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RECORD OF DECISION

OPERATION OF GLEN CANYON DAM
FINAL ENVIRONMENTAL IMPACT STATEMENT

I. INTRODUCTION

This record of decision (ROD) of the Department of the Interior, Bureau of Reclamation
(Reclamation), documents the selection of operating criteria for Glen Canyon Dam, as analyzed in
the final Environmental Impact Statement (EIS), dated March 21,1995 (FES 95-8). The EIS on the
operation of Glen Canyon Dam was prepared with an unprecedented amount of scientific research,
public involvement, and stakeholder cooperation.

Scientific evidence gathered during Phase I of the Glen Canyon Environmental Studies (GCES)
indicated that significant impacts on downstream resources were occurring due to the operation of
Glen Canyon Dam. These findings led to a July 1989 decision by the Secretary of the Interior

for Reclamation to prepare an EIS to reevaluate dam operations. The purpose of the reevaluation
was to determine specific options that could be implemented to minimize, consistent with law,
adverse impacts on the downstream environment and cultural resources, as well as Native American
interests in Glen and Grand Canyons. Analysis of an array of reasonable alternatives

was needed to allow the Secretary to balance competing interests and to meet statutory
responsibilities for protecting downstream resources and producing hydropower, and to protect
affected Native American interests.

In addition, the Grand Canyon Protection Act of 1992 was enacted on October 30, 1992. Section
1802 (a) of the Act requires the Secretary to operate Glen Canyon Dam:

"...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,
including, but not limited to natural and cultural resources and
visitor use."

Alternatives considered include the No Action Alternative as well as eight operational alternatives
that provide various degrees of protection for downstream resources and hydropower production.
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II. DECISION

The Secretary's decision is to implement the Modified Low Fluctuating Flow Alternative (the
preferred alternative) as described in the final EIS on the Operation of Glen Canyon Dam with a
minor change in the timing of beach/habitat building flows (described below). This alternative was
selected because it will reduce daily flow fluctuations well below the no action levels (historic
pattern of releases) and will provide high steady releases of short duration which will protect or
enhance downstream resources while allowing limited flexibility for power operations.

The Modified Low Fluctuating Flow Alternative incorporates beach/habitat-building flows which are
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. In the
final EIS, it was assumed that these flows would occur in the spring when the reservoir is low, with a
frequency of 1 in 5 years.

The Basin States expressed concern over the beach/habitat-building flows described in the final EIS
because of the timing of power plant by-passes. We have accommodated their concerns, while
maintaining the objectives of the beach/habitat-building flows. Instead of conducting these flows in
years in which Lake Powell storage is low on January 1, they will be accomplished by utilizing
reservoir releases in excess of power plant capacity required for dam safety purposes. Such releases
are consistent with the 1956 Colorado River Storage Project Act, the 1968 Colorado River Basin
Project Act, and the 1992 Grand Canyon Protection Act.

Both the Colorado River Management Work Group and the Transition Work Group, which
participated in the development of the Annual Operating Plan and the EIS, respectively, support this
change as it conforms unambiguously with each member's understanding of the Law of the River.
These groups include representatives of virtually all stakeholders in this process.

The upramp rate and maximum flow criteria were also modified between the draft and final EIS. The
upramp rate was increased from 2,500 cubic feet per second per hour to 4,000 cubic feet per second
per hour, and the maximum allowable release was increased from 20,000 to 25,000 cubic feet per
second. We made these modifications to enhance power production flexibility, as suggested by
comments received. These modifications were controversial among certain interest groups because of
concerns regarding potential impacts on resources in the Colorado River and the Grand Canyom
However, our analysis indicates that there would be no significant differences in impacts associated
with these changes (“Assessment of Changes to the Glen Canyon Dam EIS Preferred Alternative
from Draft to Final EIS", October 1995).

The 4,000 cubic feet per second per hour upramp rate limit will be implemented with the
understanding that results from the monitoring program will be carefiXy considered. If impacts
differing from those described in the final EIS are identified, a new ramp rate criterion will be
considered by the Adaptive Management Work Group and a recommendation for action forwarded to
the Secretary.
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The maximum flow criterion of 25,000 cubic feet per second will be implemented with the
understanding that actual maximum daily releases would only occasionally exceed 20,000 cubic
feet per second during a minimum release year of 8.23 million acre-feet. This is because the
maximum allowable daily change constraint overrides the maximum allowable release and because
monthly release volumes are lower during minimum release years. If impacts differing from those
described in the final EIS are identified through the Adaptive Management Program, the

maximum flow restriction will be reviewed by the Adaptive Management Work Group and a
recommendation for action will be forwarded to the Secretary.

III. DESCRIPTION OF ALTERNATIVES

Nine alternative methods of operating Glen Canyon Dam (including the No Action Alternative)
were presented in the final EIS. The eight action alternatives were designed to provide a
reasonable range of alternatives with respect to operation of the dam. One alternative would
allow unrestricted fluctuations in flow (within the physical constraints of the power plant) to
maximize power production, 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 various operational regimes. In addition, the restricted fluctuating flow and
steady flow alternatives each include seven elements which are common to all of them. These
common elements are: 1) Adaptive Management, 2) Monitoring and Protecting Cultural
Resources, 3) Flood Frequency Reduction Measures, 4) Beach/Habitat-Building Flows, 5) New
Population of Humpback Chub, 6) Further Study of Selective Withdrawal, and 7) Emergency
Exception Criteria. A detailed description of the alternatives and common elements can be found
in Chapter 2 of the final EIS. A brief description of the alternatives is given below.

UNRESTRICTED FLUCTUATING FLOWS

No Action: Maintain the historic pattern of fluctuating releases up to 31,500 cubic feet per
second and provide a baseline for impact comparison.

Maximum Power plant Capacity: Permit use of full power plant capacity up to 33,200
cubic feet per second.

RESTRICTED FLUCTUATING FLOWS
High: Slightly reduce daily fluctuations from historic levels.

Moderate: Moderately reduce day fluctuations from historic levels; includes habitat
maintenance flows.

Modified Low (Preferred Alternative): Substantially reduce daily fluctuations from
historic levels; includes habitat maintenance flows.

Interim Low: Substantially reduce daily fluctuations from historic levels; same as interim
operations except for addition of common elements.
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STEADY FLOWS

Existing Monthly Volume: Provide steady flows that use historic monthly release
strategies.

Seasonally Adjusted: Provide steady flows on a seasonal or monthly basis; includes
habitat maintenance flows.

Year-Round: Provide steady flows throughout the year.
Table I shows the, specific operational criteria for each of the alternatives.
IV. SIGNIFICANT ISSUES AND ALTERNATIVES

The Glen Canyon Dam EIS scoping process was initiated in early 1990 and the public was invited to
comment on the appropriate scope of the EIS. More than 17,000 comments were received
during the scoping period, reflecting the national attention and intense interest in the EIS.

As a result of the analysis of the oral and written scoping comments, the following were
determined to be resources or issues of public concern: beaches, endangered species, ecosystem
integrity, 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.

The EIS team consolidated and refined the public issues of concern, identifying the significant
resources and associated issues to be analyzed in detail. 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.

Further meetings were held with representatives from the cooperating agencies and public interest
groups who provided comments on the criteria for development of reasonable alternatives for the
EIS. The public also had an opportunity to comment on the preliminary selection of alternatives at
public meetings and through mailings. The final selection of alternatives took into consideration
the public's views.

V. COMMENTS RECEIVED ON THE FINAL EIS
Many comments and recommendations on the final EIS were received in the form of pre-printed
postcards and letters that addressed essentially the same issues. The comments are summarized

below along with Reclamation’s responses.

COMMENT: Maintain Draft EIS flows. Modifying the upramp, rate and maximum flows
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Table 1.—Operating limits of alternatives identified for detailed analysis

Unrestricted Fluctuating Flows

Restricted Fluctuating Flows

Steady Flows

Maximum Existing
Powerplant Monthly Seasonally
No Action Capacity High Moderate Modified Low | Interim Low Volume Adjusted Year-Round
Minimum 1,000 Labor 1,000 Labor 3,000 5,000 8,000 8,000 8,000 °8,000 Oct-Nov | Yearly
releases Day-Easter Day-Easter between between 8,500 Dec volume
(cfs)1 5,000 7a.m. and 7a.m. and 11,000 Jan-Mar prorated4
23,000 23,000 7 p.m. 7 p.m. 12,500 Apr
Easter-Labor | Easter-Labor | 8,000 18,000 May-Jun
Day Day depending on 5,000 at night | 5,000 at 12,500 Jul
monthly night 9,000 Aug-Sep
volume, firm
load, and
market
conditions
Maximum 31,500 33,200 31,500 31,500 (may 25,000 20,000 Monthly 18,000 Yearly
releases be exceeded (exceeded volumes (exceeded volume
(cfs)® during habitat | during habitat prorated during habitat prorated*
maintenance maintenance maintenance
flows) flows) flows)
Allowable 30,500 Labor | 32,200 Labor | 15,000 to +45% of ®5,000 ’+1,000 41,000 41,000
daily flow Day-Easter Day-Easter 22,000 mean flow for | °5,000 6,000 or
fluctuations 28,500 30,200 the month not | 6,000 or 8,000
(cfs/24 hours) | Easter-Labor | Easter-Labor to exceed 8,000
Day Day +6,000
Ramp rates Unrestricted Unrestricted Unrestricted 2,500 up 2,000 2,000 cfs/day 2,000
(cfs/hour) up, 5,000 or 4,000 up 4,000 up 1,500 down cfs/day between cfs/day
4,000 down 2,500 down 1,500 down between months between
months months
Common None None Adaptive management (including long-term monitoring and research)
elements 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

1 In high volume release months, the allowable daily change would require higher minimum flows (cfs).
2 Releases each weekday during recreation season (Easter to Labor Day) would average not less than 8,000 cfs for the period from 8 a.m. to midnight.

3 Based on an 8.23-million-acre-foot (maf) year; in higher release years, additional water would be added equally to each month, subject to an 18,000-cfs maximum.
4 for an 8.23-maf year, steady flow would be about 11,400 cfs.
5 Maximums represent normal or routine limits and may necessarily be exceeded during high water years.
6 Daily fluctuation limit of 5,000 cfs for monthly release volumes less than 600,000 acre-feet; 6,000 cfs for monthly release volumes of 600,000 to 800,000 acre-feet; and 8,000 cfs for
monthly volumes over 800,000 acre-feet.
7 Adjustments would allow for small power system load changes.
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between the draft and final EIS has neither been open for public review nor subjected to serious
scientific scrutiny. These changes should have been addressed in the draft EIS and made available for
public comment at that time. Credible proof, based on the testing of a specific scientific hypothesis,
that alterations in operating procedures at Glen Canyon Dam follow the spirit and intent of the
Grand Canyon Protection Act needs to be provided. The burden of proof that there will be no
impact on downstream resources rests with those proposing changes.

RESPONSE: The modification of the preferred alternative, which incorporated changes in the
upramp rate and maximum flows, was made after extensive public discussion. The new preferred
alternative was discussed as an agenda item during the May, June, August, and November 1994
public meetings of the Cooperating Agencies who assisted in the development of the EIS. A wide
range of public interest groups received advance mailings and agendas and were represented at
the public meetings. The environmental groups attending these meetings included: America
Outdoors, American Rivers, Desert Flycasters, Environmental Defense Fund, Friends of the
River, Grand Canyon River Guides, Grand Canyon Trust, Sierra Club, and Trout Unlimited.
Meeting logs indicate that representatives from at least some of these groups attended all but the May
meeting. In addition, approximately 16,000 citizens received periodic newsletters

throughout the EIS process. This included a newsletter outlining the proposed changes issued
several months prior to the final EIS. The environmental groups mentioned above were included
on the newsletter mailing list.

Reclamation's research and analysis has been thorough with regards to changes in flows and
ramping rates and potential impacts upon downstream resources. A complete range of research
flows was conducted from June 1990 to July 1991. These included high and low fluctuating
flows with fast and slow up and down ramp rates. Glen Canyon Environmental Studies Phase I1
identified cause and effect relationships between downramp rates and adverse impacts to canyon
resources. However, no cause and effect relationships between upramp rates and adverse impacts
to canyon resources were identified. The draft EIS, (a public document peer reviewed by GCES
and the EIS Cooperating Agencies) states that upramp rates have not been linked to sandbar
erosion (page 95) and that "Rapid increases in river stage would have little or no effect on
sandbars." (page 190).

With respect to potential impacts occurring with the change in flows, it should be noted that sand in
the Grand Canyon is transported almost exclusively by river flows. The amount of sand transported
increases exponentially with increases in river flow. Maintaining sandbars over the long term
depends on the amount of sand supplied by tributaries, monthly release volumes, range of flow
fluctuations, and the frequency and distribution of flood flows. Conversely, occasional flows
between 20,000 and 25,000 cubic feet per second may cause minor beach building, and may provide
water to riparian vegetation.

As part of the EIS, the effects of each alternative on long-term sand storage in Marble Canyon (river
miles 0 to 61) were analyzed. The Marble Canyon reach was chosen for analysis because it is more
sensitive to impacts from darn operations than downstream reaches. For each fluctuating flow
alternative, the analysis used 20 years of hourly flow modeled by Spreck Rosekrans of the
Environmental Defense Fund and 85 different hydrologic scenarios (each representing 50 years of
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monthly flow data). This analysis was documented in the draft EIS on page 182, and Appendix
D, pages 4-5. The analyses relating to the probability of net gain in riverbed sand for each
alternative is documented in the draft EIS on pages 54-55, 184, 187, and 194.

Specific peer reviewed studies relating to the above analyses are listed in Attachment 1.

COMMENT: Do not change the upramp rate and maximum flow criteria at the same

time. While acknowledging Reclamation's good efforts to identify and establish optimum operating
criteria for all users of Glen Canyon Dam, changing two flow criteria (upramp rate and maximum
flow criterion of preferred alternative) does not make prudent scientific sense. It will not result in
reliable data. Not enough information is at hand to predict the outcome of these proposals.

RESPONSE: Viewed from the purely scientific viewpoint, it would be preferable to change
variables one at a time in a controlled experiment. However, many uncontrolled variables already
exist, and from a resource management standpoint the interest lies in measuring the possible
resource impact, if any, which might result from jointly changing both criteria. The best available
information suggests that the long-term impact of changing both criteria at once will be difficult, if
not impossible to detect.

Even though both parameters would change, for 8 months of an 8.23 million acre foot year
(minimum release year), only the upramp rate will be used. The ability to operationally exceed
20,000 cubic feet per second only exists in months in which releases are in excess of 900,000 acre
feet. In a minimum release year, flows above 20,000 cubic feet per second will most likely occur
in December, January, July, and August. Evaluation of the upramp rates can be initiated
immediately with the evaluation of the increase in maximum flow relegated to the months with the
highest volumes. New upramp and maximum flow criteria would be recommended through the
Adaptive Management Program should monitoring results indicate that either of these criteria are
resulting in adverse impacts to the natural, cultural, or recreational (human safety) resources of
the Grand Canyon differing from those shown in the final EIS.

COMMENT: "Habitat/Beach Building Floods" designed to redeposit sediment and reshape the
river's topography much like the Canyon's historic floods should be conducted.

An experimental release based on this premise is critical to restore some of the river's historic
dynamics; without it, any flow regime will result in continued loss of beach and backwater habitat.
This "spike" should be assessed and implemented for the spring of 1996, subject to a critical
evaluation of its flow size, timing, impact on fisheries, and completion of a comprehensive
monitoring plan. Recent side-canyon floods underscore the need for restoring natural processes.

RESPONSE: Reclamation and the Cooperating Agencies continue to support this concept. The
preferred alternative supports such a flow regime. A test flow was conducted this spring. The results

of this flow are currently being analyzed. We expect to conduct more of these flows in the future.

COMMENT: Endorse the Fish & Wildlife Service's Biological Opinion and implement
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experimental steady flows to benefit native fishes, subject to the results of a risk/benefit analysis now
in progress.

RESPONSE: The preferred alternative provides for experimental steady flows through the
Adaptive Management Program for the reasons put forth in the Biological Opinion.

COMMENT: Fund and implement immediately an Adaptive Management Program. This is the
appropriate forum to address important issues. It is imperative that resource management

rely on good science to monitor, and respond to possible adverse effects resulting from changes in
dam operations.

RESPONSE: The preferred alternative provides for implementation of an Adaptive Management
Program.

COMMENT: Interior Secretary Babbitt should issue a Record of Decision by December 31,
1995, and conduct an efficient and timely audit by the General Accounting Office as mandated by
the Grand Canyon Protection Act.

RESPONSE: In compliance with the Grand Canyon Protection Act, Interior Secretary Babbitt could
not issue the Record of Decision until considering the findings of the General Accounting Office.
Those findings were issued on October 2, 1996.

OTHER COMMENTS: Another set of comments were received from municipalities and other
power user groups. These letters made up about 3 percent of the total received and were
essentially identical in content. Although the authors were not totally in agreement with the
preferred alternative because of the reduction in peaking power, they believe it is a workable
compromise. These letters characterized the final EIS as ". . a model for resolving complex
environmental issues among divergent interests." They also urged the government to protect the
integrity of the process, resist efforts to overturn the FEIS, and allow the scientists' assessment to
stand, in as much as the Adaptive Management Process will give Reclamation an opportunity to
evaluate the effects of operational changes over time and make modifications according to
scientific findings.

RESPONSE: While the preferred alternative may not satisfy all interests, Reclamation believes it is
a workable compromise and meets the two criteria set out in the EIS for the reoperation of the dam,
namely restoring downstream resources and maintaining hydropower capability and flexibility.

A letter of comment from the Environmental Protection Agency (EPA) indicates that EPA!s
comments on the draft EIS were adequately addressed in the final EIS. It also expresses their support

for the preferred alternative.

Samples of the comment letters and cards, and a copy of EPA’s comment letter are included as
Attachment 2.
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VI. ENVIRONMENTAL COMMITMENTS AND MONITORING

The following environmental and monitoring commitments will be carried out under the preferred
alternative or any of the other restricted fluctuating or steady flow alternatives described in the
final EIS. A detailed description of these commitments can be found on pages 33 - 43 of that
document. All practicable means to avoid or minimize environmental harm from the preferred
alternative have been adopted.

1. Adaptive Management: This commitment includes the establishment of an Adaptive
Management Workgroup, chartered in accordance with the Federal Advisory Committee Act; and
development of a long-term monitoring, research, and experimental program which could result in
some additional operational changes. However, any operational changes will be carried out in
compliance with NEPA.

2. Monitoring and Protection of Cultural Resources: Cultural sites in Glen and Grand
Canyons include prehistoric and historic sites and Native American traditional use and sacred
sites. Some of these sites may erode in the future under any EIS alternative, including the no
action alternative. Reclamation and the National Park Service, in consultation with Native
American Tribes, will develop and implement a long-term monitoring program for these sites.
Any necessary mitigation will be carried out according to a programmatic agreement written in
compliance with the National Historic Preservation Act. This agreement is included as
Attachment 5 in the final EIS.

3. Flood Frequency Reduction Measures: Under this commitment, the frequency of unanticipated
floods in excess of 45,000 cubic feet per second will be reduced to an average of once in 100 years.
This will be accomplished initially through the Annual Operating Plan process and eventually by
raising the height of the spillway gates at Glen Canyon Dam 4.5 feet.

4. Beach/Habitat-Building Flows: Under certain conditions, steady flows in excess of a given
alternative’s maximum will be scheduled in the spring for periods ranging from I to 2 weeks.
Scheduling, duration, and flow magnitude will be recommended by the Adaptive Management
Work Group and scheduled through the Annual Operating Plan process. The objectives of these
flows are to deposit sediment at high elevations, re-form backwater channels, deposit nutrients,
restore some of the natural system dynamics along the river corridor, and help the National Park
Service manage riparian habitats.

5. New Population of Humpback Chub: In consultation with the U.S. Fish and Wildlife
Service (FWS), National Park Service, and Arizona Game and Fish Department (AGFD),
Reclamation will make every effort (through funding, facilitating, and technical support) to ensure
that a new population of humpback chub is established in the mainstem or one or more of the
tributaries within Grand Canyon.

6. Further Study of Selective Withdrawal: Reclamation will aggressively pursue and support

research on the effects of multilevel intake structures at Glen Canyon Dam and use the results of
this research to decide whether or not to pursue construction. FWS, in consultation with AGFD,
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will be responsible for recommending to Reclamation whether or not selective withdrawal should be
implemented at Glen Canyon Dam. Reclamation will be responsible for design, NEPA compliance,
permits, construction, operation, and maintenance.

7. Emergency Exception Criteria: Operating criteria have been established to allow the
Western Area Power Administration to respond to various emergency situations in accordance
with their obligations to the North American Electric Reliability Council. This commitment also
provides for exceptions to a given altemative's. operating criteria during search and rescue
situations, special studies and monitoring, dam and power plant maintenance, and spinning
reserves.

VII. BASIS FOR DECISION

The goal of selecting a preferred alternative was not to maximize benefits for the most resources, but
rather to find an alternative dam operating plan that would permit recovery and long-term
sustainability of downstream resources while limiting hydropower capability and flexibility only to
the extent necessary to achieve recovery and long-term sustainability.

Based on the impact analysis described in the final EIS, three of the alternatives are considered to
be environmentally preferable. They are: the Moderate Fluctuating Flow Alternative, the
Modified Low Fluctuating Flow Alternative, and the Seasonally Adjusted Steady Flow
Alternative. Modified Low Fluctuating Flow is selected for implementation because it satisfies

the critical needs for sediment resources and some of the habitat needs of native fish, benefits the
remaining resources, and allows for future . hydropower flexibility, although there would be
moderate to potentially major adverse impacts on power operations and possible decreases in
long-term firm power marketing. Nearly all downstream resources are dependent to some extent
on the sediment resource. This alternative meets the critical requirements of the sediment

resource by restoring some of the pre-dam variability through floods and by providing a long-term
balance between the supply of sand from Grand Canyon tributaries and the sand-transport
capacity of the river. This, in turn, benefits the maintenance of habitat. The critical requirements for
native fish are met by pursuing a strategy of warming releases from Glen Canyon Dam,

enhancing the sediment resource, and substantially limiting the daily flow fluctuations.

The decision process for selecting the preferred alternative for the EIS followed a repetitive
sequence of comparisons of effects on downstream resources resulting from each alternative.
Alternatives resulting in unacceptable adverse effects on resources (such as long-term loss of
sandbars leading to the destruction of cultural resource sites and wildlife habitat) were eliminated
from further comparisons. Comparisons continued until existing data were no longer available to
support assumed benefits.

All resources were evaluated in terms of both positive and adverse effects from proposed
alternatives. Once it was determined that all alternatives would deliver at least 8.23 million acre feet
of water annually, water supply played a minor role in subsequent resource evaluations. (One

of the objectives of the "Criteria for Coordinated Long-Range Operation of Colorado River
Reservoirs" is a minimum annual release of 8.23 million acre feet of water fforn Glen Canyon
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Dam.) The alternatives covered a range of possible dam operations from maximum utilization of
peaking power capabilities with large daily changes in downstream river levels (Maximum Power-
plant Capacity Alternative) to the Year-Round Steady Flow Alternative that would have
eliminated all river fluctuations and peaking power capabilities. Within this range, the Maximum
Powerplant Capacity, No Action, and High Fluctuating Flow alternatives were eliminated from
consideration as the preferred alternative because they would not meet the first criterion of
resource recovery and long-term sustainability. Data indicated that while beneficial to

hydropower production, these alternatives would either increase or maintain conditions that
resulted in adverse impacts to downstream resources under no action. For example, under these
alternatives, the sediment resource would not likely be maintained over the long-term.

At the other end of the range, the Year-Round Steady Flow Alternative was also eliminated from
consideration as the preferred alternative. This alternative would result in the greatest storage of
sand within the river channel, the lowest elevation sandbars, the largest potential expansion of
riparian vegetation, and the highest white-water boating safety benefits. However, it would not
provide the variability on which the natural processes of the Grand Canyon are dependent (e.g.
beach building, unvegetated sandbars, and backwater habitats). A completely stable flow regime
would encourage the growth of vegetation thereby reducing bare-sand openings and patches of
emergent marsh vegetation. This would limit beach camping and reduce the habitat value of these
sites. With respect to other resources, this alternative did not provide any benefits beyond those
already provided by other alternatives. Steady flows could also increase the interactions between
native and non-native fish by intensifying competition and predation by non-natives on native fish.
Such interactions would reach a level of concern under steady flows. Finally, this alternative
would have major adverse impacts on hydropower (power operations and marketing).

The Existing Monthly Volume Steady Flow Alternative was eliminated from selection as the
preferred alternative for reasons similar to those discussed above for the Year-Round Steady Flow
Alternative.

Although the Interim Low Fluctuating Flow Alternative performed well over the interim period
(August 1991 to the present), long-term implementation of this alternative would not restore some of
the pre-dam variability in the natural system. The selected Modified Low Fluctuating Flow
Alternative is an improved version of the Interim Low Fluctuating Flow Alternative because it would
provide for some pre-dam variability through habitat maintenance flows.

The three remaining alternatives-the Moderate Fluctuating, Modified Low Fluctuating, and
Seasonally Adjusted Steady Flow Alternatives-- provide similar benefits to most downstream
resources (e.g.. vegetation, terrestrial wildlife, and cultural resources) with respect to increased
protection or improvement of those resources (see Table 11-7 in the EIS). The Moderate
Fluctuating Flow Alternative provided only minor benefits to native fish over no action conditions
because of the relative similarity in flow fluctuations; and the benefits from the Seasonally
Adjusted Steady Flow Alternative were uncertain given the improvement in habitat conditions for
non-native fish this alternative would provide. Seasonally adjusted steady flows also would create
conditions significantly different from those under which the current aquatic ecosystem has
developed in the last 30 years and would adversely affect hydropower to a greater extent than the
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other two alternatives. The Modified Low Fluctuating Flow could substantially improve the
aquatic food base and benefit native and non-native fish. The potential exists for a minor increase in
the native fish population.

Although the Moderate Fluctuating, Modified Low Fluctuating, and Seasonally Adjusted Steady
Flow Alternatives provide similar benefits to most downstream resources, the Modified Low
Fluctuating Flow Alternative was selected as the preferred alternative because it would provide

the most benefits with respect to the original selection criteria, given existing information. This
alternative would create conditions that promote the protection and improvement of downstream
resources while maintaining some flexibility in hydropower production. Although there would be a
significant loss of hydropower benefits due to the selection of the preferred alternative (between V 5.
1 and $44.2 million annually) a recently completed non-use value study conducted under the Glen
Canyon Environmental Studies indicates that the American people are willing to pay much more than
this loss to maintain a healthy ecosystem in the Grand Canyon. The results of this nonuse value study
are summarized in Attachment 3 of the ROD.

The results of a General Accounting Office (GAO) audit mandated by the Grand Canyon

Protection Act are in Attachment 4 of the ROD. This audit generally concludes that Reclamation
used appropriate methodologies and the best available information in determining the potential
impact of various dam flow alternatives on important resources. However, GAO identified some
shortcomings in the application of certain methodologies and data, particutarly with respect to the
hydropower analysis. Reclamation's assumptions do not explicitly include the mitigating effect of
higher electricity prices on electricity demand (price elasticity). GAO also determined that
Reclamation's assumptions about natural gas prices were relatively high and that two computational
errors were made during the third phase of the power analysis. According to GAO, these limitations
suggest that the estimated economic impacts for power are subject to uncertainty. GAO also found
limitations with some of the data used for impact analysis. Certain data was incomplete or outdated,
particularly data used in assessing the economic impact of alternative flows on recreational activities.
Nevertheless, the National Research Council peer reviewed both the Glen Canyon Environmental
Studies and the EIS, and generally found the analysis to be adequate. The GAO audit concluded that
these shortcomings and limitations are not significant and would not likely alter the findings with
respect to the preferred alternative and usefulness of the document in the decision-making process.
The audit also determined that most of the key parties (83 percent of respondents) support
Reclamation's preferred alternative for dam operations, although some concerns remain.
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ATTACHMENT 1.
Specific peer reviewed sediment studies:

Beus, S. and C. Avery 1993. The influence of variable discharge regimes on Colorado River
sand bars below Glen Canyon Dam. Glen Canyon Environmental Studies, Report PHYO0101,
Chapters I through 7. Northern Arizona University, Flagstaff, AZ

Beus, S., M.A. Kaplinski, J. E. Hazel, L. A. Tedrow, and L. H. Kearsley. 1995. Monitoring the
effects of interim flows from Glen Canyon Dam on sand bar dynamics and campsite size in the
Colorado River corridor, Grand Canyon National Park, AZ. Glen Canyon Environmental Studies,
Report PHY 0112. Northern Arizona University, Flagstaff, AZ

Budhu, M and R. Gobin. 1994. Monitoring of sand bar instability during the interim flows: a
seepage erosion approach. Glen Canyon Environmentaf Studies, Report PHY 0400. University
of Arizona, Tucson, AZ

Carpenter, M., R. Carruth, Fink, D. Boling, and B. Cluer. 1995. Hydrogeology of sand bars
43.1 and 172.3L and the implications on flow alternatives along the Colorado River in the Grand
Canyon. Glen Canyon Environmental Studies, Report PHY 0805. U.S. Geological Survey,

Tucson, AZ

Cluer, B. 1993. Annual Report. Sediment mobility within eddies and the relationship to rapid
erosion events. Glen Canyon Environmental Studies, Report PHY 0 11. National Park Service,
Ft. Collins, CO

Cluer, B. and L. Dexter. 1994. An evaluation of the effects of the interim flows from Glen
Canyon Dam on the daily change of beach area in Grand Canyon, AZ. Glen Canyon
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