng

PAGE

ASPEN

Colorado Ute Members

DELTA.MONTROSE

EMPIRE ELECTRIC

GRAND VALLEY

GUNNISON COUNTY

HOLY CROSS

IREA

LA PLATA

S.DE CRISTO

SAN ISABEL

SAN LUIS VLY

SAN MIGUEL

SOUTHEAST

WHITE RIVER

YAMPA VLY

DELTA

GLENWOOD SPRINGS

GUNNISON

OAK CREEK

TOTAL COLORADO

ÆTEC

CANNON AFB

CENTRAL VLY ELEC COOP

COUNTY OF LOS ALAMOS

DOE-ALBUO. OPER. OFF

FARMERS ELEC COOP

. FARMINGTON

GALLUP

HOLLOMAN AFB

LEA COUNTY ELEC COOP

NAVAJO TRIBAL UT ATH

PLAINS G&T

HATON

ROOSEVELT CO ELEC COOP

SANDIA/KIRTLAND

TRUTH OR CONSEA

TOTAL NEW MEXICO

o.570/o

o,14%

o.3æ/"

o32%
o.25%

o.30y"

o.416/"

1.92%

ò.3s%

o.o10/o

o.o30/o

o.o20/o

o.320/"

o.o20/o

o.200/o

o.390/6

o,130/o

o.14%

0.51%

0.03%

5.A40/o

o.200/"

o.'t20/"

o.290/o

o.13%

1.49o/o

o.22%

1.4A%

o.29%

o.17%

o.290/o

1.990/0

11.98o/o

O.13o/o

oi.zsx
o.29%

o.46yo

19.79%

I 7,604.906

4,234.809

11,054.425

9,968.712

7,887.689

9,458.521

't2,684.7A5

59,496.928

10,814.055

387.030

896.622

554.212

10,003.498

756.793

6,319.46'l

1 1 ,985.109

3,935.517

4,243.525

15,821 .430

1,014.500

181,517.62'l

6,082.1 58

3,573.678

9,048.805

3,951.530

46,260.61 6

6,887,17ô

45,931.000

I,048.805

5,386.666

9,048.805

61,940.167

372,222.50'5

4,077.916

7,769.264

9,048.805

14,234.333

614,512.229

0.09%

o.atx
o.2ayo

0.19%

o.190/o

o.46yo

1.57%

o.390/o

o.o20/o

o.o4%

o.'140/"

o.300,6

O.O7o/o

o.16yo

o.44ô/o

o.12%

o-110/o

o.370/0

o.o2%

5.370/"

O.15o/o

o.126/o

o.310/o

0.09%

't.55%

o.27%

1.520/"

o.30%

o.170/o

o.31%

1.96%

10.74%

0.09%

o.30%

o.310/o

o.460/o

1A.700/"

't4,737.305

2,714.455

1 1,888.560

8,171.O27

5,580.985

5,574.966

13,347.800

45,509.434

1'l,273.402

527.561
'I ,185.391

3,963.504

8,573.556

2,066.360

4,76A.739

1 2,716.603

3,486.750

3, I 82.500

10,605.277

702.20'4

I 55,839.O74

4,494.653

3,545.692

9,092.366

2,701.693

45,O77.644

7,983.671

44,283.860

a,795.24A

4,933.272

9,092.366

57,034.O83

312,070.292

2,737.564

8,788.350

9,092.366

13,285.367

543,008,491

o.s1% 6.687 051%

'I

I

o.120/o 1.677

o.27% 3.851

o.240/o 3.419

o.19% 2.699

o.230/o 3.234

o.320/o 4.500
'1.68% 23.693

o.27% 3.75s

0.0'lo/6 0.155

o.03% 0.357

o.o20/" 0.221

o.240/o 3.433

o.o20/" 0.302

o.150/o 2.162

0.30% 4.221

o.'t20/" 1.721

o.120/o 1.689

o.510/o 7.225

o.o30/" 0.485

4.89o/o 68.799

o.200/o 2.77A

o.100/o 1.419

o.220/o 3.081

o.110/o '1.569

2.57% 36.127

o.17% 2.353

1.34% 18.866

0.26% 3.592

o.15% 2.065

o.17% 2.335

1,68o/o 23.677

12.630/0 177.722

o.12% 1.637

O;1AY" 2.517

0.26% 3.592

0.46% 6.506

20.60yo 289.836

o.08% 1.062

o.330/o 4.377

o.230/o 2.97'l

o.'t50/o 2.029

0.150/" 2.027

0.38% 4.97A

1 .420/o 'r 8.736

o.31yo 4.124

o.o2% 0.218
'o.o40/o 0.488

o.12% 1.63r

o.24% 3.118

0.06% 0.851

o.13yo 1.734

0.36% 4.VA

o.110/o t.5'10

o.o90/o 1.246

o.37% 4.A12

o.o2% 0.320

4.64yo 60.950

0.16% 2.039

o.l1% 1.387

o.20% 2.612

0.08% 1.056

2,65o/o 34.863

0.200/" 2.576

LAAo/o 't 9.523

0.26o/o 3.439

o.150/o 't.925

0.200/" 2.570

1.66Þ/o 21.AO2

10.82o/o 142303

0.08% 1.078

o.220/o 2.869

o.27Þ/o 3.555

0.460/" 6.025

18.99% 249.642

SUBJECT TO REVISION

'¡

ì
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Appendix E HYDROPOWEB

CUSTOMER

Wints Sæson

Cap o/" Eng

Summer Sæson

Cap % Eng

BLANDING

BRIGHAM CITY

CUWCD

DEFENSE DEPOT OGDEN

HELPER

HILL AFB

ICPA Members

DESERET G&T

DIXIE,ESCALANTE

ENTERPRISE

HURRICANE

ST GEORGE

UAMPS

KANAB

PRICE

SANTA CLARA

TOOELE ARMY DEPOT

UMPA

UNIVERSITY OF UTAH

UTAH ST. UNIVERSITY

WASHINGTON

WEBEB BASIN CONS, DST

TOTAL UTAH

TOTAL SALT LAKE CITY AREA OFFICE
CENTER

COLORADO SPRINGS

FLEMING

FORT MORGAN

FREDERICK

HAXTUN

HOLYOKE

LAMAR

NO. COL. WCD

PLATTE RIVER

PUEBLO ARMY DEPOT

TRr-STATE (CO-WY)

WILLWOOD LT & PWR

WRAY

YUMA

TORRINGTON

WMPA

TOTAL LOVELAND AREA OFFICE

o.05% 0.765

o.agy" 12.594

o.o1% 0.095

o.25/" 3.532

0,03% 0.472

o.26y" 3.592

7.A4"/" 1 '1 0,346

1.71Yo 24.OAs

o.o9% 1.292

o.2a"/" 3,882

2.27% 31,915

1 1.35% 159.714

o.o+y" 0.611

o.'t2/" 1.702

o.o2y" 0.331

o.o90/õ 1.307

6.65% 93.566

O.25Yo 3.461

o.o80/o 1.152

o.o5% 0.691

0.oo% 0,000

32.34yo 455.105

5A.40ô/õ A21.7AO

o.'130/o 1.801

4.610/o 64.864

o.ooy" 0.068

o.65y" 9.081

o.ooo/o o.o45

o.o4y" 0.546

o.140/o 2.023

o.'tg"/" 2,663

O.OOYI O.0O0

'1O.37"/o 145,955

0.200/" 2.856

16.06% 226.027

o.ooy" 0,039

o.oay" 1.059

o.10y" 1.411

o.o90/o 1 .302

o.4ay" 6.731

33.15% 466.471

'I,926.300

27,577.770

285.651

7,734.OOO

1,i81.os7

I,O48.805

230,865.569

50,1 10.977

2,945.890

8,851.348

ô6,OO5.O78

332,700.063

1,5s9.732

4,247.107

a2a.o47

3,291.706

204,880.O60

4,944.220

3,017.143

1,72A.A76

0.o00

967,749.399

1 ,781 ,384.155

3,954.1 15

141,272.444
'141 .403

1 9,0'15.973

1 15.384
't ,103.302

4,214.092

5,555.122

0,000

382,403,019

6,253,067

472,A36.547

a6.267

231A.709

2,950.599

2,673.435

14,727.997

I,059,621.875

O.O4o/o 0.500

o.6ayo 8.932

O.O2o/o 0.237

o.24yo 3,169

o.o20/. 0.304

o.27yo 3,555

7.730/o 101 .61 6

't.45y" 19.072

o.oao/o 0,992

o.13y. 1 ,716

1.50y" 19,673

7.A9"/" 103.718

o.o40/o 0.476

o.09% 1.1 19

o.o20/" 0.300

o.o70/" 0.920

6.020/o 79.126

A.24"/" 3. 1O4

o.ogy" 1.'124

o.o40/" 0.556

0.390/" 5.144

27.O3o/" 355.353

s1.16% 672.632

o.08% 1.o82

1.240/" 16.289

o.0l % 0.087

0.65% 8.584

o.ooo/õ 0.038

o.o40/o 0.575

o.120/o 1.598

o.170/o 2.192

o.27% 3.573

a.66yo 1 13.902

o.20y" 2.641

20.76"/" 272.934

O.OOY> O.O50

o.o4v" 0.501

o.09% 1.223

o.15y" 1.922

o.1ay" 5.036

32.A70/o 432.231

1,278.588

1 9,650.298

607.009

6,984.667

773.637

9,092.366

214,434.447

40,956.172

2,265.232

3,918.486

42,114.273

222,853.999

I ,216.504

2,461.732

764,6ô9

2,352.29A

174,385.170

8,021.61 1

2,AA1.O47

1.,417.547

. 2,855.1 43

7ô6,088.935

t,479,673.805

2,330,498

35,559.31 8

1 88.137

1 8,495.260

1 ,217.513

3,441.244

4,715.263

9,078.000

273,363.902

5,820.433

587,81 8.883

1 08,933

1 , I 04.557

2,634.474

4,127.592

10,775.52A

960,875.046

o.06%

o.89%

o.o10/o

o.25yo

o.o40/o

o.29yo

7.43y"

1.61yo

o.09%

o.zay"

2.13y"

10.71y"

o.o50/o

o.14/"

o.o3v"

o.1Iy"
6.600/o

o.29y"

o.1jyo

0,06%

o.oo%

31.16yo

57.360/"

o.130/o

4.55%

o.ooy"

0.61%

o.ooy"

o.040/6

o.14%

o i ao/o

o.ooo/o

12.31o/o

o.200/o

15.22%

o.00%

o.o7yo

o.10y"

o.o90/o

o.47y"

34.'t2:/o

O.O4"/o

o.68%

o.o2%

o.24yo

o.03%

o.31y"

7.53yo

't .410/o

0.08%

o.13y"

1.45%

7.67%

o.o40/o

o.'toy"

O.O3o/o

o.oao/o

6.OO"/"

o.2a/e

o.1 00/o

o.osy"

o.11yo

26.3Ay"

50.95%

o.08%

1.22y"

o.o1y"

o.64y"

o.ooy"

o.o4y"

o.12%

o.'t6y"

o.3't"/"

9.41"/"

O.2OYo

20.24Vo

o.00%

o.o4%

o.o9%

o.1 40/o

O.37o/"

33.08%

SUBJECT TO REVISION
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Apoendix E HYDROPOWER

Wnter Seâson Summer S€son
CUSTOMER Cap % Eng o/o Cap "/. Eng

AK-CHIN

APPA

CHANDLER HEIGHTS

COLORADO RIVER IRR./POWER

ELECTRICAL DISTRICT #3
ELECTRICAL DISTRICT #4
ELECTRICAL DISTRICT #$'M
ELECTBICAL DISTRICT #5-P

ELECTRICAL DISTRICT #6
ELECTRICAL DISTRICT #7
MARICOPA COUNTY MWCD NO.1

OCOTILLO WCD

ÔUËËN CREEK IRR. DIST.

ROOSEVELT IRR. DIST.

BOOSEVELT WATER CONS. DIST.

SAFFORD

SALT RIVER PROJECT

SAN CARLOS IRR. PROJECT

SAN TAN IRR. DISTRICT

THATCHER

WELLTON-MOHAWK IRR. DIST,

WILLIAMS AFB

YUMA PROVING GROUNDS

COLOBADO RIVER COMMISSION

TOTAL PHOENIX AREA OFFICE

o.140/"

o.97'/o

o.o20/o

o.o6%

O.2'lo/o

o.260/o

o.o20/o

o.190/o

o.ooo/"

0.05%

o.17./6

o.o20/o

0.00%

o.130/o

o.120/o

o.o40/o

3.730/o

o.13þ/o

0.00%

o.o30/o

o.o3yo

0.0ælo

o.o3%

2.1',to/o

a.530/o

SUB'ECT TO REVISION

o.140/o 1.920

o.98% J 3.568

o.o20/" 0.302

0.06% 0.881

O.2Oo/õ 2.880

0.26% 3.6.80

o.o2% 0.233

o.190/o 2.633

o.oo% 0.000

o.o50/o 0.729

O.17o/o 2.373

o.o2% 0.272

0.00% Õ.000

o.130/o 1.761

o.11% 1.616

o.o40/o 0.560

3.700/" 52. t 13

0.130/" 1.840

o.ooo/o o.o00

o.o30/o 0.363

o.o3% o.44a

o.oay" 0.912

0.03% 0.4f 5

2.O90/o 29.477

a.450/o I 18.976

4,27e.433

30, 1 97.295

671.748
'I,933.823

6,409.744

8,1 89.262

5't 8.692

5,859.93ô

0.000

1 ,623.416

5,24O.927

606.459

0.000

3,9'18.404

3,596.519

1,246.991

1 15,980.'178

4,O94.242

o.000

806.788

996.974

1,993.462

1,o40.333
65,603.370

264,842.000

o.320/o 4.244

2.O7yo 27.275

o.o30/o 0.400

O.O3o/o 0.442

0.66"/0 8.631

0.370/" 4.497

o.100/o 1.274

o.22% 2.94A

o.47% 6.245

o.370/o 4.407

0.440/" 5.74A

o.o9% 1.162

o.14ó/o 't.887

o.400/o 5.243

ota% 2.364

o.o90/o 1.227

7.A50/o 103.224

ojÙyo 1.36ô

o.o7% 0.882

o.o40/o 0.556

o.o10/" 0.146

o.'t70/ô 2.26s

0.03% 0.347
1.710/o 22.420

15.97% 210.OOO

9,373.s63

60,248.O25

88'1.769

1,01 L397

19,063.962

1 0,815.570

2,413.442

6,510.552

'| 3,794.786

10,ô18.756

't 2,697.156

2,565.706

,4,167.452
'l 1 ,58't .167

5,221.513

2,7',tO.445

228,005.552

3,018.303

1,948.991

1,228.656

320.743

5,O02.065

732.808

49,521.181

463,854.OOO

o.32%

2.O7%

o.03%

o.o30/o

o.66%

o.37%

o.'to%

o.22%

o.47%

o.370/o

o.44%

0.09%

ö.140/o

o.400/o

O.16o/o

o.o90/o

7.A50/"

o.100/o

o.o70/o

o.o40/o

o.o'to/6

o.1v/o

o.o30/o

1.71%

15.970/"
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Appendix E HYDROPOWER

EXAMPLE: Variable lmpacts to Hydropower Operations

Assuming the following conditions on a given surnmer day in an area served by Glen
Canyon Powerplant:

Interim Low Fluctuating Flow Alternative
Monday, 7 a.m. water releases: 5,000 cfs
600,000 acre-feet release month (maximum allowable daily change of +5,000 cfs)
All GCD units on-line
All interconnected utility generation and powerlines operational
GCD assigned to provide load control area regulation

Domestic electricity use will increase as people wake, prepare for school, worþ and other
ctaily activities. Business and industrial loads will increase as workers arrive and start up
equipment, machinery, and air conditioning systems. As the day progresses and outside
temperatures increase, air conditioners will draw more power as they work to maintain
comfortable indoor temperahrres. That requires increased generation from system
powerplants, including GCD. The gates at GCD would open and increase water flow to the-
generators at a rate no faster than 2,500 cfs/hour as demand for electricity from Western's
customers and others within the control area increased. If demand were to increase faster
than GCD was allowed to operate to keep up, another source of power would be needed to
make up the shortage. That source could be another SLCA/IP hydropowerplant or an
interconnected thermal powerplant (the resulting impact major added cost to the wholesale
customer because thermal generation had to be purchas,ed during onpeak periods).
If that source of additional power were to go out of service, or had to use all its available
generation for its own loads, GCD, as the dam providing load control area regulation, would
automatically increase generation to maintain an uninterrupted flow of power to all area
loads (the resutting impact: minor to moderate additional costs to the customer for the
additional energy provided to meet load). However, if GCD were close to its maximum
allowable daily release limits, it would likely not be performing regulation control for the
load control area (the resulting impact: major added costs for utilities that wor¡ld have to
contract with thermal powerplants for onpeak regulation control, and some increased risk of
outages,leading to an emergency, if the thermal plant could not subsequently keep up with
rapidly changing loads).

The affected utility would then likely request emergency assistance from the IPP. GCD often
serves as the resource used to provide that assistance, and would do so in this case,

providing the generation capability existed and the transmission system could accomodate it
(the resulting impact: minor to moderate added costs to the customer, depending on the
amount and duration of the assistance required). F{owever, if GCD had already achieved its
mafmum allowable release for the day (10,000 cfs, based on a maximum allowable daily
change of 2,500 cfs, up or down), then another powerplant (most likely a thermal
powerplant) would have to provide the emergency assistance (the resulting impact: major
additional cost to the utility for onpeak energy).

If the emergency were to extend beyond T2howrs,the utility would request outage
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assistance, most likely from Western and specifically from GCD. As GCD would be
operating under a restricted operational scheme (i.e., interim.low flutcuating flows), and had
already fluctuated to the allowable daily limit, GCD could not be used to provide either
emergency assistance (beyond a certain minimum), or scheduled outage assistance (the
resulting impact if another resource was readily available within IPP, the event could be
considered minor. If another resource was not readily available, there would be a potential
for the condition to develop into an emergency while another source was being acquired (the
resulting impact some outages could be experienced and GCD may be forced to respond to
an emergency situation).

NOTE: Emergencies are covered under all circumstances.

Equivalent Forced Outage-Salt River Project

Equivalent forced outage rates for the Salt River Project would be affected by changes in dam
operations. For a detailed analysis of these changes, under both the hydrology and CROD
marketing approaches, see the Power Resources Committee Report (199Ð.
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Aooendix E HYDBOPOWEB

FIGURE E-1
Operable CRSP + Fontenelle Capacity

Comparison of No-action and fluctuating flow ahernatives capacþ exceedance
cu¡ves for the critical winter season month of December.
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FIGURE E.2
Operable CRSP + Fontenelle Capacity

Comparison of No-Action and steady flow alternatives capacity exceedance
curves for the critical Winter season month of December.
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FIGURE E-3
Operable CRSP + Fontenelle Capacity

Comparison of No-action and fluctuating flow altematives capacity exceedance
curues for the critical Winter season month of
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FIGURE E-4
Operable CRSP + Fontenelle Capacity
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FIGURE 8.5
Operable CRSP + Fontenelle Capacity

Comparison of No-action and fluctuating flow alternatives capacity exceedance
. --- curves forthe critical Summer season month of
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FIGURE E-6
Operable CRSP + Fontenelle Gapacity

Comparison of No-action and steady flow ahernatives capacity exceedance
curves for the critical Winter summer month of July.
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FIGURE E.-7
Operable CRSP + Fontenelle Capacity
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FIGURE E-8
Operable CRSP + Fontenelle Gapacity
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