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R LG N A L PRO OFFICIAL F.LECOF
)

e RECEIVED,
United States Forest A% Ashley 355 Nortl Vernal Ave
Department of Service National Vernal, YT 8407_3 2530
Agriculture Forest
X
File Code: 1950 L 7MY

Date: August 23, 20&
Bruce C. Barrett, Area Manager
USDI—- BOR Upper Colorado Region
302 East 1860 South '
Provo, Utah 84606-7317

Subject: Addendum - Cooperating Agency Position for the Operation of Flaming

Environmental Impact Statement S
AL a?'zl
: 2832/
Dear Mr. Barrett: TCD £33

We have developed an addendum to the USDA Forest Service Position as a Cooperating Agency for the
subject EIS. The addendum and the August 10 position paper are enclosed. AH items in the addendum

“and position paper address policies and procedures that are in place for the Flaming Gorge National

Recreation Area, including operation and management responsibilities for the Filaming Gorge Reservoir
and Green River. The enclosed documents include information that is necessary to adequately address

management concerns; and therefore, we request that these concerns guide data gathering, and analysis

and evaluation steps in the EIS process.

Please provide us with a response to our requests and concerns, including how each will be displayed or
otherwise used in the EIS process and EIS.

To date, we have coordinated closely with EIS team leaders and members and will continue to cooperate
fully during the process.

Sincerely, .
= s
BERT KULESZA
Forest Supervisor
Enclosures (2)
cc:
Eileen Richmond, Flaming Gorge District Ranger

Terry Clark, Public Service Group Leader
Garth Heaton, consultant

CE i /UL DETACH
" CLOSURES, PLEASC INSERT
CODE NO.

Caring for the Land and Serving People Printed on Recydled Paper L
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OPERATION OF FLAMING GORGE DAM
ENVIRONMENTAL IMPACT STATEMENT

Addendum to
The revised (8/10/00) USDA Forest Service Position Paper

August 23, 2000

The Purpose and Need for Action for the Flaming Gorge Dam Operations EIS is: “...to protect
and assist in the recovery of the population and designated critical habitat of the four endangered
fishes, while maintaining the other authorized purposes of the Flaming Gorge Unit of the
Colorado River Storage Project.” (emphasis added). The “Authorizing Legislations” are
described by BOR as; 1) The Colorado River Storage Project Act of 1956, and 2) the Colorado
River Basin Project act of 1968.

The Forest Service believes that a third legislated Act needs to be added to the list of Authorizing
Legislation (PL 90-540, the Flaming Gorge National Recreation Area Act of 1968). The
Forest Service requests that the following wording be added to all purpose and need narratives in
the EIS, with such wording serving as the basis for analysis and evaluation of natural and
socioeconomic resources:

PL 90-540 was enacted “... in furtherance of the purposes of the
Colorado River Storage project.” The purposes of the Flaming Gorge
National Recreation Area are to provide “(1) Public Outdoor Recreation
benefits; (2) Conservation of Scenic, Scientific, Historic, and other values
contributing to public enjoyment; and (3) such management, utilization,
and disposal of natural resources as in his (Secretary of Agriculture)
Judgment will promote, or are compatible with and do not significantly
impair the purposes for which the recreation area is established.”
(emphasis added).

The Forest Service proposes that the EIS identify and describe the....” other authorized
purposes of the Flaming Gorge Unit of the Colorado River Storage Project” for each of the three
acts cited above. Appropriate EIS sections should also define what would be entailed in
maintaining these other purposes, display any and all deviations from the conditions that are to
be maintained, and include specific mitigation measures for maintenance of the purposes.

In the case of PL 90-540 the purposes that should be specified and analyzed for effects are: 1)
Recreation Benefits (i.e.: supply and economic contribution of land based, river based, and
reservoir based recreation opportunities), 2) Scenic, 3) Scientific, and 4) Historic.

The Forest Service proposes to work with the socio-economic and/or other appropriate resource
teams to describe the current or desired conditions to be maintained and to identify changes that
would exceed the threshold of concern for each of the primary purposes identified in PL 90-540.
We will work with the EIS team to define a level of “Significant Impairment” (sec 2, PL 90-540)

App-2 — Operation of Flaming Gorge Dam Final EIS



Addendum cont.

for each of the primary purposes, and to develop mitigation measures that could be employed if
significant impairment results from implementing an alternative.

The Forest Service does not support the development of alternatives designed to emphasize one
resource area, such as a recreation emphasis alternative. We prefer that all of the alternatives
incorporate measures that lessen the effects on the authorized purposes of the Flaming Gorge
Natiomat-Recreation-Area, while improving the recovery of the endangered fish species.

Forest Service Position Paper — App-3



Operation of Flaming Gorge Dam
Environmental Impact Statement

USDA Forest Service Position as a
Cooperating Agency

Revised - August 10, 2000

Representatives of the USDA Forest Service (Forest Service) have responded to
all invitations to participate as a cooperating agency in the preparation of the
environmental impact statement for Operation of Flaming Gorge Dam. We have
attending initial planning meetings, site visits, and public scoping meetings. We
have also provided a Forest Service “fact sheet” to the Bureau of Reclamation
NEPA managers for distribution during public scoping. We will continue to
participate as a cooperating agency as defined in Council of Environmental
Quality guidelines, and regulations for the National Environment al Policy Act of
1969.

The Forest Service has the following management concerns that need to be
addressed in appropriate sections of the subject EIS. We will work with Bureau
of Reclamation EIS team members to provide data, and corresponding analysis
and evaluation that will be necessary to address and mitigate these concerns.

The EIS must adequately address the Forest Service role and responsibility to
manage the Flaming Gorge National Recreation Area, including all infrastructure
and uses associated with the management of this area. This includes: a)
Flaming Gorge Reservoir from Green River, Wyoming to Flaming Gorge Dam; b)
on-water and reservoir shoreline infrastructure and use; and c) Green River and
river corridor use and infrastructure from Flaming Gorge Dam to a point 12 miles
below the dam. The Forest Service places special emphasis on the need for the
EIS to analyze economic affects (revenue, cash flow, etc.) to Forest Service
operations, as well as to Forest Service concessionaire and permittee operations
within the Flaming Gorge National Recreation area and the Green River Corridor.
The EIS must also address the relationship and joint management role and
responsibilities between the Forest Service and USDI Bureau of Land
Management for managing facilities and use on the segment of the Green River
from the boundary of the Ashley National Forest to the State of Utah Wildlife
Refuge in Browns Park.

Therefore, the Flaming Gorge Dam EIS should include:

1. Analyses, evaluations and accompanying mitigation measures for all
recreational, socioeconomic and natural resource values, benefits, and
infrastructure associated with the Flaming Gorge National Recreation
Area, including Flaming Gorge Reservoir, the Green River Corridor, and
the Flaming Gorge-Uintas National Scenic Byway. *

1
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2. Alternatives with flow regimes and draw downs that address and allow for
adequate protection of existing facilities/infrastructure and uses on
Flaming Gorge Reservoir and within the Green River Corridor, including
maintaining the Little Hole National Recreation Trail in its present location:
or if necessary due to unacceptable damage from flows, the relocation of
the trail beyond high flow elevations. *

3. References to the role and responsibility of the Forest Service in regards
to the. Flaming Gorge National Recreation area. *

4. References to ongoing studies and considerations of Sections A and B as
“Scenic” and Section C as “Wild “under the Wild and Scenic Rivers Act. *
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In order to achieve accurate and complete data needed to
address the above four points, the Forest Service asks that the
Bureau of Reclamation EIS team prepare a technical report for
socioeconomic values and benefits associated with the Flaming
Gorge Reservoir and Green River.

The supporting rationale for the above management concerns and the need for a
“socioeconomic technical report” is described in the following information on
programs, actions, sites, and facilities that will be affected by the Proposed
Action. We request that EIS team members gather site specific data associated
with this information and address the above four points in appropriate sections of
the EIS. '

Flaming Gorge National Recreation Area Designation —

The Congressional Act establishing the Flaming Gorge National Recreation Area
specified three broad missions and management goals. Specifically, the
Secretary of Agriculture is directed “to administer, protect, and develop the
Flaming Gorge National Recreation Area in a manner to best provide for (1)
public outdoor recreation benefits; (2) conservation of scenic, scientific, historic,
and other values contributing to public enjoyment; and (3) such management,
utilization, and disposal of natural resources as in his judgment will promote or
are compatible with, and do not significantly impair the purpose for which the
recreation area is established.”
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As directed by the Congressional Act and the accompanying Administrative
Directive, the Ashley National Forest administers and manages programs and
activities associated with:

Recreation Uses and Sites

Scenic qualities

Historic and Cultural values

Special Uses, ex. Outfitters and Guides

Transportation (roads and trails)

Natural Resources, including grazing, wood products, and minerals

ANANA N NAYS

¢ The Flaming Gorge National Recreation Area is the flagship of the
national recreation areas in the USDA Forest Service. It was the first
national recreation area in the agency and remains a high priority in
overall budgeting and planning actions.

¢ The Flaming Gorge National Recreation Area, including the Green River
attracts 700 thousand to over 2 million visitors annually, depending on the
year. The Green River corridor portion of the Flaming Gorge National
Recreation Area has received annually between 100,000 and 150,000-
user days over the past five years. The remaining use is spread out over
the Flaming Gorge Reservoir and adjacent land areas. The Utah Travel
Council and Utah Division of Wildlife Resources advertise the Green River
as a blue ribbon fishery, and Flaming Gorge Reservoir as a major sport
fishery and boating paradise. Direct and indirect annual expenditures
connected with river experiences and uses are estimated to average $25
million (“Recreation Use Capacity of the Green River Corridor below
Flaming Gorge Dam”, dated April 1991), with close to $100 million
expended on recreation pursuits for the Flaming Gorge National
Recreation Area as a whole in both Wyoming and Utah (figures from Utah
and Wyoming Travel Council Tourism Economic Studies).

Flaming Gorge Reservoir —

The 91-mile reservoir has approximately 360 miles of shoreline. A variety of
infrastructure and uses occupy both the surface and shoreline of the reservoir.

+ There are 29 developed sites immediately adjacent to the reservoir,
consisting of:
3 developed marinas
9 concrete boat ramps with paved access roads
4 boat-in campgrounds
7 family or group campgrounds
3 swim beaches
3 undeveloped recreation sites

App-6 ~— Operation of Flaming Gorge Dam Final EIS



¢ In addition, there are numerous buoys, docks, signs, etc., associated with
these sites.

¢ Both private business operations and Forest Service management
activities are interconnected with each above sites. Mariana and
campgrounds are operated and managed under special use permit by
private companies.

¢ Concessionaires manage the campgrounds. Onsite management occurs
24 hours each day of the week. The majority of the campgrounds are on
the National Campground Reservation System.

¢+ Investments in recreation related infrastructure (both private and federal
government) is estimated to near or slightly above 200 million doliars, with
gross annual business income estimated between one and two million
dollars. **

** These figures will be refined during the EIS Process.

¢ Both investments and income can be adversely affected by unplanned,
and severe changes in reservoir elevation levels. Damage to facilities
can occur during severe drawdowns, causing increased business costs
and loss of revenues to special use permittees and concessionaires.

Flaming Gorge-Uintas National Scenic Byway —

¢ Utah State Road 44 and US Highway 191 are components of the Flaming
Gorge National Scenic Byway. This special designation recognizes
historical, scenic, and recreational values associated with the Flaming
Gorge National Recreation Area. The byway and its amenities are
marketed and promoted nationally and internationally as a destination
highway. The Flaming Gorge-Uintas Scenic Byway Corridor Management
Plan directs programs and actions along the two routes, and includes
actions and programs connected to Flaming Gorge Reservoir and Green
River. The reservoir and river are major attractions and integral to
successful marketing, promotion, and management of this National Scenic
Byway.

Recreation and Administration of the Green River from Flaming Gorge Dam
to Little Hole, including Little Hole National Recreation Trail, roads, boat
ramps, parking areas, restroom facilities, day use areas, and
concessionaire and outfitter/guide operations —

¢ Little Hole National Recreation Trail is advertised and displayed on State,
Forest and other regional and national recreation maps. Primary use

occurs between Flaming Gorge Dam and Little Hole Recreation Complex,
with proposals to improve and extend the trail beyond the Little Hole area.

4
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¢ The trail is needed to provide and manage access and use along the
Green River. The trail is engineered to provide safe access. Relocation
options are limited. Trail work and trail facilities have always been
coordinated with the Bureau of Reclamation, Flaming Gorge Field
Division.

¢ There is a 2.7 million dollar investment in facilities supporting the
recreational fishery on National Forest System lands below Flaming Gorge
Dam. Facilities considered in the investment are:
-Spillway Recreation Complex (road, toilets, ramps, trail, etc.)
-Trail along the river (engineered trail, including stabilizing structures)
-Toilets in river corridor
-Riverside campsites (13 sites)
-Little Hole Road
-Little Hole Overlook
-Little Hole Recreation Complex (ramps, toilet, picnic area, jetties, etc.)
-Dripping Spring Campground

¢ One million dollars of the 2.7 million dollars are invested in facilities
directly within the Green River corridor on National Forest System lands.

¢ The Bureau of Land Management issues special use permits to
outfitters/guides and concessionaires within the Green River corridor. The
Forest Service administers these permits. This arrangement allows the
return of up to 3 percent of special use permit revenues for the purpose of
administering, improving, and maintaining river facilities. (The Forest
Service does not have the authority that allows return of revenues
collected within the Green River corridor.)

¢ Bureau of Land Management and Forest Service personnel jointly patrol
the river, and manage and maintain river facilities in Sections A, B, and C,
as defined in the Green River Management Plan”, dated May 20, 1996.
The Forest Service provides overall supervision.

¢ Concessionaires manage the Spillway Recreation Complex and Little Hole
Recreation Complex in Section A. Onsite management occurs 14 hours
each day of the week. These concessionaires also maintain the “river
campgrounds” in Section B and collect a $10.00 per night fee. Several of
these river campgrounds will soon be placed on the National Campground
Reservation System.

+ Thirteen Outfitter/Guide businesses use the Green River corridor,
Sections A, B, and C as defined in the Green River Management Plan”,
dated May 20, 1996. Annual revenues for these businesses equal or
exceed 1.3 million dollars. Each outfitter employs 7 to 9 people from early
spring to late fall.

5
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Business Ventures and Capital in the Flaming Gorge National Recreation
Area—

¢ In addition to the developed marinas and outfitter/guide services
mentioned above, several other businesses are directly related to both
reservoir and river recreation activities. These businesses consist of
stores, gas service stations, shuttle services, restaurants, and lodging
facilities. Each business has substantial investments in infrastructure and
- employee many people, sometimes year round.

¢ Several of the businesses operate under special use permit issued by the
Forest Service. We have the responsibility to provide a successful
business environment and/or to inform them of pending changes that will
adversely or otherwise affect their business income. The analysis and
evaluation process for the EIS must address and quantify affects to these
business ventures.

Dutch John Privatization —

+ The town and town site of Dutch John, Utah has recently been privatized,
with land and various facilities to be transferred to Daggett County.
Success of this community will hinge on existing and new recreation
businesses, and on regional and national recreation visits. Business
success will be dependent on maintaining quality experiences for clients
within the Green River corridor and on Flaming Gorge Reservoir.

Destination Resorts —

¢ Many visitors consider the Green River corridor and the Flaming Gorge
. National Recreation Area as a destination, rather than a “pass through”
experience. Visitors are planning complete vacations around activities
and accommodations associated with two areas. The Utah Travel
Council advertises the Green River Corridor and Flaming Gorge National
Recreation Area as destination resort areas. Annual recreation visits
indicate that the area is within the top ten most visited sites in Utah.

Future Studies on Recreation Use —

¢ A “Recreation Use Monitoring Contract” will be implemented October 1,
2000, and continue through September 2001. This contract will be
- designed to measure use, satisfaction, and expectations. Survey data
will be gathered at many locations within the Flaming Gorge National
Recreation Area and in the Green River corridor.
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Hydrologic Modeling
Technical Appendix

RESULTS OF ACTION AND
NO ACTION ALTERNATIVE
ANALYSIS

R. Clayton and A. Gilmore
October 1, 2001

INTRODUCTION

A model of the Green River Basin has been developed
to simulate the operations of Flaming Gorge Dam
under varying hydrologic conditions. The Green
River model was developed for the purpose of
characterizing the hydrologic effects to Flaming
Gorge Reservoir and the Green River below Flaming
Gorge Dam caused by the implementation of the
proposed alternatives for the Flaming Gorge Dam
Environmental Impact Statement (Flaming Gorge
EIS).

Two alternatives have been proposed for the Flaming
Gorge EIS. The Action Alternative requires Flaming
Gorge Dam to be operated to achieve the flow
recommendations described in the Flow and
Temperature Recommendations for Endangered
Fishes in the Green River Downstream of Flaming
Gorge Dam (2000 Flow and Temperature
Recommendations). The No Action Alternative
requires Flaming Gorge Dam to be operated to
achieve the recommended flows described in the
1992 Biological Opinion on the Operation of Flaming
Gorge Dam (1992 Biological Opinion). At the present
time and since 1992, Flaming Gorge Dam has been
operated to achieve the flow objectives of the 1992
Biological Opinion.

For each of these alternatives, the authorizing
purposes of Flaming Gorge Reservoir are to be
“maintained” in such a way that impacts to these
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resources are minimized. In the Green River model, rules to operate Flaming Gorge Dam to
achieve the flow objectives described in the 2000 Flow and Temperature Recommendations and
the 1992 Biological Opinion were developed. These rules were then modified to reduce the
occurrences and magnitudes of bypass releases while still achieving the flow objectives of the
alternative. Reducing the occurrences and frequencies of bypasses was the method used to
“maintain” the purposes for which Flaming Gorge Dam was authorized.

The purpose of this report is to summarize the hydrologic effects observed in the model output as
a result of achieving the flow objectives of each proposed alternative. The results in this report
focus on the model output from Flaming Gorge Reservoir and the Green River below Flaming
Gorge Dam.

MODELING SCOPE

The Green River model was created from an existing model called the Colorado River Simulation
System (CRSS). The CRSS has been used for several years to identify impacts to reservoirs in
the Colorado River Basin under different hydrologic scenarios. Most recently, CRSS was used to
quantify the impacts of the proposed alternatives for the Colorado River Interim Surplus Criteria
Environmental Impact Study (2000).

All major elements of the Green River System are represented in the Green River model, and
some elements are more accurately represented than others. The Green River below Flaming
Gorge Dam is divided into three sections, known as reaches, in the 2000 Flow and Temperature
Recommendations. All three of these reaches are represented in the Green River model. Reach 1
extends from the tailrace of Flaming Gorge Dam to the confluence with the Yampa River. Reach
2 extends from the confluence of the Green River with the Yampa River to the confluence of the
Green River with the White River. Reach 3 extends from the confluence of the Green River with
the White River to where the Green River meets the Colorado River. The flows for Reaches 1
and 2 are more accurate in the model than those for Reach 3. This is because the effects of the
White and Duchesne Rivers on the flows in the Green River are not fully understood. At this
point, these river systems have not been adequately modeled to determine how they will be
regulated and developed in the future. For this reason, results for Reach 3 have not been included
in this report.

The Green River model routes natural flows (river flows that do not include human interferences
such as depletion and regulation), referred to as input hydrology, through the reservoir system on
the Green River (Fontenelle and Flaming Gorge Reservoirs). A monthly natural flow database
was developed for the Upper Colorado River Basin for use as input hydrology for CRSS. The
input hydrology for the Green River model was selected from this database. A period of record
was selected that had the most complete natural flow dataset available for the upper Green River
Basin. This period begins in January 1921 and ends in December 1985 (65 calendar years). The
natural flow data is being extended to 1995; however, this work has not yet been completed. The
Green River model will be re-evaluated with this additional data for the Final Flaming Gorge EIS.

The initial conditions of the Green River model were selected to be the state of the Green River
system in January of 2002 as described in the 2000 Annual Operating Plan (AOP) for Colorado
River System Reservoirs. The 2000 AOP was based on the August 2000 run of the 24-Month
Study Operational Model of the Colorado River. The Green River model runs for 39 years to
December 2040.
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Beyond 2040, estimated depletion schedules for water users represented in the model were
considered too speculative to be useful. Depletion schedules were updated to reflect water
development forecasts produced by the Upper Colorado River Commission (1999). Given the
uncertain nature of water development schedules far into the future and the fact that the model
predicted reservoir elevations that appeared stabile in the distant future, ending the model run in
2040 was reasonable.

Different hydrologic scenarios, referred to as input traces, are routed through the Green River
model. Each trace is one set of 39 years of natural flows. Because the input hydrology for the
model is based on historic hydrology, all the input traces have a high probability of occurring in
the future. No single input trace, or set of input traces, has a higher probability of occurring then
any of the other input traces. The Index Sequential Method (ISM) was used to construct 65 input
traces for the Green River model from the natural flow dataset selected. The ISM involves
incrementing the beginning and ending years of the natural flows for the following input trace by
1 year. For example, the first trace of the model began with the natural flows for January 1921,
and ended 39 years later with the natural flows for December 1959. The second trace began with
natural flows for January 1922 and ended in December 1960. Subsequent traces were developed
in this manner until the end of the period of record was reached (December 1985). Once the end
of the period of record was reached, additional traces were created by incrementally appending
the initial natural flows from the period of record to the end of the trace so that the length of the
trace was 39 years long. For example, the 28" trace contained the natural flows for January 1948
through December 1985, but this only equaled 38 years. To extend this trace to a length of

39 years, the natural flows for January 1921 through December 1921 were added to the end of the
28" trace. The 29" trace required that 2 years of natural flows (January 1921 through December
1922) be appended to the end of the trace to achieve a length of 39 years. This process was
continued until all 65 traces were constructed. When the Green River model is run, the model run
is complete when all 65 input traces have been successfully routed through the Green River
system.

To evaluate how well each run of the model achieved the flow objectives of the proposed
alternatives, it was necessary to generate output at a daily timestep for river flows in Reaches 1
and 2. A daily post processor model was constructed for this purpose. The daily post processor
model generated the spring release hydrograph from the monthly model results and processed it
into daily results. The daily release hydrograph was then routed through Reaches 1 and 2 of the
Green River. The historic daily flows of the Yampa River for the period from January 1, 1921, to
December 31, 1985, were taken from United States Geological Survey stream flow records and
were used as the input hydrology by the daily post processor. There are no rules in the daily post
processor that operate Flaming Gorge Dam that are unique to the daily postprocessor model. All
of the rules necessary to operate Flaming Gorge Dam to achieve the proposed alternatives are
present in the monthly model and the daily post processor model.

RULESET DEVELOPMENT

The rules that operate Flaming Gorge Dam to achieve the objectives of the proposed alternatives
are referred to as rulesets. For each of the proposed alternatives, one ruleset has been developed.
The paragraphs below describe the specific objectives that each ruleset was designed to achieve.
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During the spring (April through July), the objectives of the Action Alternative require a peak
release magnitude of sufficient duration to achieve flow targets in Reaches 1 and 2. These
objectives change depending on the hydrologic condition of the upper Green River Basin. Except
for cases when the minimum release rate of 800 cubic feet per second (cfs) is prescribed, the
objectives for Reach 2 appear to achieve the objectives for Reach 1 as well. The spring
objectives of the Action Alternative for Reach 2 that are achieved by the Action ruleset are
described below.

Achieve peak of 26,400 cfs for at least 1 day in 10 percent (%) of all years
Sustain peak of 22,700 cfs for at least 2 weeks in 10% of all years

Sustain peak of 18,600 cfs for at least 4 weeks in 10% of all years
Achieve peak of 20,300 cfs for at least 1 day in 30% of all years

Sustain peak of 18,600 cfs for at least 2 weeks in 40% of all years
Achieve peak of 18,600 cfs for at least 1 day in 50% of all years

Sustain peak of 8,300 cfs for at least 1 week in 90% of all years

Sustain peak of 8,300 cfs for at least 2 days in 98% of all years

Achieve peak of 8,300 cfs for at least 1 day in 100% of all years

WoNo~WNE

These requirements were derived from table 5.5 in the 2000 Flow and Temperature
Recommendations. The 2000 Flow and Temperature Recommendations are divided into five
separate categories depending on the type of hydrologic conditions experienced in the upper
Green River Basin. The objectives described above aggregate all of the flow objectives in the
separate categories of the 2000 Flow and Temperature Recommendations into one group.

The Action Alternative also has flow objectives for the summer, autumn and winter. During this
period (August through February), the Action ruleset controls the releases from Flaming Gorge
Dam to achieve flow objectives for Reach 1 and 2 while attempting to lower the reservoir water
surface elevation to a target of 6027 feet above sea level by the beginning of March. The Action
ruleset maintains releases to achieve the flow objectives during the base flow period unless the
reservoir elevation rises to 6040 feet above sea level or greater. When this occurs, releases are
controlled by a maximum storage rule that prevents uncontrolled spills. When the inflow into
Flaming Gorge during the base flow period is greater than anticipated and the elevation is below
6040, the flow objectives are maintained; and the target elevation will not be achieved. Releases
during March and April attempt to reset the elevation of the reservoir to 6027 feet above sea level
by the beginning of May by making releases in the range from 800 to 4,600 cfs.

The No Action Alternative has spring flow objectives that are less specific than the Action
Alternative. Instead, the flow objectives of the No Action Alternative focus more on flows
during the summer and autumn period. The flow objectives of the No Action Alternative during
the spring require a peak release with a magnitude of at least 4,600 cfs (powerplant capacity) and
a duration from 1 to 6 weeks in all years. In wet years, the No Action ruleset makes the duration
of the peak release approach 6 weeks in length. In dry years, the duration is set to at least 1 week
in length. The No Action ruleset determines a spring release volume by attempting to control the
reservoir elevation to achieve a fill target for the end of July. This volume is then shaped into a
spring peak hydrograph that achieves the spring objectives described above.

During the summer and autumn (before October), releases from Flaming Gorge Dam are
managed by the No Action ruleset so that flows in Reach 2 are between 1,100 and 1,800 cfs. In
October, releases are managed so that flows in Reach 2 are between 1,100 and 2,400 cfs. From
November through February, there are no restrictions placed on flows during the base flow
period. The model restricts these flows to the range from 800 to 4,600 cfs to lower the reservoir
elevation to a target of 2027 feet above sea level by the beginning of March. These constraints

App-14 ~ Operation of Flaming Gorge Dam Final EIS



are violated only when the reservoir elevation gets too high for safe operation of , Flaming Gorge
Dam (6040 feet above sea level). In March and April, releases are controlled between 800 and
4,600 cfs to achieve a reservoir elevation target of 6027 feet above sea level by May. The rule,
which operates Flaming Gorge Dam during March and April, is identical in both the Action and
No Action rulesets.

MODELING ASSUMPTIONS

Because of the limitations of the modeling environment, many assumptions were made in the
development of the Green River model and the Action and No Action rulesets. The assumptions
that are specific to this model are described below:

1.

Actual historic forecasting of the spring (April through July) unregulated inflow volume
for Flaming Gorge is assumed to represent the current and future level of forecast
accuracy. Forecasted spring unregulated inflow volumes into Flaming Gorge have been
issued by the National Weather Service since 1963. The Green River model generates
spring unregulated inflow forecasts with an error distribution that is similar to the
historical error distribution.

It is assumed that the timing and magnitude of the peak flow of the Yampa River can be
predicted accurately at least 10 days prior to its occurrence. To achieve the spring flow
objectives of the Action Alternative, while efficiently managing the resources of Flaming
Gorge, the peak release from Flaming Gorge Dam must be optimally timed with the peak
flows of the Yampa River. The magnitude of the peak release from Flaming Gorge Dam
must also be optimally chosen to efficiently supplement flows on the Yampa River.

It is assumed that decisions regarding the operation of Flaming Gorge will be made at the
beginning of each month. Even when conditions change mid-month, decisions to react to
the changing conditions must wait until the beginning of the following month. In reality,
operational decisions at Flaming Gorge Dam are made on a daily basis, but the Green
River model is limited by the monthly timestep process.

It is assumed that the natural hydrology of the Green River Basin (from 2002 to 2040)
will be similar in the future to the natural hydrology that occurred during the period from
1921 to 1985.

Whenever flow objectives for Reach 2 are achieved, it is assumed that the flow objectives
for Reach 3 are also achieved.

River flows in Reach 1 and Reach 2 are assumed to have the same magnitude at all points
along the reach. Gains and losses as a result of infiltration, precipitation, or evaporation
along the reach are not accounted for in the model.

All hourly flow objectives for each of the proposed alternatives are assumed to be
achieved and are not directly considered within the Green River model.

Flaming Gorge Powerplant is assumed to have a capacity of 4,600 cfs. The bypass tubes
are assumed to have a total capacity of 4,000 cfs. The spillway is assumed to have a
capacity of approximately 28,000 cfs.
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MODEL RESULTS

Analysis of the output for the Action Alternative model run indicated that the magnitude and
duration of the peak releases increased significantly as a result of achieving all of the flow
objectives of the Action Alternative. Magnitudes and durations of the peak releases in the No
Action results were noticeably smaller and shorter. An investigation of the individual flow
objectives for the Action Alternative discovered that one flow objective was responsible for most
of these increases. The Reach 2 objective requiring a sustained flow on the Green River of
18,600 cfs for at least 2 weeks in 40% of all years required peak releases of at least 8,600 cfs in
40% of all years and at least 10,600 cfs in 20% of all years to achieve this objective.

To help understand the impacts associated with achieving this one objective, two versions of the
Action ruleset were constructed. The first version, which is described as the Action (ALL) model
run, achieved all flow objectives for the Action Alternative including the 18,600-cfs objective.
The second version of the Action ruleset, described as the Action (ALL-1) model run, did not
focus on achieving the 18,600-cfs objective. Instead this ruleset focused on achieving all other
flow objectives of the Action Alternative and ignored the 18,600-cfs objective. Table 1
summarizes the Action (ALL), Action (ALL-1) and No Action model results in terms of how well
the spring flow objectives of the Action Alternative were achieved under each ruleset. It is
important to note that even when this objective was ignored by the Action (ALL-1) ruleset, it was
still achieved 18.2% of the time as a result of achieving the other flow objectives. Analysis of the
Action (ALL-1) results show that 18,600 cfs was achieved 40% of the time in Reach 2 for a
duration of 6 days.

Table 1—Controlling Criteria Analysis of Action and No Action Model Results

Model Results (%)

Spring Peak Flow Recommendations

Action Action No
for Reach 2 Target % (ALL-1) (ALL) Action

Achieve Peak at Jensen >= 26,400 cfs 10 11.4 16.4 5.0
Sustained Peak at Jensen 10 10.8 12.3 4.1
>= 22,700 cfs for at least 2 weeks
Sustained Peak at Jensen 10 9.5 18.1 5.0
>=18,600 cfs for at least 4 weeks
Achieve Peak at Jensen >= 20,300 cfs 30 44,7 57.7 40.4
Sustain Peak at Jensen >= 18,600 cfs 40 18.2 43.1 14.0
for at least 2 weeks
Achieve Peak at Jensen >= 18,600 cfs 50 60.2 66.0 58.9
Achieve Peak at Jensen >= 8,300 cfs 100 99.7 99.7 98.5
Sustain Peak at Jensen >= 8,300 cfs 90 96.9 96.9 96.9
at least 1 week
Sustain Peak at Jensen >= 8,300 cfs 98 97.3 97.3 97.3
at least 2 days except in extreme dry
years
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RESERVOIR WATER SURFACE ELEVATION RESULTS

For each month of the model run, from January 2002 to December 2040, there are 65 elevations
that could potentially occur in any given month (one elevation for each trace). These monthly
data sets have been sorted from lowest to highest. The 10" 50" and 90" percentile values have
been selected from each set. Figure 1 shows the 90" percentile elevations that occurred for all
three runs of the model for the first 10 years of the model run. The results in figure 1 do not
represent any one particular elevation trace. Rather, these curves can best be thought of as a
boundary elevation that will be exceeded 10% of the time. To illustrate how individual traces
fluctuate through time, trace 54, which achieved the 90% boundary elevation in July, 10 years
into the model run, is included in the figure. The amplitude of the curves from year to year
indicated how much water was being stored during the spring for release later in the year. The
smaller the amplitude, the less storage that took place throughout the year and the less change in
elevation that occurred from year to year. Both the Action (ALL) and the Action (ALL-1) model
runs have smaller amplitudes than the No Action Alternative, indicating less active storage and
less elevation change during the year.

Figure 1.—90" Percentile Elevations from January 2002 to December 2011.

To illustrate an example of the impacts that achieving the 18,600-cfs objective had on the
reservoir elevation, figure 2 shows trace 54 results for all three model runs during the first

10 years. Five of the ten years shown in the figure triggered the Action (ALL) ruleset to achieve
18,600-cfs objective because of high flows experienced on the Yampa River. The years when
Action (ALL) ruleset was triggered were 2002, 2006, 2008, 2010, and 2011. In these years, the
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Figure 2.—Trace 54 Elevation Comparison.

peak release from Flaming Gorge Dam was increased (if necessary) to the threshold level
necessary to achieve 18,600 cfs in similar years (in some years, this meant increasing to 8,600 cfs
and other years to 10,600 cfs). In all years except 2011, the peak release was increased by the
Action (ALL) ruleset above the peak release that was calculated for the Action (ALL-1) ruleset.
In 2011, the release rate estimated in both the Action (ALL) and the Action (ALL-1) rulesets was
high enough to achieve the 18,600-cfs objective. The hydrology for the upper Green River Basin
during the spring of 2011 was very wet, and releases during that year were hydrologically driven
to control the reservoir elevation and not by the flow objectives of the proposed alternative. The
increased releases are evident by the sharp drops in elevation that occurred in the spring of each
of the years mentioned above.

The 50™ percentile (“most probable”) elevations over the first 10 years of the model runs are
shown in figure 3. As compared to the two Action Alternatives, the No Action Alternative
provided significantly higher reservoir elevations in the summer months. The Action (ALL)
results indicated lower elevations than the Action (ALL-1) results. During the winter, elevations
were very similar for all three model runs since the draw down target is the same in all three
rulesets. As in figure 1, a single trace has been included in figure 3. This trace (trace 16)
achieved the 50% exceedance level for the Action (ALL) results in July, 10 years into the trace.
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Figure 3.—50" Percentile Elevations from January 2002 to December 2011.

Figure 4 shows another example of how achieving the 18,600-cfs objective had a significant
impact to the reservoir elevation of the Action (ALL) results. In this trace (trace 16), there are

5 years where the Yampa River flows during the spring were high and triggered the Action (ALL)
ruleset to attempt to achieve the 18,600-cfs objective. These years were 2002, 2003, 2004,

2008, and 2010. Because of the increased peak releases that occurred in these years for the
Action (ALL) model run, the reservoir elevation remained substantially lower than the Action
(ALL-1) model run for most of the 10-year period shown in the figure. The elevation, fully
recovered in 2009, was then depressed in 2010 when the Action (ALL) ruleset was again
triggered to achieve the 18,600-cfs objective.

Figure 5 shows the 10™ percentile reservoir elevations for the first 10 years of each model run.
These elevations were exceeded 90% of the time but were equal or lower than these levels 10%
of the time. The Action (ALL) results show a significant impact to the reservoir elevation as a
result of the 18,600-cfs objective. Reservoir elevations for the Action (ALL) results decreased
substantially over the first 10 years, then stabilized below 6000 feet above sea level for the
remainder of the model run. The results for the Action (ALL-1) model run indicated that meeting
all flow objectives except for the 18,600-cfs objective did not significantly impact the reservoir
elevation through time. An example trace (trace 5) has been included in figure 5 which shows
how the reservoir elevation tracked for the Action (ALL) model run. The elevation for this trace
of the Action(ALL) model run achieved the 10" percentile value in July, 10 years into the trace.
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Figure 6 shows another example of how the Action (ALL) and Action (ALL-1) rulesets behave
under identical hydrologic conditions. In the first 8 years of trace 5, the Action (ALL) reservoir
elevations were the same as the Action (ALL-1) reservoir elevations. This indicated that the
releases made by the two rulesets were identical for the first 8 years. However, conditions on the
Yampa River in 2005, 2006, and 2007 triggered the Action (ALL) ruleset to attempt to achieve
the 18,600-cfs objective. Because conditions were very wet in the upper Green River Basin in
those years, the peak release established by the Action (ALL-1) ruleset was equal to or greater
than the threshold peak release that the Action (ALL) ruleset would have reset the peak release to.
For this reason, the Action (ALL) reservoir elevations did not deviate from the Action (ALL-1)
reservoir elevations during the first 8 years of the trace. In 2010, this was not the case. The
Action (ALL) ruleset reset the peak release to achieve the 18,600-cfs objective, resulting in the
reservoir elevation dropping about 8 feet below the Action (ALL-1) elevation.
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Figure 6.—Trace 5 Elevation Comparison.

During the early spring, the elevation of Flaming Gorge Reservoir is normally at its lowest level
of the year. Figures 7 and 8 show the number of occurrences when the elevations at the end of
April are within particular ranges. Figure 7 shows a comparison between the Action (ALL-1) and
the No Action model output. Figure 8 shows a comparison between the Action (ALL) and the No
Action model output. Comparison between figure 7 and figure 8 shows that achieving the
18,600-cfs objective had the effect of increasing the occurrences of lower elevations in the spring.
The number of occurrences when elevations at the end of April were below 6000 feet above sea
level increased from less than 50 (2% of the time) in the Action (ALL-1) model run to nearly

300 (12% of the time) in the Action (ALL) model run. There were no occurrences in the

No Action results where the elevations at the end of April fell below 6000 feet.
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Figure 7.—Histogram of Action (ALL-1) and No Action April Elevations.

Figure 8.—Histogram of Action (ALL) and No Action April Elevations.
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Figure 9.—Histogram of Action (ALL-1) and No Action July Elevations.

Figure 10.—Histogram of Action (ALL) and No Action July Elevations.
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Typically, by the end of July, the reservoir is approaching its highest level of the year. Figures 9
and 10 show the same relationships as figures 7 and 8, only for reservoir elevations at the end of
July. Inspection of these figures shows again that the occurrences of elevations at the end of July
that were below 6000 feet above sea level increased significantly when the model achieved the
18,600-cfs objective. The Action(ALL-1) occurrences when elevations at the end of July were
below 6000 were about 20 (>1% of the time). The Action(ALL) occurrences for this same
classification were nearly 300 (12% of the time). The No Action model run had no occurrences
where elevations at the end of July were below 6000.

Table 2 shows the exceedance percentage values for all February and July elevations for the
Action (ALL and ALL-1) and No Action results. The results in table 2 indicate that the “most
likely” (50% exceedance) reservoir elevations at the end of February for the Action (ALL-1)
model run were about 2 feet lower than the No Action model run. The “most likely” end-of-July
elevations had a difference of nearly 4 feet for the Action (ALL-1) and No Action rulesets.
Similar comparison between the Action (ALL) ruleset and the No Action rulesets shows that the
“most likely” end-of-February elevations were about 5 feet lower for the Action (ALL) then the
No Action ruleset. The July elevation difference was about 7 feet.

Table 2.—Percentage Exceedance February/July Elevations

Action (ALL-1) Action (ALL) No Action
Percentage (Feet above (Feet above (Feet above
Exceedance Sea Level) Sea Level) Sea Level)
90% 6016.4/6019.2 5992.9/5997.2 6020.1/6021.4
80% 6020.1/6023.6 6013.7/6015.7 6024.7/6024.1
70% 6022.5/6026.4 6017.7/6020.3 6026.3/6026.7
60% 6024.0/6028.0 6020.0/6023.5 6026.9/6028.7
50% 6025.1/6029.1 6022.0/6026.0 6027.0/6032.8
40% 6025.9/6030.3 6024.2/6027.9 6027.2/6033.9
30% 6026.3/6030.7 6025.5/6029.3 6027.3/6034.9
20% 6026.6/6031.2 6026.2/6030.8 6027.5/6036.1
10% 6027.0/6032.1 6026.8/6031.8 6027.7/6038.0

Figures 11 and 12 show the complete distribution of the February and July elevations that were
predicted for the three model runs. For reference, historic elevations for the period from 1971
through 1991 have been included on the figures.
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Figure 11.—Distribution of February Water Surface Elevations.
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Figure 12.—Distribution of July Water Surface Elevations.
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REACH 1 SPRING PEAK RELEASE RESULTS

The estimated flows at all points along Reach 1 were assumed in the model results to be the same
as the release rate from Flaming Gorge Dam. During the spring, the model released the volume
of water necessary to safely operate the reservoir while also achieving the objectives of the
Action (ALL and ALL-1) and No Action Alternatives. Figure 13 shows the distribution of the
peak flows (greatest magnitude single day average flow) that occurred in Reach 1 for all three
model runs. The capacity of the powerplant at Flaming Gorge is assumed to be 4,600 cfs.
Releases greater than 4,600 cfs are considered bypass releases. Figure 13 shows that water was
bypassed by the No Action model run in about 18% of all years. The Action (ALL-1) model run
bypassed water in about 37% of all years while the Action (ALL) model run bypassed water in
about 53% of all years. It is also noted that bypasses from the Action (ALL and ALL-1) model
runs had significantly higher magnitudes than those for the No Action model run. For reference,
historic peak flows for the period from 1971 to 1991 are included in figure 13. This historic data
includes years 1983, 1984, and 1986, which were abnormally wet years in the upper Green River
Basin. Statistically, it is very unlikely that 3 years of such high magnitude would occur within
20 years of record. The historic record presented in figure 13 is, therefore, statistically skewed
toward wet conditions. Figure 13 also shows that the differences in peak releases between the
Action (ALL) and the Action (ALL-1) model runs were significantly larger than the differences
between the Action (ALL-1) and No Action model runs.

Figure 13.—Distribution of Peak Flows in Reach 1.
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To illustrate the impacts to Reach 1 when the Action (ALL) ruleset was triggered to achieve the
18,600-cfs objective, figure 14 shows a sample spring hydrograph in Reach 1 for all three model
runs. The data in this figure is from trace 37 in year 2015 from May through July. The peak
release that achieved all flow objectives except the 18,600-cfs objective had a magnitude of
4,600 cfs and a duration of about 16 days. Because the Yampa River triggered the Action (ALL)
ruleset to attempt to achieve the 18,600-cfs objective, the peak release magnitude was reset by the
Action (ALL) ruleset from 4,600 cfs to 8,600 cfs; and the duration was decreased to 14 days.
This caused a significant bypass to occur in a year when achieving all other flow objectives
would not have required a bypass release. The historic year of this hydrology was 1970. For
reference, the No Action model results and the historic spring releases that actually occurred at
Flaming Gorge Dam in 1970 are included on the figure.

Figure 14.—Sample Hydrograph Comparison of Action (ALL and ALL-1) Reach 1.

Figure 15 shows the corresponding flows that occurred in Reach 2 as a result of the release
hydrographs illustrated in figure 14. Figure 15 shows that although the Action(ALL-1) model run
did not achieve the 18,600-cfs objective, that 18,600 cfs was sustained for 11 days in Reach 2
during this year. The Yampa River flows decrease very rapidly from the peak. Extending the
duration of the 4,600-cfs peak release would not have sustained flows in Reach 2 above

18,600 cfs for 3 additional days.
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Figure 15.—Sample Hydrograph Comparison of Action (ALL and ALL-1) Reach 2.

Figures 16 and 17 show how the duration of the release peak was affected by the Action (ALL
and ALL-1) and No Action rulesets. The distribution of Reach 1 flows that were exceeded for a
duration of 2 weeks is presented in figure 16, while figure 17 shows the distribution of Reach 1
flows that were exceeded for 4 weeks. Distributions for all three model runs are presented, while
the historic values that occurred during the period from 1971 to 1991 are also presented in these
figures.

FLAMING GORGE SPRING BYPASS RESULTS

Figure 18, like figure 13, shows the frequency of bypass releases that occurred during the spring
for all three model runs. Figure 18 shows this information in terms of the annual volume of water
that was bypassed under the control of the three rulesets. The difference between each of these
curves can be related to the power generation that was lost as a result of achieving the objectives
of each of the proposed alternatives.
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Figure 16.—Distribution of 2-Week Duration Flows in Reach 1.
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Figure 17.—Distribution of 4-Week Duration Flows in Reach 1.
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Figure 18.—Exceedance Percentage Bypasses During April Through July.

REACH 1 AUGUST THROUGH FEBRUARY
BASE FLOW RELEASE RESULTS

Figure 19 shows the distributions of Reach 1 flows that occurred during the base flow period
(August though February), when Reach 1 flows are typically at their lowest. This analysis shows
the frequency and magnitude of the Reach 1 flows that occurred during the base flow period
under the Action (ALL and ALL-1) and No Action model runs. The most notable difference
between the Action and No Action flows during the base flow period was for the 0-20%
exceedance flow. The No Action ruleset was more flexible during the base flow period and
allowed releases to increase when conditions became wetter in the upper Green River Basin. To
give some perspective to the results of the three model runs, historic Reach 1 base flows from
1971 to 1991 and historic Reach 1 unregulated base flows from 1971 to 1991 are included in the
figure. The historic flows show how Flaming Gorge Dam operations, prior to the 1992
Biological Opinion, effected the distribution of flows in Reach 1 during the base flow period.
Releases prior to 1992 were elevated above natural levels to produce power. The historic
unregulated flows for the same period indicate how the distribution of flows in Reach 1 might
have been if Flaming Gorge Dam did not regulate the flow of the river.
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Figure 19.—Exceedance Percentage Flows for Reach 1 Flows During Base Flow Period.

REACH 2 SPRING PEAK RELEASE RESULTS

The model accounts for flows in Reach 2 by adding the flows from the Yampa River to the flows
from Reach 1. The estimated flows at all points along Reach 2 were assumed to be equal to the
release rate from Flaming Gorge Dam plus the flows on the Yampa River. The Green River
model lagged Flaming Gorge Dam releases by 1 day to account for travel time through

Reach 1.

Figure 20 shows the distributions of peak flows that occurred in Reach 2 during the spring.
Figures 21 and 22 show distributions for flows in Reach 2 that had a duration of 2 and 4 weeks,
respectively. Figure 21 shows a noticeable increase in the Action (ALL) results at about 40%
exceedance. This was a result of the Action(ALL) ruleset attempting to achieve the

18,600-cfs objective.
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Figure 20.— Distribution of Peak Flows in Reach 2.

Figure 21.—Distribution of 2-Week Duration Flows in Reach 2.
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Figure 22.—Distribution of 4-Week Duration Flows in Reach 2.

REACH 2 BASE FLOW RELEASE RESULTS

Figure 23 shows the distribution of Reach 2 flows during the base flow period that occurred in the
three model runs. Jensen gauge predam historic flows (1950-1961) during the base flow period
and Jensen gauge post-dam historic flows (1971-1991) are also shown in the figure. The historic
flows prior to 1961 show the distribution of flows in Reach 2 during the base flow period prior to
the construction of Flaming Gorge Dam. Historic flows during the period from 1971 through
1991 show the distribution of Reach 2 flows after the construction of Flaming Gorge Dam but
prior to the 1992 Biological Opinion. The most significant change that has occurred in Reach 2
in terms of river regulation occurred during the period from the end of the construction of
Flaming Gorge Dam to 1991. Reach 2 flows during the base flow period were elevated
substantially as a result of power production at Flaming Gorge Dam. The No Action curve shows
the distribution of Reach 2 flows during the base flow period that as a result of operating Flaming
Gorge Dam to achieve the flow objectives of the 1992 Biological Opinion. The Action (ALL and
ALL-1) curves show how the Action Alternative would adjust the current distribution. Most
notably, the Action Alternative operational regime depressed the flows during the base flow
period in Reach 2 when conditions are wetter than average in the upper Green River Basin.
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Figure 23.—Exceedance Percentage Flows for Reach 2 Flows During Base Flow Period.

SUMMARY

The results presented in this report describe three separate runs of the Green River model. Two
of these runs were controlled by rulesets that achieved the objectives of the Action Alternative
while the other run was controlled by a ruleset that achieved the objectives of the No Action
Alternative. The Action Alternative is an operational regime for Flaming Gorge Dam that
achieves the flow objectives of the 2000 Flow and Temperature Recommendations while
“maintaining” the resources for which Flaming Gorge Dam was authorized. The No Action
Alternative is an operational regime that achieves the flow objectives of the 1992 Biological
Opinion while also “maintaining” the resources associated with the authorization of Flaming
Gorge Dam. The rulesets “maintain” the resources associated with the authorizing purposes of
Flaming Gorge Dam by minimizing bypass releases as much as possible while achieving the flow
objectives for each of the proposed alternatives.

The difference between the two rulesets of the Action Alternative is the degree to which the flow
objectives of the Action Alternative are achieved. The first version, referred to as the Action
(ALL) ruleset, achieved all of the flow objectives of the Action Alternative. Results from this
model run showed that the frequency and magnitude of bypass releases were much greater than in
the No Action model run. Bypasses in the Action (ALL) model run were 53%, while the

No Action model run had a bypass frequency of 18%. The frequency and magnitude of the
bypasses in the Action (ALL) model run had a dramatic effect on the reservoir elevation when
compared to the No Action model results. The occurrences of the reservoir elevations below
6000 feet above sea level were significant for the Action (ALL) model run while there were no
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occurrences of elevations below 6000 feet in the No Action model run. In general, the reservoir
elevations during the summer months, on average, were about 7 feet lower in the Action (ALL)
model run than they were in the No Action model run.

It was discovered that one flow objective for the Action Alternative caused most of the increase
in the frequency and magnitude of the spring bypass releases. The Action Alternative flow
objective that requires flows in Reach 2 in excess of 18,600 cfs for 2 weeks in 40% of all years
caused most of the increase in the frequency and magnitude of the bypasses that occurred in the
Action(ALL) results. To achieve this objective, 40% of all years were required to have peak
releases with magnitudes of 8,600 cfs and durations of at least 2 weeks while 20% of all years
were required to have magnitudes of 10,600 cfs and durations of at least 2 weeks. Achieving the
other objectives of the Action Alternative did not require peak release magnitudes, durations, and
frequencies at these levels.

The second version of the Action Alternative model run, referred to as the Action(ALL-1) model
run, achieved all the flow objectives of the Action Alternative but did not specifically make any
attempt to achieve the 18,600-cfs objective. While achieving all other flow objectives, the Action
(ALL-1) model run was able to achieve 18,600 cfs for 2 weeks or greater in 18.2% of all years.
Reach 2 flows did achieve 18,600 cfs in 40% of all years, but the duration was 6 days compared
to the flow objective duration of 14 days. The results from the Action(ALL-1) model run showed
a significant improvement to the impacts that were observed in the reservoir elevations of the
Action (ALL) model run. Reservoir elevations for the Action (ALL-1) model run, on average,
were 3 to 4 feet lower than the No Action model run results during the summer month as
compared to 7 feet lower for the Action (ALL) results. Bypass releases were significantly
reduced from the Action (ALL) model results. The frequency of bypass releases in the Action
(ALL-1) model results was 38%; while in the Action (ALL) model results, this frequency was
53%. The Action(ALL-1) model run achieved nearly all of the objectives of the Action
Alternative while dramatically reducing the impacts to the resource associated with the
authorization Flaming Gorge Reservoir.

The intent of this study has been to evaluate the relative differences between the Action and No
Action Alternatives proposed for the Flaming Gorge EIS. The modeling of the Green River
system and these alternatives is now at a point where these differences are evident. This report
provides hydrologic information for the purpose of determining the impacts to the resources
associated with Flaming Gorge Reservoir. If additional information is needed for this purpose, it
will be provided as needed.
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HYDROLOGIC MODELING

R. Clayton and A. Gilmore
February 26, 2002 (Modified August 15, 2003)

INTRODUCTION

In October of 2001, a report titled “Flaming Gorge Environmental Impact Statement Hydrologic
Modeling Study Report” was distributed to all Cooperating Agencies and Interdisciplinary (ID)
Teams working on the Flaming Gorge Environmental Impact Statement (EIS). The report
described the hydrologic impacts observed in the modeled implementation of the 1992 Biological
Opinion (No Action Alternative) and the Flow and Temperature Recommendations for
Endangered Fishes in the Green River Downstream of Flaming Gorge Dam (2000 Flow and
Temperature Recommendations) (Action Alternative) for the period from 2002 through 2040.
Based on comments received from the Cooperating Agencies, ID Teams, as well as the authors of
the 2000 Flow and Temperature Recommendations, the Flaming Gorge Model has been modified
to more accurately reflect the intentions of the 2000 Flow and Temperature Recommendations
and the 1992 Biological Opinion. The purpose of this report is to detail these modifications and
update the model results so the Cooperating Agencies and ID Teams can conduct their impact
analyses.

DESCRIPTION OF MODIFICATIONS

The Flaming Gorge Model was populated with natural inflow data generated from historic
riverflow and consumptive use records. For the upper Green River and Yampa River Basins, the
only records available for consumptive use were recorded as monthly volumes. For this reason,
the natural inflow data used to populate the Flaming Gorge Model, as well as the model itself,
were developed at a monthly timestep. The monthly timestep framework of the Flaming Gorge
Model limited when operational decisions could be made to the beginning of every month. It
became apparent very early in the development of this model that limiting the timing of these
operational decisions, which was only an artifact of the model framework, made it more difficult
for the model to achieve the target flows and durations specified in the 2000 Flow and
Temperature Recommendations than would be the case in reality.

In reality, Flaming Gorge Dam is operated to adjust to changing hydrologic conditions the
moment these conditions change. The Flaming Gorge Model, however, must wait until the
beginning of each month to make these adjustments. Sometimes, this caused the daily average
releases determined by the model under the Action Alternative to be set much higher than
necessary to achieve specific targets established for Reach 2. After receiving comments from the
authors of the 2000 Flow and Temperature Recommendations regarding the report issued in
October, it became clear that this artifact of the model did not satisfactorily reflect the intended
implementation of the 2000 Flow and Temperature Recommendations.

To get the model to operate Flaming Gorge Dam more realistically while maintaining the
monthly timestep framework, a daily model was developed to take monthly results from the
Flaming Gorge Model and operate Flaming Gorge Dam to react to daily hydrologic conditions.
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This daily model operated Flaming Gorge Dam during the spring (May, June, and July) to match
estimated Yampa River flows to achieve target flows for Reach 2. While this caused the release
results of the daily model to differ from the release results of the monthly model, it did provide a
more reactive approach for achieving the recommended flow targets. To maintain some integrity
between the daily and monthly models, the only restriction placed upon the daily model was to
match the total volume released during the spring to the total volume released during the spring
by the monthly model. After a targeted duration was achieved, the daily model released the
necessary volume for the remainder of the spring to match the monthly model while minimizing
additional bypass releases. This enhancement of the Flaming Gorge Model greatly reduced the
bypass releases that were reported in the October report.

Base flows, under the Action Alternative, are dependent upon the classification of the hydrologic
conditions in the upper Green River Basin. In October (2001), the model based this classification
on the volume of unregulated inflow into Flaming Gorge that occurred during the preceding
spring. Once this classification was set on August 1, it could not change during the base flow
period. The 2000 Flow and Temperature Recommendations, however, stated that this
classification was flexible and could change if hydrologic conditions changed during the base
flow period. The authors, however, did not describe how this determination was to be made.
Comments received from the authors gave guidance for how this determination could be made in
the model, and the model has now been modified to adjust the hydrologic classification during the
base flow period when conditions warrant a change.

Under the Action and No Action Alternatives, a volume of water to be released during the spring
is calculated based on forecasted inflows and reservoir conditions. From this volume of water, a
peak release hydrograph is developed to achieve the specific parameters of the operational
alternative. In the model presented in the October report, both the Action and No Action
Alternatives extended the peak release hydrograph to the end of July, when possible, depending
on the calculated volume to be released during the spring. The 1992 Biological Opinion,
however, states that base flow levels are to be established by July 20 at the latest. For this reason,
the No Action Alternative was modified so that July 20 is now the maximum date that the spring
release hydrograph can be extended to. This modification increases the peak magnitude and the
potential for bypasses in the No Action Alternative as compared to the No Action results
presented in the October report.

In October, the Flaming Gorge Model, for both alternatives, had a static drawdown target
established for the end of April. During the base flow and transition periods, releases from
Flaming Gorge were determined in an attempt to achieve this drawdown target. For both the
Action and No Action Alternatives, the drawdown target was set to 6027 feet above sea level
independent of the developing hydrology in the upper Green River Basin. In years where the
early indications of the developing hydrology are for wet or dry conditions, this target would, in
reality, be reset to a more appropriate level. For example, when the early indications are that the
spring is going to be wet, Flaming Gorge will typically be drawn down to a target somewhat
lower than 6027 feet above sea level to provide space in the reservoir to absorb the above average
inflow. Conversely, in years where the early indications are that the spring is going to be dry, the
reservoir is typically drawn down to a target higher than 6027 so the reservoir has a better chance
of filling despite the dry conditions. This flexibility has now been incorporated into the Flaming
Gorge Model. In anticipated wet years, the drawdown target is now set to 6025 feet above sea
level and in anticipated dry years, the drawdown target is set to 6029 feet above sea level.
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MODEL RESULTS

Flow Recommendations

Table 1 shows the current state of the Action and No Action Alternatives in terms of how well
each alternative achieves the specific recommendations of the 2000 Flow and Temperature
Recommendations during the spring in Reaches 1 and 2. While the No Action Alternative does
not attempt to meet any of these targets, a comparison between the Action and No Action results
does indicate some of the key differences between the operational regimes.

Table 1—2000 Flow and Temperature Recommendations Target Flows,
Durations, and Frequencies

No
Action Action
Spring Peak Flow Recommendations Reach Target % Ruleset Ruleset
Peak >= 26,400 cfs for at least 1 day 2 10% 11.3% 7.1%
Peak >= 22,700 cfs for at least 2 weeks 2 10% 10.7% 4.6%
Peak >= 18,600 cfs for at least 4 weeks 2 10% 11.1% 6.0%
Peak >= 20,300 cfs for at least 1 day 2 30% 46.3% 42.3%
Peak >= 18,600 cfs for at least 2 weeks 2 40% 41.1% 15.6%
Peak >= 18,600 cfs for at least 1 day 2 50% 60.3% 59.1%
Peak >= 8,300 cfs for at least 1 day 2 100% 100% 98.5%
Peak >= 8,300 cfs for at least 1 week 2 90% 96.8% 96.9%
Peak >= 8,300 cfs for at least 2 days except 2 98% 99.6% 98.4%
in extreme dry years
Peak >= 8,600 cfs for at least 1 day 1 10% 30.2% 6.5%
Peak >= 4,600 cfs for at least 1 day 1 100% 100% 100%

RESERVOIR WET AND DRY CYCLE RESULTS

In the 65 traces of inflow hydrology used to populate the model, a variety of wet and dry cycles
occurred. These cycles were routed through the Flaming Gorge Model with the reservoir
elevation set at various levels to show the full range of potential impacts that could realistically
occur. The cycles having the driest and wettest intensities with durations of 2, 3, 5, and 7 years
were found in the model results. The traces where these cycles occurred at the beginning of the
trace were identified so that the differences between the Action and No Action Alternatives could
be directly compared. This is because the water surface elevation of the Action and No Action
Alternatives were the same in these traces prior to these cycles routing through Flaming Gorge
Reservoir. The difference in reservoir elevation at the end of the cycle then could be attributed
solely to the operational regime. The reservoir elevations and release hydrographs generated
under the Action and No Action Alternatives were plotted to show the differences between these
regimes. Figure 1 shows the reservoir elevations resulting from the most intense 3-year dry cycle
found in the input hydrology. The plot extends 1 year beyond the end of the dry cycle to show
the rate at which the reservoir was able to recover under the two alternatives.
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Figure 1.—Reservoir Elevations Under the Most Intense 3-Year Dry Cycle.

By the end of this 3-year cycle, operating under the No Action Alternative caused the reservoir
elevation to be about 8 feet lower than operating under the Action Alternative. This can be
mostly attributed to the fact that the No Action Alternative requires a spring peak each year with
a minimum duration of 7 days while the Action Alternative allows the spring peak with a duration
as short as 2 days. The corresponding release hydrographs produced for this 3-year cycle are
shown in figure 2. While the peaks, under both alternatives, have a magnitude of 4,600 cfs
(powerplant capacity), the No Action Alternative maintains 4,600 cfs for 7 days before declining
back to base flow levels where as the Action Alternative peaks for only 2 days. In years
classified as dry or moderately dry, the difference between the Action and No Action
Alternatives, in terms of minimum duration, can have a significant impact on the reservoir
elevation. When dry years occur in series, which is often the case, the year-to-year differences in
reservoir elevation caused by the operational regime can compound upon each other as shown in
this case.

When conditions are wet, the Action and No Action Alternatives operate Flaming Gorge Dam
very differently from when conditions are dry. Spring releases for the Action Alternative in wet
years are typically larger than those generated for the No Action Alternative as a result of
attempting to achieve specific targets established for Reach 2. This is evident in figure 3, which
shows the reservoir elevations that occurred during the most intense 3-year wet cycle found in the
inflow hydrology. The higher releases that occur each spring under the Action Alternative cause
the reservoir to fill less in the spring as compared to the No Action Alternative. As a result, the
releases under the Action Alternative during the base flow period are not as high as those that
occur under the No Action Alternative. The No Action Alternative is forced to release greater
volumes during the base flow period to achieve the drawdown target established for the following
year. This can be seen in figure 4, which shows the daily release hydrographs that occurred
during this 3-year wet cycle. In November, the release constraints of the No Action Alternative
are relaxed so that releases can increase to powerplant capacity if they are necessary to control the
reservoir elevation. Figures showing the reservoir elevations and release hydrographs for 2-, 3-,
5-, and 7-year duration wet and dry cycles are located in the appendix.
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Figure 2.—Reservoir Releases Under the Most Intense 3-Year Dry Cycle.

Flaming Gorge Model Results Comparison
Wettest Three Year Cycle Elevations

G050

G045

G040

G035

B030 /\/\-\ / \/\
™ Y R BYA =

G025

G020 /

6015

G010

G005

—Action Alternative

G000

Mosction Alternative

2095

4890
Jan-02 Jul-02 Jan-03 Jul-03 Jan-04 Jul-04 Jan-05 Jul-05 Jan-06
Date

Figure 3.—Reservoir Elevations Under the Most Intense 3-Year Wet Cycle.
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Figure 4.—Reservoir Releases Under the Most Intense 3-Year Wet Cycle.

RESERVOIR WATER SURFACE ELEVATION
PERCENTILE RESULTS

For each month of the model run, from January 2002 through December 2040, there are

65 potential reservoir elevations that make up the model results for reservoir elevation for that
particular month. Each set of potential elevations was ranked from lowest to highest to determine
the probabilities associated with specific reservoir elevations. Figures 5, 6, and 7 show the
potential reservoir elevations associated with three levels of probability. Figure 5 shows the

90™ percentile reservoir elevations during the first 10 years of the model run. These reservoir
elevations were exceeded by only 10% of the 65 potential elevations that occurred in the model
results for that month and that year. Reservoir elevations are typically at their lowest level in
early spring when the Action and No Action Alternatives attempt to achieve a drawdown target.
During the late summer, reservoir elevations are typically at their highest level of the year as a
result of storing a portion of the spring runoff. The No Action Alternative typically allows the
reservoir elevation to rise significantly higher in the spring than the Action Alternative, as evident
in figure 5. Summer reservoir elevations are typically 5 to 7 feet higher for the No Action
Alternative than those for the Action Alternative.

Reservoir elevations that occur under more typical (average) hydrologic conditions are shown in
figure 6. These reservoir elevations are those that were exceeded by 50% of the 65 potential
reservoir elevations that occurred for each month. In the dryer scenarios, reservoir elevations are
typically much lower than in the average or wet scenarios. Figure 7 shows reservoir elevations
that were exceeded by 90% of the potential reservoir elevations that occurred for each month.
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Figure 5—90™ Percentile Reservoir Elevations from January 2002 to December 2012.

Figure 6.—50™ Percentile Reservoir Elevations from January 2002 to December 2012.
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Figure 7.—10" Percentile Reservoir Elevations from January 2002 to December 2012.

Figure 7 is significant because it shows a tremendous improvement for Action Alternative in
comparison to what was reported in the October report. Now, the Action Alternative yields
reservoir elevations that are even higher than those yielded by the No Action Alternative. The
October report showed a large disparity between the Action and No Action Alternatives with the
Action Alternative much lower than the No Action Alternative.

The model results indicate that reservoir elevations are basically stable throughout the model run
under both alternatives. That is to say the reservoir elevation did not gradually increase or
decrease under the Action and No Action Alternatives in the later years of the run. For this
reason, it was valid to combine all of the reservoir elevations into a single dataset, grouped by
month and then ranked from lowest to highest into monthly distributions. Figures 8 and 9 show
these distributions for the months of February and June. These months are shown because
reservoir elevations are typically near their lowest level of the year by the end of February and
near their highest level by the end of June. Both figures show that the distributions of reservoir
elevations for the Action Alternative are now actually higher than the distributions for the No
Action Alternative. These results are substantially different from those presented in October and
indicate the impact of the modifications made to the model over the past 3 months. Similar plots
for all months of the year are located in the appendix.

Figure 10 shows the Action and No Action Alternative reservoir elevations for all months at the
5% probability level grouped by month. The 5% probability level marks the reservoir elevations
that were exceeded by 95% of all potential reservoir elevations on average. In other words, for
each month of the year there were 5% of all potential reservoir elevations that were below those
indicated in the figure. Figure 10 shows that at the 5% probability level, there was a 7- to 8-foot
difference between the Action and No Action Alternatives. Similar plots showing the reservoir
elevations for the 10%, 25%, 50%, and 75% probability levels are located in the appendix.
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Figure 10.—5% Probability Level Reservoir Elevations (All Months).

REACH 1 SPRING PEAK FLOW RESULTS

The Flaming Gorge Model does not account for side inflows that occur along Reach 1 of the
Green River. Historically, the volumes of flow contributed by tributaries to the Green River in
Reach 1 have been relatively insignificant except during large thunderstorm events. Reach 1
flows that appear in this report are actually the average daily releases made from Flaming Gorge
Dam. Figure 11 shows the distribution of peak flows having a duration of 1 day that occurred in
the model results. It is also assumed that peak flows always occur during the spring period. Thus
the distributions that appear in figure 11 can also be used to represent the distribution of annual
peaks as well. For reference to how the reservoir was operated prior to the 1992 Biological
Opinion, the distribution of historic peak flows in Reach 1 having a duration of 1 day for the
period from 1971 to 1991 are included in the figure. Figures 12 and 13 show the distributions of
peak flows in Reach 1 having durations of 2 and 4 weeks, respectively.

FLAMING GORGE ANNUAL BYPASS RELEASE RESULTS

Water released through the bypass tubes and the spillway (bypasses) can have a direct impact on
the amount of power produced at Flaming Gorge Dam. For the purpose of comparing the Action
and No Action Alternatives in terms of impact to power production, the distributions of annual
bypass volumes are shown in figure 14. The figure shows the percentage of occurrences
associated with the total volume bypassed each year. The model results indicate that the Action
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Figure 11.—5% Distribution of Peak (1-Day Duration) Releases.

Figure 12.—Distribution of Peak (2-Week Duration) Releases.
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Figure 13.—Distribution of Peak (4-Week Duration) Releases.

Figure 14.—Annual Bypass Volume Distribution.
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Alternative will likely have about a 1 in 2 chance of requiring a bypass (about 50% of the time) in
any given year while the No Action Alternative will likely have about a 1 in 5 chance of requiring
a bypass (about 22% of the time) in any given year. These frequencies have not changed much
from those reported in the October report, however the magnitude (volume) of these bypasses has
diminished substantially.

REACH 1 AUGUST THROUGH FEBRUARY
BASE FLOW RELEASE RESULTS

Releases made from August 1 through the end of February are referred to as the base flows in
Reach 1. Figure 15 shows the distributions of base flows that occurred for Reach 1 in the model
as a result of operating under the Action and No Action Alternatives. For reference to how
Flaming Gorge Dam was operated prior to 1992, the distribution of actual base flows in Reach 1
that occurred from 1971 though 1991 are included in the figure. The distribution of unregulated
inflows to Flaming Gorge Dam during this same period is also included. The unregulated inflows,
in comparison to the actual base flows, indicate the effects of reservoir regulation at both
Fontenelle Dam and Flaming Gorge Dam on Reach 1 flows during this period. Under the No
Action Alternative, releases during the months of November through February are only restricted
to be less than powerplant capacity and greater than 800 cfs. The Action Alternative maintains
much stricter control of the releases during this period. This difference is evident in figure 15
between 0 and 20% exceedance. In many cases, the No Action Alternative strictly controls
releases from August through October only to have releases increase dramatically in November

Figure 15.—Exceedance Percentage Flows for Reach 1 Flows During Base Flow Period.
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when these controls are no longer valid. A good example of this situation is shown in figure 4.
Releases during November for all three of these wet years were nearly double the releases that
occurred during the preceding October.

The No Action Alternative restricts flows in Reach 2 from the end of the spring peak until
September 15to the range from 1,100 cfs to 1,800 cfs. In many cases, the Yampa River
hydrograph is receding during this period and flows are above base flow levels. In order for the
No Action Alternative to meet the base flow recommendation, releases are often times limited to
800 cfs (the minimum objective release). After September 15, the No Action Alternative expands
the range of acceptable base flows to 1,100 to 2,400 cfs. In November these restrictions are no
longer valid and releases are set within the range from 800 cfs to 4,600 cfs to achieve the
drawdown target for the following year. To show the effect of these restrictions, the distribution
of flows during the months of September and December were isolated. Graphs showing the
distribution of flows for the Action and No Action Alternatives are included in the appendix of
this report. There is a significant difference between the two months with respect to the flows
generated by the Action and No Action rulesets. In September, flows in Reach 1 are typically
less under the No Action Alternative than the flows of the Action Alternative. But in December,
this relationship is reversed with flows of the No Action Alternative being much greater than
those of the Action Alternative. This relationship translates to the other downstream reaches to a
lesser degree. Flow distribution graphs for Reach 2 for the months of September and December
are also included in the appendix.

REACH 2 SPRING PEAK FLOW RESULTS

Figures 16, 17, and 18 show the distributions of modeled spring peak flows that occurred in
Reach 2. Figure 16 shows the distribution of peak flows having a duration of 1-day while

figure 17 and 18 show distributions for peak flows having durations of 2 and 4 weeks,
respectively. For perspective, the historic peak flows during the period from 1971 though 1991
are included on each of these figures. While the distributions of the Action and No Action peak
flows are similar, there are notable differences at specific percentage exceedances. This is
evident in figure 16 where the distribution for the Action Alternative noticeably deviates from the
No Action Alternative at about 13% exceedance. Similar deviations occur in the Action
Alternative at 10% and 40% exceedance levels for the 2-week duration peak flows. In the
4-week duration peak flows, a deviation in the Action distribution occurs at about

10% exceedance. All of these deviations indicate where peak flows were increased by the Action
Alternative in order to achieve the specific targets of the 2000 Flow and Temperature
Recommendations.

REACH 2 BASE FLOW RELEASE RESULTS

Figure 19 shows the distribution of base flows that occurred in Reach 2 under the Action and No
Action Alternatives. Base flows are noticeably decreased under the Action Alternative especially
in wetter years. For reference, the distribution of pre-dam (1946 to 1961) base flows and the
distribution of base flows during the period from 1971 through 1991 are included in the figure.
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Figure 16.—Distribution of Peak Flows (1-Day Duration) in Reach 2.

Figure 17.—Distribution of Peak Flows (2-Week Durations) in Reach 2.
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Figure 18.—Distribution of Peak Flows (4-Week Durations) in Reach 2.

Figure 19.—Exceedance Percentage Flows for Reach 2 Flows During Base Flow Period.
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The period from 1946 through 1961 does include a significant dry cycle for the Upper Green
River Basin but these two distributions of historic Reach 2 flows give some perspective to the
difference between the Action and No Action Alternative base flows.

Reach 2 is also impacted by the No Action flow restrictions during the summer months. Flow
distribution graphs for the months of September and December characterize how base flows in
Reach 2 will transition from low to high during the fall months (October and November). These
graphs are located in the appendix of this report.

SUMMARY

The results described in this report show significantly reduced impacts to reservoir related
resources. Of all of the modifications made since October, the most significant was the
implementation of the daily model to react to estimated Yampa River flows. This modification
substantially reduced the volume of the spring releases made by the Action Alternative, which in
turn, decreased the drawdown effects associated with the spring release. The Action Alternative
now Yields reservoir elevations that are significantly higher than those presented in the October
report. While the frequency of bypasses in the Action Alternative has not changed very much
from those reported in October, the bypass volumes have been significantly reduced. In October,
there was about a 20% chance that any given year would have a bypass in excess of 300,000 acre-
feet. With the modifications made since October, there is now a 20% chance in any given year of
a bypass in excess of 150,000 acre-feet.

This report is not comprehensive in terms of the model results analysis presented. It is an attempt
to provide some useful analysis for the purposes of determining other resource impacts.

Statistical analysis of data depends largely on the question that must be answered. While the
results presented in this report do answer many questions about impacts that may occur as a result
of implementing the Action or No Action Alternatives, the results will not answer all questions.

If additional analysis is required to answer your particular resource questions, it is suggested that
you present your questions to the hydrologic modeling team.
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Flaming Gorge Model Results Comparison
Wettest Three Year Cycle Elevations
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Flaming Gorge Model Results Comparison
Wettest Seven Year Cycle Elevations
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FLAMING GORGE FINAL
ENVIRONMENTAL IMPACT STATEMENT
AMENDMENT TO

HYDROLOGIC MODELING REPORT

R. Clayton and A. Gilmore
August 5, 2003

INTRODUCTION

During the development of the Flaming Gorge Model, it was decided that the model would be
developed to use the longest reasonable historic hydrologic record available. While records for
the Green River and Yampa River extended back to 1921, historic records for the tributary rivers
in Reach 3 only extended back to the mid 1940°s. Because of the uncertainties associated with
modeling Reach 3, it was decided that the Flaming Gorge Model would focus on Reaches 1 and 2
using the extended hydrologic record from 1921 to 1985 rather than including details for Reach 3
and having a much shorter hydrologic record.

For these reasons, the Hydrologic Modeling Report issued in February of 2002 did not include
analysis of the predicted future flows in Reach 3. Since that time, a concern for the lack of Reach
3 information within the draft EIS has developed, prompting several requests for a hydrologic
analysis of the Reach 3 predicted future flows for the Action and No Action alternatives. To help
satisfy this request, this report provides hydrologic analysis of the estimated future flows of the
Green River in Reach 3.

DATA DESCRIPTION AND ASSUMPTIONS

The Flaming Gorge Model produced the predicted future flows of the Green River in Reach 2 for
the period beginning in January 2002 and extending to December of 2040. Sixty-five traces, or
sequences of historic flows, were routed through the Flaming Gorge Model to generate 65
potential future operations for this future time period. The historic hydrologic record from
January 1921 to December 1985 formed the basis for these inflow traces. For each inflow trace
that was routed through the model there is a sequence of historic hydrology that the trace was
constructed from.

In order to generate an estimate of the potential future flows in Reach 3 that would result from
operating Flaming Gorge Dam under the Action and No Action Alternatives, an estimate of
tributary contribution to the flows in Reach 3 is required. Without the historic records of the
tributaries extended back to 1921, it was not possible to determine what each individual tributary
contributed to the Green River for the historic period that the model was run. However it was
possible to estimate the approximate contribution to the Green River of all tributaries located in
Reaches 2 and 3 because complete historic records were available for the Green River located
near Flaming Gorge Dam and Green River, Utah. The difference between the historic daily
average flow for the Greendale and Green River, Utah gauges was used to estimate of historic
daily contribution of all tributaries along the Green River including channel losses. This estimate
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included the historic flow of the Yampa River in addition to all of the other tributaries in Reach 3.
The estimated future flow in Reach 3 described in this report was generated by adding the
Flaming Gorge release data predicted by the Flaming Gorge Model to the corresponding historic
tributary input with an estimated lag period of 5 days.

REACH 3 ANALYSIS

Flow Recommendations

Table 1 shows the Action and No Action alternatives (as modeled) in terms of how well each
alternative achieves the specific recommendations of the 2000 Flow and Temperature
Recommendations during the spring in Reach 3. While the No Action alternative does not
attempt to meet any of these targets, a comparison between the Action and No Action results does
indicate some of the key differences between the operational regimes. The Action alternative has
been modeled to achieve all of the targeted flows and durations for Reach 2 and it was assumed
that if the Reach 2 flow recommendations were achieved that Reach 3 flow recommendations
would also be achieved. The results show that, except for the single day peak flow of 39,000 cfs
in Reach 3, all other recommended flows, durations and frequencies are achieved by the Action
Alternative as currently modeled.

Table 1—Reach 3 Recommendations Targets
and Predicted Results

No

Action Action
Spring Peak Flow Recommendations Reach Target % Ruleset Ruleset

Peak >= 39,000 cfs for at least 1 day 3 10% 4.6% 5.9%
Peak >= 24,000 cfs for at least 2 weeks 3 10% 22.0% 14.4%

Peak >= 22,000 cfs for at least 4 weeks 3 10% 12.0% 8.4%
Peak >= 24,000 cfs for at least 1 day 3 30% 65.2% 59.4%
Peak >= 22,000 cfs for at least 2 weeks 3 40% 40.2% 33.8%
Peak >= 22,000 cfs for at least 1 day 3 50% 70.3% 69.4%
Peak >= 8,300 cfs for at least 1 day 3 100% 100% 98.5%
Peak >= 8,300 cfs for at least 1 week 3 90% 96.9% 96.9%
Peak >= 8,300 cfs for at least 2 days except 3 98% 100% 98.5%

in extreme dry years

Peak Flows in Reach 3

Figures 1, 2, and 3 show the distribution of single day peak, 14-day duration peak, and

28-day duration peak flows that will likely occur if Flaming Gorge Dam is operated under the
Action or No Action Alternative during the period from January 2002 to December 2040. Peak
flows in Reach 3 are only subtly different under the two alternatives. The most notable difference
between the two alternatives is that flow durations under the Action Alternative appear to be
longer than those of the No Action Alternative.
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Figure 1.—Reach 3 Distribution of 1-Day Peak Flows.

Figure 2.—Reach 3 Distribution of 2-Week Duration Peak Flows.
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Figure 3.—Reach Distribution of 4-Week Duration Peak Flows.

Base Flows in Reach 3

Overall, the base flows in Reach 3 that will occur if Flaming Gorge Dam is operated under the
Action and No Action Alternatives will be similar. In general, the base flows under the Action
Alternative will be slightly lower than those of the No Action Alternative as shown in figure 4.

As with Reaches 1 and 2 the relationship between the flows of the Action and No Action
Alternatives is dependant on the time of year. During the summer months, when the No Action
Alternative restricts the flows in Reach 2, the base flows in Reach 2 will likely be less than those
of the Action Alternative. When these restrictions are lifted in November, base flows in Reach 3
under the No Action Alternative will likely be higher than those of the Action Alternative. This
can clearly be seen in figures 5 and 6 that show the distribution of flows in Reach 3 that occur
under each alternative during the months of September and December. Reach 3 flows during the
period from November through February will most likely be 500 to 1000 cfs greater than those of
the Action Alternative. This is especially true in wet years. Reach 3 flows during the summer
months including late July, August and September will most likely see flows under the No Action
Alternative that are lower than those of the Action Alternative by 300 to 700 cfs.

SUMMARY

The data provided in this report has been generated to match the data that was provided for
Reaches 1 and 2 in the Hydrologic Modeling Report issued in February of 2002. Although the
data for this report was not a product of the model output, as was the data for Reaches 1 and 2,

App-84 ~ Operation of Flaming Gorge Dam Final EIS



Base Flows - Reach Three
August through Febuary

].4000 T T T T | T
i Mo Action i
12000 — Action H
—— Historical (71-91)
I Pre Dam (21-61) ||
10000

Flow (cfs)
oo
g
S
|

6000

R \ |
4000 %\H\

_‘__'__—""""""—--——-——___\______-—-___
ﬁ

%% 20% 40% 60% B80%: 100%
Percentage Exceedance

2000

Figure 4—Reach 3 Distribution of Flows (August through February.

Figure 5.—Reach 3 Distribution of Flows (September).
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Figure 6.—Reach 3 Distribution of Flows (December).

it does represent the best possible estimate of the predicted future flows in Reach 3 that would
result from operating Flaming Gorge Dam under the Action and No Action Alternatives.

It is important to note that the consumptive uses and losses implicitly included in the Reach 3
flows are historical and do not represent consumptive uses and losses that will occur in the future.
The trend of water consumption in the Green River Basin is increasing so it would be safe to
assume that the Reach 3 flows that would actually occur if Flaming Gorge was operated under the
Action and No Action Alternatives would be marginally less than those reported here in. Future
consumptive uses and losses are speculative and hard to accurately quantify and therefore no
attempt has been made to characterize how these future consumptive uses and losses would affect
the flows of Reach 3. However, the incremental differences between the Reach 3 flows under the
two alternatives should be relatively accurate.
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September 8, 2003
TO: Peter Crookston, Flaming Gorge EIS Manager
FROM: Tom Ryan', Kirk LaGory? and John Hayse®

SUBJECT:  Review of the Green River Model Developed for the Flaming Gorge
Dam EIS*

Background

A river simulation model was developed for the Green River system to assess impacts of Flaming
Gorge Dam operations in the Operation of Flaming Gorge Dam Environmental Impact Statement
(Flaming Gorge EIS). The model was developed using the RiverWare simulation modeling
software package. The Green River Model evaluates two alternative operations: the no-action
alternative (operation of Flaming Gorge Dam as prescribed by the 1992 Biological Opinion; FWS
1992) and the action alternative (operation of Flaming Gorge Dam to meet the flow
recommendations developed by Muth et al. 2000). Input to the model includes the inflows to
Flaming Gorge Reservoir and inflow to the Green River from the Yampa River, and predicts flow
at the USGS streamflow gage on the Green River at Jensen, Utah approximately 93 miles
downstream from Flaming Gorge Dam.

For the action alternative, the Green River Model predicts significant use of the bypass tubes and
spillway at Flaming Gorge Dam when compared to the no-action alternative. Under the action
alternative, the Green River Model predicts that the bypass tubes would be used in 49.9% of years
and the spillway would be used in 29.4% of years. These relatively high frequencies have caused
concern among those involved in the management of Flaming Gorge Dam. Our review of the
Green River Model was performed to evaluate whether the degree of bypass and spill predicted
by the Green River Model would be necessary to meet the requirements of the flow
recommendations. Our review did not include an evaluation of the no-action alternative. While
the main focus of our model review was the frequency of bypass and spillway use, we also
examined the model’s behavior in its entirety, and evaluated how the model simulated the year-
round operation of Flaming Gorge Dam to meet the flow recommendations.

Review Approach

The Green River Model uses the indexed sequential method where multi-trace output is created.
The model simulates the Green River system including the operation of Fontenelle and Flaming
Gorge Dams for the years 2002 through 2040 (39 years). For the EIS, the model was used to
simulate these 39 years 65 separate times using hydrology from 1921 through 1985 (rotating
among these 65 years to create 65 distinct traces). Thus, the model simulates the operation of the
Green River system for 2,535 different years (39 times 65). For our review, a sample of these
2,535 years was taken. The sample size was 65 years, and included one representation from each
year of hydrology used in the model. Specifically, we reviewed simulations of Trace 0 from 2002
until 2040 (using the hydrology from 1921 through 1959), and Trace 39 from 2002 until 2025
(using the hydrology from 1960 through 1985). To determine if the sample was a good

! Bureau of Reclamation, Salt Lake City, Utah.

2 Argonne National Laboratory, Argonne, Illinois.

® Argonne National Laboratory, Argonne, Illinois.

* Green River Model is Flaming Gorge Model as referenced throughout the EIS and the hydrology
modeling reports.
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representation of all years, model statistics for meeting flow recommendations in Reach 2 were
compiled for the sample and compared to results for all years. The following table shows this
comparison. It can be seen that the difference between the sample (65 years) and all years
(2,535) is very small.

Flow Recommendations for Reach 2 and Predicted
Occurrence of Target Achievement in All Years of Analysis and in the
Sample Review Period Under the Action Alternative

Sample Period

Spring Peak Flow Recommendations Recommended (Trace 0 and 39) All Years Difference
Peak >= 26,400 cfs for at least 1 day 10 12.3 11.3 1.0
Peak >= 22,700 cfs for at least 2 weeks 10 10.7 10.7 0.0
Peak >= 18,600 cfs for at least 4 weeks 10 10.7 11.1 0.4
Peak >= 20,300 cfs for at least 1 day 30 47.7 46.3 1.4
Peak >= 18,600 cfs for at least 2 weeks 40 40.0 411 11
Peak >= 18,600 cfs for at least 1 day 50 60.0 60.3 0.3
Peak >= 8,300 cfs for at least 1 day 100 100 100 0.0
Peak >= 8,300 cfs for at least 1 week 90 96.9 96.8 0.1
Peak >= 8,300 cfs for at least 2 days except 98 98.5 99.6 0.9
in extreme dry years
Frequency of bypass (> 4,600 cfs) NA 50.7 49.9 0.8
Frequency of spills (>8,600 cfs) NA 27.7 29.4 1.7

We evaluated performance of the Green River Model in each of the 65 years in the sample (1921
through 1985). We considered the May 1 forecasted inflow and actual inflow to Flaming Gorge
Reservoir, reservoir storage and flow regimes on the Yampa River in evaluating how well the
Green River Model simulated the operation of Flaming Gorge Dam to meet flow
recommendations in Reach 2, and to manage Flaming Gorge Reservoir under existing authorities.
We also evaluated how well the model met recommended base-flow targets.

We tried to be conservative in our evaluation. In some years, the Green River Model predicted
bypasses or spills, and very precise adjustment of releases could eliminate these above-
powerplant-capacity releases. We chose not to include these borderline years among those where
spills or bypasses could more clearly be eliminated using realistic operational decisions.

Findings

In most situations, the Green River Model appears to properly simulate the operation of Flaming
Gorge Dam to meet flow recommendations in Reach 2, while minimizing the effects on
authorized purposes of the dam. Modeling of the action alternative is complicated by the
intricacies of the flow recommendations, hydrologic variability and the degree of hydrologic
difference between the Green and Yampa Rivers. Within the RiverWare modeling package a
complex “rule set” has been developed for the action alternative that controls the behavior of the
model and thus the simulated operation of Flaming Gorge Dam. Much of the logic of the rule set
is presented in this review.

A few specific issues were identified in our review of the Green River Model in the action

alternative. These issues are related to how the model moves water in wetter than average years.
We found that, in some years, predicted bypass releases might not be necessary for either
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hydrologic reasons or to meet downstream targets. Additionally, there are some years where the
model predicts spills that produce flows that are greater than recommended Reach 2 targets. The
following text discusses these issues as they relate to the predicted frequency of bypasses and
spills from Flaming Gorge Dam.

1. Mass balance rules result in higher bypass frequency than is needed to meet
recommended flow targets

The Green River Model uses a March 1 drawdown target for the reservoir of 6,027 feet (13 feet
from full pool). This drawdown target is a dam safety constraint, where the 13 feet of vacant
space assures a safe spring operation even under very wet hydrology. The model balances water
to achieve this March 1 drawdown target throughout the year, but it is important to understand
how the model performs this balance in the spring period.

In May, the model generates an inflow forecast (which includes a forecast error term), and places
the year in one of 7 hydrologic classifications (wet, moderately wet, average wet, average,
average dry, moderately dry, or dry). The model determines the Flaming Gorge Dam release that
would be needed to meet the base-flow recommendations in Reach 1 for the year’s hydrologic
classification. The model then performs a mass balance to calculate how much water should be
released in the months of May, June, and July, in combination with the August through March
base flows, to result in a reservoir elevation of 6,027 feet (or below in drought years) on March 1
of the following year. The model then shapes releases from May through July to meet Reach 2
peak flow and duration targets.

Generally, the Green River Model shapes this May through July release volume appropriately,
matching the Yampa River peak flows and meeting recommended Reach 2 targets. However, in
6 of the 65 years evaluated in our review (1943, 1944, 1950, 1951, 1956, and 1967), the model
bypassed water to meet the mass balance requirements, but these bypasses did not result in
meeting any Reach 2 targets. In these years, the reservoir remained 8 to 11 feet below the full-
pool elevation in July, and therefore bypass was not required for safety considerations. All of
these years were either classified as moderately wet or average wet. Evaluation of the model
determined that these bypasses were not necessary for safe operation of the dam or to meet base
flow requirements after the runoff season. Other operating options would be available, but the
model does not have the capability to evaluate all these other options, and the multiple
combinations in which they might be implemented.

One option available to move additional water during the May through July time period is to
extend the peak flow duration. The flow recommendations allow for peak flows to extend to July
15 in average years, August 1 in moderately wet years, and August 15 in wet years. In most of
the 6 years discussed above, releases were ramped down to base flows before these specified
dates.

Another option is the ability to increase releases from Flaming Gorge Dam in April and May.
The Green River Model generally does not increase releases from Flaming Gorge Dam to the
maximum powerplant capacity of 4,600 cfs (unless reservoir storage is above a set threshold)
until the Yampa River is about to reach its peak (usually in late May). The model delays
increasing releases even in wetter than average years. Unless the model is constrained by
meeting a drawdown target in the months of April and May (which it generally is not), simulated
increases in releases from Flaming Gorge do not generally begin until the middle of May. In
wetter than average years, the model frequently misses an opportunity to move water in these
months. In the all of the 6 years mentioned above, additional water could be moved in April and
May. In wet, moderately wet, and average wet years, it is appropriate to increase releases in this
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period to release water and avoid a bypass later without compromising the recommended flow
targets (releases could be increased to a level intermediate between the base flow and 4,600 cfs or
in very wet years, all the way to 4,600 cfs).

In making mass balance adjustments, the Green River Model first assures that the base flow is
consistent with the flow recommendations by targeting the mean base flow for the hydrologic
category. However, the flow recommendations provide a range for target flows rather than a
single flow and also allow for adjustment of flows during the base-flow period. For the period
reviewed, there were several years in which Reach 2 peak flow targets could not be reasonably
met, and in which more runoff could be put into storage and base flows raised to meet the March
1 drawdown target. Some bypasses predicted by the Green River Model are being driven by the
need to meet the base flow targets, even though the flow recommendations allow for a range of
base flows.

The option of increasing releases from Flaming Gorge Dam in April or May in wetter years has
an additional benefit as well. There are some years (e.g., 1962 and 1974) where the Yampa River
has an early “first’ peak in late April or early May that sometimes exceed 14,000 cfs. The model
has been developed to match the later more significant peak, but in wetter years additional days at
18,600 cfs (a significant duration target in the flow recommendations) in Reach 2 could be
achieved by appropriately increasing releases in April or May in wetter years, and, on occasion,
eliminate the need for bypass releases to reach downstream targets.

The year 1962 was also identified as one in which bypass releases would not be required. It is an
‘early” runoff year with two large peaks on the Yampa River, one in late-April and one in mid-
May. It was a moderately wet year in the upper Green River Basin (upstream of Flaming Gorge
Dam) with the need to release a significant amount of water from the reservoir for hydrologic
reasons. The modeled operation shows a large bypass and spill (with a peak release of

12,200 cfs) in late May to achieve the 18,600 cfs, 2-week, Reach 2 target. This large release is
made as the Yampa River flow declines from its second peak. This same target could be met, and
the same volume of water released from the reservoir, by eliminating the bypass and spill
entirely, and releasing 4,600 cfs from late April through mid July.

There were 3 years identified as borderline years in terms of the use of the bypass tubes in the
Green River Model. These were 1932, 1970, and 1974. In each of these years, bypass releases
were used to meet the 18,600-cfs, 2-week, Reach 2 target. In these 3 years, a steady release of
4,600 cfs would achieve the same Reach 2 target without bypass. Because of the difficulty in
precisely predicting the behavior of the Yampa River, however, our review concludes that the use
of the bypass to meet downstream targets may have been warranted in these years.

2. Spillway releases frequently occur when Reach 2 targets are being exceeded.

In some years, the Green River Model predicts releases from Flaming Gorge Dam that are higher
than those needed to achieve recommended Reach 2 peak flow targets. In the rule set for the
model, bypass and spill releases are increased by a factor of 1.2 when the mass balance
calculation indicates that additional water needs to be bypassed after the Yampa River has
finished peaking. The 1.2 rule in the model may be causing releases from Flaming Gorge Dam to
exceed 8,600 cfs, the threshold where spillway use is required in wet and moderately wet years.

There are 10 years (1922, 1923, 1927, 1947, 1971, 1973, 1975, 1978, 1980, and 1982) where
releases exceed 8,600 cfs, where flows in Reach 2 are greater than target levels. In each of these
years, all of the same Reach 2 targets could be met using bypass releases. With the exception of
1973, these years are all moderately wet or wet years. The spillway was not required for dam
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safety considerations in these years because in each one, there is at least 6 feet of vacant space at
the end of the runoff period. Other operating options would be available to meet the downstream
targets and evacuate the appropriate amount of water from the reservoir. In most cases the
volume released through the spillway could be shifted to an extended use of the bypass tubes to
meet the downstream target. In other years, the spill could be eliminated and the additional water
evacuated by extending the period of powerplant capacity flows to the end of July (in moderately
wet years) or to August 15 (in wet years), by releasing additional water in April or May, or by
storing some additional water and making minor adjustments to base flows.

In our review, we classified 2 of these 10 years as borderline years (1927 and 1947). Given the
hydrologic uncertainty in these 2 years, and the fact that the Reach 2 targets would just barely be
reached without releases greater than 8,600 cfs, our review concludes the use of the spillway in
these 2 years to be reasonable.

There are 2 years where the Green River Model predicts releases from Flaming Gorge Dam that
are just above 8,600 cfs. This occurs in 1938 when releases of about 9,000 cfs are made for 3
days, and in 1942, when releases for 2 days are about 8,800 cfs. In each of these 2 years, releases
could be limited to 8,600 cfs to achieve the same Reach 2 targets. There is no sensitivity to 8,600
cfs as a threshold in the Green River Model. The 2 years mentioned show up as “spill” years in
the Flaming Gorge Model, even though the volume released through the spillway is negligible.

In actual practice, the spillway would not likely be used for such a small amount of release (200
to 400 cfs).

The following table displays those years in which the Green River Model predicted bypass or
spill, but we concluded that such use may not be necessary.

Years In Which Bypass or Spill Was
Predicted by the Green River Model,
but May Not Be Necessary

Unnecessary Unnecessary
Bypass Release Spillway Release
Years Years
1943 1922
1944 1923
1950 1938
1951 1942
1956 1962
1962 1971
1967 1973
1975
1978
1980
1982
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3. Other Findings

There is considerable variability between the hydrology of the Green River and Yampa River
basins on a year-to-year basis. There are numerous wetter years in the Yampa River Basin where
hydrologic conditions are average in the upper Green River Basin. The reverse is also true. The
Green River Model’s approach is to capitalize on Yampa River Basin hydrology so to limit the
volume of spills and bypasses from Flaming Gorge Dam while achieving the flow
recommendations. The model attempts to achieve Reach 2 targets by considering Yampa River
Basin hydrology in combinations with hydrologic conditions in upper Green River Basin. There
are numerous years where moderately wet or wet Reach 2 targets are met with a limited amount
of bypass (with 1929, 1957, 1958, 1970, and 1984 as example years). We believe the approach
used in the Green River Model is appropriate, and that if the model were configured to try and
“force’ the achievement of the flow recommendations based solely on hydrologic classifications
in the upper Green River, that significantly larger volumes of water would have to be bypassed or
spilled at Flaming Gorge Dam.

Down-ramp rates when the bypass tubes or the spillway are used in the Green River Model vary.
In moderately wet and wet years the down-ramp rate is 1,000 cfs per day. Occasionally the
model bypasses some water in average or average wet years to take advantage of opportunities on
the Yampa River. In these years, the down ramp rate is only 500 cfs per day. Consideration
should perhaps be given to increasing this down ramp to 1,000 cfs per day to reduce the volume
of water bypassed.

Conclusions

The Green River Model predicts the use of the bypass or spillway at Flaming Gorge in 33 of

65 years. Our review concludes that in 26 of these 65 years this use is appropriate for hydrologic
reasons or to meet targets in Reach 2. In 11 of these 26 years (1921, 1922, 1923, 1927, 1928,
1929, 1947, 1952, 1972, 1978, and 1980), it appears that the volume of bypass produced by the
Green River Model was higher than necessary, and could be reduced while still meeting the same
objectives in Reach 2. The same strategies discussed previously to reduce bypass and spills are
relevant, i.e., extend the duration of the peak flow to August 1 in moderately wet years and
August 15 in wet years, increase releases from Flaming Gorge Dam in April or early May in
wetter years, and take advantage of flexibility in the base-flow period when needed.

The Green River Model performs well in dry, moderately dry, average dry, and average years. In
many of the wetter years the model also performs well (1957 and 1984 are examples of excellent
wet year operations). The model appears to bypass or spill more water than may necessary in
average wet, moderately wet, and wet years, however. The Green River Model operates Flaming
Gorge Dam to assure that frequencies of peak flow targets and duration targets as specified in the
flow recommendations are met. The model also meets base flow targets as specified in the flow
recommendations.

A key issue with river simulation modeling is lack of flexibility. Rules must be ‘hard coded’.
While rules allow for decision trees, a model such as the Green River Model will not be able to
adjust to all situations and be able to consider the balance of all available operating options. The
inability to program extensive flexibility into the model’s rules makes precise modeling of the
effects of flow recommendations, which are inherently flexible, more difficult.
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Three key findings were made in reviewing the model:

+«+ The model does not take advantage of the ability to move water in April and early May in
wetter than average years. By not increasing releases during this period the frequency of
spills and bypass releases in the Green River Model is increased, and some opportunities
to more easily achieve targets in Reach 2 are missed.

+«» Modeled releases frequently exceed 8,600 cfs (requiring spillway use) even when such
spillway releases are not needed to meet downstream targets or for hydrologic reasons.
The 1.2 rule may be contributing to this phenomenon.

+«»+ The Green River Model mass balance procedure in the spring ‘locks’ in base flows for
the following August through February time frame and also locks in the amount of water
to be released in the May through July time period. The model is not able to capitalize on
the flexibility allowed by the flow recommendations for base flows as it moves through
the operation in the May through July time period.

Each of these factors contributes to the Green River Model bypassing and spilling more water
than may be necessary. Based on the evaluation of the Green River Model, the frequency of use
of the spillway and bypass predicted by the model in the action alternative is probably higher than
necessary to achieve the flow recommendations. We found 7 years out of 65 when bypasses
occurred, but were not required. We believe that operations at Flaming Gorge Dam could meet
the flow recommendations by using the bypass tubes about 40.0% of the time, a reduction of
9.9% from that predicted by the Green River Model. The frequency of spillway use appears to be
overstated by the model as well. We found 11 years in which the model predicted spills (releases
greater than 8,600 cfs), but those spills did not result in meeting downstream targets nor were
they needed for hydrologic reasons. We believe that the use of the spillway may be needed about
10.8% of the time to meet the flow recommendation, a reduction of 18.6% percent from that
predicted by the Green River Model. The total volume of water released above powerplant
capacity (as bypasses or spills) as predicted by the Green River Model may also be greater than
necessary.
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INTRODUCTION

At the request of the National Park Service, a “Run of
River” approach for operating Flaming Gorge Dam was
modeled by the hydrologic modeling team to see if this
type of approach could achieve the 2000 Flow and
Temperature Recommendations for Endangered Fishes in
the Green River Downstream of Flaming Gorge Dam
(2000 Flow and Temperature Recommendations). The
Action and No Action Alternatives of the Flaming Gorge
Environmental Impact Statement (Flaming Gorge EIS) are
the only two alternatives that have been fully modeled.
This study was done to potentially create a third
alternative for the Flaming Gorge EIS.

A “Run of River” operational approach provides a more
natural hydrograph to river reaches downstream of a
reservoir because releases from the reservoir are patterned
to mimic the reservoir inflow pattern. The “Run of River”
approach modeled for this study followed a simple rule
where the daily release volume was set equal to a
percentage of the previous day’s unregulated inflow
volume. There were two main goals this study attempted
to achieve. The first goal was to determine what
percentage of the previous day’s unregulated inflow
volume to release so that the flow objectives of the

2000 Flow and Temperature Recommendations would be
achieved. This percentage had to meet these flow
objectives while also minimizing impacts to other
resources associated with the Flaming Gorge facility. The
second goal was to compare and quantify the hydrologic
effects of this operational approach to the approaches used
for the Action and No Action Alternatives.
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MODEL METHODOLOGY

The basic methodology of the “Run of River” approach used for this study was to release a
percentage of the previous day’s unregulated inflow during the period from March through July.
During other months of the year, the “Run of River” approach determined releases in the same
way that the Action Alternative determined releases.

Unregulated inflow is a measure of what volume of water would have flowed into the reservoir
over a period of time assuming no upstream regulation occurred. In the case of Flaming Gorge
Reservoir, the unregulated inflow is the actual inflow, over a period of time, adjusted for any
change in storage or evaporation in Fontenelle Reservoir located upstream from Flaming Gorge
Reservoir.

The main difference between the “Run of River” approach and the approach taken by the Action
Alternative was the method by which releases from Flaming Gorge Dam were determined during
the March through July period. The Action Alternative divided this period into a transitional
operations period (March and April) and a spring period (May, June, and July). During the
transitional period, the Action Alternative operated Flaming Gorge Dam to achieve a drawdown
target by a deadline date of May 1st each year. During this period, a minimum release rate of
800 cubic feet per second (cfs) and a powerplant capacity release rate of 4,600 cfs were the only
limits placed upon releases. During the spring period, the Action Alternative classified the
anticipated spring hydrology into one of five classifications (dry to wet). From this classification
the Action Alternative developed a spring release pattern that would most likely meet the flow
objectives defined for that particular classification. It was assumed that future flows of the
Yampa River could be predicted within a reasonable degree of accuracy.

The “Run of River” approach, on the other hand, was more indirect in terms of how it attempted
to achieve the flow objectives of the 2000 Flow and Temperature Recommendations. Under the
“Run of River” approach during the period from March through July, each day Flaming Gorge
releases were controlled so that a percentage of the unregulated inflow for the previous day was
released. During this period, the “Run of River” approach did not make any direct attempt to
achieve the flow objectives of the 2000 Flow and Temperature Recommendation. It was assumed
that by releasing a particular percentage of the unregulated inflow, that these flow objectives
could be achieved coincidentally. Preliminary analysis of the historic inflows into Flaming Gorge
indicated that releasing 87 percent (%) of the unregulated inflow would most likely provide
enough storage during the spring to achieve the base flow targets. This percentage was applied to
the rule that governed releases under the “Run of River” approach during the period from March
through July.

The 2000 Flow and Temperature Recommendations call for riverflows during the base flow
period (August through February) that are higher than flows that would have occurred naturally.
To achieve these flows, water is released from storage during the base flow period. This draws
the water surface elevation of Flaming Gorge down during the base flow period. The challenge
of this “Run of River” approach was to find a percentage of the spring unregulated inflow that
would provide enough storage to achieve the flow objectives during the base flow period while
also setting releases high enough during the spring to achieve the flow objectives for the spring.
This proved to be very challenging and was not fully accomplished in this study.
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MODEL RESULTS

Table 1 shows the results of how the “Run of River” approach compared to the Action and No
Action Alternatives for the spring flow and duration objectives described in the 2000 Flow and
Temperature Recommendations. For many of the spring flow objectives, the “Run of River”
approach achieved or exceeded the recommended flows and durations for the recommended
frequencies. But for flow objectives with extended durations, the “Run of River” approach did
not successfully achieve these flow and duration combinations as frequently as recommended.
For example, one flow objective of the 2000 Flow and Temperature Recommendations calls for
flows in Reach 2 to meet or exceed 18,600 cfs for at least 2 weeks in 40% of all years. The “Run
of River” approach, with a release percentage of 87%, accomplished these flows only about 21%
of the time. Even when the release percentage was increased to 100%, which would cause the
reservoir to store no water during the spring, this flow objective was achieved only 30% of the
time. This was a strong indication that the “Run of River” approach implemented for this study
could not achieve the 2000 Flow and Temperature Recommendations without having significant
impacts on other resources associated with Flaming Gorge. Without achieving all of the flow
objectives of the 2000 Flow and Temperature Recommendations, the “Run of River” approach
could not meet the purpose and need for the Flaming Gorge EIS and thus was not considered as a
viable alternative. Despite these findings, a study of the hydrologic impacts of this “Run of
River” approach was done and the results of which are presented in the remainder of this report.

Table 1.—Spring Flow Obijectives of the 2000 Flow and Temperature
Recommendations with Model Results

Run of the
Spring Peak Flow Action No Action | River Action
Recommendations Reach Target % Ruleset Ruleset Ruleset
ngzjzazs?'f%%;fs 2 10% 11.3% 7.1% 13.8%
S e R
nggﬁ: ai?'f%%;fs 2 30% 46.3% 42.3% 47.2%
ng‘;j: aﬁ?’gwegffs 2 40% 41.1% 15.6% 21.5%
folei :,j ;Siagsy‘:fs 2 50% 60.3% 59.1% 58.5%
folei ;Zg,ioga;fs 2 100% 100% 98.5% 96.9%
Peak >= 8,300 cfs
for at least 1 week 2 90% 96.8% 96.9% 89.2%
Peak >= 8,300 cfs
for at least 2 days except in 2 98% 99.6% 98.4% 96.9%
extreme dry years.
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RESERVOIR WET AND DRY CYCLE RESULTS

To capture the uncertainty of future hydrologic events, 65 sets of historic inflows for the years
1921 through 1985 were routed through the Flaming Gorge model. Each set was systematically
varied from the others to provide a range of reasonable inflow patterns that could potentially
happen in the future. Because the inflow sets were constructed from historic hydrology over the
period from 1921 though 1985, the extreme wet and dry cycles that occurred in these inflow sets
were assumed to be the most reasonable extreme events that could likely occur in the future. An
example of how the “Run of River” approach, and the Action and No Action Alternatives,
operated Flaming Gorge Dam differently under the most extreme wet and dry events that
occurred in the model results are shown in figures 1 through 4. Figures 1 and 2 show a
comparison of how the three rulesets operated Flaming Gorge Dam through the most extreme
3-year dry cycle. These historic years are 1939, 1940, and 1941. Figure 1 shows what happened
to the reservoir elevation while figure 2 shows the release patterns generated by the three rulesets.
For consistency of comparison, the initial elevations were all normalized to the actual water
surface elevation that occurred on January 2002. Figures 3 and 4 show a comparison of how the
rulesets operated Flaming Gorge Dam through the most extreme 3-year wet cycle. These historic
years are 1982, 1983, and 1984. Figure 3 tracks the reservoir elevation for each ruleset through
this cycle, while figure 4 shows the release patterns generated by the three rulesets.

RESERVOIR WATER SURFACE ELEVATION
PERCENTILE RESULTS

For each of the 65 sets of inflows that were routed through the model, a potential reservoir
elevation was calculated for each month. The potential reservoir elevations for each month were
ranked from lowest to highest. Figures 5, 6, and 7 show the reservoir elevations for various
probabilities of exceedance. Figure 5, for example, shows the reservoir elevations that the model
predicted would have a 10-percent chance of being exceeded over the next 10 years with Flaming
Gorge operated under the three rulesets. Figure 6 shows reservoir elevations that would have a
50-percent chance of being exceeded, and figure 7 shows reservoir elevations that would have a
90-percent chance of being exceeded. It is important to note that figures 5, 6 and 7 do not
represent the reservoir elevations for any single set of inflows but are rather a composite of all of
the results from all 65 sets of inflows that were routed through the model.

Typically, Flaming Gorge Reservoir reaches the lowest elevation of the year in late winter. This
is because the reservoir is intentionally drawn down to an water surface elevation that provides
enough storage space to safely route the anticipated snowmelt runoff during the spring. For this
reason, the distribution of February reservoir elevations is shown in figure 8. Figure 8 shows that
reservoir elevations for February, under the “Run of River” approach, are the lowest of the three
rulesets studied. Similar results are shown in figure 9, which shows the distributions of June
reservoir elevations. At the end of June, the reservoir elevation of is typically nearing the highest
level of the year. These figures characterize the general trend of how each of the operational
regimes will likely affect the reservoir elevation at the high and low points of the year.
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Flaming Gorge Model Results Comparison
Diriest Three Year Cycle Elevations
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Figure 1.—Reservoir Elevations Under the Most Extreme 3-Year Dry Cycle.
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Figure 2.—Reservoir Releases Under the Most Extreme 3-Year Dry Cycle.
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Flaming Gorge Model Results Comparison
Wettest Three Year Cycle Elevations
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Figure 3.—Reservoir Elevations Under the Most Extreme 3-Year Wet Cycle.
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Figure 4.—Reservoir Releases Under the Most Extreme 3-Year Wet Cycle.
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Figure 5.—10% Exceedance Reservoir Elevations From January 2002 to December 2012.

Figure 6.—50% Exceedance Reservoir Elevations From January 2002 to December 2012.
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Figure 7.—90% Exceedance Reservoir Elevations From January 2002 to December 2012.
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Figure 8.—February Reservoir Elevation Distribution Plot.
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Flaming Gorge End of June Elevations
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Figure 9.—June Reservoir Elevation Distribution Plot.

REACH 1 SPRING PEAK FLOW RESULTS

The Flaming Gorge model does not account for side inflows that occur along Reach 1 of the
Green River. Historically, the volumes of flow contributed by tributaries to the Green River in
Reach 1 have been relatively insignificant except during large thunderstorm events. Reach 1
flows that appear in this report are actually the average daily releases made from Flaming Gorge
Dam. Figure 10 shows the distribution of peak flows that occurred in the model results having
durations of one day for the Action, No Action and “Run of River” approach. Originally, it was
assumed that the peak flows would be limited to the months of May, June and July. For the “Run
of River” approach, however, it was possible for peak flows to occur in the months of March and
April. For this report, however, the peak flows were only analyzed for the May through July
period. This is because the flow objectives of the 2000 Flow and Temperature Recommendations
during the spring were expected to occur during May-July timeframe and not for the months of
March and April. Figures 11 and 12 show the distributions of flows in Reach 1 having durations
of two and four weeks respectively. These durations were chosen because the 2000 Flow and
Temperature Recommendations specified them as minimum durations for target flows in

Reach 2.
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Figure 10.—Distributions of Peak (1-Day Duration) Releases During May-June.

Figure 11.—Distribution of Peak (2-Week Duration) Releases.
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Figure 12.—Distribution of Peak (4-Week Duration) Releases.

FLAMING GORGE ANNUAL BYPASS RELEASE RESULTS

Releases made through the bypass tubes or the spillway that might otherwise have been made
through the powerplant have a direct impact on power produced at Flaming Gorge Dam. As a
rough method of comparing the Action and No Action Alternatives to the “Run of River”
approach in terms of impact to power production, the distributions of annual bypass volumes are
shown in figure 13. The figure shows that bypasses occurred most often for the “Run of River”
approach and that bypass volumes of the same frequency of occurrence were higher for the “Run
of River” approach than for the other two alternatives.

REACH 1 AUGUST THROUGH FEBRUARY BASE
FLOW RELEASE RESULTS

The 2000 Flow and Temperature Recommendations call for specific ranges of base flow levels
depending on the hydrologic classification that was determined at the end of the spring period.
Under the Action Alternative, and “Run of River” approach, the total spring volume of
unregulated inflow measured on August 1st of each year set the hydrologic classification, which
in turn, set the target range of flows to be established for the base flow period. A target range of
flows was specified for both Reaches 1 and 2. Depending on the reservoir elevation, the model
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Figure 13.—Annual Bypass Volume Distributions.

Figure 13.—Annual Bypass Volume Distributions.

determined what release rate would achieve the base flow objectives while also achieving a
drawdown target by the end of February. When the reservoir elevation was below the normal
operational elevation, the release rate was set to a lower level within the specified range. When
the reservoir elevation was above the normal operational elevation, the release rate was set to a
higher level within the specified range. In all cases, except when safety of the dam was in
guestion, releases were controlled so that the flow objectives in Reach 2 were always achieved for
the hydrologic classification, even when the drawdown target for the end of February could not
be achieved. Figure 14 shows that the ”Run of River” approach consistently selected base flow
levels that were lower than the Action and No Action Alternatives. The most likely reason for
this was because the reservoir elevations under the “Run of River” approach were often lower
than the corresponding elevations under the Action and No Action Alternatives. To give some
perspective to the model results shown in figure 14, the distribution of historic inflows and
historic unregulated inflows are also shown in the figure. Unregulated inflows are corrected for
river regulation at Fontenelle Reservoir and give a better idea of what inflows would be like
without upstream reservoir regulation.

REACH 2 SPRING PEAK FLOW RESULTS

Figures 15, 16, and 17 show the relationships between the peak flows that occurred each spring in
Reach 2. Although, the “Run of River” approach did not achieve all of the flow objectives of the
2000 Flow and Temperature Recommendations, the distribution of peak flows generated by the
“Run of River” approach, compared to those for the Action and No Action Alternatives, was very
similar in Reach 2.
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Figure 14.—Exceedance Percentage Flows for Reach 1 Flows During Base Flow Period.

Figure 15.—Distribution of Peak Flows (1-Day Duration) in Reach 2.
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Figure 16.—Distribution of Peak Flows (2-Week Durations) in Reach 2.

Figure 17.—Distribution of Peak Flows (4-Week Durations) in Reach 2.
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REACH 2 BASE FLOW RELEASE RESULTS

Figure 18 shows the distribution of base flows that occurred in Reach 2. Base flow levels were
noticeably lower under the “Run of River” approach. As with Reach 1, the difference between
the base flow levels for the Action Alternative and the “Run of River” approach can largely be
attributed to the difference between the reservoir elevations generated under the respective
rulesets. Typically, the “Run of River” ruleset operated Flaming Gorge Dam such that the
reservoir elevations were often lower than when the dam was operated under the Action and
No Action Alternatives.

SUMMARY

Preliminary analysis of the historic inflows into Flaming Gorge did show that it might be possible
to operate Flaming Gorge under a modified “Run of River” approach to achieve the flow
objectives of the 2000 Flow and Temperature Recommendations during the spring. However,
this analysis did not account for the current levels of consumptive water use that is occurring
along the Green River above Flaming Gorge or the fact that this rate of consumptive use is
expected to increase in the future. The Flaming Gorge model, on the other hand, does account for
current and increasing consumptive use in the future. Currently, about 450,000 acre-feet of
Green River water is consumed above Flaming Gorge Reservoir each year. This is about 25% of
the mean annual natural inflow into Flaming Gorge Reservoir. More importantly, diversions for

Figure 18.—Exceedance Percentage Flows for Reach 2 Flows During Base Flow Period.
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irrigation occur most heavily during the months of May through August. These diversions
decrease the unregulated inflow into Flaming Gorge Reservoir during the spring, which in turn,
causes the modified “Run of River” methodology to release less water. Water use on the Green
River has, and will continue to have, a significant impact on the inflows to Flaming Gorge
Reservoir and consequently the impact this increasing use of water will impact the ability of any
modified “Run of River” approach to achieving the 2000 Flow and Temperature
Recommendations.

While constructing the ruleset for the Action Alternative, it was learned that some of the flow
objectives in the 2000 Flow and Temperature Recommendations were more difficult to achieve
than others. For example, there are two objectives that call for flows in Reach 2 to be at least
18,600 cfs for a minimum of 2 weeks in at least 40% of all years in one objective, and 18,600 cfs
for a minimum of 4 weeks in at least 10% of all years in the other objective. These objectives
proved to be the most difficult targets to achieve. To meet this challenge, it was necessary for
operational decisions under the Action Alternative to have some input from conditions on the
Yampa River. The Action Alternative ruleset assumes that it will be possible to accurately
estimate the future flows on the Yampa River given current river flow, snow, temperature, and
forecasted temperature conditions in the Yampa River Basin. This assumption allows the Action
Alternative ruleset to set releases for the current day such that Reach 2 flows will meet or exceed
a target flow objective on the following day within a small degree of error.

Operating Flaming Gorge under the modified “Run of River” methodology, however, does not
require information about the Yampa River. Instead, this method relies only on the previous
day’s unregulated inflow into Flaming Gorge Reservoir for determining what releases are to be
made during the current day. As a result, releases from Flaming Gorge, under the modified “Run
of River” methodology, were not controlled such that timing with the Yampa Peak was optimal.
For this reason, releases under the modified “Run of River” methodology did not achieve all of
the flow objectives of the 2000 Flow and Temperature Recommendations even when the volume
of water released from Flaming Gorge Dam were typically greater than that released under the
Action Alternative. This proved to be the major drawback of the modified “Run of River”
methodology because while release volumes during the spring were much higher than those for
the Action Alternative, the spring flow objectives of the 2000 Flow and Temperature
Recommendations were not fully achieved. Even when the ruleset was adjusted to release 100%
of the unregulated inflow, these duration objectives were still not fully achieved. Based on these
findings, the modified “Run of River” Alternative proved not to be a viable alternative that could
be included for analysis in the Flaming Gorge Environmental Impact Statement.

DOCUMENTATION OF HOw DAILY INFLOWS WERE
CREATED FOR THE MODIFIED RUN OF THE RIVER
ALTERNATIVE

The available data for development of the Flaming Gorge daily inflows consisted of the
following.

1. Flaming Gorge inflows calculated from releases from Flaming Gorge, delta

storage and estimated evaporation.
Period: October 1, 1962 to December 31, 1985
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2. Green River flows measured at the Greendale gauge.
Period: October 1, 1950 to September 30, 1962

3. Green River flows measured at the Lynnwood gauge.
Period: October 1, 1928 to September 30, 1950

4. Green River flows measured at the Green River, Utah, gauge less Yampa
River flows measured as the sum of the Little Snake River flows measured at
the Lily gauge and Yampa River flows measured at the Maybell gauge
lagged by 2 days. The adjusted Green River flows were then shifted 2 days
to account for travel time between Greendale and Green River, Utah.

Period: January 1, 1921 to September 30, 1928.

This dataset is then corrected so that the daily volumes summed to each month match the monthly
volume of inflow calculated by the Flaming Gorge monthly model, which accounts for current
and increasing future depletions above Flaming Gorge. This correction is done during the model
run by multiplying the daily input flow by the ratio of the modeled monthly inflow volume over
the sum of the daily input volumes for the given month. This correction adjusts the daily flows
that the monthly volumes will match those used in the Flaming Gorge monthly model.
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1. INTRODUCTION

Flaming Gorge Dam is located on the upper main
stem of Green River in Utah (figure 1.1). The
operation of the dam influences flow and temperature
regimes and the ecology of riverine biota including
native fish. The U.S. Fish and Wildlife Service in the
1992 Biological Opinion (the 1992 Biological
Opinion) on Operation of Flaming Gorge Dam
concluded that the continuation of historic operations
at Flaming Gorge Dam was likely to further reduce
the distribution and abundance of the federally
protected fishes found in the Green River system.

In order to mitigate this problem, the Flaming Gorge
flow recommendations investigation was conducted
beginning in 1992 under the auspices of the Upper
Colorado River Endangered Fish Recovery Program.
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Figure 1.1—The Green River study area.
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The 2000 Flow and Temperature Recommendations (the 2000 Flow Recommendations) are
documented in a final report by Muth et al. (September 2000).

Clayton and Gilmore (2002) developed the simulation models of reservoir operation and
streamflow for the 1992 Biological Opinion, which is referred to as the No Action Alternative,
and the 2000 Flow Recommendations, which is referred to as the Action Alternative. The details
of the model development and the hydrology results as well as updated flow data are presented in
this report and were used to conduct the impact analysis on sediment transport in the Green River
downstream from the Flaming Gorge Dam to its confluence with the White River near Ouray in
Utah. This portion of the Green River has been divided into three reaches, Reach 1, Reach 2, and
Reach 3 (figure 1.1) for impact analysis.

2. STUDY REACHES

The study area for impacts on sediment transport due to differences in flow pattern under the
Action and the No Action Alternatives are the three reaches of Green River downstream from the
Dam. Reach 1 encompasses the main stem of Green River from Flaming Gorge Dam
downstream to its confluence with the Yampa River, and Reach 2 encompasses the mainstream of
Green River from its confluence with the Yampa River downstream to the confluence with the
White River. Reach 3 encompasses the mainstem of Green River from its confluence with the
White River downstream to the confluence with the Colorado River. Long term sediment
transport quantities, in terms of sand load and total load are determined for these two reaches by
using available sediment rating curves and the flows for the Action and the No Action
Alternatives.

3. HYDROLOGY

The hydrology of the Green River below Flaming Gorge Dam for the Action and the No Action
Alternatives are presented in Flaming Gorge Draft Environmental Impact Statement Hydrologic
Modeling Report by R. Clayton and A. Gilmore (February 26, 2002) and supplemental hydrology
estimates prepared for Reach 3. The hydrologic modeling results presented in the report are used
to evaluate the impacts on sediment transport under the two alternatives. The details of the
hydrology model are presented in the report. The average monthly flows for Reach 1 for the
Action and the No Action Alternatives are shown in figure 3.1 (all figures are located at the end
of this appendix) and the average monthly flows for Reach 2 for the two alternatives are shown in
figure 3.2. Figure 3.3 contains the average monthly flow estimates for Reach 3 for the two
alternatives. These three figures show the differences in monthly flows for the alternatives. The
flow values are also presented in tables 1 and 2 for Reach 1, table 3 for Reach 2, and table 4 for
Reach 3.
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4. SEDIMENT TRANSPORT ANALYSIS

The change of streamflow pattern from the No Action Alternative to the Action Alternative has
impacts on the quantity of sediment transported by the Green River. The magnitude of the
difference in sediment transport for the two alternatives was determined using flow duration data
for each month of the year and available sediment rating curves for the three reaches of the river
for each alternative.

The flow duration curves for Reach 1 are presented in figure 4.1 through 4.12, and the flow-
duration curves for Reach 2 are presented in figures 4.13 through 4.24. The flow duration curves
are based on daily flows presented in the hydrologic modeling report by Clayton and Gilmore
(February 2002). Flow duration for Reach 3 is patterned after the modeled results for Reach 2
and historic tributary inputs in Reach 3.

Four sediment rating curves, two for Reach 1, one for Reach 2, and one for Reach 3, are used to
guantify the impacts on sediment transport due to change in flow pattern in the river. Between
the two rating curves for Reach 1, one is for determining total load transport and one is for
suspended load transport. The one sediment rating curves for Reach 2 is for sand load transport
only. The one sediment rating curve for Reach 3 is for sand load transport only.

The sediment rating curves are as follows:

Reach 1:
a) Total load rating curve by Martin et al. (1998)
Qs =4.707x10-5 Q 2.01
b) Suspended load rating curve by Martin et al. (1998)
Qsb = 2.704x10-7 Q 2.58
Where Qs = total load, tons/day
Qsb = suspended load, tons/day
Q =  water discharge, cfs
Reach 2:
Sand load rating curve by Andrews (1986) for USGS gauge Jensen, UT
Qsl =2.04x10-5Q 2.16
Where Qsl = sand load, tons/day
Q = water discharge, cfs
Reach 3:

Sand load rating curve by Andrews (1986) for USGS gauge Green River, UT
Qsl =2.06x10-8 Q 2.90
Where Qsl = sand load, tons/day

Q = water discharge, cfs
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The above sediment rating curves and the flow-duration curves presented in figures 4.1 through
4.24 are used in computing the sediment transport quantities for each month by utilizing the
method presented in Table 2 of Strand and Pemberton (1982).

4.1 Sediment Transport Quantities for Reach 1

The total load transport quantities determined by the total load rating curve for the reach are
shown in figure 4.1.1. Figure 4.1.1 shows the month-by-month total load transported by using
the rating curve presented in Martin et al. (1998). The greatest difference in total load transport
between the alternatives occurs in the month of July in which total load transported in the Action
Alternative is more than seven times the No Action Alternative. The smallest difference in total
load transport between the two alternatives is in the month of May when total load transported in
Action Alternative is about 103 percent of the total load transported in the No Action Alternative.

During the peak runoff season, May through July, the Action Alternative transported about
70,000 tons of total load compared to nearly 45,000 tons transported by the No Action
Alternative (a difference of 55 percent). The flow volume during the peak runoff season was
about 536,000 acre-feet under the Action Alternative and about 435,000 acre-feet under the No
Action Alternative (a difference of 23 percent).

On an annual basis total load transport in reach 1 is nearly same under both of the alternatives.
The annual total load transported in the Action Alternative is about 105,000 tons compared to
92,000 tons transported in the No Action Alternative. This annual difference is about 14 percent.
The annual modeled flow volumes were about 1,345,000 acre-feet under the Action Alternative
and about 1,330,000 acre-feet under the No Action Alternative. This difference in modeled flow
volumes in Reach 1 is about 1 percent. The month by month and the annual quantities of total
load transported under the two alternatives and the flow values are shown in table 1.

Martin et al. (1998) also presented a suspended load rating curve for Reach 1. Their suspended
load rating curve was used to compare suspended load transport quantities under the two
alternatives in Reach 1. The monthly suspended loads computed by using Martin et al. (1998)
rating curve is presented in figure 4.1.2. The greatest difference in suspended load transport
between the two alternatives was similar to the differences noted for total load transport
(figure 4.1.1). During July, suspended load transported in the Action Alternative was 14 times
greater than the No Action Alternative. The smallest difference in the transport of suspended
load between alternatives occurs in April when flows under the No Action Alternative carried
only 6 percent more suspended load than flows under the Action Alternative.

On an annual basis, the Action Alternative carried about 73,000 tons of suspended load compared
to roughly 56,000 tons carried by the No Action Alternative, a difference of about 30 percent.
The monthly suspended loads along with the annual total suspended load for Reach 1 are
presented in Table 2.

4.2 Sediment Transport Quantities for Reach 2

The sand load transport quantities determined for Reach 2 are shown in figure 4.2.1. Figure 4.2.1
shows the month-to-month sand load transport quantities determined by the sand load rating
curve by Andrews (1986). The greatest difference in sand load transport between the two
alternatives is in the month of July. The Action Alternative carried about 2.5 times more sand
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load than the No Action Alterative during July. The smallest difference in sand load transport
occurs during April, in which the No Action Alternative transported 7 percent more sand load
than the Action Alternative.

During the peak runoff season, May through July, the Action Alternative transported about
1,079,000 tons of suspended load compared to roughly 971,000 tons transported by the No
Action Alternative, a difference of about 11 percent. The flow volume during the peak runoff
season was nearly 1,673,000 acre-feet under the Action Alternative and about 1,540,000 acre-feet
under the No Action Alternative, a difference of nearly 9 percent.

On an annual basis the difference in sand load transport between the two alternatives is small.
The Action Alternative carried about 1,253,000 tons compared to roughly 1,173,000 tons carried
by the No Action Alternative, a difference of about 7 percent. The modeled annual flow volumes
were about 2,911,000 acre-feet under the Action Alternative and nearly 2,895,000 acre-feet
under the No Action Alternative; a difference of less than one percent. The monthly and annual
sand loads for Reach 2 along with the flow values are presented in Table 3.

4.3 Sediment Transport Quantities for Reach 3

The monthly sand load transport quantities determined for Reach 3 are shown in figure 4.3.1.
These month by month sand load estimates were determined using the sand load rating curve for
Green River at Green River, Utah USGS gauge. Flow information for Reach 3 was estimated
from the Flaming Gorge Model (described in the Hydrology Appendix) results for Reach 2 and
estimated tributary inflows within Reach 3.

5. CONCLUSIONS

Flow-duration comparisons for May, June and July show that flows greater than power plant
capacity (4,600 cfs) occur more frequently under Action Alternative conditions than under No
Action Alternative conditions. Martin et al. (1998) documented increased active channel area in
reach 1 following a series of special research flow releases greater than 4,600 cfs from Flaming
Gorge dam. The maximum mean daily release from Flaming Gorge during this period was
8,420 cfs.

The sediment transport quantities for Reach 1, whether considering suspended load or total load
show variation between the Action and the No Action Alternatives on a month-to-month basis.
This variation is greatest during the summer month of July. There is difference in monthly total
load transport for the two alternatives. Relative to conditions under the No Action Alternative,
implementing the Action Alternative will likely result in some additional channel deposition and
erosion in the reach during May through September. Additional channel deposition in the reach
is likely during October through April under the Action Alternative in comparison to the No
Action Alternative. On an annual basis, sediment transport in reach 1 will be slightly greater
under the Action Alternative relative to the No Action Alternative. The net result of greater
frequency of flows in excess of 4,600 cfs and increased sediment transport associated with these
higher flows will be greater active channel area under the Action Alternative relative to
conditions under the No Action Alternative.
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For Reach 2, there are some differences in monthly sand load discharge between the two
alternatives although on an annual basis the difference is small. No total load rating curve is
available for Reach 2. Assuming sand load transport to be proportional to total load, sediment
deposition will likely occur from October through May in Reach 2 under Action Alternative
conditions relative to the conditions under the No Action Alternative. From June through
September, sediment will tend to be removed from Reach 2 under the Action Alternative relative
to the No Action Alternative. However, on an annual basis, the difference in sediment transport
between Alternatives will most likely be small in Reach 2.

For Reach 3, the trends in sand load transport are likely to be similar to those discussed for
Reach 2. Annual differences in sediment transport in Reach 3 under the two Alternatives will
likely be small.
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Figure 3.1
Green River Reach 1: Average Monthly Flows
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Figure 3.2
Green River Reach 2: Average Monthly Flows
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Figure 3.3
Green River Reach 3: Average Monthly Flows
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Figure 4.1:Reach One Flows in January
Modelled vs. Historic
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Figure 4.2: Reach One Flows in February
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Figure 4.3: Reach One Flows in March
Modelled vs. Historic
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Figure 4.4: Reach One Flows in April
Modelled vs. Historic
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Figure 4.5: Reach One Flows in May
Modelled vs. Historic
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Figure 4.6: Reach One Flows in June
Modelled vs. Historic
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Figure 4.7: Reach One Flows in July
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Figure 4.8: Reach One Flows in August
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Figure 4.9: Reach One Flows
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Figure 4.10: Reach One Flows in October
Modelled vs. Historic
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Figure 4.11: Reach One Flows in November
Modelled vs. Historic
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Figure 4.12: Reach One Flows in December
Modelled vs. Historic
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Figure 4.13: Reach Two Flows in January
Modelled vs. Historic
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Figure 4.14: Reach Two Flows in February
Modelled vs. Historic
]

10000 ‘
9000 ——Historic Flows (1971-1991)

NoAction
8000

= Action

7000 +

6000 +

5000

Flow (cfs)

\
4000 +—
3000 L\
~—

\
2000 -| \ \

~—— \

1000 A

0
0.00 10.00 20.00 30.00 40.00 50.00 60.00 70.00 80.00 90.00 100.00

Percent Exceedance

App-132 — Operation of Flaming Gorge Dam Final EIS



Flow (cfs)

Flow (cfs)

Figure 4.15: Reach Two Flows in March
Modelled vs. Historic
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Figure 4.16: Reach Two Flows in April
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Figure 4.17:Reach Two Flows in May
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Figure 4.18: Reach Two Flows in June
Modelled vs. Historic
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Figure 4.19: Reach Two Flows in July
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Figure 4.20: Reach Two Flows in August
Modelled vs. Historic
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Figure 4.21: Reach Two Flows in September
Modelled vs. Historic
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Figure 4.22: Reach Two Flows in October
Modelled vs. Historic
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Figure 4.23: Reach Two Flows in November
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Figure 4.24: Reach Two Flows in December
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Figure 4.1.1
Green River Reach 1: Total Load Using Sediment Rating Curve by
Martin et al.(1998
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Figure 4.1.2
Green River Reach 1: Suspended Load Using Sediment Rating Curve By Martin
et al.(1998)
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Figure 4.1.4
Green River Reach 3: Sandload Using Sediment Rating Curve by Andrews (1986)
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NOTATION

The following is a list of the acronyms and abbreviations (including units of measure) used in this
document.

ACRONYMS AND ABBREVIATIONS

Argonne National Laboratory

Bonneville Power Administration

Colorado River Storage Project

Colorado River Simulation System

Customer Service Center

Environmental Impact Statement

end of month

Flaming Gorge Environmental Impact Statement
Generation Optimization

Generation and Transmission Maximization
net present value

Power Operations and Maintenance

Bureau of Reclamation

Salt Lake City Area Integrated Projects
streamflow synthesis and reservoir regulation
U.S. Fish and Wildlife Service

Western Area Power Administration

water lag

water lag factor

Western Systems Coordinating Council

UNITS OF MEASURE

acre-feet

cubic-feet per second
foot (feet)

Giga-watt hour(s)
hour(s)

horsepower

pound(s)

Mega-watt
Mega-watt hour(s)
thousand-acre-feet
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ABSTRACT

This report describes the methods that were used to simulate
the hourly operations of the Flaming Gorge Dam and
powerplant that meet environmental flow constraints at a
downstream gauge located near Jensen, Utah. Operations are
simulated under two alternative sets of flow constraints that
include current limitations and a new set of flow
recommendations formulated by the Fish and Wildlife
Service. The methodology is also used to estimate the total
economic benefits of powerplant electricity generation. This
report documents these economic benefits and compares the
two alternatives. Economic benefits are also estimated for a
Cumulative Impact Scenario in which there are no
environmental restrictions imposed on powerplant operations.
Simulated operations and economic estimates are in support of
the Bureau of Reclamation’s Flaming Gorge Environmental
Impact Statement.

1. INTRODUCTION

The Bureau of Reclamation (Reclamation) has been studying
the potential effects on endangered species in the Green River
below Flaming Gorge Dam and reservoir. These studies are in
response to their obligations under Section 7 of the
Endangered Species Act and have included close coordination
with the U.S. Fish and Wildlife Service (USFWS), as well as
numerous other agencies and interested members of the
public. The USFWS has formulated flow recommendations
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for endangered fish species downstream from Flaming Gorge Dam and Reclamation is addressing
impacts to other resources in the Green River related to such flow recommendations in an Environmental
Impact Statement (EIS).

This report describes various aspects of the Flaming Gorge Environmental Impact Statement (FGEIS) that
will affect powerplant operations at the dam. It also provides a detailed description of the methodology
that was used to simulate dam and powerplant operations under two FGEIS alternatives. The analyses
conducted under this power systems study provide an estimate of the economic impacts of EIS
alternatives over a 25-year period from 2002 though 2026, inclusive. Cumulative impacts of all
operational restrictions at Flaming Gorge are estimated by comparing the economic benefits of power
production at Flaming Gorge to a scenario that has no environmental restrictions. Economic estimates are
based on the quantity of energy produced by Flaming Gorge and spot market prices. Benefit calculations
are performed on an hourly basis. Restrictions specified by each of the alternatives have to some degree
an affect on the economic value of the Flaming Gorge hydropower resource.

2. FLAMING GORGE DAM AND POWERPLANT OVERVIEW

The Flaming Gorge Dam is part of the Colorado River Storage Project (CRSP) that was authorized by a
Congressional Act of April 11, 1956. It is located on the Green River in northeastern Utah about 32 miles
downstream from the Utah/Wyoming border. The concrete thin-arch structure that was built by
Reclamation has a maximum height of 502 feet and a crest length of 1,285 feet. Flaming Gorge Reservoir
has a total capacity of 3,788,700 acre-feet (AF) at a reservoir water elevation of 6040 feet above sea level.
The reservoir has an active capacity of 3,515,700 AF and a surface area of 42,020 acres. Construction of
the Flaming Gorge Dam began in October 1956 and the reservoir was topped out in late 1962 (Flaming
Gorge Flow Recommendations Document, Section 3.2, Page 56). To the extent possible the dam has
been operated at near-full reservoir levels while attempting to avoid spills.

The powerplant began commercial operation in 1963 with three generating units. Each unit originally had
a capacity of 36 Mega-watt (MW) for a plant total of 108 MW. Since that time, the three units were
upgraded to approximately 50.65 MW thereby increasing the total installed capacity to 151.95 MW
(Form PO&M-59). However, due to turbine limitations the operable capability of the powerplant is
approximately 141.0 MW. On average, the Flaming Gorge Dam powerplant generates about 528.9 Giga-
watt-hours (GWh) of electricity annually.

The Western Area Power Administration’s (Western) CRSP Management Center markets CRSP power
resources, including Flaming Gorge, and hydroelectric powerplants of the Collbran and Rio Grande
projects. Energy and capacity from these projects, collectively referred to as the Salt Lake City Area
Integrated Projects (SLCA/IP), are marketed to more than 140 customers in six western states on both a
long-term and short-term firm basis (ANL/DIS/TM-10). Generation from the Flaming Gorge powerplant
also serves the energy requirements of special project uses such as irrigation and can be used to fulfill
utility system requirements for spinning reserves and area load control. Electricity is also sold on the spot
market when available energy exceeds firm contractual obligations. Spot market activities also include
purchasing energy at relatively low prices during off-peak hours and using the stored energy for sale
when spot market prices are high. This hydro-shifting activity allows Western to maximize the economic
value of hydropower resources.

The FGEIS power systems methodology focuses on the operations of the Flaming Gorge Dam subject to
environmental flow constraints at a critical downstream reach on the Green River. Power generation from
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Flaming Gorge is injected into the transmission grid. The economic value of this generation is based on
the market price of electricity at the Four Corners delivery point.

3. EIS ALTERNATIVES

The FGEIS contains two alternatives. The first is referred to as the No Action Alternative. It assumes
that Green River flow constraints established under the 1992 Biological Opinion will continue through
the end of the study period. The dam is currently operated to meet flow limitations specified by this
alternative. The second is referred to as the Action Alternative. It assumes that Flaming Gorge Dam
operations will comply with a new set of USFWS flow recommendations. The Action Alternative
requires monthly and hourly water release patterns from the Flaming Gorge Dam that differ from those
established by the 1992 Biological Opinion.

The economic impacts of altering generation patterns to meet new flow requirements under the Action
Alternative are estimated in this analysis. Most of the facets of the Action Alternative that affect the
economic value of the power system are precisely documented. However, there is a set of rules that will
be assumed under both alternatives that is not based on written documentation, but rather on verbal
agreements and current operational practices. Essentially, these are temporary agreements made among
various institutions that are assumed to continue throughout the study period. However, these unwritten
rules may or may not continue in the future. Tables 3.1 and 3.2 show key operational elements and gauge
flow constraints contained in the two alternatives that will affect the economic value of the Flaming
Gorge power resource.

3.1 Green River Flow Constraints

The FGEIS defines three reaches shown on figure 3.1 Flaming Gorge Flow Recommendations Document,
P. 2-2. For the power systems analysis conducted in this study, the only flow constraints considered are
at reach 2 as measured at the Jensen Gauge. Reach 2 begins at the confluence of the Green and Yampa
Rivers; that is, about 65.1 miles downstream from Flaming Gorge Dam. Reach 2 extends for about

98.8 miles downstream from the Yampa to the confluence of the White River. The Jensen Gauge is
located nearly 28.6 miles downstream of the Yampa confluence. Therefore, a Flaming Gorge water
release must travel about 93.7 miles (i.e., 65.1 + 28.6) before it registers at the Jensen Gauge.

Jensen Gauge flows are primarily a function of Flaming Gorge releases and Yampa inflows. Since
Yampa inflows are not controlled, releases from Flaming Gorge must be regulated such that flows are in
compliance with Jensen Gauge requirements. However, water releases from Flaming Gorge are not
required by EIS alternatives to compensate for large and unpredictable changes in Yampa inflows. On
the other hand, FGEIS alternatives require that the general pattern of Yampa inflows be accounted for
when scheduling Flaming Gorge releases.

Green River flow constraints under the No Action Alternative are based on four time periods that includes
a spring spike, a summer season, a winter season and a post-winter flow period. Each of these periods is
listed in tables 3.1 and 3.2 for the No Action and Action Alternatives, respectively.

Except for the post-winter period, time period designations are identical for both alternatives. The post-
winter period for the Action Alternative begins 1 month earlier than in the No Action Alternative.

The No Action Alternative requires that flows at the Jensen Gauge remain within 12.5 percent of the daily
average flow during the summer and autumn seasons. This allows for a maximum daily fluctuation of

Power System Analysis — App-143



Table 3.1. Assumptions for the No Action Alternative (1992 Biological Opinion)

Spring Flows
(Spike) Summer Winter Post-Winter
Period of spike, Day after end of spike to Nov 1 to Apr 31, May 1 until the start
inclusive Oct 31, inclusive inclusive of spike, inclusive
No gauge Requires Jensen Gauge flows to remain within a No gauge constraints

constraints

12.5% of the daily average

Jensen Gauge flows limits are constant
among all days of a month.

Restrict daily water releases from Flaming Gorge

Daily average gauge flows | Daily average gauge
range from 31 to 51 m?¥s flows range from 31 to
68 m°/s

Ice cap issues not
considered

Assumed that Yampa flows are constant throughout a month

Operational rules: 800 cfs minimum flows,

800 cfs maximum up-ramp rate,
800 cfs maximum down-ramp rate,
single hump per day.

Table 3.2. Assumptions for the Action Alternative (2000 Flow and Temperature
Recommendations)

Spring Flows
(Spike) Summer Winter Post-Winter
Period of spike, Day after end of spike to Nov 1 to February 28 March 1 until the start of
inclusive Oct 31, inclusive (29), inclusive spike, inclusive
No gauge Jensen Gauge stage flows limited to an intra-day .
: No gauge constraints
constraints change of 0.1 meters

Restrict daily water releases

3% daily average gauge constraint does not apply

Consistent with the Flaming Gorge model dail3y
average gauge flows are between 26 to 85 m/s

Consistent with the Flaming Gorge model will not
utilize 40%/25% variation around year mean flows

Assumed that Yampa flows are constant throughout a month

Operational rules: 800 cfs minimum flows,

800 cfs maximum up-ramp rate,
800 cfs maximum down-ramp rate,
single hump per day.

App-144 — Operation of Flaming Gorge Dam Final EIS



Figure 3.1. Critical Reaches Downstream From the Flaming Gorge Dam.
Source: 2000 Flow and Temperature Recommendations Report.
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25 percent; that is, 12.5 percent higher than the average and 12.5 percent lower than the average.
Although it is not specified by the No Action Alternative, for this study it is assumed that the 25-percent
maximum daily fluctuation requirement will also constrain dam operations in the winter season. This is
consistent with historic short-term verbal agreements and current operational practices. This agreement
may or may not continue in the future and operations may change.

The Action Alternative specifies Jensen Gauge flow constraints in terms of Green River stage change.
The intra-day stage change is limited to 0.1 meters (i.e., 0.328 feet) from the average stage. Figure 3.2
shows the relationship between the stage and flow rates at the Jensen Gauge Data Source: Email from
Richard Clayton on September 16, 2002 with attached files jesu.q$15 & jesu.xls.

As shown in figure 3.3, when the 0.1-meter gauge constraint (i.e., Action Alternative) is expressed in
terms of percent change, the Action Alternative is more stringent than the No Action Alternative over the
entire range of the gauge flows. However, the difference is significantly smaller at lower gauge flows.
Table 3.4 shows a comparison of the two alternatives at the lower flow rates. At 800 cubic feet per
second (cfs), the Action Alternative has approximately a 23-percent flow range; that is, a range that is

2 percent less than the No Action Alternative. Unlike the No Action Alternative that has a 12.5-percent
allowable flow range both above and below the daily average, these percentages are asymmetrical for the
Action Alternative. At a stage of 3.1 ft a 9.9-percent flow decrease below the daily average is allowed for
the Action Alternative while an 11.6-percent increase above the daily average sets the upper flow bound.
This occurs since flow stages as shown in figure 3.2 are non-linear.

Although the Action Alternative is more restrictive, the lower flow rates are expected to occur more
frequently than higher flow rates. Difference in the gauge flow flexibility between the two scenarios is
usually from 2 percent to 4 percent. Figure 3.4 shows the flow rate exceedance curve for the Action
Alternative for all days of the 25-year study period. The curve is based on Flaming Gorge model
projections of daily Flaming Gorge releases and inflows from the Yampa Data Source: Email from
Andrew Gilmore with attached files RepresentativeTraceAction.xls. The figure shows that the range for
the Action Alternative drops to 21.2 percent at 2,060-cfs flow rate. Daily average flows are less than
2,060 cfs about 50 percent of the time.

The No Action Alternative requires the daily average flow at the Jensen Gauge to remain constant over a
period (e.g., season). While the range of allowable flows at the Jensen Gauge under the No Action
Alternative remains constant, the window of allowable flows at the Jensen Gauge under the Action
Alternative can change from one day to the next by up to 3 percent. The intent of this daily change
allowance is to permit Reclamation to adjust water releases in response to unpredicted changes in the
system hydrology. Therefore, for the purpose of modeling power system operations, water releases from
Flaming Gorge are not permitted to change from one day to the next.

3.2 Flaming Gorge Operational Rules

The hourly average water release from the Flaming Gorge Dam must be at least 800 cfs as mandated in
1967 Flaming Gorge Flow Recommendations Document, P. 3-6. This directive was given in order to
establish and maintain tailwater trout fisheries. Over a period of one week, the 800 cfs minimum release
accounts for approximately 11.1 thousand acre-feet (TAF). Weekly water releases above this level can be
used at the discretion of dispatchers within other dam operational and downstream flow constraints.
Typically a dispatcher releases this water through the turbines when it has the highest economic value as
indicated by spot market prices.
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Table 3.3. Spike Period Dates and Duration

No Action Alternative Action Alternative
Duration Duration
Year Start Date End Date (days) Start Date  End Date  (days)
2002 24-May 22-Jun 30 30-May 09-Jul 41
2003 15-May 05-Jun 22 19-May 12-Jun 25
2004 08-May 31-May 24 13-May 10-Jun 29
2005 10-May 31-May 22 12-May 27-May 16
2006 15-May 09-Jun 26 22-May 05-Jun 15
2007 06-May 28-Jun 54 07-May 08-Jun 33
2008 09-May 31-May 23 10-May 25-May 16
2009 13-May 26-Jun 45 17-May 28-Jun 43
2010 01-May 29-Jun 60 12-May 18-Jun 38
2011 01-May 31-May 31 10-May 05-Jun 27
2012 15-May 26-Jun 43 24-May 18-Jul 56
2013 29-May 19-Jun 22 02-Jun 07-Jul 36
2014 11-May 11-Jun 32 04-May 27-Jun 55
2015 13-May 04-Jun 23 18-May 18-Jun 32
2016 08-May 04-Jul 58 28-May 23-Jun 27
2017 15-May 03-Jul 50 30-May 26-Jun 28
2018 15-May 05-Jun 22 16-May 25-Jun 41
2019 10-May 20-Jun 42 01-Apr 28-Jun 89
2020 28-May 03-Jul 37 02-Jun 25-Jul 54
2021 19-May 20-Jun 33 21-May 21-Jul 62
2022 27-May 20-Jun 25 02-Jun 16-Jun 15
2023 29-May 24-Jun 27 07-Jun 31-Jul 55
2024 18-May 08-Jun 22 22-May 16-Jun 26
2025 15-May 20-Jun 37 21-May 28-Jun 39
2026 18-May 09-Jun 23 22-May 09-Jun 19
Minimum 22 15
Average 33.3 36.7
Maximum 60 89

Table 3.4. Comparison of Alternative Gauge Constraints at Low Flow Rates

No Action Alternative Action Alternative
Average | Minimum | Maximum Minimum | Maximum

Stage Flow Flow Flow Range Flow Flow Range
(feet) (cfs) (cfs) (cfs) (%) (cfs) (cfs) (%)
1.70 800 700 900 25.0 708 892 23.0
1.80 856 749 963 25.0 764 949 21.7
1.90 913 799 1,027 25.0 820 1,011 20.9
2.10 1,032 903 1,161 25.0 934 1,137 19.6
2.30 1,160 1,015 1,305 25.0 1,055 1,275 18.9
2.50 1,300 1,138 1,463 25.0 1,185 1,435 19.2
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There are two other operational rules that are not written, but have been agreed upon by Reclamation and
Western for near-term system operations. These include up- and down-ramp rate limits of 800 cfs per
hour and a daily one-hump restriction.

The hourly ramp rate restriction limits the change in water release rates from one hour to the next. For
example, if the water release from Flaming Gorge is 2,400 cfs at noon, then releases at 1 PM must remain
within a band that ranges from 1,600 to 3,200 cfs. From the beginning of 1992 through April 8, 2001, the
800-cfs ramp rate restriction has been violated less than 1% of the time based on
HourlyReleaselnspection.xls file. Figure 3.5 shows the ramp rate exceedance curve for 1996, a typical
ramping year.

As agreed upon by the two institutions for near-term operations, releases are currently limited to a single
"hump" per day. When restricted to a single daily hump, dam releases are permitted to change the ramp
direction only twice per day—once in the up direction and once in the down direction. Flat flow periods
in between the up and down ramp rate phases are allowed. This includes periods when flows are constant
or continuously ramp either up or down throughout a day. Releases typically ramp up from a low rate at
night to a higher one during the daytime and then back down to a lower release rate during the following
night. After March of 1993 through the present, the single hump restriction has been part of the Flaming
Gorge operational regime. However, there were situations in the past when very minor zigzag patterns of
increasing and decreasing flows were embedded into a larger single-hump pattern. Figure 3.6 shows an
example of 1 day when this zigzag pattern occurred. The one-hump restriction reduces the economic
value of the hydropower resources and does not allow plant operators to send pulses of water down the
Green River to meet gauge constraints.

4. POWER SYSTEM MODELING

One objective of this study is to simulate operations at the Flaming Gorge Dam such that it maximizes the
value of the hydropower resource while complying with both operational limitations and flow constraints
at the Jensen Gauge. Several models are used to perform these simulations. Some models simulate the
hydrology of the Green River and others are used to optimize the hourly operations of the hydropower
resource. The set of modeling tools that were selected to perform these tasks was integrated into a
modeling system referred to as the Flaming Gorge Power Modeling Package. Model integration, as
depicted in figure 4.1, enables data and information to be exchanged among package components.

4.1 Flaming Gorge Model

The Flaming Gorge model provides long-term simulations of the Flaming Gorge Dam. It was written by
Reclamation to simulate reservoir operations on the Green River and the requirements specified under
FGEIS alternatives. The model is based on the same philosophy and principles as the RiverWare
modeling software and its predecessor, the Colorado River Simulation System (CRSS). RiverWare and
CRSS have been used by Reclamation for numerous long-term policy studies including the Glen Canyon
Dam EIS and the Power Marketing (EIS Salt Lake City Area Integrated Projects Electric Power
Marketing Final Environmental Impact Statement U.S. DOE Western Area Power Administration Jan
1996). The Flaming Gorge model projects the operations of Flaming Gorge including monthly and daily
water release volumes from the dam. It also predicts reservoir elevations and volumes on a monthly
basis.
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The Flaming Gorge model contains a database of historical inflows. Since future inflows beyond the near
future (i.e., 2 to 6 months) are largely unpredictable, these historic inflows are used to predict numerous
possible outcomes. The hydrologic inflows from 1921 through 1985 were adjusted for upstream
regulation, projected consumptive uses, and losses at inflow points in the basin. The first year that
Yampa data were collected is 1921, marking the beginning of the historical sequence, and 1985 is the last
year that reliable and consistent data were compiled.

The Flaming Gorge model simulated Flaming Gorge for the period from January 2002 through December
2040 using the state of the reservoir at the end of December 2001 as the initial condition. To assess future
hydrologic uncertainty, the model was run in an “index sequential mode.” In this mode, the model is run
multiple times, where each run is based on a different hydrologic trace extracted from the historic record
(Labadie, et al., 1990). The first trace uses the adjusted historic sequence in which 1921 hydrology is
assumed to occur in 2002 and hydrology for 1922 is used to represent 2003. These hydrology
assignments continue sequentially through 2040 in which it is assumed that 1960 hydrology will be
repeated. The second trace is similar to the first except that historic hydrology assignment begins with
1922 data instead of 1921. Therefore, 2002 is assigned 1922 hydrology data and 2003 is assigned

1923 data.

Using the index sequential method, a total of 65 possible monthly and daily futures were projected for
each alternative. It is assumed that any one of these historical inflow sequences may be repeated in the
future and that each trace has an identical probability of occurrence in the future.

Since the Flaming Gorge model contains a database with known inflow traces (i.e., it contains a perfect
forecast of the future), it would be unrealistic to use that information to simulate Flaming Gorge Dam
operations. Therefore, forecast errors are computed and subtracted from the perfect inflow forecast to
produce a more realistic simulation of the future. In the model, dam operators make decisions based on
the imperfect forecast, but the unadjusted inflows (i.e., inflows with no errors) occur. Errors resulting
from imperfect forecasts propagate to subsequent months since it is assumed that each month’s forecast
error is correlated to the previous month’s error. Reclamation staff developed equation 4.1, a hydrology
forecast error equation.

Ei = aixi + biEiqy + Ci +z,d, (4.1)
where

E; = the error in the forecast for the current month in million acre-feet;

Eiy = the forecast error for the previous month;

Xi = the natural inflow into the Flaming Gorge Reservoir for the current month through

July;
Zr = a randomly determined mean deviation taken from a normal distribution; and
di = the standard error of the estimate for the regression equation.

The regression coefficients a;, b;, and c; are based on a multiple linear regression analysis of actual inflows
and forecasted values over the 1965 to 1999 time period.

The Flaming Gorge model operates the system using the forecast trace and a set of system operator rule
sets. The rules that are input into the model are consistent with the restrictions specified by a FGEIS
alternative. Errors associated with the forecast incorporate uncertainty into the model and help to
facilitate the simulation of operator decisions with inflow uncertainty. Based on the forecast, the Flaming
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Gorge model simulates operations at the Flaming Gorge Dam such that it will usually comply with
alternative specifications. However, forecasted flows do not always come to fruition and the model will
at times violate one or more FGEIS alternative flow requirements; that is, there is some probability that
there will be a flow violation at the Jensen Gauge.

It is impractical from a computational standpoint to perform detailed economic analyses for all

65 possible hydrologic traces; therefore, Reclamation staff selected the 37" hydrological trace (i.e., run
36) as a representative sequence of future inflows. This trace was selected since inflow volumes for the
first 20 years is the closest to the mean inflow volume of all 65 traces. The trace is used in this analysis to
simulate powerplant operations and to estimate the economic benefits associated with the alternatives.

4.2 SSARR Model

The Streamflow Synthesis and Reservoir Regulation (SSARR) model is a numeric model of the
hydrology of a river basin system SSARR User Manual. It was initially developed by the U.S. Army
Corps of Engineers North Pacific Division to assist hydrological systems analysts for the planning,
design, and operation of water control works. The SSARR model was further developed for operational
river forecasting and river management activities in connection with the Cooperative Columbia River
Forecasting unit, sponsored by the National Weather Service, U.S. Corps of Engineers, and the
Bonneville Power Administration. Numerous river systems in the U.S. and abroad have been modeled
with SSARR by various agencies, organizations, and universities.

SSARR is comprised of a generalized watershed model and a stream flow and reservoir regulation model.
The watershed model simulates rainfall-runoff, snow accumulation, and snowmelt-runoff. Algorithms are
included for modeling snow pack cold content, liquid water content, and seasonal conditioning for melt.
Interception, evapotranspiration, soil moisture, base flow infiltration, and routing of runoff into system
streams are accounted for. The river system and reservoir regulation model routes stream flows from
upstream to downstream points through channel and lake storage, and reservoirs under free flow or
controlled-flow modes of operation.

The basic routing method used in the watershed and river models is a “cascade of reservoirs” technique,
wherein the lag and attenuation of the flood wave is simulated through successive increments of lake-type
storage. A channel is represented as a series of small “lakes” that represent the natural delay of runoff
from upstream to downstream points.

In this analysis, SSARR is used to forecast the hourly flows at the Jensen Gauge. SSARR is given both
hourly Flaming Gorge water releases as determined by the Generation Optimization (GenOpt) model and
Yampa inflow data from the Flaming Gorge model. Upon completion of a SSARR simulation, the
resulting gauge flows are examined to determine if Flaming Gorge water releases will result in a violation
at the Jensen Gauge. If any violation is found, then the GenOpt model is run again with a revised set of
input data. This process is repeated until an acceptable solution is found.

4.3 AURORA Model

Electricity generated from the Flaming Gorge powerplant is injected into the power grid to serve system
loads. Since utility systems are connected via transmission lines, the value of this energy is a function of
system dynamics and constraints over a large geographical area; that is, the Western Systems
Coordinating Council (WSCC) region. The economic value of Flaming Gorge energy is set equal to the
spot price of energy times the quantity of electricity injected into the grid.
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Projections of future spot prices for this analysis are based on AURORA model simulations. This model
has been used in the past to simulate the WSCC region for the Bonneville Power Administration (BPA).
AURORA uses fundamentals of competitive markets to forecast hourly electric prices
(http://www.epis.com/products/ AURORA/aurora.htm). The pricing structure used by AURORA
satisfies the requirements of both supply and customer demand in a dynamically changing competitive
energy market. In AURORA, the hourly pricing of energy is determined by the economic dispatch of
regional resources to meet regional energy requirements. The model incorporates hourly information on
demand, supply, fuel costs, transmission costs, and availability. The hourly dispatch of resources is based
on the lowest cost resource available to meet customer demand. The energy price at any time is the cost
of the last resource that is dispatched into each market area. Spot prices vary among market areas and
energy delivery points to reflect regional production costs, transportation costs, and transmission line
constraints. Price projections also reflect numerous assumptions concerning the future such as delivered
utility fuel prices, electricity demand growth rates, changes in hourly electricity consumption patterns,
and advancements in generation technologies.

Since AURORA model simulations span many years, additional capacity must be constructed in the
future to meet the growing demand for electricity. The model projects a capacity expansion path based on
an open utility market structure. Spot prices reflect these new capacity additions and their impact on the
market.

Flaming Gorge energy injections into the grid are very small compared to total WSCC loads. Therefore,
it is assumed that power injections into the grid for both alternatives will not change regional electricity
prices.

4.4 GENOPT Model

The GenOpt model optimizes the economic value of electricity generated at Flaming Gorge while
complying with all powerplant operational constraints. The model uses the same approach as the
Generation and Transmission Maximization (GTMax) model that was used for a number of studies
conducted by Western and Argonne to evaluate the economic value of power resources in the

CRSP system. GenOpt was constructed to customize the mathematical formulation of the problem for the
purposes of the FGEIS. Also, the customization streamlined the modeling process and significantly
decreased simulation runtime.

The Flaming Gorge powerplant in GenOpt is modeled as a single generating entity. Under this
representation, the three units at the plant turn on and off as many times as necessary during a simulated
period in order to maximize the economic value of the hydropower resource. This may entail turning a
turbine on and off several times in a single day.

The model’s objective function, shown in equation 4.2, is to maximize the value of water releases from
the Flaming Gorge Dam. The value of the plant power is maximized when the plant’s limited water
potential is used to generate energy when market prices are the highest.

4.2
Max )  Gen, <SR, (4.2)
where
Geny, = Generation in Mega-watt hours (MWh) during hour h; and
SPy, = spot market price ($/MWh) during hour h.
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The spot price of electricity, SPy, in the above equation is a model input and for this study is based on
AURORA model projections.

Water that is released through the turbines is converted to electricity and sold to the market. As shown in
equation 4.3, the amount of water and associated generation is based on block-level conversion factors.
These conversion factors are a function of both the reservoir elevation level and the designation of
powerplant block.

(4.3)
TR, =Y  BGEN,, /CF,,, where

TR, = turbine water release (cfs) during hour h, for power block b;
BGEN , = generation from powerplant block b during hour h.and

CFpe = power conversion factor (MWh/cfs) for powerplant generating block
b at reservoir elevation e.

Each generation block has a defined limit that is specified in equation 4.4. The block limits are a function
of several factors such as reservoir elevation level, maximum turbine flow rates, and turbine efficiencies.
These limits and associated power conversion factors are input into the model. The procedure used to
determine values for these parameters is described in section 5.

BGEN, , : BLOCKMAX,, (4.4)

where
BLOCKMAX, . = maximum power output (MW) for block b.

Except for the second block, all other blocks in GenOpt must have a lower conversion factor than the one
loaded before it; for example, block 3 must be more efficient than block 4. As discussed in section 5.1,
this simplifying assumption may result in minor errors when estimating powerplant output levels; that is,
errors are less than 3 MW.

Blocks and associated conversion factors are defined such that the first block is the amount of power that
is generated at the minimum mandatory release rate. As specified in equation 4.5, the minimum average
hourly release for all hours is 800 cfs. This minimum release rate applies to both alternatives.

800 = BGEN, , /CF,, (4.5)

Electricity that is sold at spot market prices in equation 4.1 is computed by summing up the generation
levels for all blocks as shown in equation 4.6.

GEN, =3 BGEN,,, (4.6)

As formulated in equation 4.7, total dam water releases are a function of both turbine and non-turbine
releases. Under certain wet hydrological conditions and spike flows it may be necessary to release some
water through the dam’s bypass tubes and spillways. Typically, the GenOpt model will only spill water
when the powerplant is generating at its maximum capability during all hours of a simulated period or as
required to simulate a spring spike. Note that non-power water releases are not associated with
generation in equation 4.3 and therefore do not increase the objective function value given in

equation 4.2.
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DR, =TR, - NTR,, (4.7)
where
DRy, = water release (cfs) from the Flaming Gorge Dam in hour h; and

NTRj = non-turbine water release (cfs) from Flaming Gorge through bypass tubes and
spillways in hour h.

The average water release rate during a day is computed by equation 4.8. It equals the sum of all hourly
releases in a day divided by 24 hours.

ADR, = Y DR, /24, (4.8)
h=1,24
where
ADRd = average daily water release (cfs) from the Flaming Gorge powerplant during day d.

Maximizing the economic value of water releases is subject to powerplant operational constraints. One
such constraining factor limits the amount of water that can be released during a specific time period. For
the No Action and Action Alternatives during a spike release period, the average daily flow must equal
the amount that is specified by the Flaming Gorge model. This restriction also applies to both alternatives
(refer to table 3.1). It is represented in the model by equation 4.9. To maximize the value of the
hydropower resource, the GenOpt model releases as much water as possible through turbines when spot
market prices are the highest. During low priced periods water releases are at a minimum.

ADR, =GRDR,, (4.9)
where
GRDRy = average daily Flaming Gorge water release (cfs) from Flaming Gorge model.
As shown in equation 4.10 water releases in GenOpt over a multiple-day period must equal the total

amount that is specified by Flaming Gorge model simulations. Typically this multi-day period equals one
week.

Y ,ADR, =Y GRDR, (4.10)

Equations 4.11 and 4.12 restrict the change in hourly water releases from the dam. Water releases from
one hour to the next for both increasing levels and decreasing levels cannot differ by more than 800 cfs.
The GenOpt model starts multi-hour ramping periods such that it can obtain maximum generation levels
when prices are the highest and relatively low generation when electricity prices are inexpensive.

(4.11)
DR, - DR, < 800

DR, .- DR, : 800 #.12)

App-158 ~ Operation of Flaming Gorge Dam Final EIS



The single daily hump restriction is assured by equations 4.13 and 4.14. It is assumed that the lowest
release rate (i.e., generation level) of the day will occur during hour, h, that has the lowest spot price; that
is the minimum daily SP, On the other hand, release rates are the fastest during the hour of the day with
the highest spot prices.

DR, , - DR, 20 (4.13)

for hours, h, of the day that are from midnight to the hour with the lowest daily spot price, SPy, and also
for hours of the day from the highest spot price until the last hour of the day.

DR, - DR, , >0 (4.14)

for hours, h, of the day that are from the hour with the lowest daily spot price to the hour with the highest
spot price.

GenOpt also includes equation 4.15 that relates Flaming Gorge releases and Yampa inflows to flows at
the Jensen Gauge. These flows are calculated only when there are gauge constraints as specified in tables
3.1and 3.2.

JF, =AYF, + > DR, JWLF,, (4.15)
p=min |, max |
where
JF, = GenOpt estimate of stream flow (cfs) at the Jensen Gauge in hour h;
AYF, = average inflows from the Yampa (cfs) during month m;
WLF, = fraction of Flaming Gorge water that reaches the Jensen Gauge p hours after it has
been released from the dam;
minl = the minimum time, in hours, that a Flaming Gorge water release takes to travel
to the Jensen Gauge; and
maxl = the maximum time, in hours, that a Flaming Gorge water release takes to travel

to the Jensen Gauge.

The water lag factors, WLF, in equation 4.15 represent the relationship between water releases from the
Flaming Gorge reservoir and water flows at the gauge. As a wave of water travels downstream from the
Flaming Gorge Dam it attenuates or flattens out as it travels downstream. This attenuation becomes more
pronounced the farther the wave travels downstream from the dam. Also, the farther downstream a given
point (e.g., a gauge) is from the dam, the longer it takes for the wave of water to reach it. It usually takes
a minimum of about 20 to 25 hours for a water release from Flaming Gorge to register at the Jensen
Gauge.

Figure 4.2 shows a model run in which water releases are constant in all but the first hour of a SSARR

simulated period. During the first hour a relatively high volume of water (i.e., wave of water) is released.
The SSARR model projects that 24-hours (i.e., minl) after the pulse release from Flaming Gorge, water
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flows at the Jensen Gauge begin to increase above the base level. About 35 hours after the high volume
release, the flow rate at the Jensen Gauge is at a peak and after 50 hours (maxl) water flow rates return to
the base level.

A WLF relates the fractional amount of water from a Flaming Gorge release that will pass the Jensen
Gauge in a one-hour time period and the time that it takes that portion of the water to travel to the gauge.
As shown in figure 4.3, about 9.9 percent of the wave’s water volume flows past the gauge during the
35" hour after the water was released from the dam. Hours both prior to and after the 35-hour lag time
have smaller amounts of water that flow past the gauge.

The WLFs roughly form a bell-shaped distribution. Typically this distribution is skewed to the left
toward shorter travel times. The sum of the water lag factors equals 1.0; that is, it is assumed that all of
the water released from the Flaming Gorge Dam flows past the Jensen Gauge at some time in the future.

In addition to operational constraints at the dam, the GenOpt model also restricts Jensen Gauge flows.
Equation 4.16 is used to compute the daily average flow at the gauge.

AJF, = Y JF, /24, (4.16)
h=1,24
where
AJF4 = average daily flow rate (cfs) at the Jensen Gauge.

For the No Action Alternative all daily average flows at the gauge are constant from one day to the next
over a multi-day period; that is, a month period or from the end of the spike period through the end of the
month. Equation 4.17 ensures that daily average flows passing the gauge are identical.

AJF, - AJF,,, =0 (4.17)

Both the No Action and Action Alternatives also restrict gauge flows within a day. Equation 4.18
restricts the intra-day hourly flows.

AJF, x(1- LGL,): JF, = AJF; x(1- UGL,) (4.18)
where
UGLy = gauge upper flow limit (fraction) for day d (e.g., 0.125 for the No Action Alternative);
and

LGL4 = gauge lower flow limit (fraction) for day d (e.g., 0.125 for the No Action Alternative).

As described in section 3.1, Jensen Gauge flows are limited to 12.5 percent of the daily average for the
No Action Alternative. The lower and upper gauge limits for the Action Alternative are based on 0.1-
meter stage change. The daily average flow rate along with the river stage plot shown in figure 3.3 are
used to express the limits in terms of a fraction.
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Figure 4.1. Overview of the Flaming Gorge Power Modeling Package.
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4.5 WL Algorithm

The Water Lag (WL) algorithm computes WLFs based on SSARR simulations of Green River flows at
the Jensen Gauge. The objective of the model, shown in equation 4.19, is to compute a set of WLFs that
minimizes gauge flow differences estimated by equation 4.15 and those estimated by SSARR.

Min , ABS(SJF, -JF,), (4-19)

where

SJIF, = stream flow (cfs) at the Jensen Gauge estimated by SSARR.

The WLFs are based on a known set of water releases and Yampa inflows that are identical to the ones
used as input into the SSARR model. The WL algorithm computes Jensen Gauge flows using equation
4.20. Both Yampa inflows and Flaming Gorge releases are known and the algorithm solves for WLF.

4.20
JF, =AYF, + D SDR, WLF_, (4.20)

p=min I,max |
where
SDRy,, = Flaming Gorge releases that are input into the SSARR model.

WLFs are subject to constraints provided in equations 4.21 and 4.22 that ensure that the shape of the
WLFs follows a bell shaped curve as shown on figure 4.3. When the lag time, p, is less than the lag hour
with the largest WLF (i.e., lag hour with the peak influence on the gauge), equation 4.21 requires that the
WLF for the previous lag hour be less than the next lag hour. For example in figure 4.3, all WLFs for lags
of 24 hours to 35 hours (i.e., hour with the largest value or 0.099) must be greater than or equal to the
previous lag value.

WLF .- WLF, >0 (4.21)

For lag hours greater than the one with the largest WLF, equation 4.22 is used.

WLF, - WLF_, >0 (4.22)

p+l
The lag time with the maximum WLF value is determined by running the SSARR model for numerous
combinations of Flaming Gorge Dam releases and Yampa inflows. These runs were used to create the
surface shown in figure 4.4. For example, when Yampa inflows are zero and 800 cfs is released from the
Flaming Gorge Dam, the Jensen Gauge will have the highest WLF for lag hour 44.

As the release from Flaming Gorge increases from 800 cfs to approximately 3,500 cfs, the lag time to the
maximum WLF (i.e., peak influence on the gauge) decreases from about 44 hours to about 28 hours. As

App-164 — Operation of Flaming Gorge Dam Final EIS



"'SMOJJu] edWeA pue sases|ay
ab109 Buiwe|d Jo uonoun4 e se abnes uasuar ayl yoeay 01 4 A WNWIXe 8yl 1o} Sawl] |[9A.l] "¢t 8inbi-

(s30) smopyu| edwe A

—G¢
— /1
—6¢
— 1€
— €€
—GE
— L€
6€
— 1V
4

(U) YA WINUIXEN SLp 03 8L [aned |

—Sv
Sv-evmE Eev-ivim

r-6€0d 6¢-.€c@
/e-S€@ se-cem
€e-Ted Te-620O
6¢-/cm@ Lc¢-S¢cO

Power System Analysis —  App-165



release rates increase beyond this level the lag time to the maximum WLF abruptly increases to about
35 hours. At higher release rates water spills out of the main river channel and the flow rate decreases.
Flow rates above the 3,500 cfs level slowly shorten lag times.

Although less dramatic, a similar pattern is observed with Yampa inflows. Note in figure 4.4 for a
Flaming Gorge release of 800 cfs that the lag time to the maximum WLF abruptly increases when Yampa
inflows are greater than 2,500 cfs.

Based on Flaming Gorge model results for Flaming Gorge daily releases and Yampa inflows, the lag time
with the largest WLF value was approximated. This lag time and the ones surrounding it are separately
run through the WL algorithm. The GenOpt model uses the set of WLFs that yields the smallest error.

4.6 Model Integration

The main advantages of using equation 4.15 in the GenOpt model are that the equation is based on
SSARR simulations and that the mathematical problem can be quickly solved. Also, since the equation is
linear it can be directly incorporated into the GenOpt model making it possible to simultaneously
maximize the economic value of hourly reservoir operations while complying with downstream flow
restrictions. However, the linear representation of Jensen Gauge flows is only an approximation of the
complex behavior of Green River flows. Despite these shortcomings, the linear representation in GenOpt
produces flow estimates that are very similar to the ones output from SSARR provided that WLFs are
estimated for a specific hydrological condition.

The determination of WLFs in the WL algorithm poses a problem since it requires a set of known
Flaming Gorge releases, Yampa inflows, and SSARR flow simulation results for the Jensen Gauge. The
GenOpt model can approximate Flaming Gorge releases, but equation 4.15 requires an estimate of WLFs
as input data. This is a classic “chicken-and-egg” problem. As shown in the flow chart on figure 4.1, an
iterative method is used to solve it. First, an initial GenOpt model is run with the assumption that there
are no gauge constraints. In this simulation, equation 4.15 and gauge constraint equations 4.16 through
4.18 are not considered.

Next, the SSARR model is run with GenOpt’s initial estimates of Flaming Gorge releases. As shown in
figure 4.5, this first SSARR simulation typically results in a gauge flow violation. Simulated flows for
the No Action Alternative are about 200 cfs above the maximum limit and about 50 cfs below the
minimum limit. Flaming Gorge water releases follow the spot market price trends with minimum
releases at night when prices are the lowest and significantly higher releases during the day when prices
peak. Daytime releases are almost 3.5 times higher than the minimum release rate.

Based on initial Flaming Gorge releases and SSARR results, the WL algorithm is then run to produce an
initial set of WLFs. These WLFs are then input into GenOpt and the model optimizes Flaming Gorge
releases such that both dam operational and Jensen Gauge constraints are not violated. The GenOpt
model also estimates gauge flows. However, since the GenOpt gauge flow simulation is only a linear
approximation, actual flows may violate gauge constraints based on the more detailed SSARR simulation.
As shown in figure 4.6, gauge flows estimated by SSARR using the revised set of Flaming Gorge releases
are about 30 to 40 cfs higher than the maximum limit during each day. Low flows, however, never
violate the limit. Since the initial set of WLFs is based on Flaming Gorge releases without gauge
constraints, the GenOpt model under- predicts peak gauge flows. However, compared to the initial
simulation, gauge violations for the second GenOpt run are significantly smaller.
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Compared to the initial run without gauge constraints, peak releases from Flaming Gorge are lower; that
is, from about 35,000 cfs to 29,000 cfs. As shown on figure 4.7, water releases during the peak hours
were shifted to the less valuable shoulder hours. This shifting of water decreases peak Jensen Gauge
flows and increases the lower flows.

The updated dam releases from GenOpt along with the new SSARR results are input into the

WL algorithm to update estimates of WLFs. Since the WLFs are based on a set of Flaming Gorge releases
that are closer to compliance than the initial set, the linear representation of Jensen Gauge flows

improves.

The new WLFs are input into the GenOpt model and Flaming Gorge releases are recomputed. The
SSARR model is also run again. Figure 4.8 shows that violations estimated by SSARR for the second
iteration are very small; that is, about 5 to 25 cfs during peak flows. Also, compared to the first iteration,
estimates of gauge flows by the GenOpt model are closer to SSARR simulations. As shown on

figure 4.9, the lower violation level was the result of shifting more water from peak release periods to
shoulder hours.

The process of sequentially running GenOpt, SSARR, and the WL algorithm continues in an iterative
process until there are no gauge violations based on SSARR simulations. Figure 4.10 shows that results
for the final iteration have no gauge violations as simulated by the SSARR model. Peak releases from
Flaming Gorge are much lower than the initial run without gauge constraints and less water is released
when it has the highest value.

Updating the WLFs via the iteration process may never achieve compliance in some situations since the
linear representation produces results that do not always exactly match SSARR projections. In these
situations a successive relaxation method is used to adjust the gauge limits input into GenOpt.

When compliance is not achieved after a user specified number of iterations, a gauge limit input into
GenOpt is adjusted such that it is slightly more stringent than the one specified by an alternative. For
example, if SSARR gauge flow simulations are over the limit by a maximum of 0.2 percent for the No
Action Alternative, then the upper gauge flow limit input into GenOpt is lowered from 12.5 percent to
12.4 percent. That is, the gauge limit given to GenOpt is reduced by one-half of the violation level as
expressed in equation 4.23 where the adjustment parameter, UAP, is set equal to 0.5.

AUGL, , = AUGL, ,, - (UAP, xUVL,), (4.23)

where

AUGL 4= adjusted gauge upper flow limit (fraction) for day d and iteration i, where
AUGL, 4is set equal to UGLg;

UAP, = upper flow limit adjustment parameter (fraction) for day d and
iteration i; and,

UVLy = maximum violation above the upper flow limit in day d (fraction).
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The violation level, VL, can be either positive or negative. A positive value indicates a violation while a
negative value indicates that the GenOpt model is over complying with gauge flow limits. Over
compliance occurs when the difference between SSARR model simulated flow and the limit is greater
than a user specified tolerance level and slack values for gauge constraint equations from GenOpt results
are zero.

The adjustment parameter, LAP, changes or adapts among iterations. The number assigned to it is based
on a set of rules that track the parameter’s value relative to its previous assigned value and the humber of
directional changes (i.e., from + to — or vice-versa) of the violation, LVL, in all previous iterations. The
rule set also places bounds on the adjustment parameter, AP, under various situations to ensure that the
search space remains within a feasible region and to guide the convergence process.

Lower gauge limits are adjusted using a similar process in equation 4.24

ALGL,, = ALGL, ,, - (LAP, xLVL,), (4.24)

where

ALGLy = adjusted gauge upper flow limit (fraction) for day d and iteration i, where ALGL,4is
set equal to LGLy;

LAPy = upper flow limit adjustment parameter (fraction) for day d and
iteration i; and,

LVLq = maximum violation above the upper flow limit in day d (fraction).

This heuristic process does not guarantee an optimal result since the linear representation of Jensen Gauge
flows is imperfect. However, it is well within the range of SSARR simulation error and future
uncertainties such as spot market prices and hydrology forecasts. For the purposes of the FGEIS, the
modeling process provides a good measure of the operational constraints that are required at Flaming
Gorge to meet downstream flow requirements and the associated economic impacts on power systems.

4.7 Compatibility Issues and Boundary Conditions

GenOpt, SSARR, and WL algorithm runs are performed on a monthly basis whereby each month was
assumed to be independent of the months that precede and follow it. This assumption was made since in
some cases it is impossible to comply with Jensen Gauge constraints given the daily water releases from
Flaming Gorge projected by the Flaming Gorge model. In each of these cases, the compliance problem
was due to an abrupt increase or decrease in daily releases between two consecutive days that were in two
different months; for example, June 30, 2003 and July 1, 2003. Similarly, Flaming Gorge model results
also contained cases with abrupt Yampa inflow changes. These abrupt inflow changes between months
also created gauge compliance problems.

By treating each month as an independent model run, the boundary problem between two successive
months was alleviated. Other boundary conditions stemming from the long lag time between Flaming
Gorge water releases and Jensen Gauge flows were also addressed. When these boundary conditions are
not considered, Flaming Gorge releases at the beginning of a simulated month do not recognize water
releases from the dam that occurred prior to the simulation month. These prior releases will affect gauge
flows in the current period. Likewise, releases at the end of the month will affect gauge flows in the next
month.
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To deal with this boundary condition, monthly simulations were extended by 2 days. Yampa inflows and
Flaming Gorge releases for the last day of the month were assumed to continue throughout the 2-day
extension period. However, spot market price projected for the 2 days following the current simulation
month were used. This assumption preserves weekly spot price patterns and resultant generation patterns.
Conceptually the boundary condition at the beginning of a simulation month is treated in a similar manner
except that the model includes a 2-day period prior to the current simulation month. These 2 days are
assumed to have characteristics that are identical to the last 2 days of the first week in the month. GenOpt
model results are only considered for the simulated month; that is, extension period results are not used.

Non-compliance problems also occurred in the modeling of Flaming Gorge releases when Yampa inflows
change rapidly over a short time period. Therefore, the Yampa flows input into the model are based on
monthly averages. This assumption is compatible with FGEIS alternatives that do not require Flaming
Gorge operations to compensate for unpredictable Yampa inflows.

Another issue that arose during the modeling process involved Green River inflow forecast errors. Jensen
Gauge flow constraints that specify a daily minimum and maximum level shown in tables 3.1 and 3.2
were not input into the GenOpt model for either alternative. Projected daily releases from the Flaming
Gorge model did not always comply with this requirement. Since the Flaming Gorge model includes an
inflow-forecast error, non-compliance events will occur. In most of these cases it is impossible for the
GenOpt model to allocate a daily water release volume among hours of the day such that there are no
violations at the Jensen Gauge.

5. FLAMING GORGE POWERPLANT CHARACTERISTICS

This section describes the methods that were used to estimate GenOpt input values for the Flaming Gorge
powerplant. These characteristics are used by GenOpt to estimate the powerplant’s generation capability
and power conversion factors. As described in detail below, the powerplant’s maximum generation level
and conversion of turbine water releases (i.e., kinetic energy) to electricity are dynamic and change as a
function of both reservoir elevation level and powerplant operations.

5.1 Powerplant Capacity and Capability

The Flaming Gorge Powerplant has three generating units each with an installed capacity of 50.65 MW
for a total of 151.95 MW (Form PO&M-59). However, due to turbine limitations the operable capability
of the powerplant is approximately 141 MW; that is 47.0 MW per turbine (Larry Andersen, Email sent
on 7/10/2002). Figure 5.1 shows the installed capacity and maximum recorded generation in a month as
reported in PO&M 59. Prior to unit rewinds that began in March 1991, the powerplant’s maximum
generation level routinely exceeded the installed capacity. At that time, the powerplant was able to
operate with overload factors of 25 percent without adversely affecting the turbines or generators. Once
rewinds were completed in April 1992, maximum hourly generation levels did not increase significantly.

The capability of the powerplant is not only a function of the installed capacity and turbine limits, but also
of several other factors. Some of these include:

(1) number of turbines in operation,
(2) turbine efficiency level,

(3) turbine overload capability,

(4) the maximum turbine flow rate,
(5) plant’s power factor,
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(6) reservoir elevation level, and
(7) tail water elevation.

This analysis uses equation 5.1 to estimate the capability of the Flaming Gorge Powerplant; that is, the
maximum continuous generation level that the plant can sustain without adverse effects on the equipment.

PCAP, = Min{47.0x NT,, FML, }, 6.1
where

PCAP,, = powerplant capability (MW) in hour h;
NTh = number of operating turbines in hour h; and

FML, = capability (MW) limited by the turbine’s maximum flow rate in hour h.

The powerplant capability is constrained by the turbine operational limit of 47 MW each and by the
maximum flow rate through the turbines.

The maximum flow rate through a turbine and hence the computed value for FML in equation 5.1 is a
function of the net head. The net head is computed by subtracting the tail water elevation from the

reservoir elevation, where the tail water elevation is estimated by equation 5.2. This equation is identical
to the one that is in the RiverWare model.

TWE, =5600.2 + (1.709 x DR, ) — (0.2039 x DRhZ) +(0.01147 x DRhs)}, (5.2)
where
TWE; = tail water elevation (ft) in hour h; and

DRy =  water release (cfs) including both turbine and non-turbine releases in hour h.

As shown in figure 5.2, the tail water elevation level rises as the flow rates from the dam increases.
Flows include both turbine and non-turbine releases.

The maximum flow through the Flaming Gorge Powerplant is estimated by equation 5.3. This equation is
also contained in the RiverWare model.

TRMax, = [593.8 +(2.222x N h) +(0.0002616 x N h 2)]>< NT,, (5.3)
where

TRMax, = maximum water release rate (cfs) through operational turbines in hour h; and,
[\ = net head (ft) in hour h.
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As shown in figure 5.3, the maximum turbine flow increases with higher heads. However, the turbines
are not usually operated at the higher flow rates since it would produce more energy than the
powerplant’s generating capability (i.e., 47 MW x NT) resulting in potential damage to turbines and
related power equipment.

Based on the net head and the turbine flow rate limit, the maximum generation level is computed by
equation 5.4 (i.e., universal power equation) (Modeling Hourly Operations at the Glen Canyon Dam
GCPSQ09 version 1.0, September 1996, p. 47).

5.4
FML, = (SWW x EFF x PF xTRMax, x N, ) /(hptokw x1000), G

where

SWW = 62.4, the specific weight of water at 50 degrees Fahrenheit (Ib/ft*);
EFF = turbine efficiency (fraction);

PF = plant’s power factor (fraction); and

hptokw = 737.5 conversion factor (kw/ft-1bs).

For this analysis, the plant’s power factor, PF, is set equal to 0.95. This value is based on historic
reactive power requirements (Personal Communication, Larry Andersen).

As shown in figure 5.4, the turbine efficiency parameter is a function of both turbine output level, in
terms of horsepower (HP), and net head. Equations 5.5 through 5.7 are used to estimate the turbine
efficiency curves for three net head levels that include 400, 420, and 440-feet, respectively. When the
reservoir elevation is not at one of these three levels, the turbine efficiency is based on linear
interpolation. The equations are based on curves contained in Reclamation’s Hydraulic Turbine Data
profiles for the Flaming Gorge Powerplant (No. 2512 4-20-62). This profile is provided in Appendix Al.

EFF400 = 25.098 + (6.6653 x PHP) — (0.3259 x PHP %) + (8.36312¢ -03x PHP?) (3.5)
—(1.01932e -04 x PHP *) + (4.51414e - 07 x PHP ),
where
PHP = powerplant output (HP); and

EFF400 = turbine efficiency for at a net head of 400 feet (fraction).

EFF420 = 6.86486 + (8.41418 x PHP) — (0.39346 x PHP *) + (9.5572e - 03x PHP?) (5.0)
—(1.11467e - 04x PHP*) + (4.83267¢ - 07 x PHP ®),

where

EFF420 = turbine efficiency for at a net head of 420 feet (fraction).
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EFF440 = -20.69 + (11.1294 x PHP) — (0.500487 x PHP ?) + (1.15304e - 02 x PHP *)
—(1.28141e - 04 x PHP *) + (5.35890e - 07 x PHP ®),

(5.7
where

EFF440 = turbine efficiency for at a net head of 440 feet (fraction).

Figure 5.5 shows the results of equation 5.1 and compares it to historical maximum generation levels for
the range of reservoir elevations that are projected by the Flaming Gorge model through the year 2026.
The figure shows that for a few observations the hourly maximum generation level was slightly higher
than the ones computed by equation 5.1. This may have been the result of low reactive power
requirements during this time period and therefore a higher power factor than the 0.95 assumed in this
study.

The number of turbines operating, NT, in equation 5.3 is typically set to 3. However, each unit is taken
off-line for approximately 2 weeks annually to perform routine maintenance. For both the No Action and
Action Alternatives, most future years have periods when flows are at minimum level (i.e., 800 cfs) for a
four-week period or longer. It is assumed that maintenance will be performed during this time since only
one unit is typically operated when the dam release level is 800 cfs. However, there is a 4-year period
from 2016 through 2019 when the representative trace has daily flows that exceed the minimum all year
long. The assumed time periods for scheduling the maintenance during this 4-year period are shown in
table 5.1. These maintenance periods were selected since monthly release levels were very low (i.e.,
barely above the minimum). When daily releases from the dam are similar for 2 or more months, periods
that have lower projected spot market prices are selected for the maintenance period.

Table 5.1. Assumed Maintenance Periods

Alternative
Year No Action Action
2016 Jan 19 - Feb 29 Jan 19 - Feb 29
2017 Feb 18 - Mar 31 Jan 18 - Feb 28
2018 Mar 4 - Apr 14 Feb 1 - Mar 14
2019 Feb 18-Mar 31 Feb 15 - Feb 28 & Dec
4 - Dec 31

5.2 Power Conversion and Generation

The Flaming Gorge Dam has injected more than 20,235 GWh of electricity into the power grid from
November, 1963 through the end of June, 2002 (based on Form PO&M-59 data). Between 1964, the
first full year of operation, and 2001 the Flaming Gorge Powerplant generated an average of about
528.9 GWh of electricity annually. However, as shown in figure 5.6, the powerplant has historically
displayed a large degree of annual variability. Generation levels were as low as 251.6 GWh in 1990 and
as high as 877.1 GWh in 1984, that is, generation varied by a factor of almost 3.5.
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Alternatives will affect monthly water release volumes and reservoir elevations at Flaming Gorge.
Therefore, operable capability blocks and associated power conversion factors were estimated monthly
for each alternative. Estimates are based on the universal power equation, equations 5.2 and 5.3, and
equations 5.5 through 5.7. The sum of the capability blocks equals the amount computed by equation 5.1.

Although the powerplant is modeled in GenOpt as a single entity, power conversion factors and capability
blocks were based on unit-level computations. An algorithm was written that optimizes generation and
water releases through each turbine given a total water release from the dam. The algorithm uses a
cellular automata procedure that contains a lattice of three cells (i.e., columns) each of which represent a
single turbine. The cellular automata procedure also uses simple rules for allocating water among the
three turbines based on the state of the neighboring cell (i.e., turbine) as it proceeds from one discrete step
to the next (i.e., rows). Through this process all possible states for allocating a fixed amount of water
among turbines are tested in a water volume increment that is specified by the user (Melanie Mitchell,
“An Introduction to Genetic Algorithms™).

Conceptually, the turbines are lined up in a single row. In the initial state all of the water release is
allocated to the rightmost turbine (refer to step 1 below). To advance to the next step one increment of
water release (e.g., 1 cfs) is reallocated from the rightmost turbine to the turbine (i.e., cell) on the left
(step 2 below). If it is not possible to remove water from the rightmost turbine (i.e., zero or minimum
turbine flow rate as in step 4 below), then a search is performed to locate the nearest turbine containing a
non-zero water release. An increment of water is then reallocated from this non-zero release turbine to
the turbine on the left. The remaining turbine water is then reallocated to the rightmost one (step 5
below). The final step occurs when all of the water is allocated to the leftmost turbine (step 10 below).

An example pattern for a dam with three turbines and a total flow of 3 cfs is as follows:

Step 1: [0-0-3]

Step 2: [0-1-2]

Step 3: [0-2-1]

Step 4: [0-3-0]

Step 5: [1-0-2]

Step 6: [1-1-1]

Step 7: [1-2-0]

Step 8: [2-0-1]

Step 9: [2-1-0]

Step 10: [3-0-0]
For each step, the amount of water that is shifted to a non-power release is determined after initial turbine
water release allocations have been performed. If a turbine is allocated more water than its physical
maximum flow or generation capability, then the excess water is also reallocated to non-power releases.
Total powerplant generation is calculated with the equations presented in this section. The step (i.e.,

combination of turbine releases) with the highest generation is selected as the optimal allocation of water
releases.
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Results from this algorithm for dam releases ranging from 800 cfs to the maximum powerplant rate are
shown in figure 5.7. The graph, which is based on a full reservoir condition (i.e., maximum head), shows
that generation as a function of flow rate is non-linear. At low release rates all of the water is routed
through a single turbine. However, as the release rate increases to a level that is near the maximum of a
single turbine, some of the water is routed through a second turbine. The third turbine is put into
operation when doing so will produce higher generation levels than the level that can be achieved by
running only two turbines.

Generation levels using the cellular automata procedure and engineering equations described above were
compared to actual operations as documented on Western’s web site (Site address:

http: //mwww.wapa.gov/cr sp/operatns/fgSCADAdata.htm). Table 5.2 shows that the computed estimates
of generation are very similar to the recorded values for a large range of flow rates and reservoir elevation
levels. Power equations underestimate generation levels at most by 5 MW and overestimate generation
levels by as much as 4 MW. This difference can be attributed to a number of factors including
measurement errors at the powerplant, power factor errors (i.e., actual value may not be 0.95), equation
coefficient inaccuracies, and powerplant operators who allocate water among turbines differently from the
cellular automata routine. Also, the tail water equation has a tendency to underestimate the tail water
elevation by about 1 ft as compared to the recorded value.

As described in section 4.4, the GenOpt model separates the powerplant into generation blocks. Block
level generation capabilities and incremental power conversion factors for full-reservoir conditions were
estimated from the curve in figure 5.7. The first block is set equal to the power that is produced at the
minimum release rate; that is, 800 cfs. As shown in figure 5.8, the second block is loaded to the point
where the incremental conversion factor is at a maximum (i.e., first derivative of the curve is at a

Table 5.2. Comparison of Recorded Generation Levels and Computed Estimates

Power Reservoir  Tail Water Recorded Estimated Generation
Release Elevation Elevation Head Generation Generation Difference
(cfs) Date Hour (ft) (ft) (ft) (MW) (MW) (MW)

800 07/02/01 4 AM 6013.5 5602.6 410.9 22 23 1

970 12/31/00 6 PM 6020.3 5602.8 417.5 28 30 2
1,030 09/04/00 3 AM 6021.3 5602.9 418.4 30 32 2
1,560 03/09/00 3 AM 6026.2 5603.4 422.8 44 46 2
1,700 01/10/00 4 AM 6027.4 5603.5 423.9 49 51 2
1,910 08/03/99 10PM 6033.5 5603.8 429.7 62 59 -3
2,000 12/21/99 8 AM 6028.4 5603.9 424.5 60 62 2
2,120 08/04/99 12 PM 6033.5 5604.0 429.5 65 67 2
2,400 12/09/98 1AM 6032.7 5604.3 428.4 74 77 3
2,470 12/26/99 4 PM 6028.1 5604.3 423.8 75 78 3
2,780 12/25/99 7 PM 6028.2 5604.4 423.8 86 86 0
2,820 02/19/99 7 PM 6028.6 5604.4 424.2 86 87 1
3,250 07/15/99 8 AM 6032.5 5605.0 427.5 100 99 -1
3,320 02/21/99 9PM 6028.5 5605.2 423.3 101 96 -5
3,500 04/12/99 1PM 6024.9 5605.3 419.6 106 110 4
3,500 04/03/99 6 AM 6025.6 5605.3 420.3 107 110 3
4,450 07/04/99 3 AM 6031.6 5605.6 426.1 135 136 1
4,550 05/17/99 7 AM 6025.4 5605.7 419.7 135 135 0
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maximum). The fourth block ends at the generating capability of the plant and extends backwards to
approximately the midpoint between the plant capability and the end of the second block. The third block
lies between the second and the fourth. Using this approach, incremental block conversion factors
decrease after the second block. The advantage of the blocked capability approach is that it can easily be
represented in the GenOpt modeling framework. However, it can lead to computational errors.

Figure 5.8 shows that the optimal unit dispatch curve and the piecewise-linear curve based on blocked
capabilities are very similar. The maximum generation error of about 2 MW is at point where a second
turbine is brought into operation. An error of approximately the same magnitude occurs at the point
where the third turbine is brought on-line.

Power production estimates for three operational turbines similar to the one in figure 5.7 were made for
10 Flaming Gorge reservoir elevations that span the range projected by the Flaming Gorge model. Block-
level generation capabilities and associated power conversion factors associated with these 10 reservoir
elevation levels are shown in table 5.3. When the reservoir elevation for a month is not at one of these
levels, block capabilities and incremental power conversion factors are estimated by linear interpolation.

Since units are put into maintenance, power production for the 10 reservoir elevation levels were also
made for two other conditions; namely, one turbine in operation and two turbines in operation.

Table 5.3. Capability Blocks and Associated Conversion Factors

Block 1 Block 2 Block 3 Block 4
Incremental Incremental
. Incremental Incremental Conversion Conversion
RGSGFYOIF Incremental Conversion |Incremental Conversion |Incremental Factor Incremental Factor
Elevation | Capability Factor Capability Factor Capability ~ (MWh/10® | Capability — (MWh/10°
(ft) (MW)  (MWh/10%cfs)|  (MW)  (MWh/10’cfs)|  (MW) cfs) (MW) cfs)
5993 21.9 27.3 80.3 29.6 12.1 25.0 9.0 18.6
5997 22.0 27.6 81.0 29.9 12.5 25.1 9.6 19.3
6002 22.3 27.9 82.0 30.3 13.1 25.2 10.0 19.6
6007 22.6 28.2 83.4 30.7 135 25.4 10.3 19.9
6012 22.8 28.5 85.2 31.0 13.7 25.7 10.5 19.7
6017 23.1 28.8 86.7 31.4 14.5 26.0 10.3 19.3
6022 23.3 29.1 88.5 31.8 14.6 26.3 10.2 18.7
6027 23.6 29.4 90.0 32.2 15.0 26.4 10.1 22.3
6032 23.8 29.7 91.1 32.6 14.4 27.0 11.5 18.6
6037 24.0 30.0 92.2 33.0 13.7 27.7 11.0 18.6
6042 24.3 30.3 93.3 33.4 12.5 28.6 10.6 20.2

Block-level generation capabilities and associated power conversion factors for both of these
combinations of turbine outages were also derived and input in the GenOpt model.

The conversion factors generated by the methodology described above were compared to historical
values. Figure 5.9 shows historical power conversion factors as computed from PO&M-59 data. It also
shows calculated conversion factors as a function of reservoir elevation at minimum flows and at the
point of highest efficiency.
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6. PROJECTED SPOT MARKET PRICES

The projected economic value of electricity generated from the Flaming Gorge powerplant is closely tied
to the estimated price of electricity on the spot market. The AURORA Model was used to estimate spot
prices for various delivery points into the WSCC grid. For this analysis, AURORA spot price forecasts
for Four Corners were used to compute the economic value of Flaming Gorge energy. It was assumed
that the operations of Flaming Gorge would not affect spot market prices. This assumption is generally
true since it makes a very small contribution to the total supply of the WSCC system.

6.1 Average Annual and Seasonal Prices

Average annual spot market prices for the Four Corners delivery point in nominal dollars are shown in
figure 6.1 The figure shows that the average price is expected to decrease from the year 2002 through
2005. Prices increase thereafter through 2020, the last AURORA projection year. From 2020 through
2026 it was assumed that spot prices would remain constant. The maximum spot price during a year
typically occurs during the summer months when electricity demands are the highest. As shown in the
figure, peak spot prices can be more than 10 to 20 times the annual average. On the low price side,
projected spot prices are about one-fourth of the average. These lower prices typically occur during the
night and very early morning hours.

Prices not only change annually over time, but also have a very distinct seasonal pattern. Figure 6.2
shows average monthly prices used in this analysis. Averages are based on hourly values from the 2002
to 2026 time period. Prices are typically the highest in July and August with relatively low prices in the
springtime. A secondary peak price season occurs during the wintertime. As described in section 7, this
seasonal variation in spot prices along with the amount of water that is released in each month has a
significant impact on the projected economic value of the Flaming Gorge power resource.

6.2 Daily Spot Market Price Patterns

Spot market prices not only change as a function of year and season but also by the time of the day and by
the type of day. Figure 6.3 shows projected average hourly prices in January 2005 for weekdays and
weekends. The price pattern is typical for the wintertime with relatively high prices in the morning and
evening hours. Prices dip during midday hours and are the lowest during the nighttime. Weekend prices
typically follow the same pattern as the weekday but are noticeably lower during peak demand hours.

The one-hump release restriction at Flaming Gorge will not allow dispatchers to respond to the winter
two-hump price pattern.

Projected spot market prices for April 2005 are generally less expensive and have less volatility compared
to other times of the year. Demand is relatively low and energy is typically supplied by resources with
low production costs such as hydro powerplants, nuclear units, and coal-fired steam generators. The two-
hump price pattern that is characteristic of the wintertime continues in the springtime but it is less
pronounced. Weekend prices are relatively flat ranging from about 20 to 26 $/MWh.

During the summer months the projected price pattern changes to a one-hump pattern that peaks in the
late afternoon. Figure 6.5 shows that in July 2005 spot market prices are projected to peak at 4 PM
during both weekdays and weekends. Flaming Gorge can follow this price pattern more easily than the
wintertime two-hump pattern. Since demands are typically lower on the weekend, spot prices are
expected to be significantly lower. Figure 6.6 shows hourly average prices projected by the AURORA
model for October 2005. Relative to the summer, prices in October are significantly lower, but remain
somewhat higher than prices in the springtime.
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Spot market prices during the past 2 years in the WSCC have been very volatile and were subject to a
number of market forces and rule modifications in the California market that heavily influenced
WSCC prices. The forecasts presented in this section are much higher than current spot market prices.
However, the projections were more consistent with prices at the time the AURORA model runs were
performed.

Future prices in the open market may significantly differ from those used for this analysis. Although
prices are uncertain, the general seasonal pattern of higher prices in the winter and summer with lower
prices in the spring and autumn has persisted in the past and is expected to continue into the future. Also,
the daily price patterns that are exhibited in figures 6.3 through 6.6 are reasonable.

Since the same forecast is used for both alternatives the relative differences between the two alternatives
in terms of percentage is a more robust measure of the economic impacts of the alternative than the
absolute dollar values.

7. MONTHLY FLAMING GORGE OPERATIONS AND YAMPA INFLOWS

The Flaming Gorge model simulates water releases from the Flaming Gorge Dam on a daily basis and
estimates the reservoir elevation level at the end of each month. Both water releases and reservoir
elevations influence the economic value of the Flaming Gorge power resource. To a large extent daily
water releases dictate the amount of energy that will be generated. For the No Action Alternative, the
sum of the daily water releases in a month constrains monthly generation levels. The reservoir elevation
level directly influences both the generation capability and power conversion factors.

7.1 Flaming Gorge Reservoir Elevations

Forecasts of end-of-month (EOM) Flaming Gorge reservoir elevations for the representative trace for
both the No Action and Action Alternatives are shown in figure 7.1. The average EOM reservoir
elevation level over the 25-year study period is about 6026 feet above sea level for both alternatives.
However, the No Action Alternative has a higher range of elevations from 6010.9 to 6040.4 feet versus a
range of 6015.6 to 6037.4 feet for the Action Alternative.

The higher degree of reservoir variability is also evident by comparing the annual minimum and
maximum elevation levels shown in figures 7.2 and 7.3 for the No Action and Action Alternatives,
respectively. These two figures also show that the annual average reservoir elevation has a higher degree
of variability under the No Action Alternative.

Reservoir elevation levels predicted under both alternatives are well within historical extremes after full
operations began in November 1967 (Flow Recommendations Report, Pages 3-4). In April 1970, the
reservoir elevation reached a low at approximately 5967 feet and in June 1983 the reservoir elevation was
over 6042 feet (PO&M-59).

7.2 Flaming Gorge Water Releases
The Flaming Gorge model also projects a high degree of variability for monthly water releases.

Figure 7.4 shows average monthly water release rates in terms of cfs for both alternatives. Average water
releases
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over the study period are nearly identical for the alternatives at about 1,840 cfs. For the Action
Alternative, monthly water releases range from 800 to 15,000 cfs. Monthly releases for the No Action
Alternative range from 800 cfs to 11,500 cfs. Since the maximum powerplant release is less than
5,000 cfs, it is projected that both alternatives will have non-power water releases. Most of these spills
occur during spring spike periods.

During periods of low releases when the release level is 800 cfs, the powerplant has very little operational
flexibility since this equals the minimum flow requirement. The only flexibility that the operator has is to
decide which turbine(s) to release the water through. There is no operational flexibility during very high
release periods when all of the turbines are operated at the maximum flow rate. Under both extreme cases
there are no differences between the two alternatives. The largest economic and operational differences
occur when releases are at a more moderate level.

Figures 7.5 and 7.6 show average water releases and the range of flows by month over the study period
for the No Action and Action Alternatives, respectively. For both alternatives, the lowest average
monthly flow rates are about 800 cfs. Only 2 months, September and October, under the No Action
Alternative have minimum flow rates that slightly exceed 800 cfs. The highest flow rates occur during
May and June under both alternatives. These high maximum flow rates extend into July under the Action
Alternative. In general, the range of flow rates is highest during the late spring and early summer period.

On average the Action Alternative releases more water during times of the year when power generation
has the greatest value. Table 7.1 shows that during the 3 months with the highest spot market prices (i.e.,
July, August, and September) the Action Alternative has significantly higher water releases. This is most
noticeable for the month of July when releases for the Action Alternative are on average more than twice
those of the No Action Alternative. On the other hand, releases for the Action Alternative are on average
lower during the other months of the year when spot prices are less expensive.

Table 7.1 Average Monthly Spot Market Prices and Water Release Rates from the
Flaming Gorge Dam for the No Action and Action Alternatives

Average Spot

No Action Average Action Average Market Price
Month Release Rate (cfs) Release Rate (cfs) ($/MWh)
Jan 1,675 1,108 54
Feb 1,350 1,006 47
Mar 1,493 1,286 43
Apr 2,153 1,900 40
May 3,445 3,213 46
Jun 2,884 4,223 54
Jul 937 2,054 125
Aug 1,267 1,650 134
Sep 1,357 1,633 88
Oct 1,668 1,444 52
Nov 1,970 1,328 52
Dec 1,862 1,205 55
Average 1,838 1,838 66
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7.3 Yampa Inflows

Figure 7.7 shows monthly Yampa inflows for the 2002 through 2026 study period. Inflows are highly
cyclical with large inflows during the late spring and early summer and very low inflows during the rest
of the year. Although this strong cyclical pattern exists, the figure also shows that annual peak inflows
vary significantly among years.

The cyclical pattern and annual variability are highlighted in figure 7.8. In the month of May, Yampa
inflows range from about 1,800 cfs to more than 21,700 cfs. In contrast the inflow range in January is
from about 110 to 700 cfs. Yampa variability is very high largely due to the fact that it is not regulated
(i.e., there are no dams) and that it carries significant amounts of snowmelt from the mountains.

8. EcoNnoMIC COMPUTATIONS AND RESULTS

The economics of the No Action and Action Alternatives are based on net present value (NPV)
calculations of the hourly value of Flaming Gorge generation over the 25-year study period. The value of
generation is computed by multiplying hourly electricity production by the hourly spot market price. All
NPV calculations are based on an annual discount rate of 5.5 percent. The nominal value of Flaming
Gorge hourly generation is totaled for a weekly period and discounted to the beginning of the simulation
year from the middle of the week. The annual beginning of year revenues are then discounted to

January 1, 2002.

The economic impact of implementing flow recommendations under the Action Alternative is measured
as the difference in the NPV between the Action and the No Action Alternatives. Table 8.1 shows that
operating under Action Alternative constraints will increase the economic value of the Flaming Gorge
Powerplant by approximately 5.5 percent above the No Action Alternative. The Action Alternative has a
higher economic value despite projected higher non-turbine releases and lower generation levels.

Table 8.2 shows that non-power releases for the Action Alternative are projected to be almost twice as
much as the No Action Alternative. This is the main factor that leads to a total reduced power output of
about 4.5 percent over the 2002-2026 study period.

Table 8.1. Comparison of the Economic Benefits of the
Flaming Gorge Powerplant under the No Action and Action Alternatives

No Action Action Increase Above the
Alternative Alternative No Action Alternative (%)
Nominal Value (10°$) 806 851 55
NPV (10° $) 403 423 5.0

Table 8.2. Comparison of the Water Release and Generation from the
Flaming Gorge Powerplant under the No Action and Action Alternatives

Increase Above the

No Action Action No Action Alternative

Alternative Alternative (%)
Average Water Release (cfs) 1,839 1,839 0.0
Average Non-turbine Release (cfs) 64 125 94.6
Generation (GWh) 11,904 11,374 -4.5
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Although the Action Alternative is projected to have an overall higher economic benefit, there are some
years that the benefits are expected to be negative. Table 8.3 shows that the Action Alternative has lower
nominal revenues during 10 years of the 25-year study period. In each of these years annual generation
for the No Action Alternative is significantly higher than for the Action Alternative.

Table 8.3 Comparison of the Annual Economic Benefits of the
Flaming Gorge Powerplant under the No Action and Action Alternatives

No Action Alternative Action Alternative
Nominal
Average Generation Value

Spot Average Annual  Nominal | Average Nominal  Above the  Above the

Market Power  Generati Value Power Annual Value No Action No Action

Price Release on (Millions | Release Generation (Millions Alternative Alternative

Year ($/MWh) | (cfs) (GWh) 3$) (cfs) (GWh) 3$) (GWh) (Million $)
2002 60.0 1,548 415.8 26.0 1,631 428.9 27.4 13.1 15
2003 475 1,750 471.0 21.8 1,456 386.3 18.9 -84.8 2.8
2004 42.6 1,222 321.3 135 1,257 330.2 145 8.9 1.1
2005 42.7 1,233 322.3 13.3 947 245.8 11.0 -76.5 2.3
2006 44.9 1,036 264.6 12.3 903 233.0 10.8 -31.6 -15
2007 48.6 1,760 470.1 24.2 1,981 530.2 27.2 60.0 3.0
2008 53.3 1,381 366.2 18.9 1,150 304.0 18.1 -62.2 -0.8
2009 61.1 1,619 431.4 25.9 1,674 441.0 29.1 9.6 3.2
2010 62.3 2,540 687.0 46.0 2,452 666.2 45.8 -20.8 -0.2
2011 64.2 1,805 484.0 275 1,616 432.7 26.7 -51.3 -0.8
2012 65.4 1,771 476.4 31.5 1,981 526.6 41.1 50.2 9.6
2013 67.6 1,875 506.0 32.3 1,620 427.4 32.6 -78.6 0.3
2014 68.6 1,843 495.6 35.1 1,766 467.5 35.6 -28.0 0.5
2015 70.3 1,467 391.0 27.2 1,510 401.0 32.7 10.0 5.5
2016 70.9 2,327 630.4 44.9 2,739 728.9 56.6 98.5 11.8
2017 71.6 2,793 757.3 51.5 2,812 749.2 58.4 -8.0 7.0
2018 78.5 2,275 622.3 50.2 2,027 545.4 46.7 -76.9 -35
2019 78.3 2,272 614.6 48.0 2,372 628.7 50.9 14.2 2.9
2020 79.3 2,138 580.4 46.0 1,985 528.8 50.9 -51.6 4.9
2021 79.4 2,218 602.2 46.6 2,001 534.3 48.6 -68.0 2.0
2022 79.4 1,288 335.8 27.8 887 228.2 18.1 -107.6 9.7
2023 79.4 1,447 385.9 32.8 1,744 461.3 46.3 75.4 135
2024 79.3 1,406 3735 28.2 1,204 316.7 28.1 -56.8 -0.1
2025 79.4 1,886 509.7 43.7 2,069 556.2 49.5 46.5 5.8
2026 79.4 1,472 389.5 30.9 1,060 275.9 24.9 -113.6 6.1

The primary reason that the Action Alternative has a higher overall economic value despite lower
generation levels is that more power is being generated when it has the highest economic value. As
shown on figure 8.1, average weekly generation for the Action Alternative is significantly higher during
the high priced summer months as compared to the No Action Alternative. Note that throughout the
summer price spike period for weeks 26 through 40 that the average generation level is always higher for
the Action Alternative. On the other hand, generation levels during much of the rest of year are lower

under the Action Alternative.
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Average nominal revenues for the two Alternatives are shown in figure 8.2. Consistent with the weekly
distribution of generation levels and spot market prices, the Action Alternative has much higher revenues
during the summer. These gains more than offset lower revenue streams during the other seasons. If
price differences among the seasons of the year were projected to be smaller, then the Action Alternative
would have a lesser economic advantage relative to the No Action Alternative and under some spot price
scenarios an economic disadvantage.

With similar monthly release levels, hourly operations under the two alternatives are alike. Figures 8.3
and 8.4 show Flaming Gorge release patterns and resultant Jensen Gauge flows under average
hydropower conditions for the No Action and Action Alternatives, respectively. The figure shows that
release patterns and hence generation for both alternatives are able to respond to market price signals.
During the most expensive spot market hours water releases are relatively high. In general, however,
release levels for the No Action Alternative fluctuate slightly more than for the Action Alternative. This
is partially due to a slightly larger average release rate over the week for the No Action Alternative (i.e.,
2,722 cfs) compared to the Action Alternative (i.e., 2,370 cfs). Also, the No Action Alternative has a
slightly larger Jensen Gauge flow window compared to the Action Alternative.

The upper bounds of the gauge flow window for the No Action Alternative are fixed through the
simulated week at +/- 12.5 percent of the average weekly flow rate. As shown in figure 8.4. the gauge
flow rate window is somewhat smaller for the Action Alternative

Similar release patterns in response to market prices and gauge constraints are displayed under both
wetter and drier hydropower conditions. Figures 8.5 and 8.6 show generation patterns for relatively dry
conditions for the No Action and Action Alternatives, respectively. For both alternatives release rates are
at the minimum allowable levels (i.e., 800 cfs) when prices are at their lowest levels. Peak dam releases
occur during the daytime when prices are high, but ramp rate and the single-hump limitations constrain
release levels well below the turbine maximum. Only two of the three turbines would be operated under
these conditions.

When hydropower conditions are relatively wet, the powerplant is mainly limited by operational
constraints for the No Action Alternative. Figure 8.7 shows that Jensen Gauge flows do not approach
either the upper or lower limits during most the simulated week. Instead ramp-rate and the one-hump
limitations along with turbine constraints dictate the release pattern. For the Action Alternative, gauge
limitations are more constraining, as shown in figure 8.8. However, the economic impact of these
limitations is minor since the powerplant is operating at its maximum level most of the time. Releases are
only slightly lower during the lowest priced hours.

The hourly Flaming Gorge release patterns presented in this section are based on a relatively complex
search routine that seeks to maximize the economic benefits of hydropowerplant operations. In doing so
the mathematical algorithms find solutions that are often at the edge of compliance with little or no
margin for error. Historically, operators have not used this type of approach and have been more
conservative by operating the Flaming Gorge Dam well within the gauge flow limits. Given a more
conservative approach the economic difference between the two alternatives may be smaller.
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9. CUMULATIVE IMPACT

An additional hydropower analysis was performed to estimate the cumulative economic costs of
environmental regulations associated with Flaming Gorge Powerplant operations. The Cumulative
Impact Scenario assumes that there are no biological constraints except for the 800 cfs minimum flow
requirement. This scenario is for comparison purposes only and is not an alternative under consideration.
Instead, it reflects the economic impacts on the economic value of power from environmental constraints
enacted since 1973. Power simulations of the Cumulative Impact Scenario are performed using the same
model systems approach as the No Action and Action Alternatives. Also, an additional run of the
Flaming Gorge model was made to reflect the removal of biological constraints.

9.1 Green River Simulations

Flaming Gorge model simulated monthly water releases volumes for the Cumulative Impact Scenario are
guided by a drawdown target that is set to 6,026 ft for April 1st. The fill target for August 1st is set to
6,033 ft. During the spring, forecast errors do not affect decisions regarding operational planning.
Therefore, when the forecast is lower than the actual hydrology the elevation will exceed the 6,033 ft.
target. On the other hand, a high forecast will result in a lower reservoir elevation on April 1st. During
the base flow it is assumed that there are no forecast errors. The outflow is always limited to powerplant
capacity except when the spillway gates are in danger of being overtopped. A model parameter is
specified such that non-power releases occur when the elevation exceeds 6040 ft. (i.e., the top of the
spillway gates). Spills and turbine releases are scheduled such that reservoir elevation is lowered to
6,040 ft.

Average monthly water releases over the study for the Cumulative Impact Scenario and the No Action
Alternative are shown in figure 9.1. On average, water releases during the summer months are
significantly higher for the Cumulative Impact Scenario. Note that these are the months that have the
highest value of electricity. In addition to having higher water releases during the summer months, water
releases among days of a simulated month were not restricted; that is, only monthly water volumes
constrain powerplant operations. This allows for greater water releases and generation levels during days
of the month that have the highest electricity prices.

9.2 Powerplant Operations

Powerplant operations for the Cumulative Impact Scenario not only benefit from larger water releases
during the summer months, but there are significantly fewer non-power water releases. Most of the non-
power releases for the Alternatives are attributable to spring spike flows. Table 9.1 shows that non-power
release for the No Action Alternative is more than five times higher than the Cumulative Impact Scenario.
Lower spills and more operational flexibility translate into a 2.7% higher generation level.

Ramp-rate constraints and the single daily hump requirement do not restrict hourly generation patterns for
the Cumulative Impact Scenario. Therefore, operations respond more quickly and efficiently to market
price signals. Figure 9.2 shows typical operations for a summer day. Generation levels quickly increase
from the minimum flow level (i.e., energy produced by 800 cfs) to the point of maximum water-to-power
conversion efficiency when prices begin to increase in the morning. When prices spike in the afternoon,
generation levels increase to the maximum powerplant capability.
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Table 9.1. Comparison of the Water Release and Generation from the
Flaming Gorge Powerplant between the No Action Alternative and the
Cumulative Impact Scenario

Cumulative | Increase Above
No Action Impact the No Action
Alternative Scenario Alternative (%)
Average Water Release
(cfs) 1,839.2 1,843.7 0.2
Average Non-turbine
Release (cfs) 64.4 11.6 -81.9
Generation (GWh) 11,904.1 12,229.7 2.7

With environmental constraints removed, the economic value of power production over the 25-year
simulation period is significantly greater as compared to both the No Action and Action Alternatives. As
shown in table 9.2, the Cumulative Impact simulation has an economic value that is about 29% higher
than the No Action Alternative.

Table 9.2. Comparisons of the Economic Value of EIS Alternatives
and the Cumulative Impact Scenario

No Action Cumulative Comparison of
Alternative Action Alternative Impact Cumulative Impact to
(millions $) (millions $) (millions $) No Action (%)
Nominal $806.1 $850.6 $1,065.1 32.1
NPV $403.1 $423.1 $521.4 29.3
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APPENDIX A:

HYDRAULIC TURBINE DATA FOR FLAMING GORGE
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Figure A.1. Listing of Turbines, Generator, and Related Equipment Characteristics at the
Flaming Gorge Powerplant.
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Figure A.2. Predicted Characteristic Curves and Hydraulic Turbine Data
for the Flaming Gorge Powerplant.
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Technical Appendix

1.0 INTRODUCTION

This technical appendix (TA) presents information on the
Flaming Gorge EIS recreation analysis. The TA is broken
down into two primary sections: affected environment and
environmental consequences. The affected environment
section describes the geographic impact area where the
majority of the recreation effects are anticipated to occur as
well as current recreation conditions within the impact area.
The environmental consequences section presents a detailed
discussion of the various methodologies applied as well as the
results of the analysis for each alternative.

2.0 AFFECTED ENVIRONMENT

The affected environment section consists of two subsections:
geographic impact area and current conditions. The
geographic impact area section provides background on the
location and management jurisdiction of the potentially
affected lands within the impact area as well as the rationale
for defining the impact area. The current conditions section
presents information on current conditions in terms of
reservoir water levels/river flows, recreation visitation, and
recreation economic value.

2.1 Geographic Impact Area

The Bureau of Reclamation (Reclamation) constructed and
currently operates Flaming Gorge Dam located on the Green
River in northeast Utah. Flaming Gorge Reservoir and the
Green River for approximately 12 miles downstream of the
dam comprise the Flaming Gorge National Recreation Area
(FGNRA) which is managed by the Ashley National Forest,
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USDA Forest Service (FS). After exiting the FGNRA, the Green River flows across U.S. Bureau of Land
Management (BLM) and State of Utah lands for approximately 18 miles before entering the U. S. Fish
and Wildlife Service (USFWS) managed Browns Park National Wildlife Refuge along the Utah/Colorado
border 30 miles downstream of the dam. Immediately downstream of the refuge, approximately 47 miles
downstream of the dam, lies Dinosaur National Monument (NM) managed by the U.S. National Park
Service (NPS). The upper portion of Dinosaur NM, upstream of the confluence with the Yampa River,
reflects the end of Reach 1 of the study area.

The recreation analysis conducted for the Flaming Gorge EIS addresses impacts to both Flaming Gorge
Reservoir and the Green River downstream of Flaming Gorge Dam. Despite the series of Federal and
State managed public lands along the river downstream of the dam, the analysis focuses upon recreation
effects within Reach 1 and specifically within the FGNRA because that is where the majority of the
potentially impacted water based recreation occurs. Relatively little of the river oriented recreation
activity within the region (mainly scenic floating via raft/kayak, shoreline and boat based fishing, and
camping) initiates within the 35-mile stretch of the river between the FGNRA and Dinosaur NM. In
Dinosaur NM, water-based recreation is dominated by rafting activities. Rafting within the monument is
managed via a permit system that covers both the Green and Yampa Rivers. If flow conditions
deteriorated on the Green River to the point of adversely impacting rafting activity, there exists the
possibility of shifting activity to the Yampa River. While NPS constrains the total number of permits for
both commercial and private rafting parties across both rivers to 600 a year, and the number of launches
from either river to 4 per day, there still exists the potential for rafting substitution between the rivers. In
addition, the majority of commercial and private rafting trips are scheduled well ahead of time.
Commercial rafting operations are popular and early reservations are often required since space on these
trips tends to fill up quickly. Private rafting permits are limited to one per person annually and must be
obtained via a lottery system months prior to the actual trip date. Given the degree of planning and
financial commitment required for these rafting trips, there exists a fairly strong incentive to take trips
even when flow conditions are less than ideal. To substantiate this discussion, attempts were made to
model the impact of average monthly flows on rafting visitation within Dinosaur (see Dinosaur NM
Rafting Methodology section 3.1.1.1.2). Separate models were estimated for commercial and private
rafting activity. These models either resulted in insignificant flow variables (commercial model) or
significant flow variables with relatively minor impacts on rafting activity (private model). As a result,
the assumption was made that rafting activity within Dinosaur NM would not vary substantially with the
fluctuations in Green River flows associated with the EIS alternatives. Finally, changes in water-based
recreation activity within Reaches 2 and 3 based on the EIS alternatives were also assumed to be
relatively minor either due to low levels of recreation use or the overriding effect of the combined flows
from the numerous tributaries (e.g., Yampa, Duchesne, White, etc.) as compared to dam releases. Given
all of the above, the decision was made to focus the recreation visitation and value analysis on water-
based effects primarily within the Flaming Gorge National Recreation Area.

The Green River portion of the FGNRA is located entirely within Daggett County Utah, found in the
northeast corner of the state. The southernmost portions of the reservoir are also found within Daggett
County. This part of the reservoir is relatively narrow given the water is impounded via a series of
canyons. The reservoir widens as one travels northward out of the canyons and toward the
Utah/Wyoming border. The Wyoming portion of the reservoir, located entirely within Sweetwater
County, is relatively wide and extends northward for many miles before narrowing at the confluence of
the Green and Blacks Fork Rivers.

Potentially affected recreation facilities within the FGNRA along both the Green River and Flaming
Gorge Reservoir include the following:
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Green River:

1. Boat ramps at the Flaming Gorge Dam spillway and at the Little Hole recreation complex

2. Little Hole National Recreation Trail (from the spillway of Flaming Gorge Dam to the Little
Hole recreation complex)

3. Fishing pier at the Little Hole recreation complex

4. 18 riverside campgrounds (7 are on BLM lands outside FGNRA)
Flaming Gorge Reservoir:

1. 11 boat ramps (4 associated with marinas)
3 marinas
3 boat based campgrounds

4 swimming beaches

a M DN

Cut Through - Horseshoe Canyon Bypass (not evaluated within the recreation analysis since it
has only minor impacts on recreation use)

While the Green River recreation analysis emphasizes impacts within the upper portion of Reach 1,
primarily within Flaming Gorge National Recreation Area, consideration is also given to recreation
facilities downstream, all the way to the confluence with the Colorado River. After passing out of
Reach 1 within Dinosaur National Monument, the Green River flows across private lands, State of Utah
lands, Federal lands (BLM, USFWS including Ouray National Wildlife Refuge), and Ute Indian tribal
lands within Reach 2. Very few recreational facilities are found in this reach. Reach 3 of the Green River
starts at the confluence with the White River and ends at the Colorado River. This long stretch of river
includes Ute Indian tribal lands (including Desolation Canyon), State of Utah lands (including Green
River State Park), Federal lands (BLM, NPS including Canyonlands National Park), and private lands.
Numerous recreational facilities are located within Reach 3. The following represents a list of
recreational facilities found along the Green River downstream of Flaming Gorge National Recreation
Area within Reaches 1, 2, and 3.

Green River — Reach 1 (downstream of Flaming Gorge National Recreation Area):

BLM: 1. Three boat ramps (Indian Crossing, Bridge Hollow, and
Swallow Canyon — a fourth ramp at the pipeline crossing
below Jarvies Ranch, is being phased out).

2. Twenty campgrounds, of which only one (at Bridge
Hollow) may be impacted. Six of these are administered
by the FS for BLM.

State of Utah: 3. One boat ramp (Bridge Port Camp)

4. Five campgrounds (Gorge Creek, Little Davenport,
Bridge Port, EIm Grove, and Burned Tree)
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USFWS (Browns Park NWR): 5. Two boat ramps (Swinging Bridge, Crook)

6. Two campgrounds (Swinging Bridge, Crook)
7. Fishing Pier
8

NPS (Dinosaur NM): Three boat ramps (Lodore, Deerlodge, and Split

Mountain)
(Note: Facilities located 9. Five riverside campgrounds (Lodore, Deerlodge, Echo
downstream of the Yampa are Park, Split Mountain, and Green River)
technically Reach 2 (e.g., Split o . .
Mountain)) 10. One riverside picnic area (Split Mountain)

Green River — Reach 2 (Yampa River to White River):
USFWS (Ouray NWR): 1. One boat launch site
Green River — Reach 3 (White River to Colorado River):
BLM: 1. Five boat ramps/launch sites (Sand Wash,

Swasey’s Beach ramp, Nefertiti, Butler Rapid,
and Mineral Bottom)

2. One riverside campground (Swasey’s Beach)
State of Utah (Green River S.P.): 3. One boat ramp

4. One campground
Private: 5. One boat launch site (Ruby Ranch)
NPS (Canyonlands N.P.): 6. Eight campsites

2.2 Current Conditions

This section describes current conditions within the geographic impact area in terms of Green River flows
and Flaming Gorge Reservoir water levels, recreation visitation, and economic value. Given the
recreation analyses linked hydrologic river flows and reservoir water levels to recreation visitation and
economic value to estimate impacts, this current condition information should provide some perspective
when considering the impacts presented under the environmental consequences section.

Recreation visitation is measured in terms of the number of recreation trips or visits by recreation activity.
A recreation trip or visit reflects a round trip excursion from a recreator’s primary residence for the main
purpose of recreation. Recreation value reflects the sum of individual recreator benefits aggregated
across users of a site. Recreator value is represented by consumer surplus which is measured by
estimating recreator willingness-to-pay in excess of per visit costs.

The current condition information and recreation analysis results are presented separately for the Green
River and Flaming Gorge Reservoir due to differences in methodology. When referring to current
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conditions, we describe information which formed the basis or starting point of the two applied analyses:
facility availability approach for reservoir visitation and the linear interpolation approach for all other
analyses (i.e., river visitation, river valuation, and reservoir valuation). This perspective was selected
instead of simply choosing to gather data for the most recent time period because in many cases, recent
data does not exist. Furthermore, since current information was used as a data point in the survey based
interpolation analysis, it was important to link the current period to the survey period (see section 3.1.1
for more on the recreation survey).

Recreation activities studied were generally water based, implying they require the use of water for
participation. Water influenced activities, which do not require water access but typically benefit from
the presence of water (such as picnicking, sightseeing), were generally insignificant compared to the
water based activities at both these water oriented sites. Activities studied on the Green River include
scenic floating, guide boat fishing, private boat fishing, shoreline fishing/trail use, and boat based
camping. These activities more or less cover the gamut of activities pursued on the river. Activities
studied on Flaming Gorge Reservoir focused on power boating/waterskiing, boat fishing, boat based
camping, and swimming/waterplay. These water based activities represent nearly 80 percent of the total
visitation at the reservoir. In both cases, the camping activity was considered a water based activity since
the studied campsites were accessed from the water.

2.2.1 Current Hydrology

As will be discussed in more detail under the environmental consequences methodology section, the
recreation analyses in this appendix relate recreation visitation and value to hydrologic Green River flows
(measured in cubic feet per second (cfs)) and Flaming Gorge Reservoir water levels (measured in feet
above mean sea level (msl)).

2.2.1.1 Current Green River Flows

To get some perspective on current Green River recreation visitation, it is necessary to have information
on current river flows. The difficulty lies in defining what should be considered current. Since the Green
River recreation analysis is tied to the results generated from a recreation survey conducted from May to
September 2001, and the survey asked recreators about their activity over the past 12 months, it was
necessary to gather flow data from June 2000 to September 2001 to estimate current survey oriented
monthly flows.

Current monthly flow was calculated from March through October given visitation data, obtained from
the FS, was only available for those months. While visitation information was not gathered from
November through February, loss of those months was not considered significant.

Calculating current average monthly flows relevant to the survey data was complicated by the fact that
depending on when a recreator was contacted during the May through September 2001 survey sampling
period, a different annual and monthly perspective could result. For example, when considering June
flows, someone contacted about their recreation activity over the past 12 months in May 2001 would
visualize June 2000 flows, whereas all others would be visualizing June 2001 flows. To calculate current
flows for months with this dual year situation (basically June - September), actual average monthly flows
for 2000 and 2001 were weighted by the percent of the sample contacted in each month (May = 11.3%,
June = 20.5%, July = 29.2%, August = 15.4%, and September = 23.6%). For the other months (March,
April, May, and October), all recreators would be referencing the same months implying no timing
conflicts in estimating average monthly flows. Using this weighting procedure, current average monthly
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Green River flows were estimated as follows:

Current Monthly Flows

(cfs)
March 1,036
April 1,145
May 2,478
June 1,215
July 1,007
August 1,122
September 1,118
October 1,024

The analysis of economic values was also conducted monthly, but the actual calculation used annual flow
information by activity as a reference point. The survey asked recreators for their current value by
recreation activity based on activity pursued across the past 12 months. As a result, the current flows
associated with the current economic values by activity were based on average annual (technically high
season) flows for the months of March to October using data from the June 2000 through September 2001
survey orientation period. The average annual flow for each activity took into consideration both when a
recreator was contacted during the sampling period (weighting based on sampling percentage by month as
described above) and the percent of visitation by month associated with each activity. The weighted
average current annual flows for the five studied Green River recreational activities are as follows:

Current Annual Flows

(cfs)
Scenic Floating 1,097
Guide Boat Fishing 1,359
Private Boat Fishing 1,373
Trail Use/Shoreline Fishing 1,299
Camping 1,115

2.2.1.2 Current Flaming Gorge Reservoir Water Levels

Whereas the Green River recreation analysis used the interpolation approach for both the visitation and
value analysis, lack of visitation data for the relevant survey period from June 2000 through September
2001 resulted in the use of a facilities availability approach for estimating reservoir visitation. The
interpolation approach was used to estimate economic values by reservoir recreation activity as with the
river analysis.

The two different analyses for developing reservoir visitation and value estimates create different
perspectives for estimating current reservoir water levels. The visitation analysis is based on information
collected during fiscal year 1997 (October 1996—September 1997), whereas the value analysis stems from
survey data referring to the June 2000—September 2001 period. Fortunately, regardless of whether one
focuses on hydrology from fiscal year 1997 or weighted average water levels during the 2000-2001
survey period, facility availability and associated visitation turns out the same. In both cases, all water
based facilities were available, which implies the same visitation estimate using the facility availability
approach. Given it doesn’t matter which time frame is selected for the visitation analysis and it does for
the value analysis, it makes the most sense to simply refer to the current water levels as those represented
by the survey period. Table 1 reflects end of month water levels at Flaming Gorge reservoir for both
fiscal year 1997 and the survey period.

App-254 — Operation of Flaming Gorge Dam Final EIS



As with the river economic value analysis, the reservoir value analysis keys into the current weighted
average annual water levels by activity as presented in table 1. Note that warm water activities are
defined as power boating/waterskiing, boat fishing, swimming and cool water activities are defined as
camping.

2.2.2 Current Recreation Visitation

Recreation visits have been counted by FS contractors from March to October on an annual basis since
the early 1990's on the Green River portion of the FGNRA. Visitation counts on the reservoir have been
more infrequent with the most recent estimates made for fiscal year 1997 (October 1996 to September
1997).

Table 1: Flaming Gorge Reservoir Current Water Level Data
(feet above msl)
Current Water Levels
Month Fiscal Year 1997 (Survey Period)
January 6027 6020.3
February 6026 6020.4
March 6024.9 6020.7
April 6023.6 6021.5
May 6023 6021.8
June 6027.7 6021.3
July 6031.5 6021.3
August 6031.3 6020.9
September 6030.5 6020.6
October 6029.6 6020.4
November 6028.5 6020.6
December 6027.4 6020.4
Weighted Average for Warm Water Activities: 6021.2
Weighted Average for Cooler Water Activities: 6021.1

2.2.2.1 Current Green River Visitation

As mentioned above and described in more detail below under the recreation methodology section located
under environmental consequences, the Green River analysis was based on interpolation of results
obtained from a recreation survey conducted from May to September 2001. Current visitation was one of
the data points used in the interpolation analysis. Current visitation was calculated on a monthly basis
from March through October based on the FS data. To allow for use in the interpolations, current
visitation estimates needed to be consistent with the time period of the recreation data collection.

FS monthly visitation data by recreation activity were weighted, using the monthly sampling percentage
approach described above, to come up with the estimates of current monthly visitation by activity.

Summing the current weighted average monthly visitation estimates by activity across the March through
October months provided an estimate of current annual visitation. While the FS data was not gathered
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across the November through February months, the exclusion of these months was not considered
significant from the perspective of missing data given these are very low use months. Table 2 presents
the current estimates of visitation by activity and month.

Reviewing the data in table 4 indicates that shoreline fishing/trail use (mainly shoreline fishing), scenic
floating, and private boat fishing are the top three activities on the Green River portion of FGNRA
combining for slightly over 85 percent of the river visitation. The top three high use months are as
expected June, July, and August with over 60 percent of the river visitation.

Table 2: Current Green River Visitation Estimates by Activity and Month
Guide Private Shoreline
Scenic Boat Boat Fishing/

Month Floating Fishing Fishing Trail Use Camping Total Percent
March 42 280 1,265 1,774 0 3,361 3.6
Apri 217 1,560 3,214 5,892 0 10,883 11.8
May 99 2,018 3,549 4,942 0 10,608 11.5
June 5,527 2,099 1,767 5,976 668 16,037 17.3
July 11,063 1,781 1,520 7,708 655 22,727 24.6
August 7,749 1,814 1,457 5,462 600 17,082 18.5
September 62 1,530 4,827 2,935 352 9,707 10.5
October 9 318 932 793 6 2,058 2.2
Total: 24,768 11,400 18,531 35,482 2,281 92,461 100
Percent: 26.8 12.3 20.0 38.4 2.5 100

2.2.2.2 Current Flaming Gorge Reservoir Visitation

The most recent visitation estimates developed for Flaming Gorge Reservoir were collected by the FS
during fiscal year 1997. This data was gathered by recreation activity and reservoir site (i.e., marina, boat
ramp, swimming beach, campground). To allow for analysis of monthly facility availability, this annual
FS data needed to be converted into monthly estimates. Fortunately, the State of Utah has periodically
gathered monthly fishing data for boat fishing, shore fishing, and ice fishing. The boat fishing monthly
percentages were used to allocate warm water recreation activities across months, specifically power
boating, waterskiing, boat fishing, and swimming/waterplay. The shore fishing monthly percentages were
used to allocate cooler month activities across months, specifically camping. While not directly tied to
the activities of interest in some cases, the State of Utah percentages were believed to be representative of
all warm and cool month activities.

Table 3 presents the current estimates of Flaming Gorge Reservoir visitation by activity, site, and month.
The estimates of visitation could be linked to the individual facilities at each site based on the different
recreation activities (i.e., power boating/waterskiing/boat fishing were linked to the boat ramps and
marinas, boat camping was linked to the boat camp sites, and swimming/waterplay was linked to the
swimming beaches).
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Reviewing the data in table 3 indicates that the heaviest used reservoir sites from a water based activity
perspective are Lucerne Valley (52.8%), Buckboard Crossing (15.8%), and Cedar Springs (15.8%).
These three sites combine for nearly 85 percent of the reservoir’s water based activity (recall that the
water based activities represent nearly 80 percent of the total activity at the reservoir). Of the water based
activities, power boating/waterskiing (62.8%) and boat fishing (31.7%) are dominant accounting for
nearly 95 percent of the total water based reservoir visitation. Finally, from a monthly perspective, the
months of May through August reflect nearly 75 percent of water based visitation, with over 95 percent
occurring between April and October.

2.2.3 Current Recreation Valuation

The current total value estimates by activity were developed by simply multiplying the current value
estimates per visit by activity, as obtained from the recreation survey, by the estimates of total current
visitation by activity, as obtained from manipulating the FS visitation data. All value estimates were
developed using a conservative, but frequently applied approach of assuming survey nonrespondents had
a value of zero. River camping and reservoir swimming values were most affected by the nonresponse
adjustment due to the large number of nonresponses for those activities.

2.2.3.1 Current Green River Valuation

Table 4 presents the estimates of Green River total current value by recreation activity. It is interesting to
note the differences when comparing the percent of total visits by activity to the percent of total value by
activity. The percent of total value by activity takes into account both the visitation and value per visit.
While shore fishing/trail use reflects 38.4 percent of the visitation, it represents only 17.4 percent of the
value due to the relatively low value per visit. Conversely, guide boat fishing reflects only 12.3 percent
of the visitation, but 43.5 percent of the value due to the high value per visit.

2.2.3.2 Current Flaming Gorge Reservoir Valuation

Table 5 presents the estimates of Flaming Gorge Reservoir total current value by recreation activity. The
differences between the reservoir visitation and valuation percentages are less dramatic compared to those
of the river. The largest differentials are for power boating/waterskiing and swimming/waterplay. Power
boating shows an increasing percentage under value compared to visitation, whereas swimming shows a
decreasing percentage.

3.0 ENVIRONMENTAL CONSEQUENCES

This section is broken down into two primary subsections, methodology and results. The methodology
section presents detailed information on the various approaches applied to estimate impacts. The results
section presents and compares results across alternatives in terms of reservoir water levels/river flows,
recreation visitation, recreation economic value, and recreation facility availability.
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Table 4: Current Green River Value Estimates by Activity
Original Revised
Value per Current Current % of

Recreation Visit Number of Full Value per | Number of Total Current Total | Percent of

Activity (Survey) | Responses | Sample Visit Total Visits Visits Value Total Value
Scenic
Floating 80.05 38 65 $ 46.80 24,768 26.8 [ $1,159,154 24.2
Guide Boat
Fishing 296.19 21 34 $182.94 11,400 12.3 | $2,085,497 43.5
Private Boat
Fishing 85.00 37 84 $37.44 18,531 20.0 $ 693,786 14.5
Shoreline
Fishing/
Trail Use 33.55 105 150 $23.49 35,482 38.4 $ 833,469 17.4
Camping 24.55 8 59 $10.78 2,281 25 $ 24,588 5
Total: 92,461 100 | $4,796,494 100

Table 5: Current Flaming Gorge Reservoir Value Estimates by Activity
Original Revised Current
Value per Current Number Percent Percent
Recreation Visit Number of Full Value of Total of Total Current Total of Total
Activity (Survey) [Responses| Sample per Visit Visits Visits Value Value
Power
Boating/
Waterskiing $50.60 62 122 $25.71 359,278 62.8 $9,237,038 66.1
Boat
Fishing $57.30 55 125 $25.21 181,348 31.7 $4,571,785 32.7
Boat
Camping $30.10 46 106 $ 13.06 10,374 1.8 $35,484 1.0
Swimming/
Waterplay $ 35.00 4 97 $1.44 21,291 3.7 $30,659 2
Total: 572,291 100 $13,974,966 100

3.1 Methodology

This section describes the methodology used to analyze recreation impacts both on Flaming Gorge
Reservoir and the Green River. The recreation analyses evaluate effects in terms of visitation, economic
value, and facility availability.

3.1.1 Recreation Visitation, Economic Value, and Facility Availability Methodology

The recreation visitation and value analysis compares estimates of visitation and value by recreation
activity for the action alternative to those of the no action alternative. The driving force behind the
analyses is changes in visitation and value stemming from variations in alternative specific hydrology as
measured by reservoir water levels and river instream flows. Recreation visitation is measured in terms
of recreation visits which reflect an individual’s round-trip recreation excursions typically from their
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primary residence. Recreation value, measured in terms of per visit willingness-to-pay minus actual per
visit costs, reflects the increment in benefits a recreator experiences in excess of what they actually pay.
Multiplying and summing hydrology influenced visits and values by recreation activity for each
alternative provide estimates of total recreation value by alternative. The gain or loss in recreation
visitation and value, compared to the no action alternative, provides one measure of an alternative’s effect
on recreation.

Initially, attempts were made to gather and apply existing information in the development of the visitation
and value analyses. Existing information was sought in terms of recreation visitation and recreation
values per visit by activity, as well as how these measures might be affected by changing reservoir water
levels and river flows. Some visitation information existed for both the river and reservoir, but very little
value information was available. Attempts were made to model statistical relationships between reservoir
visitation and water levels and river visitation and instream flows. For various reasons, these modeling
efforts proved unsuccessful. Even if they had been successful, the results for the reservoir in particular
would still have been insufficient given data was only available for fishing activities. As a result, the FS,
one of the EIS’s cooperating agencies, contracted with Colorado State University to gather additional
recreation information.

The contractor conducted a survey at both Flaming Gorge Reservoir and the Green River within the
FGNRA during the summer of 2001. Recreators were contacted on-site from May 2001 through
September 2001 and asked a series of questions about their recreation activity over the past year. The
survey provided information by recreation activity in terms of visitation and value for both current and
preferred reservoir water level and river flow conditions. In many cases, survey responses were adjusted
downward using a conservative, but frequently applied approach of assuming nonrespondents equal to
zero. As aresult, differences exist between certain estimates used in the analysis and those presented in
the survey report. In addition, information was also obtained on the water levels and flows where
recreators would stop participating due to low or high water level/flow conditions. Detailed information
on survey methods and results are presented in Aukerman and Schuster (2002).

3.1.1.1 Green River Visitation and Valuation Analysis Methodology

As noted in the affected environment section, the Green River recreation analysis looked at visitation
impacts at both the Flaming Gorge National Recreation Area and Dinosaur NM.

3.1.1.1.1 Flaming Gorge National Recreation Area Analysis Methodology — Using existing data along
with information gathered by the contractor, estimates of recreation use and economic value were
developed by recreation activity for both current and preferred flow conditions. Combining that
information with the high and low flow thresholds by activity where visitation and economic value go to
zero, provides four flow oriented data points of visitation and value. These four data points sketch out an
inverted U-shaped distribution which was used to estimate Green River visitation and value through a
process of linear interpolation.

Typically, the current conditions data point fell between the low end threshold and preferred conditions
data points (except for current river flows during May which fell between the preferred flow and high end
threshold). To provide a more symmetric distribution and to avoid problems associated rapid drop offs
after exceeding the preferred condition, a high end kink data point was estimated. The high end kink (and
in May, a low end kink) was developed to be proportional with the location of the current conditions data
point. If the current conditions data point fell 75 percent of the way between the low end threshold and
the preferred condition, the high end kink was estimated to fall 75 percent of the way between the
preferred condition and the high end threshold. Since the location of the high end kink was based on a
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proportional calculation, the actual distance from the preferred condition of the high end kink and current
condition data points would vary in terms of flows, but not percentages. Since the difference between the
low and high end thresholds and the preferred condition varies in terms of flow, the same proportional
location for the current condition and high end kink would imply different flows. Therefore, the high end
kink and the current conditions flows will not be the same distance from the preferred flow condition in
terms of flows, but they will be the same distance in terms of percentage.

Combining the high end kink with the other four data points provides five data points for performing the
interpolation to estimate recreation visitation and value. The five data points reflect information on river
flows, visitation by activity, and values by activity. The linear interpolation starts by evaluating where
monthly flows for each alternative and hydrologic condition (i.e., average, wet (90% exceedence), and
dry (10% exceedence)) fall within the range of flows of the five data points: low end threshold, current
conditions, preferred conditions, high end kink, and high end threshold data points. Once an alternative’s
monthly flows are located within the range of data points, the calculation progresses to deriving the
visitation or value estimate by determining the percentage distance between the two flow data points and
applying that percentage to the two relevant visitation or value data points. For example, let’s assume
that a given monthly flow for the No Action Alternative average condition falls 60 percent of the way
between the current conditions and preferred flow data points. The resulting visitation or value estimate
would also be estimated at 60 percent of the way between the current conditions and preferred flow
visitation or value data points. This linear interpolation procedure was used to develop all the monthly
visitation and value estimates by activity for each Green River alternative and hydrologic condition.

Since the five data points in terms of flow, visitation, and value are critical to the entire Green River
recreation analysis, it is important to understand how each of these data point was derived. The following
presents a discussion of the calculation procedures for each of the data points with respect to flows, visits,
and values.

A) Flow Data Points:

1) Low End Threshold Flow: The low end threshold flow for each activity reflects the point were
visitation for that recreation activity is assumed to go to zero due to low flows. This flow level was
obtained from the survey and represents the average flow where recreators pursuing that activity
indicated they would stop participating.

Low end threshold flows by recreation activity were based on recreator rankings in terms of physical
descriptions of Green River flows. A range of physical descriptions, from very low to very high
flows, were used in each flow oriented survey question. River experts were used to convert the
physical description oriented recreator rankings into actual flow estimates (river expert opinions:
very low =800, low = 1,000, medium = 2,000, high = 3,000, very high = 5,000).

Low End Flow

(cfs)

Threshold
Scenic Floating: 953
Guide Boat Fishing: 854
Private Boat Fishing: 879
Shoreline Fishing/Trail Use: 825
Camping: 836
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2) Current Flow (Monthly or Annually): Current flows, either monthly or annually, needed to be
based on the time period associated with the recreation survey. The recreation survey was
conducted from May to September 2001, but asked recreators about their activity over the past
12 months, implying it was necessary to gather flow data from June 2000 to September 2001 to
estimate current flows.

Current monthly flows were calculated from March through October given visitation data was only
available for those months. Calculating current monthly flows relevant to the survey data was
complicated by the fact that depending on when a recreator was contacted during the May through
September 2001 survey sampling period, a different monthly perspective could result. For example,
when considering June flows, someone contacted in May 2001 about their recreation activity over
the past 12 months would visualize June 2000 flows, whereas recreators contacted in June, July
August, or September 2001 would be visualizing June 2001 flows. To calculate current flows for
months with this dual year situation (June-September), actual average monthly flows for 2000 and
2001 were weighted by the percent of the sample contacted in each month (May = 11.3%, June =
20.5%, July = 29.2%, August = 15.4%, and September = 23.6%). For the other months (March,
April, May, and October), all recreators would be referencing the same months implying no timing
conflicts in estimating average monthly flows. Using this weighting procedure, current average
monthly Green River flows relevant for all activities were estimated as follows (measured in cfs):

Current Flows Calculation
March 1,036 1,036 (March 2001) across entire sample
April 1,145 1,145 (April 2001) across entire sample
May 2,478 2,478 (May 2001) across entire sample
June 1,215 (2,292*.113 + .887*1,078), 2,292 = 6/2000, 1,078 = 6/2001
July 1,007 (1,408*.318 + .682*820), 1,408 = 7/2000, 820 = 7/2001
August 1,122 (1,311*.61 + .39*827), 1,311 = 8/2000, 827 = 8/2001
September 1,118 (1,203*.764 + .236*843), 1,203 = 9/2000, 843 = 9/2001
October 1,024 1,024 (October 2000) across entire sample

It should be emphasized that the hydrologic data used in the analysis reflects average monthly flows.
Regardless of whether the discussion focuses on average, wet, or dry conditions, the underlying
hydrologic data is measured in terms of average monthly flows. So even in the extreme hydrologic
conditions of wet and dry, the 90% and 10% flow levels still represent average flows (i.e., the highest
90% of average flows and the lowest 10% of average flows for a particular month). This average
monthly flow measure was assumed to adequately reflect hydrologic conditions during any given month.
This introduces some error into the analysis given the potential variation in flows across the month. In
some cases, average monthly flows for a given alternative and hydrologic condition, fall above or below
the high and low end flow thresholds for a given recreation activity. As a result, the interpolation analysis
predicts zero visitation for that activity and month. Given the average flow may imply that for part of the
month, flows may not fall below or exceed the threshold, use of the average flow may somewhat
overstate the impact. Perhaps a better approach would be to use a shorter time step, such as a day, but
unfortunately the rest of the data for the analysis was not available to such detail. Therefore, the monthly
orientation does provide a certain degree of embedded error, but given the analyses were conducted
similarly across alternatives, the results are still comparable.

The analysis of economic values was also conducted monthly, but the actual calculation used annual flow

information by activity as the current flow reference point. When estimating per trip values, it makes no
difference whether the flow reference point is daily, weekly, monthly, or annually. The survey asked
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recreators for their current value by recreation activity based on activity pursued across the past

12 months (the survey did not ask about values per activity by month since that would be overly
complicated). As a result, the current flows associated with the current economic values by activity were
based on average annual flows reflected by the high use months from March to October based on data
from the June 2000 through September 2001 survey orientation period. The average annual flow for each
activity took into consideration both when a recreator was contacted during the sampling period
(weighting based on sampling percentage by month) and the percent of visitation by month associated
with each activity. Table 6 presents the annual average flow calculation for scenic floating.

Table 6: Scenic Floating Current Average Annual Flows (cfs)
Monthly Visits Weighted
Scenic Floating Required Weighting Current Average
Month Current Visits Percent by Sampling %? Flows Flow
March 42 2 No 1,036 2.1
April 217 9 No 1,145 10.3
May 99 4 No 2,478 9.9
June 5,527 22.3 Yes 1,215 270.9
July 11,063 44.7 Yes 1,007 450.1
August 7,749 31.3 Yes 1,122 351.2
September 62 3 Yes 1,118 3.3
October 9 0 No 1,024 0
Total: 24,768 1,097

The weighted average current annual flows for the five studied Green River recreational activities are as
follows:

witd.

Average
Scenic Floating: 1,097
Guide Boat Fishing: 1,359
Private Boat Fishing: 1,373
Trail Use/Shoreline Fishing: 1,299
Camping: 1,115

3) Preferred Flow: The preferred flow for each activity reflects the point were visitation for that
recreation activity is assumed to be at the maximum. This flow level was obtained from the survey and
represents the average flow where recreators pursuing that activity indicated they would participate the
most.

As with the low end threshold flows, preferred flows by recreation activity were based on recreator

rankings of physical descriptions of Green River flows combined with expert opinion of what those
physical descriptions represent in terms of flow levels.
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Preferred

Flow

(cfs)
Scenic Floating: 2,170
Guide Boat Fishing: 1,837
Private Boat Fishing: 1,808
Shoreline Fishing/Trail Use: 1,624
Camping: 2,000

4) High End (Low End) Kink Flow: Calculation of the high end kink flow was discussed above. Note
that for the river visitation analysis, current monthly flow varies by month, but not by activity. However,
since the preferred and low/high threshold flows vary by activity, the monthly high (low) end kink by
activity for the visitation analysis varies by month and activity. See table 14 for the various monthly high
end kink flows for each activity used in the visitation analysis.

The high end kink of the valuation analysis is based on the current annual flow by activity. The current
annual flow varies by activity, but since it is annual, it doesn’t vary by month. Therefore, for the
valuation analysis, the five data points vary by activity, but not by month. The high end kink flows used
in the valuation analysis are as follows:

“Value Analysis”

High End

Kink Flow
Scenic Floating: 3,699.9
Guide Boat Fishing: 2,757.9
Private Boat Fishing: 2,672.7
Shoreline Fishing/Trail Use: 2,473.1
Camping: 3,168.7

5) High End Threshold Flow: The high end threshold flow for each activity reflects the point were
visitation for that recreation activity is assumed to go to zero due to high flows. This flow level was
obtained from the survey and represents the average flow where recreators pursuing that activity indicated
they would stop participating.

As with the low end threshold and preferred flows, high end threshold flows by recreation activity were
based on recreator rankings of physical descriptions of Green River flows combined with expert opinion
of what those physical descriptions represent in terms of flow levels.

High End
Flow

Threshold
(cfs)
Scenic Floating: 3,905
Guide Boat Fishing: 3,731
Private Boat Fishing: 3,656
Shoreline Fishing/Trail Use: 3,709
Camping: 3,538
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B) Visitation Data Points:
1) Low End Visitation: Assumed to be zero by definition.

2) Current Visitation: Current visitation by activity was based on data collected by the FS from June
2000 through September 2001. As discussed throughout this technical appendix, current visitation
estimates needed to be tied into the survey period. The recreation survey was conducted from May
to September 2001, but asked recreators about their activity over the past 12 months, implying it
was necessary to gather visitation data from June 2000 to September 2001 to estimate current
visitation. Current monthly visitation was calculated from March through October given visitation
data was only available for those months. Calculating current monthly visitation relevant to the
survey data was complicated by the fact that depending on when a recreator was contacted during
the May through September 2001 sampling period, a different annual and monthly perspective could
result. For example, when considering current June visitation, someone contacted in May 2001
about their recreation activity over the past 12 months would be visualize June 2000 visitation,
whereas recreators contacted in June, July August, or September 2001 would be visualizing June
2001 visitation. To calculate current visitation for months with this dual year situation (June—
September), actual average monthly visitation for 2000 and 2001 were weighted by the percent of
the sample contacted in each month (May = 11.3%, June = 20.5%, July = 29.2%, August = 15.4%,
and September = 23.6%). For the other months (March, April, May, and October), all recreators
would be referencing the same months implying no timing conflicts in estimating average monthly
visitation. Using this weighting procedure, current average monthly Green River visitation by
activity was estimated as presented in table 2 under Affected Environment current conditions.

3) Preferred Visitation: The survey asked a contingent behavior question to estimate how many
more visits by activity recreators would take if flows were at the recreator’s preferred level. The
survey additional visit responses were averaged by activity and divided by the average current visits
by activity (also obtained from the survey) to estimate a percentage change compared to current
visitation. The additional visits by activity were revised downward using the conservative, but
frequently applied adjustment of assuming nonrespondents equal to zero. Table 7 shows the
percentage increase in visits per year under preferred conditions.

Table 7: Preferred (Upper Bound) Green River Visitation Estimates by Activity
% Increase
Visits per
Additional Revised Year
Visits per Additional Current under
Recreation Year Number of Full Visits Visits Preferred
Activity (Survey) | Responses | Sample per Year per Year Conditions
Scenic Floating 2.417 18 65 .67 2.765 24.2
Guide Boat Fishing 2.133 15 34 .94 4.875 19.3
Private Boat Fishing 3.563 24 84 1.02 6.137 16.6
Shoreline Fishing/ 3.143 70 3.401
Trail Use 150 1.47 43.2
Camping 2.885 13 123 .3 3.074 9.8

The percentage increase by activity (from the survey) was then applied to the current monthly
visitation estimates (based on the FS data) to derive the preferred flow monthly visitation estimates.
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Given the percentage changes varied by activity, and the current visitation estimates varied by
activity and month, the preferred visitation estimates ended up varying by activity and month.
Table 8 presents estimates of preferred visitation by activity and month. The estimates of preferred
visits reflect an upper bound for potential visitation.

Table 8: Preferred (Upper Bound) Green River Visitation Estimates by Activity and Month
Guide Private | Shoreline

Scenic Boat Boat Fishing/
Month Floating | Fishing Fishing Trail Use | Camping Total Percent
March 52 334 1,475 2,541 0 4,402 3.7
April 270 1,861 3,748 8,439 0 14,318 12.0
May 123 2,407 4,139 7,078 0 13,747 11.5
June 6,867 2,504 2,060 8,559 733 20,723 17.4
July 13,744 2,124 1,773 11,039 719 29,399 24.6
August 9,626 2,163 1,699 7,823 659 21,970 18.4
September 77 1,826 5,629 4,204 386 12,122 10.2
October 11 379 1,087 1,136 7 2,620 2.2
Total: 30,770 13,598 | 21,610 50,819 2,504 119,301 100
Percent: 25.8 11.4 18.1 42.6 21 100

While the percentage change by activity refers to annual visitation, the decision was made to assume
the percentages also held on a monthly basis to allow for monthly analysis. The monthly analysis
was seen as a significant improvement over an annual analysis since it allowed for a more thorough
evaluation of the month-to-month consequences of each alternative.

4) High End (Low End) Kink Visitation: Since the high end kink data point was analogous to the
current conditions data point, visitation for the high end kink was assumed to be the same as current
visitation as presented in table 2 under Affected Environment current conditions.

5) High End Visitation: Assumed to be zero by definition.
C) Value per Visit Data Points:
1) Low End Values: Assumed to be zero by definition.

2) Current Values: Current value estimates were obtained by activity from the survey. All value
estimates were developed using the conservative, but frequently applied approach of assuming
nonrespondents have a value of zero. River camping values were most affected by the nonresponse
adjustments due to the large number of nonresponses. Table 4 under Affected Environment current
conditions presents the estimates of current value per visit by recreation activity for the Green River.

3) Preferred Values per Visit: As with the preferred visitation estimates, the survey asked a
contingent valuation question to estimate how much more value per visit by activity recreators
would expect if flows were at the recreator’s preferred level. The survey additional value per visit
responses were averaged by activity and revised downward using the conservative, but frequently
applied adjustment of assuming nonrespondents equal to zero. The revised additional values per

App-268 — Operation of Flaming Gorge Dam Final EIS



visit by activity were added to the current revised values per visit by activity to estimate preferred
values per visit by activity. The preferred values per visit vary by activity, but not by month.
Table 9 presents estimates of preferred values per visit by activity. The estimates of preferred
values per visit reflect an upper bound.

Table 9: Preferred (Upper Bound) Green River Values per Visit by Activity

Additional Revised Revised

Value per Additional Current Preferred

Recreation Visit No. of Full Value per Value per | Value per
Activity (Survey) Responses | Sample Visit Visit Visit

Scenic Floating $64.39 48 65 $47.55 $46.80 $94.35
Guide Boat Fishing $71.37 27 34 $ 56.68 $182.94 $ 239.62
Private Boat Fishing $ 55.66 49 84 $32.47 $37.44 $69.91
Shoreline
Fishing/Trail Use $ 13.53 118 150 $10.64 $23.49 $34.13
Camping $9.36 44 123 $3.35 $10.78 $14.13

4) High End (Low End) Kink Value per Visit: Since the high end kink data point was analogous to
the current conditions data point, value per visit for the high end kink was assumed to be the same as
current value per visit. Table 4 under Affected Environment current conditions presents the
estimates of current value per visit by recreation activity for the Green River.

5) High End Value per Visit: Assumed to be zero by definition.

3.1.1.1.2 Dinosaur National Monument Analysis Methodology — Based on conversations with Dinosaur
NM staff (personal communications with Christy Wright), there was uncertainty over whether Green
River flows would have a significant impact on rafting visitation within Dinosaur. As noted in the
affected environment section, given the potential for substitution of rafting activity between the Green
and Yampa Rivers and the fact that most rafting trips are scheduled well ahead of time and, thereby,
involve both time and financial commitments, the general hypothesis was that changing Green River
flows would not have a significant impact on rafting activity.

To test this hypothesis, monthly data on both private and commercial rafting visitation and average Green
River flows was gathered over an 11-year period (1993-2003). Annual population data for the States of
Colorado, Utah, and Wyoming was also gathered over this period. Using this data, the following models
were attempted.

Rafting visits = f (Green River Flows, Green River Flows?, Population, School)

Dependent Variables:

Private Visits = Number of monthly visitors on private rafting trips
Commercial Visits = Number of monthly visitors on commercial rafting trips

Explanatory Variables:

Green River Flows = Average monthly Green River flows as obtained from the USGS.
Expected sign: +
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Green River Flows? = Average monthly Green River flows squared. Provides the often assumed
quadratic (inverted U-shaped) distribution. Expected sign: -

Population = Annual population of Colorado, Utah, Wyoming. Reflects trend variable.
Expected sign: +

School = Qualitative variable reflecting 1 when school is out of session (months of June,
July, August) and 0 when in session. Expected sign: +

Private Rafting Model Results:

Variables Constant Flows Flows? Population School Adjusted R?
Constant -609.469 .3998 -3.855E-05 8.11E-05 856.811 .656
t Statistic -.941 4.445 -2.973 919 11.042

Interestingly, the flow variable in the private model proved to be statistically significant implying that
changes in average flows do influence changes in private rafting visitation. However, when plugging the
average monthly flows (along with the other variables) associated with both the No Action and Action
Alternatives into the model, the estimated visitation differences weren’t considered substantial. On
average, Action Alternative rafting visits were estimated to increase by less than 8 percent compared to
the No Action Alternative. In wet and dry conditions, which each only occur about 10 percent of the
time, the change in visitation associated with the Action Alternative was +11% and -5%, respectively.

Average Conditions Wet Conditions Dry Conditions
No Action Alternative Visits 6,750 7,665 4,961
Action Alternative Visits 7,284 8,510 4,715
(+7.9%) (+11.0%) (-5.0%)

Commercial Rafting Model Results: In the initial regression, we tested the relationship between
commercial rafting visits and average monthly flow only. Given this relationship did not prove
significant, we went no further with the commercial rafting analysis.

Bottom line, since the private model indicated fairly minor changes in rafting visitation between the two
alternatives and the commercial rafting model showed no statistical relationship between flows and
visitation, the assumption was made that rafting in Dinosaur would not be substantially affected by the
EIS alternative and, therefore, a detailed analysis of Dinosaur NM rafting would not be included in the
EIS.

3.1.1.2 Flaming Gorge Reservoir Visitation and Valuation Analysis Methodology

Whereas the Green River recreation analysis used the interpolation approach for both the visitation and
value analyses, lack of visitation data for the relevant survey period from June 2000 through September
2001 precluded use of an interpolation analysis to estimate Flaming Gorge Reservoir visitation. Instead, a
facilities availability approach was used to estimate reservoir visitation. However, the interpolation
approach was used to estimate economic values by reservoir recreation activity as with the Green River
analysis.
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3.1.1.2.1 Facility Availability Approach to Flaming Gorge Reservoir Visitation — The facility
availability approach to estimating recreation visitation focuses purely on the influence of water access on
recreation activity. Water access is determined by the availability of recreation facilities as reservoir
water levels fluctuate. The basic concept that recreation visitation varies with availability of facilities is
well founded, but it obviously only applies to water based activities. In addition, by focusing purely on
access, the approach fails to consider other influential factors such as aesthetics and safety concerns.
Nevertheless, facilities availability approaches are often used to estimate changes in visitation.

Step 1: The first step in developing a facility availability analysis is to gather information on the high and
low end usability thresholds associated with each potentially affected facility. Usability thresholds,
measured in feet above mean sea level (msl), represent the point where each facility would no longer be
usable due to either high or low water. For the Flaming Gorge analysis, high end thresholds were of little
concern and were not included in the analysis. Table 10 presents a list of sites, facilities, and low end
usability thresholds.

Table 10: Flaming Gorge Reservoir Facility List
Low End Threshold
Site Facility Type (feet above msl)
Antelope Flat Boat Ramp 6015
Swim Beach 6012
Anvil Draw* Boat Ramp 6020
Buckboard Crossing Marina 6015
Boat Ramp 6000
Cedar Springs Marina 6018
Boat Ramp 6018
Firehole Boat Ramp 6019
Swim Beach 6012
Hideout Boat Camp 6014
Jarvies Canyon Boat Camp 6012
Kingfisher Island Boat Camp 6010
Lucerne Valley Marina 6010
Two Boat Ramps 5994
Swim Beach 6014
Mustang Ridge Boat Ramp 6000
Sheep Creek Boat Ramp 6015
Squaw Hollow Boat Ramp 6015
Sunny Cove Swim Beach 6018
Upper Marsh Creek Boat Ramp 6000

! The Anvil Draw boat ramp was extended in 2003 such that the low end
threshold changed from 6020 to 6015. This change is not reflected in the
analysis because it would not substantially affect the results (impacts only
this low use ramp during dry conditions).

Step 2: The next step involves obtaining visitation estimates by activity linked to each of the recreation
facilities. The latest, most reliable visitation estimates for the reservoir were gathered by the FS in fiscal
year 1997 (October 1996—September 1997). This data was gathered by recreation activity, site, and
facility. This annual visitation data needed to be converted into monthly estimates allow for use of the
facility availability approach. Fortunately, the State of Utah has periodically gathered monthly data for
boat, shore, and ice fishing from which monthly percentages were estimated. The boat fishing monthly
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percentages were used to allocate warm water recreation activities across months. Warm water activities
were defined as power boating, waterskiing, boat fishing, and swimming/waterplay. The shore fishing
monthly percentages were used to allocate cooler month activities across months. The only cool water
activity of interest was boat camping. While not directly targeted toward each of our activities of interest,
the State of Utah percentages were seen as representative of the various warm and cool water activities.

Fishing data from the State of Utah was available for 1993-4, 1988-9, and 1982. Given there was not
much variation in these percentages over time, which helped justify their use, it mattered little which set
of data was applied. Data from 1988-9, as presented in table 11, was selected as most representative since
the reservoir water levels of 1988-9 matched the visitation oriented 1996-7 water levels the closest.

Table 11: Flaming Gorge Reservoir Monthly Percentages by Activity Type
Monthly Percentages for Monthly Percentages for
Month Warm Water Activities Cool Water Activities
January .002 .007
February .000 .000
March .007 .065
April .060 .70
May 161 134
June 217 .180
July .236 134
August 137 113
September .079 .052
October .071 .065
November .018 .047
December .012 .034

Step 3: The next step in the analysis was to look at the actual availability of the facilities under current
conditions and conditions associated with each alternative. As noted in the Affected Environment
discussion of current reservoir water levels, use of both a facility availability approach and an
interpolation approach to estimate visitation and value respectively within the reservoir recreation
analysis complicates the definition of current flows to some extent. Fortunately, regardless of whether
one defines current conditions in terms of water levels for fiscal year 1997 (based on visitation data) or
water levels from June 2000 through September 2001 (based on survey value data), the current visitation
estimate derived from the facility availability approach would be the same. Under both perspectives, all
facilities are available in all months. The current visitation estimate is presented in table 3 under Affected
Environment current conditions.

The current visitation estimate was used as the starting point for estimating visitation for the No Action
and Action Alternatives. End of month reservoir water levels were obtained from the hydrologists for
each alternative under a series of conditions ranging from dry (10% exceedence) to wet (90%
exceedence). Monthly availability of facilities was evaluated for dry, average, and wet conditions. An
implicit assumption is made that end of month water levels are representative of water levels throughout
the month. Monthly water level data was used for each alternative since that time step was consistent
with the lowest level of detail available for the visitation data as well as the historical water level data.
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Step 4: Based on the availability of facilities under each alternative and hydrologic scenario, estimates of
visitation were developed. As facilities became unusable, the level of visitation associated with that
facility was assumed lost under the initial analysis run. Full loss of visitation as facilities become
unusable is a worst case scenario since it fails to address potential substitution of visitation to other
facilities along the reservoir. After developing the initial, worst case loss estimates, the results were
presented to on-site recreation managers for their opinions as to the potential degree of facility
substitution. The final monthly visitation estimates by recreation activity, alternative, and hydrologic
condition therefore take into account facility substitution based on the professional judgement of
recreation management.

3.1.1.2.2 Interpolation Approach to Flaming Gorge Reservoir Valuation — The linear interpolation
approach was also used to estimate monthly recreation values by activity. The approach used was the
same as that presented above to estimate Green River values. The following reflects details of the
interpolation data points for Flaming Gorge Reservoir water levels and values.

A) Water Level Data Points:

1) Low End Water Level Thresholds: The low end threshold water level for each activity reflects
the point were value for that recreation activity is assumed to go to zero due to low flows. This flow
level was obtained from the survey and represents the average flow where recreators pursuing that
activity indicated they would stop participating.

As with Green River flows, low end threshold water levels by recreation activity were based on
recreator rankings in terms of physical descriptions of Flaming Gorge Reservoir water levels. A
range of physical descriptions, from very low to very high water levels, were used in each water
level oriented survey question. Reservoir experts were used to convert the physical description
oriented recreator rankings into actual water level estimates (reservoir expert opinions: very low =
6015, low = 6022, medium = 6028, high = 6030, very high = 6040).

Low End
Water Level
Threshold
Power Boating/WaterSkiing: 6016.7
Boat Fishing: 6017.3
Boat Camping: 6017.1
Swimming/Waterplay: 6017.4

2) Current Water Levels: The analysis of economic values was conducted by month and
alternative, but the actual calculation used annual water level information by activity as the current
flow reference point. When estimating per visit values, it makes no difference whether the water
level reference point is daily, weekly, monthly, or annually. The survey asked recreators for their
current value by recreation activity based on activities pursued across the past 12 months (the survey
did not ask about values per activity by month since that would be overly complicated). As a result,
the current water levels associated with the current economic values by activity were based on
average annual water levels from the June 2000 through September 2001 survey orientation period.
The average annual water level for each activity took into consideration both when a recreator was
contacted during the sampling period (weighting based on sampling percentage by month) and the
percent of visitation by month associated with each activity.

The weighted average current annual water levels for the four studied Flaming Gorge Reservoir
recreational activities hardly varied and are as follows:
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Low End

Water Level
Threshold
Power Boating/WaterSkiing: 6021.2
Boat Fishing: 6021.2
Boat Camping: 6021.1
Swimming/Waterplay: 6021.2

3) Preferred Water Levels: The preferred water level for each activity reflects the point were
visitation for that recreation activity is assumed to be at the maximum. This water level was
obtained from the survey and represents the average water level where recreators pursuing that
activity indicated they would participate the most.

As with the low end threshold reservoir water levels, preferred water levels by recreation activity
were based on recreator rankings of physical descriptions of Flaming Gorge Reservoir water levels
combined with expert opinion of what those physical descriptions represent in terms of water levels.

Preferred
Water Levels
Power Boating/WaterSkiing: 6029.0
Boat Fishing: 6029.1
Boat Camping: 6028.9
Swimming/Waterplay: 6028.9

3) High End Kink Water Levels: Calculation of the high end kink water level was discussed above
under the Green River section. Note that for the reservoir valuation analysis, current annual water
levels (and all data points for that matter) vary by activity, but not by month. As a result, the high
end kink water level also varies by activity, but not month. Also note that in all months, this data
point reflects a high end kink and never a low end kink.

High End Kink

Water Levels
Power Boating/WaterSkiing: 6021.2
Boat Fishing: 6021.2
Boat Camping: 6021.1
Swimming/Waterplay: 6021.2

4) High End Threshold Water Levels: The high end threshold water level for each activity reflects
the point were value for that recreation activity is assumed to go to zero due to high water levels.
This water level was obtained from the survey and represents the average water level where
recreators pursuing that activity indicated they would stop participating.

As with the low end threshold and preferred reservoir water levels, high end threshold water levels
by recreation activity were based on recreator rankings of physical descriptions of Flaming Gorge
Reservoir water levels combined with expert opinion of what those physical descriptions represent
in terms of water levels.
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High End K

Water Level
Threshold
Power Boating/WaterSkiing: 6036.8
Boat Fishing: 6037.5
Boat Camping: 6036.7
Swimming/Waterplay: 6036.7

B) Visitation Data Points: Not relevant since the reservoir visitation analysis is based on the facility
availability approach as opposed to the interpolation approach.

C) Value per Visit Data Points:
1) Low End Values: Assumed to be zero by definition.

2) Current Values: Current value estimates were obtained by activity from the survey. All value
estimates were developed using the conservative, but frequently applied approach of assuming
nonrespondents have a value of zero. All activities were significantly affected by this adjustment.
Table 5 under Affected Environment current conditions presents the estimates of current value per
visit by recreation activity for the reservoir.

3) Preferred Values per Visit: The survey asked a contingent value question to estimate how much
more value per visit by activity recreators would expect if water levels were at the recreator’s
preferred level. The survey additional value per visit responses were averaged by activity and
revised downward using the conservative nonrespondent adjustment. The revised additional values
per visit by activity were added to the current revised values per visit by activity to estimate
preferred values per visit by activity. The preferred values per visit vary by activity, but not by
month. Table 12 presents estimates of preferred values per visit by activity. The estimates of
preferred values per visit reflect an upper bound.

Table 12: Preferred (Upper Bound) Flaming Gorge Reservoir Values per Visit by Activity

Additional Revised Revised

Value per Additional Current Preferred

Recreation Visit Number of Full Value per | Value per | Value per
Activity (Survey) Responses Sample Visit Visit Visit

Power Boating/ $41.71 60 122 $20.51 $25.71 $46.22
Waterskiing
Boat Fishing $33.79 47 125 $12.71 $25.21 $37.92
Boat Camping $ 40.52 24 8106 $ 9.17 $ 13.06 $22.23
Swimming/ $36.25 24 97 $ 8.97 $ 144 $10.41
Waterplay

4) High End (Low End) Kink Value per Visit: Since the high end kink data point was analogous to
the current conditions data point, value per visit for the high end kink was assumed to be the same as
current value per visit. See current values per visit in table 12 directly above.

5) High End Value per Visit: Assumed to be zero by definition.
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Monthly values by alternative and hydrologic condition were multiplied by monthly visitation
estimates by alternative and hydrologic condition to estimate total value by alternative and
hydrologic condition.

3.1.1.3 Green River Facility Availability Analysis Methodology

In addition to the visitation and economic value analysis, evaluations were also made as to the availability
of recreation facilities for each alternative. As noted above, facility availability provided the basis for
estimating visitation effects for the reservoir. Although not used to estimate the visitation effects on the
Green River, facility availability was also reviewed on the Green River downstream of the dam, all the
way to the confluence with the Colorado River. As with the reservoir visitation analysis, high and low
end usability thresholds were obtained for each facility from the various managing entities (i.e., FS, BLM,
State of Utah, USFWS, NPS). Average, wet (90" percentile), and dry (10" percentile) flows from the
hydrology model for each alternative were compared to the high and low end usability thresholds for each
facility to determine availability. In addition, the raw hydrologic output data was searched to determine
the percent of time each usability threshold was exceeded for each alternative. This facility availability
information is presented for each alternative along with the visitation and valuation information. For
consistency with the reservoir analysis, the results of the Green River facility availability analysis are
presented within the visitation sections.

The following summarizes information obtained from discussions with the various managing entities.
Note that as a result of these discussions, many of the recreation facilities identified in the affected
environment section were assumed to be unaffected by river flows given their historical use across a wide
range of flow conditions. Table 13 presents the high and low end usability thresholds for each potentially
impacted facility on the Green River.

Reach 1. Flaming Gorge Dam to the confluence with the Yampa River

USDA Forest Service: The FS manages two boat ramps (Spillway and Little Hole), a fishing pier, a
hiking trail, and 18 riverside campgrounds along the Green River within FGNRA. Use of both boat
ramps and the fishing pier become difficult as flows fall below 600 cfs. Significant impacts occur to nine
of the eighteen campgrounds as flows exceed 5,000 cfs. The Spillway ramp, the fishing pier, and the
hiking trail become unusable or significantly impacted as flows rise above 6,000 cfs. Finally, the Little
Hole boat ramp becomes inaccessible as flows exceed 8,000 cfs.

Bureau of Land Management: The BLM manages numerous recreational facilities between FGNRA
and Browns Park NWR including three boat ramps and approximately 20 campsites. The boat ramps are
found at Indian Crossing, Bridge Hollow, and Swallow Canyon (an additional ramp at Pipeline is being
phased out). These ramps have remained usable at very high flows, and therefore no information exists as
to high end flow thresholds where the ramps become unusable. However, these ramps do become
difficult to use below 800 cfs. The only campsite which may experience flooding is the Bridge Hollow
camp. The group campsites at Bridge Hollow have flooded at about 10,000 cfs in the past.

State of Utah: The State manages one boat ramp (Bridge Port Camp) and five campgrounds (Gorge
Creek, Little Davenport, Bridge Port, EIm Grove, and Burned Tree) between FGNRA and Browns Park
NWR. The boat ramp remains usable at very high flows so no high end flow threshold was assumed, but
becomes unusable below 800 cfs. The campgrounds are far enough away from the water that they would
be unaffected by high flows.
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Table 13. Green River Facility Usability Thresholds
Low End High End
Usability Usability
Threshold Threshold
Site Name Facility Type Managing Entity (cfs) (cfs)
Green River — Reach 1 (Dam to Confluence With Yampa River):
Spillway Boat Ramp FS 600 6,000
Little Hole Boat Ramp FS 600 8,000
Fishing Pier FS 600 6,000
Trall FS n/a 6,000
9 of 18 Campgrounds | FS n/a 5,000
Indian Crossing Boat Ramp BLM 800 None
Bridge Hollow Boat Ramp BLM 800 None
Campground BLM n/a 10,000
Swallow Canyon Boat Ramp BLM 800 None
Bridge Port Camp Boat Ramp State of Utah — 800 None
Wildlife Resources
Green River — Reach 2 (Yampa River to confluence with White River):
Ouray NWR Boat Ramp USFWS None 25,000
Green River — Reach 3 (White River to confluence with Colorado River):
Sand Wash Boat Ramp BLM 800 50,000
Swasey’s Beach Boat Ramp BLM 2,000 50,000
Nefertiti Boat Ramp BLM 800 127,000
Butler Rapid Boat Ramp BLM 800 127,000
Mineral Bottom Boat Ramp BLM 800 30,000
Green River State Park | Boat Ramp State of Utah 800 25,000
Campground State of Utah None 25,000
Golf Course State of Utah None 19,000

! Access road to the facility becomes inundated,

not the facility itself.

National Park Service (Dinosaur National Monument): Dinosaur NM has three primary boat ramp
facilities: Lodore, Deerlodge, and Split Mountain. Generally speaking, these facilities have been usable
across all flow levels and hence high and low end usability thresholds are unknown. The likely continued
operation of recreation facilities across a wide range of flow levels also holds for the riverside
campgrounds (i.e., Lodore, Deerlodge, Echo Park, Split Mountain, and Green River) and picnic areas
(i.e., Split Mountain).
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Reach 2: Yampa River to the confluence with the White River

U.S. Fish and Wildlife Service (Ouray National Wildlife Refuge): While there is a primitive boat
ramp, very little boating activity occurs within the refuge. Site management estimates that use of this
ramp becomes difficult at about 25,000 cfs. There are no riverside campgrounds within the refuge.

Reach 3: White River to the confluence with the Colorado River

Bureau of Land Management: The BLM oversees a considerable amount of land within Reach 3 from
the confluence with the White River to the northern border of Canyonlands National Park. The agency
maintains five boat ramps/launches (Sand Wash, Swasey’s Beach, Nefertiti, Butler Rapid, and Mineral
Bottom) within this river stretch. Swasey’s Beach is the only developed concrete ramp, with the other
sites being primitive. Sand Wash is usable at virtually all flow levels, with impacts occurring at the low
end below 800 cfs and at the high end above 50,000 cfs. Swasey’s Beach ramp becomes unusable below
2,000 cfs due to rocks and at very high flows in excess of 50,000 cfs. The launch sites at Nefertiti and
Butler Rapid remain accessible at virtually all flow levels, but the access road to these facilities floods at
about 27,000 cfs. At Mineral Bottom, use of the site becomes difficult below 800 cfs. As with Nefertiti
and Butler Rapid, the site remains accessible at high flows, but the access road floods at about 30,000 cfs.
Finally, three sites at the campground at Swasey’s Beach get inundated at about 26,000 cfs, but this is not
a significant enough effect to close the campground.

State of Utah (Green River State Park): The park has a developed boat ramp, a 42 unit campground,
and a golf course all located along the Green River. At 19,000 cfs the golf course begins to see
significant impacts. At 25,000 cfs, impacts begin at both the campground and boat ramp. While these
facilities may still be usable at these flow levels, impacts become readily apparent.

Private Lands: A primitive boat launch site exists on private lands at Ruby Ranch upstream of
Canyonlands National Park. No information was readily available on high or low end usability
thresholds.

National Park Service (Canyonlands National Park): Given there are no boat ramps within the park,
Green River boaters within Canyonlands use boat ramps outside the park on BLM, State, or private lands.
Boaters use undeveloped, undesignated campsites throughout the park available at all flow levels.
Usability thresholds for 8 minimally developed road-accessible campsites along the river are unknown.
Above about 30,000 cfs, a portion of the access road from the north becomes inundated, but access is still
possible from the south or east.

3.2 Results

This section presents the results of the recreation visitation and value analyses. Results are presented by
alternative within each section with the Action Alternative results compared to the No Action Alternative
results.

3.2.1 Recreation Visitation and Valuation Results

This section presents the results of the recreation visitation and valuation analysis by alternative starting
with the No Action Alternative. Under each alternative, separate sections are presented for hydrology,
visitation, and value. Within each hydrology, visitation, and value subsection, a further division is made
between the Green River and Flaming Gorge Reservoir analyses, but the visitation and value results are
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ultimately combined across both sites. Finally, information presented for the Action Alternative will be
compared to the No Action Alternative to evaluate the effects of the Action Alternative.

3.2.1.1 No Action Alternative

Within a Federal environmental document, such as this Flaming Gorge EIS, the No Action Alternative
reflects the baseline from which to compare all other alternatives.

3.2.1.1.1 Hydrologic Conditions —
A) Green River Flows:

Monthly average Green River flows were obtained from the hydrology models for each project
alternative. Within the recreation analysis, comparisons were made of recreation effects between
alternatives under average, wet, and dry hydrologic conditions. The monthly average flows under
average conditions simply reflects the average flows for that particular month across all years within the
hydrologic output. As a result, average flows do not necessarily equate to information related to average
water year types presented within the context of the Green River flow recommendations. Similarly, the
wet and dry flows used in the recreation analysis are not based on information by water year type, but
reflect the 90 percent and 10 percent thresholds associated with the output from the hydrologic models.
The dry flows represent the lowest 10% flow level whereas the wet flows represent the highest 90% flow
level. Table 14 presents the average, wet, and dry flows by month for the No Action Alternative. Also
included in the table are the five flow data points used in the interpolations. Comparing the alternative
flows to the data points provides an idea as to where the alternative flow falls within the inverted
U-shaped flow distribution. For example, the No Action Alternative average condition flow for scenic
floating for March of 1,484 falls between the current flow data point (1,036) and the preferred flows data
point (2,170). The visitation and value interpolation for the No Action Alternative scenic floating March
average condition would therefore also result in estimates falling between the current and preferred visit
and value data points.

Note that the Green River recreation analysis evaluated the months of March through October given
visitation data was only available for those months. In addition, as described under affected environment,
the river recreation analysis focused on the Flaming Gorge NRA which is found in Reach 1. Reach 1 of
the Green River is defined within this EIS as the stretch of river from Flaming Gorge Dam to the
confluence of the Green and Yampa Rivers.

B) Flaming Gorge Reservoir Water Levels:

End of month Flaming Gorge Reservoir water levels were also obtained from the hydrology models for
each alternative. As with the river hydrology, reservoir water levels were obtained by alternative for
average, wet, and dry hydrologic conditions. The end of month (EOM) water levels under average
conditions simply reflects the average water levels for that particular month across all years within the
hydrologic output. As a result, average water levels do not necessarily equate to information related to
average water year types presented within the context of the Green River flow recommendations.
Similarly, the wet and dry water levels used in the recreation analysis are not based on information by
water year type, but reflect the 90 percent and 10 percent thresholds associated with the output from the
hydrologic models. The dry water levels represent the lowest 10% water level whereas the wet water
levels represent the highest 90% water level. Table 15 presents the average, wet, and dry water levels by
month for the No Action Alternative. Note that the Flaming Gorge Reservoir recreation analysis
evaluated across all months, and not only March through October as was the river analysis.
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Table 14: No Action Alternative, Green River Reach 1 Average Monthly Flows (cfs) by Hydrologic Condition
Interpolation Data Points No Action Alternative
Low End High End
Threshold Current | Preferred | High End Threshold
Month Recreation Activity Flow Flow Flow Kink Flow Flow Average Wet Dry
Monthly Oriented Flow Data Points for Visitation Analysis
Interpolation
March Scenic Floating 953 1036.0 2170 3786.7 3905 1484 1898 800
Guide Boat Fishing 854 “ " 1837 3380.3 3731 .o o o
Private Boat Fishing 879 o 1808 3343.7 3656 “©or o “or
Shore Fishing/Trail Use 825 " " 1624 3158.4 3709
Camping 836 o 2000 3273.7 3538 “«o o “«o
April Scenic Floating 953 1145.0 2170 3631.3 3905 2207 3290 800
Guide Boat Fishing 854 o 1837 3170.3 3731 “«o o “«o
Private Boat Fishing 879 “ " 1808 3126.9 3656
Shore Fishing/Trail Use 825 “ " 1624 2874.0 3709 “or oo “or
Camping 836 " " 2000 3129.7 3538
May Scenic Floating 953 1954.0 2170 2478.0 3905 3463 5100 1400
Guide Boat Fishing 854 1504.3 1837 “ " 3731 “«o o “«o
Private Boat Fishing 879 1471.2 1808 “ " 3656
Shore Fishing/Trail Use 825 1296.7 1624 “ " 3709 “or oo “or
Camping 836 1638.2 2000 “ " 3538
June Scenic Floating 953 1215.2 2170 3531.2 3905 2710 5917 800
Guide Boat Fishing 854 “ " 1837 3035.1 3731 v o Lo
Private Boat Fishing 879 o 1808 2987.3 3656 “©or o “or
Shore Fishing/Trail Use 825 " " 1624 2690.8 3709
Camping 836 o 2000 3037.0 3538 “©or o “or
July Scenic Floating 953 1007.0 2170 3828.0 3905 983 1200 800
Guide Boat Fishing 854 o 1837 3436.2 3731 “«o o “«o
Private Boat Fishing 879 “ " 1808 3401.4 3656
Shore Fishing/Trail Use 825 “ " 1624 3234.1 3709 “or oo “or
Camping 836 " " 2000 33121 3538
Aug Scenic Floating 953 1122.2 2170 3663.7 3905 1251 1531 931
Guide Boat Fishing 854 “ " 1837 3214.2 3731 o o Lo
Private Boat Fishing 879 " " 1808 3172.1 3656
Shore Fishing/Trail Use 825 o 1624 2933.3 3709 “«o o “«o
Camping 836 2000 3159.8 3538
Sept Scenic Floating 953 1118.0 2170 3669.7 3905 1374 1639 1039
Guide Boat Fishing 854 “ " 1837 3222.3 3731 v o Lo
Private Boat Fishing 879 o 1808 3180.5 3656 “©or o “or
Shore Fishing/Trail Use 825 " " 1624 2944.3 3709
Camping 836 o 2000 3165.3 3538 “©or o “or
Oct Scenic Floating 953 1024.0 2170 3803.8 3905 1654 2075 1039
Guide Boat Fishing 854 o 1837 3403.5 3731 “«o o “«o
Private Boat Fishing 879 “ " 1808 3367.6 3656
Shore Fishing/Trail Use 825 “ " 1624 3189.7 3709 “or oo “or
Camping 836 " " 2000 3289.6 3538
Annually Oriented Flow Data Points for Valuation Analysis
Interpolation
Low End Annual Annual High End
Threshold Current | Preferred | High End Threshold
Flow Flow Flow Kink Flow Flow
All Scenic Floating 953 1096.9 2170 3699.8 3905 Monthly flows are as above
Months Guide Boat Fishing 854 1359.0 1837 2757.9 3731
Private Boat Fishing 879 1373.3 1808 2672.7 3656
Shore Fishing/Trail Use 825 1298.6 1624 2473.1 3709
Camping 836 11155 2000 3168.7 3538
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Table 15: No Action Alternative, Flaming Gorge Reservoir Average End of Month Water Levels (feet above msl) by Hydrologic Condition
Annually Oriented Water Level (WL) Data Points for No Action Alternative Water
Valuation Analysis Interpolation Levels
Low End Annual Annual High | High End
; - Threshold | Current | Preferred [ End Kink Threshold
Month Recreation Activity WL WL WL WL WL Average Wet Dry

January Power Boating/Skiing 6016.7 6021.2 6029.0 6035.2 6038.8 6024.3 6028.1 6017.4
Boat Fishing 6017.3 6021.2 6029.1 6034.7 6037.5
Boat Camping 6017.1 6021.1 6028.9 6034.0 6036.7
Swimming/Waterplay 6017.4 6021.2 6028.9 6034.1 6036.7

February Power Boating/Skiing 6016.7 6021.2 6029.0 6035.2 6038.8 6024.0 6026.8 6017.8
Boat Fishing 6017.3 6021.2 6029.1 6034.7 6037.5
Boat Camping 6017.1 6021.1 6028.9 6034.0 6036.7
Swimming/Waterplay 6017.4 6021.2 6028.9 6034.1 6036.7

March Power Boating/Skiing 6016.7 6021.2 6029.0 6035.2 6038.8 6024.0 6027.9 6019.0
Boat Fishing 6017.3 6021.2 6029.1 6034.7 6037.5
Boat Camping 6017.1 6021.1 6028.9 6034.0 6036.7
Swimming/Waterplay 6017.4 6021.2 6028.9 6034.1 6036.7

April Power Boating/Skiing 6016.7 6021.2 6029.0 6035.2 6038.8 6024.1 6028.5 6020.1
Boat Fishing 6017.3 6021.2 6029.1 6034.7 6037.5
Boat Camping 6017.1 6021.1 6028.9 6034.0 6036.7
Swimming/Waterplay 6017.4 6021.2 6028.9 6034.1 6036.7

May Power Boating/Skiing 6016.7 6021.2 6029.0 6035.2 6038.8 6023.8 6029.4 6017.6
Boat Fishing 6017.3 6021.2 6029.1 6034.7 6037.5
Boat Camping 6017.1 6021.1 6028.9 6034.0 6036.7
Swimming/Waterplay 6017.4 6021.2 6028.9 6034.1 6036.7

June Power Boating/Skiing 6016.7 6021.2 6029.0 6035.2 6038.8 6026.6 6031.7 6018.5
Boat Fishing 6017.3 6021.2 6029.1 6034.7 6037.5
Boat Camping 6017.1 6021.1 6028.9 6034.0 6036.7
Swimming/Waterplay 6017.4 6021.2 6028.9 6034.1 6036.7

July Power Boating/Skiing 6016.7 6021.2 6029.0 6035.2 6038.8 6029.1 6035.5 6019.3
Boat Fishing 6017.3 6021.2 6029.1 6034.7 6037.5
Boat Camping 6017.1 6021.1 6028.9 6034.0 6036.7
Swimming/Waterplay 6017.4 6021.2 6028.9 6034.1 6036.7

August Power Boating/Skiing 6016.7 6021.2 6029.0 6035.2 6038.8 6028.9 6036.0 6018.5
Boat Fishing 6017.3 6021.2 6029.1 6034.7 6037.5
Boat Camping 6017.1 6021.1 6028.9 6034.0 6036.7
Swimming/Waterplay 6017.4 6021.2 6028.9 6034.1 6036.7

September | Power Boating/Skiing 6016.7 6021.2 6029.0 6035.2 6038.8 6028.3 6035.5 6017.9
Boat Fishing 6017.3 6021.2 6029.1 6034.7 6037.5
Boat Camping 6017.1 6021.1 6028.9 6034.0 6036.7
Swimming/Waterplay 6017.4 6021.2 6028.9 6034.1 6036.7

October Power Boating/Skiing 6016.7 6021.2 6029.0 6035.2 6038.8 6027.5 6034.9 6017.3
Boat Fishing 6017.3 6021.2 6029.1 6034.7 6037.5
Boat Camping 6017.1 6021.1 6028.9 6034.0 6036.7
Swimming/Waterplay 6017.4 6021.2 6028.9 6034.1 6036.7

November Power Boating/Skiing 6016.7 6021.2 6029.0 6035.2 6038.8 6026.3 6032.9 6017.5
Boat Fishing 6017.3 6021.2 6029.1 6034.7 6037.5
Boat Camping 6017.1 6021.1 6028.9 6034.0 6036.7
Swimming/Waterplay 6017.4 6021.2 6028.9 6034.1 6036.7

December Power Boating/Skiing 6016.7 6021.2 6029.0 6035.2 6038.8 6025.1 6030.3 6017.3
Boat Fishing 6017.3 6021.2 6029.1 6034.7 6037.5
Boat Camping 6017.1 6021.1 6028.9 6034.0 6036.7
Swimming/Waterplay 6017.4 6021.2 6028.9 6034.1 6036.7

3.2.1.1.2 Annual Recreation Visitation and Infrastructure Impacts — Based on the methods described
above, visitation estimates by recreation activity for both the Green River and Flaming Gorge Reservoir
are presented below for the No Action Alternative under average, wet, and dry hydrologic conditions. In
addition, impacts to recreation facilities are also presented by alternative and hydrologic condition.
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A) Green River Visitation:

Table 16 presents the Green River visitation estimates for the No Action Alternative. The five data points
for the interpolation are included in the table as well as the visitation estimates. Note that the data points
and visitation estimates vary by recreation activity and month. Visitation estimates were summed across
the March through October time period to provide an estimate of annual water based visitation.

No Action Alternative visitation under average conditions was estimated at nearly 83,500 or about
9,000 visits (9.7%) less than current 2000-2001 conditions. The estimated decline in visitation affected
all activities due primarily to the high flows in May (3,463 cfs) and low flows in July (983 cfs).

The wet condition was estimated at nearly 69,700 visits. This reflects a drop of about 13,800 visits
(16.5%) compared to the No Action Alternative average condition. While certain months were expected
to generate more visitation under wet conditions compared to average conditions, the loss of May and
June visitation due to flows (5,100 and 5,917 respectively) averaging in excess of the high end thresholds
for all activities resulted in the lower visitation estimate. The loss was expected to occur across all
activities.

The dry condition was estimated to generate only about 22,300 visits reflecting a 61,200 visit (73.3%)
decline compared to average conditions. These declines held for all activities and stemmed mainly from
the complete loss of visitation which is expected during the months of March, April, June, and July.
Visitation was expected to drop to zero for these months due to the monthly average flows of 800 cfs.

Although unrelated to the interpolation based Green River visitation analysis, an analysis of facility
availability was also conducted for Green River recreation facilities. As shown in table 17, within Reach
1, all river facilities were expected to be available based on average monthly flows across all months
under No Action Alternative average and dry conditions. However, under No Action Alternative wet
conditions, 9 of the 18 riverside campgrounds were expected to be unavailable in May and June due to
high flows. Looking across all years, the unavailability percentage, due exclusively to high flows, ranges
from 0 to 15.5 percent (or from virtually never to once every 6.5 years). It should be noted that facility
unavailability due to low water levels on the reservoir implies little damage to the facilities whereas
facility unavailability on the river due to high flows can imply substantial damage. River facility
unavailability was based on the point where significant impacts were expected to occur. However, in
most cases, erosion damage begins prior to the significant impact flow level (e.g., impacts begin at:
4,200 cfs to Little Hole ramp foundations, 5,000 cfs to trail tread/boardwalk footings and campground
banks and vegetation, and 6,000 cfs to Spillway boat ramp protective riprap and foundations).

Within Reach 2, the boat ramp at Ouray National Wildlife Refuge remains available under average, dry,
and wet conditions across all months for the No Action Alternative. Looking across all years,
unavailability is expected to occur in May and June, but only about 2 percent of the time.

Within Reach 3, all facilities remain available under average conditions for the No Action Alternative.
However, under dry conditions, the Swasey’s Beach boat ramp would be unavailable during the months
of January, February, and July through December. Under wet conditions, the facilities at Green River
State Park would be affected during May and June (golf course during both May and June, and the
campground and boat ramp during June). Looking across all years, again the Swasey’s Beach boat ramp
and the Green River State Park facilities show the most dramatic effects. The unavailability percentages
displayed in table 17 need to be looked at with some skepticism given the uncertainty associated with the
Reach 3 hydrology model.
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Table 16: No Action Alternative, Green River Reach 1 Average Monthly Visitation by Hydrologic Condition
Interpolation Data Points No Action Alternative Visits
Low
End High End
. . Thresho Current | Preferred High End Threshold
Month Recreation Activity Id Visits Visits Visits Kink Visits Visits Average Wet Dry
March Scenic Floating 0 42 52 42 0 46 50 0
Guide Boat Fishing 0 280 334 280 0 310 332 0
Private Boat Fishing 0 1,265 1,475 1,265 0 1,387 1,463 0
Shore Fishing/Trail Use 0 1,774 2,541 1,774 0 2,358 2,404 0
Camping 0 0 0 0 0 0 0 0
Total: 0 3,361 4,402 3,361 0 4,101 4,249 0
April Scenic Floating 0 217 270 217 0 269 229 0
Guide Boat Fishing 0 1,560 1,861 1,560 0 1,777 1,227 0
Private Boat Fishing 0 3,214 3,748 3,214 0 3,586 2,223 0
Shore Fishing/Trail Use 0 5,892 8,439 5,892 0 7,251 2,956 0
Camping 0 0 0 0 0 0 0 0
Total: 0 10,883 | 14,318 10,883 0 12,883 6,635 0
May Scenic Floating 0 99 123 99 0 31 0 44
Guide Boat Fishing 0 2,018 2,407 2,018 0 432 0 1,694
Private Boat Fishing 0 3,549 4,139 3,549 0 581 0 3,122
Shore Fishing/Trail Use 0 4,942 7,078 4,942 0 988 0 5,616
Camping 0 0 0 0 0 0 0 0
Total: 0 10,608 13,747 10,608 0 2,032 0 10,476
June Scenic Floating 0 5,527 6,867 5,527 0 6,336 0 0
Guide Boat Fishing 0 2,099 2,504 2,099 0 2,209 0 0
Private Boat Fishing 0 1,767 5,060 1,767 0 1,836 0 0
Shore Fishing/Trail Use 0 5,976 8,559 5,976 0 5,864 0 0
Camping 0 668 733 668 0 688 0 0
Total: 0 16,037 20,723 16,037 0 16,933 0 0
July Scenic Floating 0 11,063 13,744 11,063 0 6,148 11,508 0
Guide Boat Fishing 0 1,781 2,124 1,781 0 1,502 1,861 0
Private Boat Fishing 0 1,520 1,773 1,520 0 1,235 1,581 0
Shore Fishing/Trail Use 0 7,708 11,039 7,708 0 6,692 8,750 0
Camping 0 655 719 655 0 563 667 0
Total: 0 22,727 29,399 22,727 0 16,140 24,367 0
Aug Scenic Floating 0 7,749 9,626 7,749 0 7,979 8,481 0
Guide Boat Fishing 0 1,814 2,163 1,814 0 1,877 2,013 521
Private Boat Fishing 0 1,457 1,699 1,457 0 1,503 1,601 312
Shore Fishing/Trail Use 0 5,462 7,823 5,462 0 6,068 7,385 1,948
Camping 0 600 659 600 0 609 628 199
Total: 0 17,082 21,970 17,082 0 18,036 20,108 2,980
Sept Scenic Floating 0 62 77 62 0 66 70 32
Guide Boat Fishing 0 1,530 1,826 1,530 0 1,636 1,745 1,072
Private Boat Fishing 0 4,827 5,629 4,827 0 5,124 5,432 3,231
Shore Fishing/Trail Use 0 2,935 4,204 2,935 0 3,577 4,190 2,143
Camping 0 352 386 352 0 362 372 253
Total: 0 9,707 12,122 9,707 0 10,765 11,809 6,731
Oct Scenic Floating 0 9 11 9 0 10 11 9
Guide Boat Fishing 0 318 379 318 0 365 370 319
Private Boat Fishing 0 932 1,087 932 0 1,057 1,060 935
Shore Fishing/Trail Use 0 793 1,136 793 0 1,129 1,037 802
Camping 0 6 7 6 0 7 7 6
Total: 0 2,058 2,620 2,058 0 2,568 2,485 2,071
Total Scenic Floating 0 24,768 30,770 24,768 0 20,885 20,349 85
Guide Boat Fishing 0 11,400 13,598 11,400 0 10,108 7,548 3,606
Private Boat Fishing 0 18,531 21,610 18,531 0 16,309 13,360 7,600
Shore Fishing/Trail Use 0 35,482 50,819 35,482 0 33,927 26,722 10,509
Camping 0 2,281 2,504 2,281 0 2,229 1,674 458
Total: 0 9,2461 119,301 92,461 0 83,458 69,653 22,258
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B) Flaming Gorge Visitation:

As noted under methodology, visitation estimates by recreation activity and month at Flaming Gorge
Reservoir were developed using a facility availability approach as opposed to the interpolation approach.
Table 18 presents facility availability for the No Action Alternative average, wet, and dry conditions by
site and facility (while not comparable to the rest of the analysis, table 18 also presents the percent of time
each facility is unavailable by month across all years). Comparing end of month water levels by
hydrologic condition from table 15 to the low end usability thresholds for each facility provides an
estimate of monthly facility availability.

All facilities were expected to be available based on end of month water levels across all months under
No Action Alternative average and wet conditions. However, under No Action Alternative dry
conditions, several facilities are expected to be unusable. The Anvil Draw boat ramp has a low end
usability threshold of 6020 and becomes unusable on average for all months except April during dry
conditions. The Cedar Springs marina and boat ramp are expected to experience problems under dry
conditions during January, February, May, and September through December. The Firehole boat ramp
would only be available under dry conditions during March, April, and July. Finally, the Sunny Cove
swim beach follows at pattern similar to Cedar Springs during dry conditions experiencing problems in
January, February, May, and September through December.

Table 19, which immediately follows the facility availability table, presents results of a preliminary
analysis on visitation for the No Action Alternative dry condition conducted without taking into
consideration the potential for recreators moving or substituting to other facilities around the reservoir.
The 533,940 visitation estimate reflects a lower bound given it assumes loss of a facility implies a
complete loss of visitation from that facility. This information is not the focus of the analysis, but is
presented as an indicator of the worst case scenario.

Table 20 presents the results of the with facility substitution analysis for the No Action Alternative dry
condition. The No Action Alternative average and wet conditions indicated facility availability in all
months such that visitation estimates would be equal to current conditions (572,290 visits). The facility
substitution effects were developed based on discussions with Flaming Gorge Reservoir recreation
managers (see notes at the end of the table). The table emphasizes changes at the four affected sites:
Anvil Draw, Cedar Springs, Firehole, and Sunny Cove. Affected sites are defined as those that suffered
some level of facility unavailability under the dry condition. For each recreation activity at each affected
site and facility, the table presents visitation estimates by month which continue to occur at the facility,
visitation estimates which substitute to other facilities along the reservoir, and the total visitation. The
total visitation is simply at the site visitation plus the visitation which moves to other sites, so technically
it does not apply only to the site in question. Given the site managers only indicated what percent of
visitation lost at a given facility would substitute to all other available facilities, the analysis could not
actually estimate total visitation at each site and facility. However, the information provided allowed for
the development of visitation estimates by recreation activity across all sites. These estimates were
considered to be sufficient for comparison between alternatives.

In addition to the affected site visitation estimates, visitation estimates for the unaffected sites are also
included in table 20 to allow for calculation of total visitation across all sites and activities. The term
“unaffected sites” is somewhat of a misnomer since several of these sites (i.e., Lucerne Valley, Squaw
Hollow, Mustang Ridge, Buckboard Crossing) would probably be affected by the substitution from the
“affected sites.” The No Action Alternative dry condition visitation estimate is approximately 28,300
below that of current conditions (572,290) or a 4.9-percent decline. Nearly all of the loss (99%) occurred
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Table 19: No Action Alternative —Dry Condition, Flaming Gorge Reservoir Visitation by Affected Site and Recreation
Activity Without Facility Substitution
Without Facility Substitution Analysis:
Power Swimming
Boating/ Boat and
Site Facility Month Waterskiing Fishing Camping Waterplay Total
Anvil Draw Boat Ramp Jan 0 0 0 0
Feb 0 0 0 0
Mar 0 0 0 0
Apr 72 96 0 168
May 0 0 0 0
June 0 0 0 0
July 0 0 0 0
Aug 0 0 0 0
Sept 0 0 0 0
Oct 0 0 0 0
Nov 0 0 0 0
Dec 0 0 0 0
Total: 72 96 0 168
Cedar Marina Jan 0 0 0
Springs Feb 0 0 0
Mar 225 79 304
Apr 1,798 629 2,427
May 0 0
June 6,508 2,278 8,786
July 7,087 2,480 9,567
Aug 4,114 1,440 5,554
Sept 0 0 0
Oct 0 0 0
Nov 0 0 0
Dec 0 0 0
Total: 19,732 6,906 26,638
Cedar Boat Ramp Jan 0 0 0
Springs Feb 0 0 0
Mar 225 146 371
Apr 1,798 1,169 2,967
May 0 0 0
June 6,508 4,230 10,738
July 7,087 4,606 11,693
Aug 4,114 2,674 6,788
Sept 0 0 0
Oct 0 0 0
Nov 0 0 0
Dec 0 0 0
Total: 19,732 12,825 32,557
Firehole Boat Ramp Jan 0 0 6 6
Feb 0 0 0 0
Mar 20 15 26 61
Apr 156 120 206 482
May 0 0 552 552
June 0 0 744 744
July 616 472 810 1,898
Aug 0 0 470 470
Sept 0 0 270 270
Oct 0 0 243 243
Nov 0 0 63 63
Dec 0 0 41 41
Total: 792 607 3431 4,830




Table 19: No Action Alternative —Dry Condition, Flaming Gorge Reservoir Visitation by Affected Site and Recreation

Activity Without Facility Substitution (continued)
Without Facility Substitution Analysis:
Swimming
Power Boating/ Boat and
Site Facility Month Waterskiing Fishing Camping Waterplay Total

Sunny Cove | Swim Beach Jan 0 0

Feb 0 0

Mar 37 37

Apr 300 300

May 0 0

June 1,085 1,085

July 1,181 1,181

Aug 686 686

Sept 0 0

Oct 0 0

Nov 0 0

Dec 0 0

Total: 3,289 3,289

Total for All Jan 0 0 0 6 6

Affected Feb 0 0 0 0 0

Sites: Mar 470 240 0 63 773

Apr 3,824 2,014 0 506 6,344

May 0 0 0 552 552

June 13,016 6,508 0 1,829 21,353

July 14,790 7,558 0 1,991 24,339

Aug 8,228 4114 0 1,156 13,498

Sept 0 0 0 270 270

Oct 0 0 0 243 243

Nov 0 0 0 63 63

Dec 0 0 0 41 41

Total: 40,328 20,434 0 6,720 67,482

Total for All Jan 479 238 75 21 813

Unaffected Feb 0 0 0 0 0

Sites: Mar 2,215 1,106 677 96 4,094

Apr 17,708 8,856 1,761 771 29,096

May 47,527 23,765 1,388 2,068 74,748

June 64,101 32,054 1,863 2,789 100,807

July 69,798 34,902 1,386 3,037 109,123

Aug 40,522 20,263 1,174 1,763 63,722

Sept 23,233 11,618 536 1,012 36,399

Oct 20,910 10,456 674 911 32,951

Nov 5,460 2,731 483 238 8,912

Dec 3,517 1,760 357 154 5,788

Total: 295,470 147,749 10,374 12,860 466,453

Overall Jan 479 238 75 27 819

Total : Feb 0 0 0 0 0

Mar 2,685 1,346 677 159 4,867

Apr 21,532 10,870 1,761 1,277 35,440

May 47,527 23,765 1,388 2,620 75,300

June 77,117 38,562 1,863 4,618 122,160

July 84,588 42,460 1,386 5,028 133,462

Aug 48,750 24,377 1,174 2,919 77,220

Sept 23,233 11,618 536 1,282 36,669

Oct 20,910 10,456 674 1,154 33,194

Nov 5,460 2,731 483 301 8,975

Dec 3,517 1,760 357 195 5,829

Total: 335,798 168,183 10,374 19,580 533,935
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to power boating (18,660 lost visits) and boat fishing (9,380 lost visits). Comparing the total visitation
estimates across activities with facility substitution (approximately 543,990) to those without facility
substitution (approximately 533,940) indicates that only about 10,055 visits would substitute to other
facilities along the reservoir. The amount of substitution reflects only about 26 percent of the total
without facility substitution loss. Nearly all (98%) of the unabsorbed visitation losses stem from the
Cedar Springs facilities.

C) Total River and Reservoir Visitation:

Table 21 presents information on water based visitation combined for both the Green River and Flaming
Gorge Reservoir for the No Action Alternative under average, wet, and dry conditions. Reservoir
visitation accounts for anywhere from 86.1 to 96.1 percent of the total depending on the hydrologic
condition. The average condition is slightly less than current visitation (-9000 visits or 1.4%). The
percentage loss in total water based visitation compared to average conditions is 2.1% for the wet
condition and 13.7% for the dry condition. The Green River losses account for 100% of the difference
during wet conditions and 68.4% of the losses during dry conditions. So despite reflecting only a
relatively small percent of total water based visitation, Green River losses account for the majority of the
impact compared to the average condition.

Table 21: Total Water Based Visitation for Green River and Flaming Gorge Reservoir for No Action Alternative

Visitation by Hydrologic Condition
Average Wet Dry
Change from
Average Change from
Condition Average Condition
Current
Site Recreation Activity Visits Visits Visits Visits % Visits Visits %
Green River Scenic Floating 24,768 20,885 20,349 -536 -2.6 85 -20,800( -99.6
Guide Boat Fishing 11,400 10,108 7,548 | -2,560 -25.3 3,606 -6,502| -64.3
Private Boat Fishing 18,531 16,309 13,360 | -2,949 -18.1 7,600 -8,709| -53.4
Shoreline Fishing/Trail 35,482 33,927 26,722 -7,205 -21.2| 10,509 -23,418| -69.0
Use

Boat Based Camping 2,281 2,229 1,674 -555 -24.9 458 -1,771|  -79.5
Total: 92,461 83,458 69,653 [ -13,805 -16.5| 22,258 -61,200| -73.3
Flaming Gorge Power Boating/ 359,278 | 359,278 359,278 0 0| 340,615 -18,663 -5.2

Reservoir Waterskiing
Boat Fishing 181,348 | 181,348 181,348 0 0]171,969 -9,379 -5.2
Boat Based Camping 10,374 10,374 10,374 0 0| 10,374 0 0
Swimming/ Waterplay 21,291 21,291 21,291 0 0| 21,034 -257 -1.2
Total: 572,291 572,291 572,291 0 0] 543,992 -28,299 -4.9
Both Sites Combined Total: 664,752 | 655,749 641,944  -13,805 -2.1| 566,250 -89,499( -13.7
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3.2.1.1.3 Recreation Value -
A) Green River Valuation:

Table 22 presents value per visit and total value by month and activity for the No Action Alternative
under average, wet, and dry conditions. Determining where monthly No Action Alternative flows by
hydrologic condition fall within the range of data points allows for interpolation of the per visit value by
activity. For example, looking at table 14, compare average condition flows for March to the annual flow
oriented data points for the valuation analysis at the bottom of the table. The 1,484 average condition
flow falls between the valuation analysis data point current flow and preferred flow levels. As a result,
the value per visit for No Action Alternative March average condition in table 22 also falls between
current and preferred values per visit. The percentage of the distance the No Action March average flows
fall between preferred and current flows is used to calculate the value per visit. Applying the values per
visit to the visitation estimates in table 16 results in the total value estimates.

The No Action Alternative average condition total valuation is estimated at nearly $ 4 million
($3,965.7 thousand). This reflects a decline of about $830 million or 17.3 percent compared to current
conditions. wet conditions imply a further $206 million or 5.2 percent decline compared to average
conditions. Finally, No Action Alternative dry conditions result in a dramatic decline of more than
$3.1 million or nearly 80 percent compared to average conditions.

B) Flaming Gorge Valuation:

The Flaming Gorge Reservoir valuation analysis used a similar interpolation approach as the Green River
valuation analysis. As a result, the reservoir valuation analysis applies value per visit estimates by
activity derived from interpolation to visitation estimates by activity derived from a facility availability
approach.

As indicated in table 23, the No Action Alternative average condition value of nearly $21.4 million
exceeds current condition values by over $7.4 million or 53 percent. Current water levels for the survey
period (table 1) fall in the 6020 to 6021 range, whereas the No Action Alternative flows for the average
condition (table 15) fall in the 6024 to 6029 range. The facility availability approach indicates no
difference in average condition visitation since all facilities were available in all months in both cases.
Herein lies a disadvantage of the facility availability approach, when facilities are available under two
varying scenarios, the approach fails to detect potential increases in visitation as water levels rise. The
interpolation based valuation analysis is more sensitive to water level changes thereby resulting in the
differential.

Compared to the average condition, the No Action Alternative wet and dry conditions both result in
declining values. Wet conditions result in nearly a $5.2 million loss (24.1%), whereas dry conditions
result in a $16.4 million loss (76.6% decline) compared to average conditions.

C) Total River and Reservoir Valuation:
Table 24 presents information on water based valuation combined for both the Green River and Flaming
Gorge Reservoir for the No Action Alternative under average, wet, and dry conditions. Reservoir

valuation accounts for anywhere from 81.2 to 86.2 percent of total value depending on the hydrologic
condition. The average condition is significantly greater than current valuation (increase of nearly
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Table 24: Total Water Based Valuation for Green River and Flaming Gorge Reservoir for No Action Alternative

Valuation by Hydrologic Condition
Average Wet Dry
Change from Change from
Average Condition Average Condition
Current
Site Recreation Activity Values Values Values Values % Values Values %
Green River Scenic Floating 1,159.2 1,013.6 1,174.9 161.3 15.9 3.8 -1,009.8 -99.6
Guide Boat Fishing 2,085.5 1,600.9 1,283.0 -317.9 -19.9 425.9 -1,175.0 -73.4
Private Boat Fishing 693.8 636.7 620.2 -16.5 -2.6 174.8 -461.9 -72.6
Shoreline Fishing/ 833.5 691.8 661.4 -30.4 -4.4 192.1 -499.7 -72.2
Trail Use
Boat Based Camping 24.6 22.7 20.0 -2.7 -11.9 2.8 -19.9 -87.7
Total: 4,796.5 3,965.7 3,759.5 -206.2 -5.2 799.3 -3,166.4 -79.8
Flaming Gorge Power Boating/ 9,237.0 14,723.6| 11,341.7 -3,381.9 -23.0| 3,567.6 -11,156.0 -75.8
Reservoir Waterskiing
Boat Fishing 4,571.8 6,281.9 4,646.3 -1,635.6 -26.0 1,368.2 -4,913.7 -78.2
Boat Based Camping 135.5 197.8 151.1 -46.7 -23.6 49.7 -148.1 -74.9
Swimming/ Waterplay 30.7 173.1 83.5 -89.6 -51.8 8.8 -164.3 -94.9
Total: 13,975.0 21,376.3| 16,222.6 -5,153.7 -24.1|1  4,994.4 -16,381.9 -76.6
Both Sites | Combined Total: | 18,771.5| 25,342.0| 19,982.l| —5,359.9| —21.2| 5,793.7| -19,548.3 -77.1

$6.6 million or 25.9%), whereas wet and dry conditions fall below the average condition. The percentage
loss in total water based valuation compared to average conditions is 21.2% for the wet condition and
77% for the dry condition. Losses at Flaming Gorge Reservoir account for about 96% and 84% of the
differential from average conditions for wet and dry conditions respectively.

3.2.1.2 Action Alternative

The Flaming Gorge EIS has one action alternative based on the flows suggested in the 2000 Flow and
Temperature Recommendation Report (Muth et al., 2000).

3.2.1.2.1 Hydrologic Conditions —

A) Green River Flows

Table 25 presents average flows by month for the Action Alternative under average, wet, and dry
hydrologic conditions as obtained from the hydrology model. Information is also presented on the

difference between the Action and No Action Alternatives in terms of flows (cfs) and percentages. Also
included in the table are the five flow data points used in the interpolations.
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Comparing the alternative flows to the data points indicates where the alternative flow falls within the
inverted U-shaped flow distribution. For example, the Action Alternative average condition flow for
March of 1,270 falls between the current flow data point (1,036 or 1,096.9) and the preferred flow data
point (2,170) for scenic floating. The scenic floating visitation and value interpolation for the Action
Alternative March average condition would therefore also result in estimates falling between the current
and preferred visit and value data points. Also note that the Action Alternative March average condition
flow is 214 cfs less than the No Action Alternative. This implies that the Action Alternative March
average condition visitation and value estimates will be less than those of the No Action Alternative since
No Action Alternative March flows are closer to the preferred flow. Generally speaking, the closer an
alternative’s flow is to the preferred flow, the higher the visitation and value estimate.

Comparing the average condition flows between the Action and No Action Alternatives indicates that
from June through September, Action Alternative average flows exceed No Action flows. The largest
differences occur in June and July where the Action Alternative flow exceeds the No Action Alternative
flow by more than 1,000 cfs.

During wet conditions, Action Alternative flows exceed No Action Alternative flows across the entire
March through October period. The largest difference occurs in July where the Action Alternative
exceeds the No Action Alternative by 3,400 cfs or 283 percent.

During dry conditions, the difference between the alternatives is less severe in terms of both cfs and
percentage. In 4 of the 8 studied months (May, August, September, October), No Action Alternative
average monthly flows exceed those of the action alternative. The largest difference (-600 cfs, -42.9%)
occurs in May.

B) Flaming Gorge Reservoir Water Levels:

Table 26 presents end of month water levels for the Action Alternative under average, wet, and dry
hydrologic conditions as obtained from the hydrology model. Information is also presented on the
difference between the Action and No Action Alternatives in terms of water levels.

Comparing average condition end of month water levels between the Action and No Action alternatives
indicates very little difference between the two alternatives. The largest difference occurs in May with
the Action Alternative only 2 feet higher than the No Action.

Water levels under wet conditions were not evaluated within the recreation visitation analysis since they
do not create any problems in terms of recreation access on the reservoir. However, water level
differences were evaluated via the interpolation procedure in the reservoir valuation analysis. Action
Alternative water levels fell below those of the No Action Alternative in 8 of 12 months, with the most
significant differences being in July through November.

Under dry conditions, Action Alternative water levels exceed those of the No Action across all months.
The differences between the alternatives range from a low of 2.9 feet to a high of 6.0 feet. These
differences are substantially greater than those seen under average conditions and may be more significant
given the lower water levels.
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3.2.1.2.2 Annual Recreation Visitation and Infrastructure Impacts —
A) Green River Visitation:

Table 27 presents the results of the Green River visitation analysis for the Action Alternative. Visitation
estimates were developed for the Action Alternative by month and recreation activity. In addition, a
comparative analysis is made to the No Action Alternative in terms changes in number of visits and
percentage.

For the Action Alternative average condition, the 85.200 plus visitation estimate is slightly above the No
Action Alternative average condition estimate by 1.770 visits or 2.1 percent. Looking at the individual
activities, the gains in visitation for scenic floating and shoreline fishing/trail use somewhat outweigh the
losses in guide boat fishing, private boat fishing, and camping.

Within the interpolation analysis, the closer a flow is to the preferred flow level (in percentage terms), the
higher the visitation estimate. Comparing the average condition Action Alternative flows (table 25) and
the average condition No Action Alternative flows (table 14, also derivable from table 25) to the
visitation analysis oriented data points across the various months, it becomes evident that in some months
the Action Alternative average condition is clearly an improvement over the No Action while in other
months the reverse is true. For example, the months of May, August, and September have Action
Alternative average monthly flows which are clearly closer to the preferred flow for all activities
compared to the No Action Alternative. Conversely, the months of March, June, and October are clearly
closer to the preferred flow under No Action average conditions. The months of April and July are
ambiguous because the flows fall on either side of the preferred level (e.g., the April No Action flow of
2,207 falls above the preferred flow of 2,170 whereas the Action Alternative April flow of 1,904 falls
below the preferred flow). The formula calculates visitation based on the percentage of the distance
between data points, in April it turns out that the No Action Alternative average condition flow of 2,207
is closer on a percentage basis than the Action Alternative flow of 1,904. While one could guess that the
2,207 was closer to the preferred flow based simply on the numeric difference (2,207-2,170 = 37 versus
2,170-1,904 = 266), the assumption that the closer the numeric difference implies a higher the visitation
estimate does not always hold since we are working with percentages. Hypothetically, let’s say that the
difference between the preferred flow and the high end kink was only 100 cfs, but the difference between
the preferred flow and the current flow was 1,000 cfs. Note that widely divergent locations for the high
end kink and current conditions did result in some cases from the survey data. In such a case, the Action
Alternative flow would be closer to the preferred flow on a percentage basis (37/100 = 37% versus
226/1,000 = 22.6%). The fact that 5 months resulted in gains and three months resulted losses lead to
slightly positive difference for the Action Alternative average condition over the No Action Alternative.
The months of May, July, and August were relatively large gainers and the month of June a large loser for
the Action Alternative compared to the No Action. When considering changes in visitation between the
alternatives, obviously the flow differentials play a significant role, but so does the baseline visitation
estimates for each month. Looking at the preferred visitation estimates, note that the heaviest use months
are June, July, and August with visitation tailing off as one approaches the edges of the high recreation
season in March and October. Therefore, a smaller flow differential during the highest use months could
result in a larger impact compared to a larger flow differential during the lower use months.

Under Action Alternative wet conditions, Green River visitation drops significantly compared to the No
Action Alternative. Total visitation drops to under 39,000 visits, a decline of over 31,000 visits and
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44 percent. All activities experienced significant losses. Every month with changes in visitation (note
May and June resulted in no change), except for August, resulted in lost visitation for the Action
Alternative wet condition compared to the No Action. The months with the largest losses were April and
July, where July accounts for nearly 80% of the total loss. In April, Action Alternative flows of 3,981
exceed the high end threshold flow for all activities resulting in an estimate of zero visits. Conversely, the
No Action flow of 3,290 generally falls just beyond the high end kink flow, well below the high end
threshold. In July the same situation occurs, but the impact is more severe since the No Action flow of
1,200 cfs actually falls between current and preferred flows (i.e., it is even closer to preferred flows than
in April) and the base level of visitation is higher.

Under Action Alternative dry conditions, visitation drops to slightly under 10,300 visits, a decline of
nearly 12,000 visits or almost 54 percent compared to the No Action Alternative. The decline is
experienced for all activities except camping. The Action Alternative dry condition resulted in four
months of losses and two months of gains (and 2 months of zero impact) compared to the No Action
Alternative. The months with gains were relatively insignificant resulting in the 12,000 visit loss. The
months of May, September, and October were the largest losers with May accounting for about 88% of
the overall loss. The dry May flow of 800 cfs for the Action Alternative falls below the low end threshold
for all activities resulting in a zero visitation estimate. Conversely, the 1,400 cfs May flow for the No
Action Alternative falls above the low end threshold and in the case of shoreline fishing/trail use, the
1,440 cfs flow falls above the low end kink. As a result, a nearly 10,500 visit loss is predicted for the
month of April for the Action Alternative dry condition compared to the No Action Alternative.

Although unrelated to the visitation and value analysis, as noted previously, an analysis of facility
availability was also conducted for Green River recreation facilities. As shown in table 28, within
Reach 1, all river facilities were expected to be available based on average monthly flows across all
months under Action Alternative average and dry conditions. However, under wet conditions, the
following Forest Service facilities are expected to be unavailable in June due to high flows: the spillway
boat ramps, fishing pier, hiking trail, and 9 of 18 riverside campgrounds. In addition, 9 of the 18 riverside
campgrounds are also expected to be unavailable in May under wet conditions. The June unavailability
of the Spillway ramp, the Little Hole fishing pier, and the recreation trail reflect additional facility
unavailability compared to the No Action Alternative. Looking across all years, the unavailability
percentage, due exclusively to high flows, ranges from 0 to 27.2 percent (or from virtually never to once
every 3.7 years). Across all years, the percentage difference between Action and No Action Alternatives
is generally minor, with the largest differences occurring during June (Forest Service campgrounds,
+11.7%) and July (spillway ramp, pier, and trail; +7%). Erosion of river facilities is similar to that
discussed under the No Action Alternative, but occurs to a greater degree due to higher flows.

Within Reach 2, the boat ramp at Ouray National Wildlife Refuge remains available under average, dry,
and wet conditions across all months for the Action Alternative. This implies no change in facility
availability within Reach 2 between the alternatives during those hydrologic conditions. Looking across
all years, unavailability is expected to occur in May and June, but only about 1.5 to 2 percent of the time.
This implies virtually no change in reach two facility availability between the alternatives.

Within Reach 3, all facilities remain available under average conditions for the Action Alternative.
However, under dry conditions, the Swasey’s Beach boat ramp would be unavailable during the months
of January, February, and July through December. Under wet conditions, the facilities at Green River
State Park would be affected during May and June (golf course during both May and June, and the
campground and boat ramp during June). The facility unavailability for the Action Alternative within
Reach 3 mirrors that of the No Action Alternative, implying no change in facility availability between the
alternatives within Reach 3 under these conditions. Looking across all years, again the Swasey’s Beach
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boat ramp and the Green River State Park facilities show the most dramatic effects. The unavailability
percentages displayed in table 28 need to be looked at with some skepticism given the uncertainty
associated with the reach three hydrology model. As a result, it makes sense to focus more on the
differences in the unavailability percentages between the alternatives as compared to the percentages
themselves. For the most part, the differences in the percentages between the alternatives are fairly
minor. The largest differences (both + and -) occur with the Swasey’s Beach boat ramp. The difference
exceeds 5% for 7 of the months, although 3 of those months show a reduction in unavailability for the
Action Alternative. In only one other month (June), did a facility (Green River State Park golf course)
experience a 5% difference between alternatives?

B) Flaming Gorge Visitation:

Table 29 presents the Flaming Gorge Reservoir facility availability for the Action Alternative under
average, wet, and dry conditions (while not comparable to the rest of the analysis, table 18 also presents
the percent of time each facility is unavailable by month across all years). Under all three hydrologic
conditions, all the facilities are available based on end of month water levels provided by the hydrologic
models (table 26). The highest low end usability threshold is for the Anvil Draw boat ramp at 6020.

Even under dry conditions, end of month water levels were not expected to decline below that level. Asa
result, reservoir visitation estimates for the Action Alternative under average, wet, and dry conditions are
all estimated at the nearly 572,300 level. Visitation was also estimated at this level for the No Action
Alternative average and wet conditions, therefore the only situation where a visitation difference results
between alternatives is for the dry condition.

Under the No Action Alternative dry condition, losses in facility availability imply the Action Alternative
dry condition results in a gain in visitation compared to the No Action Alternative. Table 30 presents
information on visitation for the Action Alternative under dry conditions by activity, month, and affected
site. Bottomline, the majority of the gain in visitation during dry conditions compared to No Action
occurs due to the availability of the Cedar Springs marina and boat ramp. Virtually all of the gain accrues
to power boating and boat fishing activities. The 28,300 visit gain reflects a 5.2 percent increase
compared to No Action Alternative. Nearly 47 percent of the gain occurs in May, with 90 percent
occurring across May, September, and October.

C) Total River and Reservoir Visitation:

Table 31 presents information on water based visitation combined for both the Green River and Flaming
Gorge Reservoir for the Action Alternative under average, wet, and dry conditions. Reservoir visitation

accounts for anywhere from 87.0 to 98.2 percent of the total depending on the hydrologic condition. For
information on what these changes in recreation visitation mean in terms of expenditures, jobs, and other
measures of regional economic activity, see the socioeconomic section.

For the Action Alternative average condition, the combined visitation barely changes from the No Action
Alternative average condition. The Action Alternative’s approximately 1,770 additional visits represent
less than a 1 percent change compared to No Action. This change in visitation from the No Action
Alternative was not considered significant. Since the facility availability approach indicated no visitation
changes on the reservoir, the gains in visitation are completely attributable to the river. Gains in scenic
floating and shoreline fishing/trail use in July and August slightly outweigh losses to guide boat fishing,
private boat fishing, and boat based camping which occur primarily in June.
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Table 31: Total Water Based Visitation for Green River and Flaming Gorge Reservoir for Action Alternative
Action Alternative Visitation by Hydrologic Condition
Average Wet Dry
Change from No Change from No Change from
Action Average Action Wet No Action Dry
Condition Condition Condition
Recreation
Site Activity Visits Visits % Visits Visits % Visits Visits %
Green River Scenic Floating 23,434 2,549 12.2 9,694 -10,655 -52.4 0 -85 -100
Guide Boat 9,151 -957 -9.5 4,521 -3,027 -40.1 1,526 -2,080 | -57.7
Fishing
Private Boat 16,116 -193 -1.2 9,515 -3,845 -28.8 1,614 -5,986 | -78.8
Fishing
Shoreline Fishing/ 34,803 876 2.6 1,3876 | -12,846 -48.1 6,552 -3,957 | -37.7
Trail Use
Boat Based 1,772 -507 -22.7 1,038 -636 -38.0 5,94 136 29.7
Camping
Total: 85,226 1,768 21 38,644 | -31,009 -44.5 10,286 | -11,972 | -53.8
Flaming Gorge Power Boating/ 35,9278 0 0 359,278 0 0 359,278 18,663 55
Reservoir Waterskiing
Boat Fishing 18,1348 0 0 181,348 0 0 181,348 9,379 55
Boat Based 10,374 0 0 10,374 0 0 10,374 0 0
Camping
Swimming/ 21,291 0 0 21,291 0 0 21,291 257 1.2
Waterplay
Total: 572,291 0 0 572,291 0 0 57,291 28,299 5.2
Both Sites Combined Total: | 657,517| 1,768 | 3 | 610,935 | -31,009 | -4.8 | 582,577 | 16,327 | 2.9

For the Action Alternative wet condition, combined visitation declines about 31,000 or nearly 5 percent
compared to the No Action Alternative wet condition. This change in visitation from the No Action
Alternative was not considered significant especially given that wet conditions occur only 10 percent of
the time. Since the facility availability approach indicated no visitation changes on the reservoir, all of
this decline stems from losses experienced on the river. All river activities were estimated to experience
losses compared to No Action with the majority of the losses (over 75%) accruing to scenic floating and
shoreline fishing/trail use during April and July.

For the Action Alternative dry condition, combined visitation is estimated to increase by over

16,300 visits or just under 3 percent compared to the No Action Alternative dry condition. This change in
visitation from the No Action Alternative was not considered significant especially given that conditions
occur only 10 percent of the time. Visitation on the reservoir is estimated to increase by about

28,300 visits whereas visitation on the river is estimated to decline by nearly 12,000 visits. The largest
gains are expected for reservoir power boating and boat fishing during the months of May, September,
and October, and the largest losses are expected for river private boat fishing and shoreline fishing/trail
use during the month of May.
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3.2.1.2.3 Recreation Value — This section presents the results of the valuation analysis for the Action
Alternative for both the Green River and Flaming Gorge Reservoir.

A) Green River Valuation:

Table 32 presents the results of the Green River value per visit interpolations for the Action Alternative
under average, wet, and dry conditions. The five value data points used in the interpolation are presented
should one be interested in comparing the values per visit to the flows and flow data points from table 25
(note that the flow data points used in the valuation analysis are those at the bottom of table 25). Zero
values are the result of flows either below the low end threshold or above the high end threshold.

Table 32 also includes a comparison of values per visit by activity, month, and hydrologic condition
between the Action and No Action Alternatives. Generally speaking, since the value interpolations are
based on the same average monthly flows as the visitation analysis, months which provided visitation
gains (losses) compared to the No Action Alternative would also provide valuation gains (losses). The
magnitude or percentage change for the same month within the visitation and valuation analysis would
vary because differential flow oriented interpolation data points were used in the visitation (monthly
oriented data) and valuation (annually oriented data) analyses. In comparing the impacts for both the
visitation and valuation analyses, the results are consistent. See the flow related discussion under the
visitation section for more elaboration as to gains and losses by month.

As with the visitation analysis, Action Alternative average conditions results in gains compared to No
Action Alternative average conditions in 5 of the 8 months. The largest gains in value per visit appear to
occur in July and August with the largest loss in June.

Under Action Alternative wet conditions, all months with changed values (note that May and June
showed no change) except August, generated predominately lower values compared to the No Action
Alternative. The largest losses appear to occur in April and July.

Finally, under the Action Alternative dry condition, four months indicated losses, two months indicated
gains, and two months showed no change. The months with the most significant losses appear to be May,
September and October.

Table 33 presents the results of applying the values per visit from table 32 to the visitation estimates from
table 27. Values are measured in thousands of dollars for the Action Alternative under average, wet, and
dry conditions. Changes from the No Action Alternative for the same hydrologic condition are presented
in dollar and percentage terms. The impacts by month generally align between the visitation and
valuation analyses; however the magnitude of the change within the two analyses varies due to the
different flow data points used in the interpolations.

For the Action Alternative average condition, total river recreation value is estimated at $5.7 million.

This reflects nearly a $1.75 million or 44 percent increase over No Action Alternative average conditions.
All activities, except camping, show gains in value with over 50 percent of the gain stemming from scenic
floating. Five of the eights months indicate gains in value with the largest gains seen in July through
September.

For the Action Alternative wet condition, total river recreation value is estimated at $2.8 million. This
reflects over a $940 thousand or 25 percent loss in value compared to No Action Alternative wet
conditions. All activities are estimated to result in losses compared to No Action with the largest losses
due to guide boat fishing, shoreline fishing/trail use, and scenic floating. The vast majority of the loss in
value occurs in July.
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Table 33:

Action Alternative, Green River Reach 1 Average Monthly Total Values by Hydrologic Condition ($1,000s)

Action Alternative Total Values

Change from No Action

Average Wet Dry
Month Recreation Activity Average Wet Dry $ % $ % $ %

March Scenic Floating 2.3 45 0 -5 -18.5 A4 9.3 0 0
Guide Boat Fishing 44.6 74.5 0 -16.7 -27.2 -3.8 -4.9 0 0

Private Boat Fishing 39.4 89.0 0 -24.1 -37.9 -8.4 -8.6 0 0

Shore Fishing/Trail Use 45.9 68.0 0 -23.8 -34.2 -5.9 -8.0 0 0

Camping 0 0 0 0 0 0 0 0 0

Total: 132.2 235.8 0 -65.1 -33.0 -17.7 -7.0 0 0

April Scenic Floating 211 0 0 -3.9 -15.7 -13.6 -100 0 0
Guide Boat Fishing 434.7 0 0 49.4 12.8 -101.7 -100 0 0

Private Boat Fishing 245.9 0 0 48.9 24.8 -31.0 -100 0 0

Shore Fishing/Trail Use 240.9 0 0 46.4 23.9 -23.5 -100 0 0

Camping 0 0 0 0 0 0 0 0 0

Total: 942.7 0 0 140.8 17.6 -169.9 -100 0 0

May Scenic Floating 2.9 0 0 1.2 71.6 0 0 -2.7 -100
Guide Boat Fishing 75.1 0 0 53.3 245.0 0 0 -318.1 -100

Private Boat Fishing 20.5 0 0 16.3 380.6 0 0 -123.1 -100

Shore Fishing/Trail Use 17.3 0 0 12.7 274.0 0 0 -150.6 -100

Camping 0 0 0 0 0 0 0 0 0

Total: 115.8 0 0 83.4 258.0 0 0 -594.5 -100

June Scenic Floating 6.2 0 0 -485.2 -98.7 0 0 0 0
Guide Boat Fishing 0 0 3.2 -410.6 -100 0 0 3.2 n/a

Private Boat Fishing 0 0 0 -66.1 -100 0 0 0 0

Shore Fishing/Trail Use 0 0 35 -111.4 -100 0 0 35 n/a

Camping 0 0 2 -8.3 -100 0 0 2 n/a

Total: 6.2 0 7.0 -1,081.7 -99.4 0 0 7.0 n/a

July Scenic Floating 1,288.0 0 0 1,228.1 2,048.8 -591.2 -100 0 0
Guide Boat Fishing 447.1 0 6.4 376.9 537.0 -233.2 -100 6.4 n/a

Private Boat Fishing 95.5 0 2 85.8 881.3 -38.4 -100 2 n/a

Shore Fishing/Trail Use 267.7 0 9.7 215.2 410.2 -162.8 -100 9.7 n/a

Camping 9.7 0 5 6.5 202.5 -7.4 -100 5 n/a

Total: 2,108.0 0 16.8 1,912.5 978.1 - -100 16.8 n/a

1,033.0

Aug Scenic Floating 607.6 885.1 0 179.7 42.0 325.1 58.0 0 0
Guide Boat Fishing 442.1 462.6 6.6 172.1 63.8 53.3 13.0 -7.9 -54.4

Private Boat Fishing 92.1 94.9 3 49.7 117.4 16.1 20.4 -9 -73.1

Shore Fishing/Trail Use 266.6 191.9 6.0 138.4 108.0 -37.7 -16.4 -4.3 -41.6

Camping 8.1 9.0 4 12 17.2 12 15.6 -3 -45.5

Total: 1,416.5 1,643.4 13.3 541.2 61.8 357.9 27.8 -13.4 -50.1

Sept Scenic Floating 5.0 7.0 0 11 27.1 21 41.4 -9 -100
Guide Boat Fishing 377.2 373.9 15.2 75.0 24.8 -3.3 -9 -56.7 -78.9

Private Boat Fishing 311.2 288.9 55 119.1 62.0 -22.3 -7.2 -33.7 -85.9

Shore Fishing/Trail Use 142.2 95.4 6.4 49.4 53.1 -46.8 -32.9 -16.3 -71.6

Camping 4.7 5.1 5 5 11.5 3 7.3 -15 -74.1

Total: 840.3 770.4 27.6 245.0 41.2 -69.9 -8.3 -109.0 -79.8

Oct Scenic Floating .6 1.0 0 -1 -10.4 0 4.6 -3 -100
Guide Boat Fishing 69.9 80.2 0 -9.6 -12.1 -3.1 -3.7 -21.4 -100

Private Boat Fishing 47.0 59.1 0 -14.7 -23.8 -4.4 -6.9 -11.3 -100

Shore Fishing/Trail Use 31.4 27.7 0 -6.7 -17.7 -1.8 -6.2 -8.5 -100

Camping A 1 0 0 -18.5 0 -2.0 0 -100

Total: 149.1 168.1 0 -31.1 -17.3 -9.2 -5.2 -41.5 -100

Total Scenic Floating 1,933.9 897.6 0 920.3 90.8 -277.2 -23.6 -3.8 -100
Guide Boat Fishing 1,890.9 991.1 31.4 289.8 18.1 -291.9 -22.8 -394.4 -92.6

Private Boat Fishing 851.6 531.9 6.1 214.9 33.8 -88.4 -14.2 -168.7 -96.5

Shore Fishing/Trail Use 1,012.0 383.0 25.7 320.2 46.3 -278.4 -42.1 -166.4 -86.6

Camping 225 14.2 1.6 -2 -9 -5.8 -29.2 -1.1 -41.6

Total: 5,710.7 2,817.7 64.8 1745.0 44.0 -941.8 -25.1 -734.5 -91.9
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For the Action Alternative dry condition, total river recreation valuation was estimated at only

$65 thousand. This reflects a loss of nearly $735 thousand or 92 percent compared to No Action
Alternative dry conditions. All activities are estimated to experience losses with the largest associated
with guide boat fishing, private boat fishing, and shoreline fishing/trail use. The majority of the losses
occur during May and September with over 80 percent of the loss occurring in May.

B) Flaming Gorge Valuation:

Table 34 presents the results of the Flaming Gorge Reservoir value per visit interpolations for the Action
Alternative under average, wet, and dry conditions. The five value data points used in the interpolation
are presented should one be interested in comparing the values per visit to the water levels and data points
from table 26. The table also includes a comparison of Action Alternative values by hydrologic condition
to those of the No Action Alternative in terms of both dollars and percent.

For the Action Alternative average condition, water levels were closer to preferred conditions during 8 of
the 12 months. The months with the largest gains appear to be February through May where the largest
differentials in water levels between the alternatives also occur. Given these months are associated with
relatively low visitation, the gain in value is not particularly large.

For the Action Alternative wet condition, 10 of the 12 months indicated gains in values per visit
compared to No Action Alternative wet conditions. The other 2 months (March and April) showed no
change. The largest increases in value per visit appear to occur in July through November where the
largest differentials in water levels between the two alternatives also occur.

For the Action Alternative dry condition, all months resulted in sizable gains in values per visit compared
to the No Action Alternative. The increase in water level associated with the Action Alternative dry
condition over that of the No Action Alternative ranged from a low of 2.9 feet to a high of 6 feet
(averaging 5.3 feet).

Table 35 presents the results of applying the values per visit from table 34 to the visitation estimates from
table 30. Values are measured in thousands of dollars for the Action Alternative under average, wet, and
dry conditions. Changes from the No Action Alternative for the same hydrologic condition are presented
in dollar and percentage terms.

For the Action Alternative average condition, total reservoir recreation value is estimated at over

$22 million. This reflects about a $650 thousand or 3.0 percent increase over No Action Alternative
average conditions. All activities show gains in value with nearly 97 percent of the gain stemming from
power boating/waterskiing and boat fishing. Gains in value were estimated for 7 of the 12 months with
the largest gains seen in April through June. All of the gain in value is attributable to the gain in values
per visit obtained from the interpolation analysis since visitation was estimated via the facility availability
approach to be the same under both Action and No Action Alternative average conditions at the reservoir.
Recall that the facility availability approach is less sensitive to changes in water levels compared to the
interpolation approach. Gains in value per trip were estimated via the interpolation approach and applied
to current visitation (given the facility availability approach estimated no change in visitation) to obtain
the overall gain in valuation. It is interesting to note that the months with the largest estimated gains in
values per visit were not the months with the largest total value gains. This was because several of the
months with large gains in values per visit were low visitation months.

For the Action Alternative wet condition, total reservoir recreation value is estimated at $22.2 million.
This reflects over a $5.9 million or 36.6 percent increase in value compared to No Action Alternative wet
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Table 35: Action Alternative, Flaming Gorge Reservoir Monthly Total Values by Hydrologic Condition ($1,000s)
Change from No Action Change from No Action Wet Change from No Action Dry
Average Condition Condition Condition
Average
Month Recreation Activity Values $ % Wet Values $ % Dry Values $ %

Jan Power Boating/Skiing 22.1 2.3 26.0 5 18.4 16.4
Boat Fishing 9.6 7 10.8 1 8.4 8.3
Boat Camping 14 1 1.6 0 12 1.1
Swimming/Waterplay 2 1 3 0 1 1

Total: 33.2 3.2 10.6 38.8 .6 1.7 28.1 25.9 1,164.4
Feb Power Boating/Skiing 0 0 0 0 0 0
Boat Fishing 0 0 0 0 0 0
Boat Camping 0 0 0 0 0 0
Swimming/Waterplay 0 0 0 0 0 0

Total: 0 0 0 0 0 0 0 0 0
March | Power Boating/Skiing 101.9 12.7 116.7 0 85.6 50.1
Boat Fishing 443 3.9 48.9 0 39.3 243
Boat Camping 12.6 14 14.3 0 10.7 6.6
Swimming/Waterplay 11 3 15 0 7 6

Total: 159.9 18.4 13.0 181.3 0 0 136.3 81.5 148.9
April Power Boating/Skiing 825.8 107.3 967.0 0 656.3 236.4
Boat Fishing 358.1 33.2 401.8 0 305.8 108.2
Boat Camping 33.1 4.0 38.3 0 26.9 9.8
Swimming/Waterplay 9.0 2.8 12.7 0 4.5 3.2

Total: 1,225.9 147.2 13.6 1,419.8 0 0 993.5 357.6 56.2
May Power Boating/Skiing 2,186.3 303.4 2,633.0 38.1 1,7315 1,478.3
Boat Fishing 951.5 93.6 1,099.4 13.1 811.2 762.9
Boat Camping 25.8 3.3 30.1 5 20.8 18.6
Swimming/Waterplay 233 8.0 33.9 11 11.4 111

Total: 3,186.9 408.3 17.9 3,796.4 52.9 1.4 2,574.9 2,270.9 747.0
June Power Boating/Skiing 3,357.0 2455 3,267.4 360.9 2,682.0 1,877.5
Boat Fishing 1,409.7 75.5 1,384.9 125.1 1,201.5 895.4
Boat Camping 39.0 2.6 36.7 4.7 317 233
Swimming/Waterplay 42.2 6.4 36.9 11.1 245 225

Total: 4,847.8 330.1 7.3 4,725.9 501.8 11.9 3,939.8 2,818.7 251.4
July Power Boating/Skiing 3,866.7 -28.0 3,445.8 1,445.4 2,965.4 1,699.1
Boat Fishing 1,614.6 -9.9 1,468.9 697.4 1,322.0 765.5
Boat Camping 30.1 -0.3 26.3 18.3 239 14.1
Swimming/Waterplay 49.7 -0.9 36.8 334 27.8 24.2

Total: 5,561.1 -39.0 -0.7 4,977.8 2,194.5 78.8 4,339.1 2,502.9 136.3
Aug Power Boating/Skiing 2,200.0 -64.5 2,033.0 1,047.5 1,605.3 1,096.7
Boat Fishing 915.2 -19.9 864.0 528.0 7314 537.9
Boat Camping 254 -7 22.7 18.7 19.0 13.7
Swimming/Waterplay 28.7 -1.7 22.3 21.2 131 11.9

Total: 3,169.4 -86.8 -2.7 2,942.0 1,615.5 121.8 2,368.8 1,660.2 234.3
Sept Power Boating/Skiing 1,187.1 -66.7 1,212.2 546.4 875.8 710.7
Boat Fishing 501.8 -20.7 511.6 254.8 405.7 358.4
Boat Camping 11.0 -6 10.9 7.7 8.3 6.9
Swimming/Waterplay 14.5 -1.7 14.3 13.1 6.3 6.0

Total: 1,714.4 -89.7 -5.0 1,749.0 822.1 88.7 1,296.1 1,082.1 505.8
Oct Power Boating/Skiing 1,028.5 -46.5 1,107.8 428.9 781.6 707.3
Boat Fishing 439.3 -14.4 466.3 165.8 363.1 363.1
Boat Camping 13.3 -6 13.9 8.0 10.4 9.9
Swimming/Waterplay 12.0 -1.2 134 11.9 55 55

Total: 1,493.1 -62.7 -4.0 1,601.3 614.6 62.3 1,160.6 1,085.9 1,453.8
Nov Power Boating/Skiing 263.3 35 295.9 747 207.6 181.7
Boat Fishing 113.1 11 124.1 25.8 95.9 92.2
Boat Camping 9.4 1 10.2 3.0 75 6.9
Swimming/Waterplay 3.0 1 3.7 2.3 15 15

Total: 388.8 4.7 1.2 433.8 105.8 32.3 312.5 282.3 934.7
Dec Power Boating/Skiing 165.1 11.2 196.2 17.0 133.7 121.2
Boat Fishing 715 35 81.9 5.9 61.8 61.8
Boat Camping 6.8 4 7.8 .8 5.6 53
Swimming/Waterplay 1.8 3 2.6 5 1.0 1.0

Total: 245.2 15.4 6.7 288.5 24.2 9.1 202.1 189.4 1,488.3

Total Power Boating/Skiing 15,203.7 480.1 3.3 15,301.0 3,959.3 34.9 11,743.1 8,175.5 229.2

Boat Fishing 6,428.6 146.7 2.3 6,462.5 1,816.1 39.1 5,346.1 3,977.9 290.7

Boat Camping 207.7 9.9 5.0 212.8 61.7 40.8 166.0 116.3 233.8

Swimming/Waterplay 185.6 125 7.2 178.2 94.8 113.6 96.5 87.7 998.2

Total: 22,025.5 649.2 3.0 22,154.5 5,931.9 36.6 17,351.8 12,357.4 247.4
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conditions. All activities are estimated to result in gains compared to No Action with the largest gain due
to power boating/waterskiing and boat fishing. Nearly 97 percent of the gain occurs in the months of
June through October. As with the average condition, all gains in total value under wet conditions stem
from gains in value per visit since visitation was estimated to be the same under both the Action and No
Action Alternatives.

For the Action Alternative dry condition, total reservoir recreation valuation was estimated at nearly
$17.4 million. This reflects a substantial gain of nearly $12.4 million or 247 percent compared to No
Action Alternative dry conditions. All activities are estimated to experience gains with the largest
associated with power boating/waterskiing and boat fishing. Gains are expected in virtually all months
with the largest accruing from May through October. The Action Alternative dry condition gains are
driven by gains in both visitation and value per visit compared to No Action.

C) Total Valuation:
Table 36 presents the sum of the Green River and Flaming Gorge Reservoir recreation values for the

Action Alternative under average, wet, and dry conditions. The table displays the Green River values, the
Flaming Gorge Reservoir values, and the combined total across both sites. In addition to the total values

Table 36: Total Water Based Activity Valuation for Green River and Flaming Gorge Reservoir for Action Alternative
Action Alternative Valuation by Hydrologic Condition
Average Wet Dry
Change from No
Action Average Change from No Change from No
Condition Action Wet Condition Action Dry Condition
Total Total Total
Site Recreation Activity Value Value % Values Value % Value Value %
Green River Scenic Floating 1,933.9 920.3 90.8 897.6 -277.2 -23.6 0 -3.8 -100
Guide Boat Fishing 1,890.9 289.8 18.1 991.1 -291.9 -22.8 31.4 -394.4 -92.6
Private Boat Fishing 851.6 214.9 33.8 531.9 -88.4 -14.2 6.1 -168.7 -96.5
Shoreline Fishing/ 1,012.0 320.2| 46.3 383.0 -278.4 -42.1 25.7 -166.4 -86.6
Trail Use
Boat Based Camping 22.5 -2 -9 14.2 -5.8 -29.2 16 -1.1 -41.6
Total: 5,710.7| 1,745.0| 44.0| 2817.7 -941.8 -25.1 64.8 -734.5 -91.9
Flaming Gorge Power Boating/ 15,203.7 480.1 3.3] 15,301.0 3,959.3 34.9] 11,7431 8,175.5 229.2
Reservoir Waterskiing
Boat Fishing 6,428.6 146.7 2.3 6462.5 1816.1 39.1| 5,346.1| 3,977.9 290.7
Boat Based Camping 207.7 9.9 5.0 212.8 61.7 40.8 166.0 116.3 233.8
Swimming/ Waterplay 185.6 12.5 7.2 178.2 94.8 113.6 96.5 87.7 998.2
Total: 22,025.5 649.2 3.0 22,1545 5,931.9 36.6| 17,351.8| 12,357.4 247.4
Both Sites Combined Total: | 27,736.2| 2,394.2| 9.5| 24,972.2 | 4,990.1| 25.0| 17,416.6| 11,622.9| 200.6
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by hydrologic condition, the table also presents the change from the No Action Alternative both in terms
of values and percentage. Reservoir valuation accounts for anywhere from 79.4 to 99.6 percent of the
total depending on the hydrologic condition.

For the Action Alternative average condition, the combined valuation was estimated at $27.7 million.
This reflects nearly a $2.4 million or 10 percent increase from the No Action Alternative average
condition. Gains in value occur on both the river and reservoir with the largest gains accruing to scenic
floating on the river and power boating/waterskiing on the reservoir. Given the insignificant increase in
visitation for the Action Alternative average condition, virtually all of the increase in value stems from
increases in value per visit. The majority of the gains on the river occur from July through September and
on the reservoir from April through June.

Note that total values for the Action Alternative average condition increased compared to the No Action
Alternative for both guide boat and private boat fishing on the river despite the losses in visitation
displayed in table 31. This result stemmed from the fact that the annual loss in visitation included certain
months with gains (mainly July, August, and September) as well as the months with losses (mainly June).
As it turns out, the losses in visitation were associated with months of relatively low value per visit and
the gains with months of high value per visit. Recall that values per visit increase the closer flows come
to the preferred flow level for each activity. When combined, the influence of the higher values per visit
outweighed the influence of the lost visitation.

For the Action Alternative wet condition, combined valuation was estimated at nearly $25 million. This
reflects an increase of almost $5 million or 25 percent compared to the No Action Alternative wet
condition. The $5.9 million of increased value for the reservoir outweighs the $940 thousand of lost
value on the river. Power boating/waterskiing and boat fishing on the reservoir account for the majority
of the increase in value. The largest gains on the reservoir occur in the months of June through October,
and the largest losses on the river occur in July. Keep in mind that wet conditions are expected only
about 10 percent of the time.

For the Action Alternative dry condition, combined valuation is estimated at $17.4 million. This reflects
an increase of over $11.6 million or 200 percent compared to the No Action Alternative dry condition.
The nearly $12.4 million of increased value for the reservoir outweighs the $735 thousand of lost value on
the river. Power boating/waterskiing and boat fishing on the reservoir account for the majority of the
increase in value. The largest gains in value occur on the reservoir in the months of May through
October. Losses on the river are seen across all activities with the majority occurring in the month of
May. Keep in mind that dry conditions are expected only about 10 percent of the time.
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Socioeconomics
Technical Appendix

1.0 INTRODUCTION

This technical appendix reviews the current economic
environment that could be affected by implementation
of either the No Action or Action Alternatives,
discusses regional economic methods, and provides
detailed results of the regional analysis. Under
affected environment, a brief discussion of the
geographic impact area is followed by a description of
current conditions. Under environmental
consequences, a methodology discussion is followed
by regional economic impact results for each
alternative, along with comparisons of the Action
Alternative to the No Action Alternative.

This EIS presents two types of economic analyses, one
measuring economic benefits and the other regional
economic impacts. Regional economic impacts for
this study have been developed based on recreation
effects and are presented in the EIS under
socioeconomics. Economic benefits have been
estimated separately for agriculture, hydropower, and
recreation and are presented within each relevant

EIS section.

Regional economic impacts attempt to measure
changes in total economic activity within a specified
geographic region stemming from changes in within
region expenditures. Regional economic impacts are
typically described using such general indicators as
output, income, and employment. Conversely,
economic benefits attempt to measure changes in
societal or national welfare based on a net value
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concept.” Theoretically, nationally oriented economic benefit analyses attempt to provide a
broader geographic focus compared to regional economic impact analyses. Unfortunately, in
practice, the geographic difference between the analyses may be less pronounced given the
difficulty in evaluating national implications of an action. If an action is relatively small from a
national perspective, repercussions outside the directly impacted area may be insignificant. If the
opposite is true, nationwide displacement or substitution effects may need to be taken into
consideration. The difficultly lies in trying to estimate these substitution effects. For this
analysis, the changes in economic benefits within the directly affected areas were assumed to be
small enough so as not to create significant changes in national benefits. As a result, evaluation
of nationwide substitution effects was deemed unnecessary.

One way to visualize the difference between regional economic impacts and economic benefits is
to consider how each reacts to increases in regional expenditures. Regional economic impacts
typically increase as in-region expenditures increase, whereas consumer surplus/profitability
benefits tend to decrease as costs or expenditures alone increase. It should be noted that regional
economic impacts and benefits often move in unison since they both typically rise or fall with
levels of production (including recreation visitation). On the benefit side, as production changes,
so do both production costs/expenditures and revenues/total consumer benefits, the net effect is
that benefits generally move in the same direction as production changes. Nevertheless, there are
many situations where changes in benefits and economic impacts diverge. This potential for
divergence, along with the fact that different user groups are often interested in different
economic measures, creates a need for both analyses.

Given the above discussion, the basic objective of the regional economic analysis is to measure
changes in total economic activity within the affected region for the Action Alternative as
compared to the No Action Alternative. The proposed Action Alternative potentially affects
regional economic activity mainly through changes in: 1) costs of agricultural production due to
flooding effects on irrigated acreage, 2) recreational expenditures due to the effects of changes in
reservoir water levels and river flows on recreation visitation, and 3) costs of electricity as the
timing and production of hydropower varies with the fluctuation in releases from Flaming Gorge
Dam. Flooding effects upon agricultural lands along the Green River proved to be relatively
minor and were consequently dropped from the regional analysis. Regional impacts due to losses
in hydropower generation were also deemed to be relatively insignificant locally given any
increased costs of power generation would be distributed across thousands of power users
throughout the Western United States. Also, given this EIS is primarily a reservoir re-operation
study, the lack of structural adjustments to the dam implies that construction costs would be
minimal. Other typically encountered project purposes, such as municipal and industrial uses,
were either not applicable or not significantly affected. Bottomline, the only factor used to
evaluate changes in regional economic activity were the changes in recreation expenditures.

Regional economic impacts were measured using input-output (1-O) analysis. 1-O estimates
regional economic impacts based on a region’s inter-industry trade linkages. The analyses
present changes in total economic impact as measured by the sum of direct effects (impacts to

! For consumers, economic welfare reflects the value of goods and services consumed above what is
actually paid for them. Such consumer welfare estimates are measured in terms of willingness-to-pay (WIP) in
excess of cost, otherwise referred to as consumer surplus. This is the approach used in the recreation and
hydropower analyses. While the hydropower analysis does not go through the process of estimating WP, by
focusing on differences in the replacement cost of power which are passed along to consumers, the resulting
benefit measure is essentially the same. For producers or businesses, economic welfare is generally reflected in
terms of gross revenues minus operating costs, otherwise referred to as profitability. This later approach is
used in the agriculture analysis.
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initially affected industries), indirect effects (impacts to industries providing inputs to directly
impacted industries, i.e., backward linkages), and induced effects (impacts from employees
spending wages within the region) all caused by the initial change in demand. For example, if
$1,000 in agricultural product is lost from irrigated acreage idled by flooding (direct effect), and
the farmer buys $500 less in seed and fertilizer from the local store (indirect effect), and the farm
workers spend $100 less for household goods and services within the region (induced effect),
then the total loss in output from regional agriculture is $1,000, but the total regional output loss
is $1,600.

Three measures of regional economic activity provide the basis of the evaluation: total industry
output, total labor income, and employment.

¢ Total Industry Output: Dollar value of production (sales revenues and gross receipts)
from all industries in the region. Total industry output includes the value of inter-
industry trade of intermediate goods prior to final manufacture and sale.

+«»+ Total Labor Income: Employment income derived at the workplace including wages and
benefits (employee compensation) plus self-employed income (proprietary income).

« Employment: Total of hourly wage, salary, and self-employed jobs (part-time and full-
time), measured in terms of number of jobs, not full-time equivalents.

The majority of the regional analysis discussion is based on the results of a regional modeling
effort. In addition, information is presented at the end of the Action Alternative section on the
results of surveys conducted with commercial guide operators on both the Green River and
Flaming Gorge Reservoir. It was anticipated that commercial guide operators, particularly those
on the Green River, may be adversely affected by the Action Alternative. Given the regional
analysis focused on a three-county area, impacts to commercial guide operators would not be
directly discernible. As a result, surveys of commercial guide operators were conducted to try
and identify impacts. Other tourist oriented sectors, such as lodging and restaurants, were not
anticipated to be as adversely affected since they cater to both river and reservoir recreators.

2.0 AFFECTED ENVIRONMENT

This section includes a brief discussion of the geographic impact area followed by descriptions of
current conditions.

2.1 Geographic Impact Area (Region)

As described under the recreation section, the recreation analysis focuses on effects at Flaming
Gorge Reservoir and along the Green River primarily within the Flaming Gorge NRA. Flaming
Gorge Reservoir is located within Sweetwater County, Wyoming and Daggett County, Utah. The
relevant portions of the Green River are located within Daggett County, Utah. Access to the
northern portions of the reservoir would likely involve economic activity in the Wyoming towns
of Green River and Rock Springs. Conversely, access to the southern reaches of the reservoir and
the Green River may involve economic activity in more southern communities. Since Daggett
County has little by way of significantly sized communities, the decision was made to include
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Uintah County, Utah, within the impact region due to the influence of the town of Vernal. As a
result, the geographic impact area for both the reservoir and river recreation analyses includes all
three counties.

2.2 Current Conditions

The latest available data for the IMPLAN regional input-output model used in the analysis
reflects regional economic activity for calendar year 1999 (for information on the IMPLAN
model, see section 3.1 on Regional Economic Impact Analysis Methodology). Table 1 presents
“current” base year 1999 conditions from the IMPLAN three-county model for total industry
output, employment, and labor income. The table is broken down by major aggregated industry
as well as the eight most directly impacted recreation oriented economic sectors identified in the
analysis. The eight directly impacted sectors are shown separately, but under their associated
major industry (e.g., “air transportation” is presented separately, but under transportation).
Adding the separately presented directly impacted sectors with their associated major industry
provides an estimate of the total for that industry (e.g., adding “air transportation” with “other
transportation estimates total transportation).

Reviewing the percentages in table 1, the most important industries vary depending on the
measure. From an output perspective, the top five industries include mining (33.8 percent [%]),
transportation (12.0%), services (9.7%), construction (8.4%), and manufacturing (8.1%).
Conversely, from an employment perspective, the top five industries include services (20.9%),
retail trade (17.6%), government (17.3%), mining (10.8%), and manufacturing (8.3%).
Comparing services and mining under these two perspectives indicates that the service industry is
relatively more labor intensive that the mining industry. Similarly, the government sector appears
to involve a fairly significant work force, but a relatively low level of marketable output. Finally,
the top five industries from the perspective of labor income includes mining (22.1%), government
(16.1%), transportation (14.8%), services (13.1%), and construction (8.7%). Comparing these
percentages to the employment percentages provides an indication as to the relatively high and
low paying industries. Mining and transportation appear to be high paying industries given they
reflect only 10.8 and 7.6% of employment, but 22.1 and 14.8% of labor income respectively. The
opposite appears to be true for the retail trade and service industries.

The eight directly impacted sectors, from a recreation expenditure perspective, combined to
provide 5.4% of total industry output, 16.6% of employment, and 7.3% of labor income. These
directly impacted sectors are fairly significant contributors to regional employment, but are
relatively insignificant in terms of output and income. Food stores, automobile dealers and
service stations, eating and drinking establishments, miscellaneous retail stores, and hotels and
lodging places in particular combine for 16.1% of total regional employment.

3.0 ENVIRONMENTAL CONSEQUENCES

This section describes the regional economic impact methodology as well as the results of the
analyses.
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Data Year: 1999

Table 1: Current Conditions (Impact Area Counties: Daggett and Uintah, Utah, Sweetwater, Wyoming)

Total Industry
Output Employment Labor Income
Millions
of Millions of
Primary Industries/Sectors lMPIﬁumlggrusny Dollars % of No. of % of Dollars % of
Y ($M) Total Jobs Total ($M) Total
Agriculture, Forestry, Fishing 1-27 50.8 1.3 1,340 35 15.9 1.2
Mining 28-47, 57 1,349.7 33.8 4,146 10.8 283.9 22.1
Construction 48-56 3355 8.4 3,210 8.3 111.3 8.7
Manufacturing 58-432 322.1 8.1 1,728 45 85.4 6.7
Other Transportation 433-436, 438-440 471.8 11.8 2,899 7.5 187.4 14.6
- Air Transportation: 437 6.4 0.2 74 0.1 2.7 0.2
Communications 441-442 45.7 1.1 194 0.5 11.1 0.9
Utilities 443-446 285.2 7.1 625 16 45.4 35
Wholesale Trade 447 89.3 2.2 1,074 2.8 36.9 2.9
Other Retail Trade 448-449, 452-453 52.9 1.3 1,579 4.1 25.8 2.0
- Food Stores: 450 32.2 0.8 882 2.3 18.9 15
- Automotive Dealers & Service Stations: 451 55.4 14 1,076 2.8 25.3 2.0
- Eating & Drinking: 454 66.5 1.7 2,292 6.0 22.6 1.8
- Miscellaneous Retail: 455 17.1 04 921 2.4 8.4 0.7
Finance, Insurance, & Real Estate (FIRE) 456-462 206.2 5.2 1,769 4.6 27.2 21
Other Services 464-476, 478-487, 345.7 8.7 6,891 17.9 152.1 11.9
489-509
- Hotels and Lodging Places: 463 36.1 0.9 1,004 2.6 14.4 11
- Automobile Rental and Leasing: 477 4 0.0 13 0.0 0.1 0.0
- Amusement and Recreation Services: 488 3.2 0.1 149 0.4 14 0.1
Federal, State, and Local Government 510-515, 519-523 261.7 6.6 6,659 17.3 207.1 16.1
TOTAL: 3,993.7 100 38,523 100 1,283.3 100
MOST AFFECTED SECTORS: 217.3 5.4 6,410 16.6 93.8 7.3

3.1 Regional Economic Impact Analysis Methodology

The majority of the regional analysis discussion is based on the results of a regional modeling
effort. In addition to the regional modeling results, a brief discussion is presented at the end of
the Action Alternative section on the results of surveys conducted with commercial operators on
both the Green River and Flaming Gorge Reservoir.

3.1.1 Regional Modeling Methodology

The regional economic impact analysis involves running alternative specific estimates of
recreation expenditures through the IMPLAN input output model of the three-county regional
economies. The IMPLAN (IMpact analysis for PLANning) model was originally developed by
the U.S. Department of Agriculture Forest Service to assist in land and resource planning. This
personal computer based software is widely used for the development of regional economic
analyses.

Input-output analysis is a procedure for examining relationships both between businesses and
between businesses and consumers. The analysis captures all the monetary market transactions
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within a specified region for a given period of time via the inter-industry transaction table. The
resulting mathematical formulas allow for examination of the effects of a change in one or more
economic activities upon the overall regional economy (Minnesota IMPLAN Group, Inc., 2000).

Regional economic effects stemming from river and reservoir recreational activities within the
three-county Utah/Wyoming area are driven by levels of within region recreation expenditures.
The recreation analysis developed visitation results by month and activity for each alternative and
hydrologic condition (i.e., average, dry, and wet water conditions). This information, combined
with estimates of recreational expenditures per visit by month and activity for each alternative
and hydrologic condition allowed for calculation of total within region recreational expenditures
by alternative and hydrologic condition. Changes in recreational expenditures for the Action
Alternative compared to the No Action Alternative for each hydrologic condition were entered
into the IMPLAN model. The resulting differences in regional economic activity between the
Action Alternative and No Action Alternative for each hydrologic condition provide a measure of
the regional economic impacts associated with the Action Alternative.

As described under the affected environment current conditions section, the latest available
IMPLAN data reflects regional economic activity during 1999. While the total recreation
expenditure information reflects visitation and expenditures per visit during 2000-2001, the
difference in years was considered insignificant enough to assume the 1999 version of the
regional economy was reflective of the No Action Alternative. Given that 1999 was a wet year
for both the river and reservoir, the underlying picture of the economy was considered analogous
to the No Action Alternative wet condition. To estimate regional economic conditions for the
No Action Alternative under average and dry conditions, differences in recreation expenditures
for the No Action average and dry conditions were estimated as compared to No Action wet
conditions. The expenditure differences were entered into IMPLAN to calculate regional
economic activity under No Action average and dry conditions. The differences in Action
Alternative expenditures compared to No Action expenditures under average, wet, and dry
conditions were also run through IMPLAN to estimate impacts for the Action Alternative.

Typically, a recreation oriented regional analysis focuses on the expenditures made by nonlocal
recreators, defined as recreators who do not reside in the region of interest. The logic is that
increases or decreases in within region recreational expenditures by local residents would likely
represent a wash to the regional economy since those expenditures would displace other within
region expenditures. For example, if we anticipate that a local recreator will take more rafting
trips and spend more money recreating on the Green River as a result of an alternative, the
standard logic assumes that individual would reduce within region expenditures for other items,
not necessarily recreational items, by an equal amount. The resulting implication is this transfer
of within region spending would have very little effect upon regional economic activity. While
this assumption sounds reasonable, it is often faulty for several reasons. First, it is possible that
additional within region recreational expenditures may displace recreational spending outside the
region, implying substitution of recreation visits between sites. In this case, the additional
spending would reflect a true gain for the region. Secondly, even if the additional within region
recreational expenditures did displace other within region expenditures, differences in the types
or size of expenditures could affect the level of regional economic activity. If within region
recreation expenditures for gas, food, etc. associated with the additional recreation visitation
displaced within region expenditures for going to the movies or some other within region activity,
the fact that the expenditures are incurred within different economic sectors would imply
different regional effects. As a result, the decision was made to evaluate regional economic
impacts based on all recreation expenditures, not just those expenditures generated by nonlocal
residents. No attempt was made to estimate the level of offset in recreational expenditures for
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local residents given the inherently speculative nature of such an analysis. As a result, the
regional impacts for recreation may be somewhat overstated.

Awverage per visit current total recreation expenditures by activity within the region were obtained
from the recreation survey described within the recreation section. Information was also gathered
from the survey as to the breakdown of expenditures by expenditure category. Expenditure
categories include camping fees, lodging, restaurants, groceries and liquor, gasoline, recreation
supplies, guide services, car rental, other rentals, public transportation, and other. Expenditure
categories varied somewhat by activity. For example, guide boat fishing was the only activity
which included guide services.

In addition to the current recreation expenditure information, the survey also asked if the
recreator’s length of visit might increase under preferred river flow and reservoir water level
conditions. The results of this preferred conditions length of trip question were adjusted
downward using the conservative, but often applied approach of assuming nonrespondent
responses would be equal to zero. The preferred conditions length of visit was divided by the
current average length of visit to estimate a percentage increase in length of visit under preferred
conditions for each recreation activity. These activity specific percentage increases were applied
to current per visit expenditures to estimate per visit expenditures by activity under preferred
conditions.

As with the recreation analysis, current and preferred conditions were used to develop recreation
expenditures per visit by activity for each alternative using an interpolation approach. Assuming
length of stay per visit, and consequently expenditures per visit, peak under preferred conditions,
an inverted U-shaped distribution was assumed to hold for recreation expenditures as it did for
recreation visitation and value. A high end kink expenditure estimate was developed as in the
recreation analysis. The high end kink was assumed to fall at proportionally the same position as
the current condition expenditure location. Low end and high end thresholds, points where river
flows or reservoir water levels were so low or high as to prevent use, were also obtained from the
survey. The high end kink was assumed to fall the same percentage distance from the preferred
flow/WL as the current conditions data point. If current conditions falls 75% of the way between
preferred conditions and the low end threshold, then the high end kink was also assumed to fall
75% of the way between preferred conditions and the high end threshold. Including the high end
kink, five data points now exist for conducting a linear interpolation of per visit recreation
expenditures (i.e., low end threshold, current conditions, preferred conditions, high end kink, and
high end threshold).

Instead of doing an interpolation using all five data points as was done in the recreation analyses,
a modified interpolation was done using only the current conditions, preferred conditions, and
high end kink data points. The logic for this was that for conditions below current conditions or
above high end kink conditions, the full scale interpolation would predict recreation expenditures
per visit to fall below current expenditures. While this may sound reasonable, at the extremes
where conditions approach the low or high end thresholds, per visit expenditures would be
estimated to approach zero. While values per trip may indeed approach zero for the last few
visits taken, the expenditures for those visits will obviously not decline to zero. As a result, the
decision was made to only interpolate between current conditions and the high end kink. This
results in expenditures per visit falling within the range of current conditions to preferred
conditions (note that the expenditures for the high end kink would be equivalent to current
conditions). For cases where river flows or reservoir water levels fall below current conditions or
above high end kink conditions, the expenditures per visit were assumed to hold at current/high
end kink levels. To the extent that actual visit length declines below current visit length, the
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assumption that expenditures wouldn’t’t drop below current expenditures per visit may somewhat
overstate total expenditures. The following presents the information on the three data points used
in the interpolations.

1) Current Expenditures

Current and high end kink expenditures per visit were developed separately for Green River and

Flaming Gorge Reservoir recreation activities based on information obtained from the recreation
survey. Given that the high end kink is analogous to current conditions from an expenditure per

visit perspective, the expenditures per visit for current and high end kink conditions were assume
to be the same.

A) Green River Current/High End Kink Expenditures per Visit

To calculate current expenditures per visit by recreation activity, information was gathered from
two primary questions from the recreation survey. The first question asked how much the
recreator spends per visit on average for each of the expenditure categories. The second question
asked how much the recreator spent on average by recreation activity. Combining the two
questions allows for estimation of the expenditures per visit by recreation activity and
expenditure category. Instead of trying to ask complex questions about costs by expenditure
category for each recreation activity, this approach gets to essentially the same information.

As with many of the recreation calculations, the conservative but often applied approach of
assuming zero values for nonrespondents was again applied to calculate expenditures. Question
responses from the survey were reported by Aukerman et al., 2002 in terms of the average values
for those who responded to each question. For example, average public transportation costs for
those that used it were calculated at $255.71 per visit. But, only 7 of 195 respondents on the river
indicated that they used public transit. Instead of calculating expenditures per visit based on the
averages of the respondents, we assumed nonrespondents incurred zero costs for expenditure
categories they didn’t respond to. The result of this adjustment was to reduce total average
expenditures across all activities from $1,463.81 to $316.22 per visit.

A couple of distinctions were made between presumed camping and non-camping trips and
between guide boat fishing and other activities. For recreators who identified their primary
activity as camping, an assumption was made that certain expenditure categories would not be
relevant (e.g., lodging, restaurants, car rental, and public transportation). With the low overall
expenditures per visit for Green River camping ($80.59), this assumption leads to more
reasonable expenditure estimates for the relevant expenditure categories. Similarly, guide boat
fishing was separated from all other activities so that the expenditure for guide services could be
included within the overall expenditure estimate.

Once these adjustments had been made, percentages were calculated for each expenditure
category. Percentages by expenditure category for guide boat fishing, camping, and all other
activities were applied to the current total expenditure estimates obtained from the survey for
each recreation activity (scenic floating, guide boat fishing, private boat fishing, shoreline
fishing/trail use, and camping) to estimate current expenditures by activity as shown in table 2.

B) Flaming Gorge Reservoir Current/High End Kink Expenditures per Visit
The approach used to estimate current/high end kink expenditures per visit for the reservoir

followed closely the procedure described directly above for the river. However, a couple of
differences need to be mentioned. First, given guide boat fishing is not a significant activity on
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Table 2: Current and High End Kink Green River Expenditures per Visit
Shoreline

Scenic Guide Boat | Private Boat Fishing/
Expenditure Categories Floating Fishing Fishing Trail Use Camping
Camping Fees $25.14 $20.49 $17.95 $10.53 $10.32
Lodging 64.00 52.14 45.68 26.80 0
Restaurants 50.00 40.73 35.69 20.94 0
Groceries and Liquor 55.75 45.42 39.80 23.35 22.89
Gasoline 54.58 44.47 38.96 22.86 2241
Recreation Supplies 32,51 26.49 23.21 13.62 13.35
Guide Services 0 444.10 0 0 0
Car Rental 22.95 18.70 16.38 9.61 0
Other Rentals 19.33 15.75 13.80 8.10 7.94
Public Transit 9.96 8.12 7.11 4.17 0
Other 8.95 7.29 6.39 3.75 3.68
Total: $343.17 $723.70 $244.97 $143.73 $ 80.59

the reservoir, it was dropped from the analysis. As a result, no distinction needed to be made
between activities based on the incorporation of a guide services expenditure category. Second,
as with the river analysis, expenditure category differences were assumed between camping and
non-camping activities (e.g., lodging, restaurants, car rental, and public transportation costs were
assumed irrelevant on a camping visit). For the reservoir analysis, the camping based percentages
of costs by expenditure category were applied to both camping and swimming/waterplay. The
swimming/waterplay total expenditure per visit estimate was so low (only $55.24) as to make it
guestionable to divide the cost among all expenditure categories. Survey results indicated that
average length of visit for swimming visits did exceed one day suggesting that we could not
assume swimming visits were day trips. Given the low expenditures per visit, the assumption
was made that swimmers typically camped. The resulting current/high end kink expenditures per
visit by activity are presented in table 3.

2) Preferred Expenditures:
A) Green River Preferred Expenditures per Visit:

Similar to the river visitation calculation described under the recreation section, a survey question
asked if recreators by activity would extend the length of their visits under preferred flow
conditions. Average increased length of visit by activity was again adjusted downward assuming
nonrespondents would not extend their visits. The adjusted increase in length of stay was divided
by the average current length of stay to estimate a percentage increase in length of stay by
recreation activity. The percentage increase in length of stay was applied to the current
expenditures per visit by activity to estimate the expenditures per visit by activity under preferred
flow conditions as presented in table 4.
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Table 3: Current and High End Kink Flaming Gorge Reservoir Expenditures per Visit

Expenditure Power Boating/ Boat Boat Swimming/

Categories Waterskiing Fishing Camping Waterplay
Camping Fees $15.74 $10.28 $17.42 6.99
Lodging 14.15 9.25 0 0
Restaurants 19.85 12.97 0 0
Groceries and Liquor 32.24 21.06 35.68 14.31
Gasoline 48.42 31.64 53.59 21.50
Recreation Supplies 10.17 6.64 11.25 451
Other Rentals 5.22 4.41 5.78 2.32
Other 12.64 8.26 13.99 5.61
Total: $158.43 $103.51 $137.71 $55.24

Table 4: Preferred Conditions Green River Expenditures per Visit
Shoreline

Expenditure Scenic Guide Boat Private Boat Fishing/

Categories Floating Fishing Fishing Trail Use Camping
Camping Fees $32.49 $29.73 $ 26.43 $ 15.67 $11.78
Lodging 82.72 75.65 67.25 39.92 0
Restaurants 64.63 59.10 52.55 31.19 0
Groceries and 72.06 65.90 58.60 34.78 26.14
Liquor
Gasoline 70.55 64.52 57.36 34.05 25.59
Recreation Supplies 42.02 38.43 34.17 20.29 15.24
Guide Services 0 644.35 0 0 0
Car Rental 29.66 27.13 24.12 14.31 0
Other Rentals 24.98 22.85 20.32 12.06 9.07
Public Transit 12.87 11.78 10.47 6.21 0
Other 11.57 10.58 9.41 5.59 4.20
Total: $443.55 $ 1,050.02 $ 360.68 $214.08 $92.02
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B) Flaming Gorge Reservoir Preferred Expenditures per Visit:

The procedure described directly above for the river was also applied to estimate the preferred
Flaming Gorge Reservoir expenditures per visit as presented in table 5.

Table 5: Preferred Conditions Flaming Gorge Reservoir Expenditures per Visit

Power Boating/ Swimming/

Expenditure Categories Waterskiing Boat Fishing Boat Camping Waterplay
Camping Fees $27.98 $14.94 $20.78 $8.21
Lodging 25.16 13.44 0 0
Restaurants 35.29 18.85 0 0
Groceries and Liquor 57.32 30.61 42.57 16.81
Gasoline 86.08 45.99 63.94 25.26
Recreation Supplies 18.08 9.65 13.42 5.30
Other Rentals 9.28 4.96 6.90 2.73
Other 22.47 12.01 16.69 6.59
Total: $ 281.66 $ 150.45 $164.30 $64.90

These three recreation expenditure data points (current expenditures, preferred expenditures, and
high end kink expenditures), for both the river and reservoir, provided the basis for the per visit
expenditure interpolations. As with the recreation visitation and valuation analyses, expenditures
per visit were estimated by activity, month, alternative and hydrologic condition based on the
associated river flows and reservoir water levels. The expenditures per visit by activity, month,
alternative and hydrologic condition were applied to similar estimates of recreation visitation to
calculate total expenditures by alternative and hydrologic condition. The changes in total
expenditures by expenditure category for the Action Alternative compared to the No Action
Alternative, were entered into the IMPLAN model to generate impact estimates associated with
the Action Alternative.

3.1.2 Commercial Operator Survey Methodology

Given the regional analysis focused on a three-county area, and lack of county specific
expenditure data precluded the development of county level regional economic impact models,
anticipated adverse impacts to commercial guide operators concentrated within Daggett County
would not be directly discernible. As a result, surveys of commercial guide operators were
conducted to try and identify impacts.

The results of the surveys of both Green River and Flaming Gorge Reservoir recreational
commercial operators is presented at the end of the Action Alternative subsection in terms of:

1) average visitation and revenue, 2) high end, low end, and preferred flows/water levels, and

3) preferred flow/water level visitation and revenue. Unfortunately, the survey data did not
provide enough information to estimate impacts by alternative. However, the high end, low end,
and preferred flows/water levels obtained from the survey were compared to flows and water
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levels from March to October for each alternative under average, wet, and dry conditions.
Attempts were made to evaluate which alternative would be preferred for each commercially
supported recreation activity.

3.2 Regional Economic Impact Results

This section presents the results of the recreation expenditure based regional economic analysis.
The results are presented by alternative, starting with the No Action Alternative.

3.2.1 No Action Alternative

Given the large volume of recreation expenditure estimates (estimates calculated for each of the
eleven expenditure categories, for each recreation activity, for each month, for each alternative
and hydrologic condition), the individual monthly estimates are not presented. Instead,
information on No Action Alternative total recreation expenditures by expenditure category,
hydrologic condition, site (river versus reservoir), and recreation activity are presented in table 6.
These estimates portray the product of recreation visits from the recreation analysis times the
expenditures per visit from the expenditure interpolations.

As mentioned above under methodology, given the IMPLAN 1999 base data is considered
reflective of No Action Alternative wet conditions, table 6 also includes estimates of the
differences in No Action average and dry expenditures as compared to No Action wet conditions.
The gain in No Action Alternative average condition expenditures compared to No Action
Alternative wet condition expenditures of $23.6 million reflects almost a 20% increase. The
decline in No Action dry expenditures compared to No Action wet expenditures of $39.1 million
reflects a 32.6%drop in recreation expenditures.

These expenditure differences were run through the IMPLAN model to estimate regional
economic conditions under No Action average and dry hydrologic conditions. As presented in
table 7, differences in the overall three-county regional economy were insignificant between

No Action Alternative average, wet, and dry conditions. Looking at employment, the most
volatile regional economic measure on a percentage basis, indicates that the 330 and 908 job
declines compared to average conditions under wet and dry conditions respectively, reflect only a
0.9 and 2.3% reduction in overall employment.

Focusing in on the overall economy is important, but can gloss over industry by industry changes.
To address this issue, reviews were also made of the eight most affected economic sectors, those
sectors directly impacted by changing recreational expenditures. Table 8 describes the linkage
from each recreation expenditure category to Standard Industrial Classification (SIC) industry
codes to IMPLAN industry codes. Based on this table, the most directly affected IMPLAN
industries are as follows: air transportation (#437), food stores (#450), automotive dealers and
service stations (#451), eating and drinking (#454), miscellaneous retail (#455), hotels and
lodging places (#463), automobile rental and leasing (#477), and amusement and recreation
services (#488).

Comparing employment for the No Action Alternative under average and wet conditions shows a
minor decline of 294 jobs (-4.4%) between these eight most affected sectors. The 805 job loss
from average to dry conditions for these sectors was more noticeable reflecting a 12.0% drop.
The nearly 44% decline in recreation expenditures under dry conditions compared to average
conditions generated a much less severe decline in regional economic activity, even for the eight
most affected sectors, implying that a significant share of recreation
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Table 8: Conversion of SIC Code Industries to IMPLAN Industries

SIC
Recreation Industry IMPLAN
Expenditure Code SIC Industry Industry Industry IMPLAN
Category Number Name Description Number Industry Name
Camping Fees 7033 Recreational 463 Hotels and Lodging
Vehicle Parks Places
and Campsites
Lodging 7011 Hotels and 463 Hotels and Lodging
Motels Places
Restaurants 5812 Eating Places 454 Eating and
Drinking
Groceries 5411 Grocery Stores 450 (retail) Food Stores
Gasoline 5541 Gasoline Includes 451 (retail) Automotive
Service Stations | gasoline service Dealers and
stations, boat Service Stations
dealers, and
recreation
vehicle dealers
Recreation 5941 Sporting Goods Includes bait 455 (retail) Miscellaneous
Supplies (fishing) Stores and Bike and tackle, Retail
Stops fishing
equipment.
Guide Services 7999 Amusement and Includes hunting | 488 Amusement &
Recreation and tourist Recreation
Services, not guides Services, NEC
elsewhere
classified
Car Rental 7514 Passenger Car 477 Automobile Rental
Rental and Leasing
7999 Amusement and Includes boat 488 Amusement and
Other Rentals Recreation and canoe rental Recreation
(boats) Services, not Services, NEC
elsewhere
classified
Public Transit 4512 Air 437 Air Transportation
(airlines) Transportation,
scheduled
Other 5946 Camera and Includes drug 455 (retail) Miscellaneous
Photographic stores, liquor Retail
Supply stores stores, sporting
goods, camera
5947 Gift, Novelty, and

and Souvenir
Shops

photographic
supply stores,
gift and souvenir
shops
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expenditures must pass through the economy without creating much impact. This is not
surprising since the three-county economy has a relatively small manufacturing base suggesting
much of the inputs to the most affected sectors likely come from outside the region.

3.2.2 Action Alternative

This section describes changes in regional economic activity associated with implementing the
Action Alternative under average, wet, and dry conditions. For each hydrologic condition,
changes in recreation expenditures compared to the No Action Alternative for the same
hydrologic condition were run through the IMPLAN model. As a result, impacts are measured
for the Action Alternative compared to the No Action Alternative within the context of the same
hydrologic condition. In no instances are impacts measured across hydrologic conditions.

Table 9 presents recreation expenditures by category, recreation activity, site, and hydrologic
condition for the Action Alternative. The table presents total expenditures as well as changes
compared to the No Action Alternative in both dollar and percentage terms. Under all three
hydrologic conditions, total Action Alternative expenditures are higher than those of the

No Action Alternative. The gain in expenditures is about 5.6% under average conditions, 13.7%
under wet conditions, and 22.7% under dry conditions.

While the overall change in expenditures is positive, this doesn’t imply consistent expenditure
gains on both the river and reservoir. The change in Action Alternative expenditures for the
Green River follow the direction of the change in visitation—positive for the average condition
and negative for the wet and dry conditions. Losses in river recreation expenditures were
estimated at 38% and 60% compared to the No Action Alternative under wet and dry conditions,
respectively. Conversely, changes in Action Alternative expenditures for Flaming Gorge
Reservoir were positive under each hydrologic condition despite the lack of visitation change
under average and wet conditions.

The facility availability approach, used to measure changes in reservoir visitation, is less sensitive
than the interpolation approach for measuring gains in visitation as water levels rise. As a result,
no changes in visitation were estimated for the reservoir under average and wet conditions.
However, recreation expenditures are estimated based on both visitation and expenditures per
trip. Since expenditures per trip are based on an interpolation, increases in expenditures per trip,
due to increased length of stay associated with higher water levels, when applied to existing
visitation levels, results in gains in recreation expenditures at the reservoir under both average
and wet conditions. Under wet conditions, these gains in reservoir expenditures exceeded the
losses in river expenditures leading to the odd situation of an estimated overall loss in visitation
coupled with an overall gain in expenditures. Under dry conditions, gains in reservoir visitation
and expenditures out weigh losses on the river.

While the overall level of expenditures shows gains compared to the No Action Alternative, the
individual expenditure categories include both gains and losses. This is because expenditure
categories vary by recreation activity and the visitation by activity varies by month, alternative,
and hydrologic condition. Some activities may post gains while others show losses. The
potential for both gains and losses in recreation visitation and recreation expenditures per trip
across activities and months creates the possibility of both positive and negative expenditures.
For example, losses in recreation expenditures for river guides under wet and dry conditions are
not offset because they are applicable only to the guide boat fishing activity.
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The impacts of the Action Alternative under average, wet, and dry conditions are described in
three separate tables to allow for presentation of both totals by industry and the changes
compared to the No Action Alternative in terms of both dollars/jobs and percentage for all three
regional economic impact measures.

Table 10 reports the effects of the Action Alternative under average conditions. The “total”
columns for total industry output, employment, and labor income portray overall estimates of
economic activity for each industry and for the economy as a whole. The “change from No
Action” columns depict changes in both dollars/jobs and percent.

The overall change in Action Alternative total output, employment, and income compared to No
Action average conditions was positive but quite small, reflecting less than a 1% change.
Looking at the sum of the eight most directly affected sectors, the gains are somewhat higher in
percentage terms indicating about a 1.5% change. The largest percentage change (gain) occurred
in the automotive rental and leasing and the amusement and recreation services sectors, both
small sectors in the three-county economy. These gains in economic activity associated with the
Action Alternative under average conditions were considered insignificant from both the overall
and most affected sector perspectives.

Table 11 reports the effects of the Action Alternative under wet conditions. The overall change
in Action Alternative total output, employment, and income compared to No Action wet
conditions was also positive but very small, again reflecting less than a 1% change. Looking at
the sum of the eight most directly affected sectors, the gains were slightly higher in percentage
terms indicating nearly a 3% change. The largest percentage change (loss) occurred in the
automotive rental and leasing and the amusement and recreation services sectors, both small
sectors in the three-county economy. These gains in economic activity associated with the Action
Alternative under wet conditions were considered insignificant from both the overall and most
affected sector perspectives.

Table 12 reports the effects of the Action Alternative under dry conditions. The overall change in
Action Alternative total output, employment, and income compared to No Action wet conditions
was again positive but very small, reflecting less than a 1% change. Looking at the sum of the
eight most directly affected sectors, the gains were slightly higher in percentage terms indicating
about a 3.5% change. The largest percentage change occurred in the automotive rental and
leasing, hotel and lodging places, and the amusement and recreation services sectors. The hotel
and lodging places sector is relatively large compared to the other two sectors. These gains in
economic activity associated with the Action Alternative under dry conditions were considered
insignificant from both the overall and most affected sector perspectives.

While the lack of expenditure data by county precluded county specific analyses, it is possible
that certain impacts could be centered within certain counties. For example, negative impacts
estimated for the amusement and recreation services sector under the Action Alternative during
wet and dry conditions, stem from losses in guide boat fishing services expenditures which
appear to be centered in and around the town of Dutch John in Daggett County. This loss of jobs
during wet and dry conditions, while not overly apparent from a three-county perspective, could
be more detrimental from the perspective of Daggett County alone and Dutch John in particular.
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3.3 Commercial Operator Surveys

In addition to the recreator surveys described previously under the recreation section, surveys of
both Green River and Flaming Gorge Reservoir commercial operators were also conducted
during the summer of 2001 to try and identify anticipated adverse impacts not discernable from
the three-county oriented regional analysis. Commercial operations on the Green River include
rafting/scenic floating and boat fishing guides. Commercial operations on Flaming Gorge
Reservoir include fishing guides and marinas.

The survey response rate was fairly good overall, especially for the Green River operators. Of the
12 river commercial operators, 10 returned surveys. The two that didn’t respond were small
operators. As a result, the responses provided for the river are assumed to represent a census. On
the reservoir, five of the nine boat guides and two of the three marinas provided responses. While
not indicative of a census, the reservoir response rate was considered sufficiently representative to
present the survey results.

Despite the reasonable response rates, the survey data did not provide enough information to
estimate impacts by alternative since not all the respondents answered all the questions. While it
would have been useful to separately identify impacts to commercial operations on both the river
and reservoir, it should be noted that the regional modeling analysis incorporates (but does not
strictly identify) most of the impacts to the commercial operators by addressing changes in
visitation and recreation expenditures (including guide fees and marina rentals). As a result, if
estimation of direct impacts to commercial operators had been possible from the survey, it would
have been inappropriate to add them to the impacts already estimated via the regional model since
that would have implied double counting. The difficultly with the regional modeling results are
that they are aggregated by economic sector and industry and do not provide detailed impacts for
specific businesses.

For both the river and reservoir, the surveys did provide some useful commercial operator
information by recreation activity in terms of: 1) average visitation and revenue, 2) high end, low
end, and preferred flows/water levels, and 3) preferred flow/water level visitation and revenue.
The site and activity specific high end, low end, and preferred flow/water level information was
compared to average flow/end of month water level information for each alternative under
average, wet, and dry conditions for the months from March to October to try and evaluate
alternative preferences (see tables 13 and 14).

In addition, assuming historical averages for visitation and revenue reflect No Action average
conditions, the additional visitation and revenue under preferred conditions may provide an
indicator of possible impacts under average conditions. In the typical case where Action
Alternative flows/water levels are closer to preferred flows/water levels than No Action
flows/water levels, the difference between average historical/No Action conditions and preferred
conditions presented below could be used to as an upper bound on possible Action Alternative
visitation and revenue impacts. The further away Action Alternative flows/water levels fall from
preferred flows, the lower the impact. In cases where No Action Alternative flows/water levels
are closer to preferred flows/water levels, the visitation and revenue impacts presented below
would not reflect an upper bound.

In table 13, for Green River scenic floating operations, the survey indicated that preferred flows
for reach 1 from the dam to the confluence of the Yampa River averaged 4,040 cubic feet per
second (cfs) with a range from 2,000 to 10,000 cfs. High end and low end thresholds, depicting
the points where flows are either too high or too low for rafting, averaged 15,200 and 715 cfs,
respectively.
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Comparing the high end/low end flow thresholds to average condition flows for both the No
Action and Action Alternatives indicates that average flows for both alternatives for the March
thru October months fall within the usable range. For each month, an evaluation was also made
as to which alternative’s flows were closer to the preferred flow (monthly comparison). Of the
8 months studied, 4 months resulted in the Action Alternative being preferred and 4 months
resulted in the No Action being preferred. Finally, differences between the preferred flow level
and both No Action and Action Alternative flows were calculated for each month. The absolute
value of these differences was summed, and the alternative with the lowest total difference was
considered preferred (seasonal comparison). The Action Alternative was judged to be preferred
by commercial rafters based on this seasonal comparison.

The Action Alternative was deemed to be preferred by commercial rafting operators under wet
conditions. Both alternatives fell within the usable flow ranges for all months. The results
suggest the Action Alternative would be preferred under wet conditions based on both the overall
seasonal flow difference as well as 6 of the 8 months studied.

Conversely, the No Action Alternative would appear to be preferred by commercial rafting
operators under dry conditions. Both alternatives fell within the usable flow ranges for all
months. It appears the No Action Alternative would be preferred based both on the overall
seasonal flow difference as well as 4 of the 6 months studied (note that the difference from the
preferred flow was the same for 2 months for both alternatives).

Rafting operators indicated an average of 40 boat trips a year with a range from 10 to 90. Note
that boat trips would include multiple rafters and perhaps multiple days. Average annual
revenues were estimated at about $235,000 with a range from $35,000 to $476,000. Average
additional annual trips under preferred flows were estimated at about 17 trips with a range from
zero to 54. Some operators noted that visitation is controlled within Dinosaur National
Monument such that number of trips could not increase under preferred flows, but number of
clients per trip could increase. Average additional annual revenues under preferred flows were
estimated at about $39,000 (+16.6%) with a range from $0 to $90,000.

For Green River boat fishing operations, in table 13, the surveys suggest that preferred flows for
the portion Reach 1 associated with boat fishing (from the dam to the Utah/Colorado State line)
averaged 2,338 cfs with a range from 1,400 to 2,800 cfs. High and low end thresholds for boat
fishing averaged 7,530 and 1,030 cfs, respectively. Based on comments from the Green River
Outfitter and Guides Association, the low end threshold was further reduced to 800 cfs.

The Action Alternative was deemed to be preferred by commercial boat fishing operators on the
Green River under average conditions based on comparisons to preferred flows since both
alternatives fell within the usable range across all months. The comparisons to preferred flows
resulted in the Action Alternative being preferred based on the overall seasonal flow difference.
Individual monthly comparisons resulted in no obvious preference since 4 of the 8 months went
to each alternative, although the lower use months of March and October showed a preference for
the No Action implying the higher use months of April through September preferred the Action
Alternative.

The No Action Alternative was deemed to be preferred by commercial boat fishing operators
under wet conditions. Both alternatives fell within the usable flow ranges for all months. The
preferred flow comparisons resulted in the No Action Alternative being preferred based on the
overall seasonal flow difference, but both alternatives appear to be equally attractive based on the
monthly comparisons. Looking at the higher use months of April through September, the

No Action Alternative would be preferred.
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Similarly, the No Action Alternative would appear to be preferred by commercial boat fishing
operators under dry conditions. While both alternatives fall within the usable range in all months,
the No Action would be preferred based on comparisons to preferred flow. The No Action
Alternative would be preferred in 4 of the 6 months with preferred flow based differences.

Two of the four boat fishing operators who responded to the survey question indicated an average
of 210 boat trips a year. Average annual revenues across all four operators were estimated at
about $245,600 with a range from $32,000 to $500,000. Average additional annual trips under
preferred flows was estimated at about 54 trips with a range from 23 to 108. Average additional
annual revenues under preferred flows was estimated at about $17,000 (+6.9%) with a range from
$7,200 to $35,000.

In table 14, for Flaming Gorge Reservoir boat fishing operations, preferred water levels averaged
6029 feet above mean sea level. High and low end thresholds averaged 6040 and 6006,
respectively.

The Action Alternative was deemed to be preferred by commercial boat fishing operators on
Flaming Gorge Reservoir under average conditions. Both alternatives fell within the usable water
level ranges for all months. The comparisons to preferred water levels resulted in the Action
Alternative being preferred based on the overall seasonal water level difference and in 4 of

8 monthly comparisons.

The Action Alternative was deemed to be preferred by commercial boat fishing operators under
wet conditions. Both alternatives fell within the usable water level ranges for all months. The
comparisons resulted in the Action Alternative being preferred based on the overall seasonal
water level difference and in 6 of 6 months (note that 2 months resulted in the same water level
differential for both alternatives).

The Action Alternative would appear to be preferred by commercial boat fishing operators under
dry conditions. Both alternatives fell within the usable water level ranges for all months. The
Action Alternative would be preferred based on both the overall seasonal water level difference
and the monthly comparisons for all months studied.

Reservoir boat fishing operators indicated an average of 107 clients a year with a range from

20 to 220. Average annual revenues were estimated at about $12,800 with a range from $4,000 to
$38,000. Average additional annual trips under preferred water levels was estimated at 5 trips
with a range from zero to 18. Average additional annual revenues under preferred water levels
were estimated at only $650 (5.1%) with a range from $0 to $2,250.

For Flaming Gorge Reservoir marina operations, table 14 indicates preferred water levels across
all boat based activities averaged 6031 feet with a range from 6030 to 6035 depending on
activity. High and low end thresholds averaged 6035 and 6023, respectively.

The Action Alternative was deemed to be preferred by commercial boat fishing operators on
Flaming Gorge Reservoir under average conditions. Both alternatives fell within the usable water
level ranges for all months. The comparisons to preferred water levels resulted in the Action
Alternative being preferred based on the overall seasonal water level difference and in 5 of

8 monthly comparisons.

The Action Alternative was deemed to be preferred by commercial boat fishing operators under

wet conditions. No Action water levels for July through September were the only months to fall
outside the usable range. The comparisons resulted in the Action Alternative being preferred
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based on the overall seasonal water level difference and in 4 of 5 months (note that 3 months
resulted in the same water level differential for both alternatives).

The Action Alternative would appear to be preferred by commercial boat fishing operators under
dry conditions. This is primarily because the No Action Alternative falls outside the usable water
level range in all months compared to only 1 month (May) for the Action Alternative.

Marina operators responded with an average of 97,200 clients a year. Average annual revenues
were estimated at about $915,800. Average additional annual trips under preferred water levels
was estimated at 10,600 trips. Average additional annual revenues under preferred water levels
were estimated at $225,400 (+24.6%). These additional revenues include cost savings associated
with reduced operation and maintenance (O&M) related to moving and shoring up docks,
moorings, etc. under preferred water levels. In general, the cost of operating and maintaining
marinas, boat ramps, and boat camps increases as water levels drop below preferred water levels.
The annual O&M costs savings under preferred conditions at the two marinas averaged $46,000.

Comparing the high and low end thresholds provided by the commercial operators to those from
the recreator surveys for the same recreation activity indicates that generally speaking the
commercial operators were willing to pursue visits over a wider range of flows/water levels. In
other words, the high end thresholds were higher and the low end thresholds were lower for the
commercial operators. The preferred flows/water levels for the commercial operators were
higher than those from the recreator surveys.
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Visual Analysis
Specialist Report
Technical Appendix

Prepared by Brent Hanchett
Landscape Architect
Ashley National Forest

July 19, 2002

INTRODUCTION

This report addresses the scenic resources
surrounding Flaming Gorge Reservoir and the
Green River Corridor. The focus is on potential
visual impacts to changes in shoreline exposure
resulting from fluctuating ongoing water levels
and downstream water flows. Discussion will
include scenic resources on the Flaming Gorge
National Recreation Area (NRA) and the Green
River Corridor.

The U.S. Department of Agriculture Forest
Service (USDA Forest Service) and Bureau of
Land Management (BLM) have developed
systems for the administration of scenic qualities
on Federal lands (Scenery Management System,
USDA Forest Service, 1995, 1974; Visual
Resource System, BLM, 1991). Both agency
systems are addressed where applicable.

The Bureau of Reclamation has requested the
report and is providing funding.

AFFECTED ENVIRONMENT

Flaming Gorge Reservoir is situated on the eastern
slope of the scenic Uinta Mountains in
Northeastern Utah. The concrete arch dam was
constructed during the early 1960s. The heart of
the Flaming Gorge National Recreation Area is a
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91-mile long reservoir, created by Flaming Gorge
Dam. There are over 300 miles of shoreline. An
estimated 3,000 acres of shoreline are involved.

The Green River flows out of the dam, down
through the lower reaches of Red Canyon, and into
Brown’s Park. The stretch of river covers
approximately 20 miles. An estimated 100 acres
of riverbank are involved.

Landscape Character

The landscape consists of a high plateau, about
8,000 feet in elevation, covered by Ponderosa
pine, and pinyon-juniper; and is dissected by Red
Canyon. The Green River flows through the deep
Red Canyon beginning at Flaming Gorge, near
Sheep Creek Flats and exits at Brown’s Park, a
broad open valley near the Utah-Colorado State
line. Rock formations are prominent and soils are
reddish in color. The Uinta Mountains form a
high scenic backdrop to the west.

The Wyoming portion consists of a different land
type, prominent grayish ledges and bluffs, where
the Green River Corridor is not as deeply defined.
Vegetative patterns are of a sage nature. Soils
consist of a shale or clay type material. Open
spaces are prominent.

Scenic Integrity

Visual qualities are perceived by those who
normally recreate or spend time in a particular area
who, in this case would be the Casual Forest
Visitor. Much of their recreational experience
relates to their concern for scenic quality and the
condition of the view shed.

Scenic values and qualities within the Flaming
Gorge NRA and along the Green River Corridor
are high. With a background of the Uinta
Mountains and distant vistas, this is the premier
scenic showcase for northeastern Utah and
southwestern Wyoming.

The normal goal for the USDA Forest Service and
BLM would be to manage the NRA and Green
River Corridor for a “Naturally Appearing”
landscape character. To go back in time about
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50 years, there was a river, flowing through a
series of canyons, including the Firehole regions
of Wyoming, Flaming Gorge, Red Canyon and
Brown’s Park in Utah and on into Colorado.
Human intrusions were minimal, with a few
occasional dirt roads and homesteads. The area
was truly scenic, unaltered and natural in
appearance.

During the mid-1960s, a dam was constructed in
Red Canyon and backed up water for 91 miles.
Along with the reservoir, a large influx of people
desiring a recreational experience was anticipated.
Highways were constructed. Bridges, boat ramps,
campgrounds, visitor centers, restaurants, lodges,
and service stations followed. A town site was
constructed. Along with the dam, came power
generators and transmission lines to serve distant
communities. Utilities and lines, such as water,
gas, sewer and electrical distribution, were needed
to support the local facilities.

As anticipated, the public does visit the NRA and
uses the facilities as listed above. They enjoy the
“natural” scenery, camping, fishing, floating the
river and hiking the trails. They truly enjoy the
area. Scenic Byways extend along both sides of
the NRA and Flaming Gorge Reservoir from
Wyoming into Utah.

The scene has changed in the last 40 years. We
now manage a “Cultural” landscape, at least on the
Utah side, which has a high influence of
recreational aspects. There are enough developed
and dispersed overnight facilities within the NRA
to accommodate over ten thousand people in any
one night. The scenic values for the area still
persist, as people are able to sort out and look
beyond the negative scenic features.

The Recreation Opportunity Spectrum would call
for this area to be managed for a Roaded-Natural
or Roaded-Modified setting. The Recreation
Opportunity Spectrum for the area around Flaming
Gorge Dam is close to an “Urban” setting.

The Scenic Integrity Level for the southern end of
the NRA, including Cedar Springs, the dam, Dutch
John, Antelope Flats, and Little Hole is considered
Moderate to Low, because of related service



developments as mentioned above. Scenic
Integrity Levels for the Wyoming portion and
Green River Corridor, below Little Hole would be
considered as High to Moderate. The desired
condition for the entire NRA and Green River
Corridor would be “Natural Appearing” and
“Cultural”.

Bureau of Land Management Lands along the
Green River Corridor, below Little Hole have a
Class Il Objective, “Change is visible, but does not
attract attention.”

Constituent Information

Visitors to the NRA come from Utah, Wyoming,
Colorado, and all over the United States. Most
foreign Visitors are from England, Germany,
France and Japan. They expect to view
outstanding scenery, visit the dam, and catch
trophy fish. The majority of recreation use occurs
during the summer months, between Labor Day
and Memorial Day, or approximately 100 days.

Recreational opportunities include driving for
pleasure, viewing scenery, fishing, boating,
floating, waterskiing, swimming, scuba diving,
hunting, mountain biking and hiking. Winter
activities include cross-country skiing,
snowmobiling and ice fishing on the reservoir and
stream fishing on the river. Facilities include
visitor centers, boat ramps, campgrounds, trails,
commercial lodges, service stations, and marinas.

The Green River, below the dam is classified as a
Recreational River, within the Wild and Scenic
Rivers Classification system. The trail from
Spillway to Little Hole is classified as a National
Recreation Trail. The Green River is a Blue
ribbon trout fishery and is heavily fished
throughout the year. Rafting is popular on the
Green River from May through September. A
popular Scenic Backway extends from the Utah
Colorado State Line through Brown’s Park and
into Vernal. Attractions along the Backway
include John Jarvies Historical Ranch,
campgrounds and picnic facilities.

The Flaming Gorge-Uintas National Scenic
Byway, US Highway 191, begins in Vernal, Utah,
and extends past Dutch John and to the Wyoming

state line. Included is Highway 44, from
Greendale Junction with US 191 to Manila, Utah.
Intrinsic qualities include Scenic, Recreational,
Natural, Historical, and Cultural. The Byway
Theme is “Wildlife Through the Ages.”

The Flaming Gorge-Green River Basin Scenic
Byway picks up at the Wyoming State line and
carries northward on Highway 530 to Green River,
and US Highway 191 to Rock Springs.

Designated by Wyoming in 2002, this byway has
Recreational and Natural intrinsic qualities. The
Byway Theme carries over from the Utah
neighbor, “Wildlife Through the Ages.”

Landscape Visibility

Most areas within the NRA are seen by the public
from one point or another. People in boats
scrutinize all parts of the reservoir and shoreline
from the water level. Other Forest visitors and
fishermen view the reservoir from above and
points around the NRA, such as Red Canyon
Visitor Center, Flaming Gorge Dam and Visitor
Center, campgrounds, marinas and dispersed
areas.

People floating the Green River and hiking the
trail have the perspective of Red Canyon at the
water level. Only a few vista points along the
river are available from roadways. These include
views from Flaming Gorge Dam, Spillway Boat
Ramp, Little Hole area, and at Brown’s Park.

APPLICATION

Flaming Gorge Reservoir

The visual management inventory for the Flaming
Gorge NRA (Baird, 1985) calls for the area within
the Flaming Gorge NRA as “Retention” of visual
quality. This visual quality objective would
provide for management activities that are not
visually evident.

The Scenery Management System (SMS), adopted
by the USDA Forest Service in December, 1995,
supercedes the Visual Management System and
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USDA Forest Service directives called for future
visual analyses to adopt the new Scenery
Management System. Subsequent discussion for
this visual analysis will use SMS.

As mentioned above, the desired visual resource
management goal on the NRA would be for a
“Naturally Appearing” landscape. We are in a
“Cultural” setting where concentrations of people
and developments exist, such as the Cedar Springs
area, at Flaming Gorge Dam and the Dutch John
Townsite. Several factors need to be considered
here.

Although a reservoir with draw down, some local
entities have renamed it “Lake Flaming Gorge.”
The perception is for many people to view the
reservoir as a lake. The draw down levels of 20 or
30 feet below high water line is minor to the entire
scale of the reservoir, especially as viewed from
any one viewpoint.

Several natural conditions exist, some as a result
of man’s activities of dam construction. Man has
built the dam and has caused water to back up in
Red Canyon. As a result of this action, natural
processes are taking place, such as a buildup of
calcium bicarbonate in the water, which tends to
coat rocks and other features with a white film in
which it comes in contact.

Another natural process is the weather patterns for
Utah and Wyoming, and more specifically, the
Green River Corridor. Provided that we
experience normal or wet weather patterns every
year, it could be feasible to manage at the high
water level within the reservoir through time.
Because of dry cyclic conditions, such as we are
currently experiencing, there is a natural draw
down of the reservoir surface. The surface
elevation will either rise or drop, according to
available natural water supply.

A third natural condition, or possible act of man, is
to simulate historic natural spring flooding
downstream in order to maintain habitat for
endangered and sensitive species. These seasonal
flows seem to tax a lot of storage reserve, which
adds to changing water levels during the summer
recreational season.

App-366 — Operation of Flaming Gorge Dam Final EIS

Many of the access points to Flaming Gorge
Reservoir were visited and photographed by this
writer. (See photographs in this report.) The
visual effect of the draw down and white mineral
coating is most apparent in the lower regions of
the reservoir, specifically from Red Canyon
Visitor Center and the Dam Visitor Center. The
view from Red Canyon Visitor Center and
overlook is from a distance and height that a few
miles of shore line is visible. The view from the
Dam Visitor Center is at water level. The white
line does not stand out as much from many other
locations around the reservoir.

This author visited visitor centers and information
outlets around Flaming Gorge NRA and at
Brown’s Park. Facilities visited include:

1. Dam Visitor Center,
2. Red Canyon Visitor Center,

3. Flaming Gorge NRA Headquarters in
Manila,

4. Dutch John USDA Forest Service Office,
5. Rock Springs Chamber of Commerce,

6. Green River Chamber of Commerce and
Forest Service Office,

7. Lucerne Valley Marina,
8. Red Canyon Lodge, and

9. John Jarvie’s Historical Ranch in Brown’s
Park (BLM).

At least 10 people at these information outlets
were interviewed (see attachment), and most
comments concerning the low water level
indicated public concern about the dry climate
conditions of the area and low water levels as a
result. The public registers and comment forms -
for the past several months were reviewed at Red
Canyon Visitor Center and Dam Visitor Center.
All comments entered were of a positive nature
expressing the awesome scenery of the area. (See
attached comment forms for the Dam Visitor
Center.) Only one verbal comment concerning
visual concerns was received by Bill Shane,
Information Specialist at Red Canyon Visitor
Center. Bill indicated that a lady asked, “Who
painted the white line?”



At State Line Cove, near Manila, Utah, and at
various other places in Wyoming around the
reservoir, people choose to camp within the high
water line of the reservoir. The lower the water
level, the better it is for more places to camp and
more space between units.

Many of the photographs of Flaming Gorge
National Recreation Area, which have been taken
by professional photographers, show the reservoir
and white line. These are award winning
photographs, transferred to post cards and on sale
at the commercial outlets around the area. They
are popular sale items and Forest visitors don’t
seem to hesitate to purchase them.

People do notice the draw down level of the
reservoir, along with white line, but it does not
detract from their overall recreational experience
in the area. The low water marks and white line
effects are only noticeable along some segments of
the entire 300 miles of shoreline. During winter
months any impacts are naturally mitigated with a
covering of snow.

Visual effects are negligible as compared with the
inherent scenery of the area.

The Green River

The USDA Forest Service visual management
goal for the Green River Corridor would be for a
“Natural Appearing Landscape Character.”

The BLM has completed a Visual Resource
Analysis along the Green River, downstream from

the Forest Boundary to Brown’s Park, which calls
for Class Il management. Some altering of the
landscape can occur within Class Il areas, but
management activities and structures should not
attract a viewer’s attention.

In viewing the low-water stream flows along the
Green River, there are few to no visual effects on
the stream banks, from the perspective of the
casual visitor. Some mud banks and exposed
rocks stick out of the water, however they appear
as a natural occurrence under low water
conditions. Very few indications of white buildup
are apparent on the cobble rocks or along the
stream banks.

To summarize, the visual effects of low water
flows along the Green River are negligible. Any
effects are well within management prescriptions
for the area.

ATTACHMENTS

Compilation of Visitor’s Comments by
Information Specialist, Brent Hanchett, 2002.

Visitor Comments at Flaming Gorge Dam. Hard
Copy, 2002.

Photographs of Flaming Gorge and Green River,
2002.
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ATTACHMENT 1
COMPILATION OF VISITOR’S
COMMENTS, 2002

by Information Specialist
Brent Hanchett
June/July 2002

JUNE 10, 2002

Lori, Dinosaur Nature Association
Tour Guide
Flaming Gorge Dam and Visitor Center

Lori indicates there have been no questions or
comments about the ring or white line around the
reservoir. They bring up the fact that the reservoir
presently has a 25-foot drawdown and is from
drought and dry conditions. The publics concern
then focuses on the drought conditions.

When asked, Lori said that people do ask about the
pipeline clearing that goes over Dutch John Gap,
and about fire scars in the area.

Nanette Gamble

USDA Forest Service

and two other interpreters

Flaming Gorge Dam and Visitor Center

The reservoir drawdown is an indicator of drought
and weather conditions and is used by the
interpreters as a discussion item.

Nanette will send comment forms from the Dam
Visitor Center.

Individual from Cheyenne, Wyoming
at Dam Point Picnic Area

The water level being low is of concern, but the
drawdown ring is not a problem. He has been
floating the Green River and can tell a difference
in low water conditions.

Bill Shane
Information Specialist
Red Canyon Visitor Center

Bill indicates that people do ask about the white
line around the reservoir and why. After
explanation, they are ok. One lady asked, “Who
painted the white line?”

Mark Wilson
Owner/Operator
Red Canyon Lodge

Mark indicates no concern from the public that
would impede recreational use of the area.

Jerry Taylor
Owner/Operator
Lucerne Valley Marina

Yes, people are concerned about the drawdown,
especially Stateline Cove. Use is way down.
Because of the low water, there is a large sandbar
that extends out into the water that makes access
difficult to the water.

Jerry also commented that people wanting to visit
Flaming Gorge Reservoir have the conception of
not enough water to boat on.

Bill, Information Specialist
Green River Visitor Information Center

Bill indicates that weather and dry conditions are

of concern to people, but not the visual aspects of
the drawdown ring.
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JUNE 27, 2002

Farah Humphrey

Frontline Receptionist

Flaming Gorge National Recreation
Headquarters

Manila, Utah.

There is no visual concern, but there is concern
about the water level and weather.

JuLy 10, 2002

Volunteer Interpreter
John Jarvies Historic Ranch
Brown’s Park, Utah

People floating the Green River have not

expressed concern about visual problems related to
low water flows.
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ATTACHMENT 2

COMPILATION OF VISITOR’S
COMMENTS

HARD CoPY, 2002
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ATTACHMENT 3
PHOTOGRAPHS OF FLAMING GORGE AND GREEN RIVER, 2002

Flaming Gorge Dam

The Flaming Gorge Reservoir as viewed from the Flaming Gorge Dam.

View of Island from picnic area, next to Flaming Gorge Dam.
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Red Canyon from Red Canyon Visitors Center Overlook.
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Flaming Gorge from Sheep Creek Overlook.

Lucerne Valley Marina, Utah.
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State Line Cove, Wyoming.

Looking West of Buckboard Marina, Wyoming.
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View of Flaming Gorge Reservoir at Blacks Fork on Highway 530, Wyoming.

Looking North from Firehole Boating Site.
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View of Flaming Gorge Reservoir from above Dam.
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Green River

View of Flaming Gorge Dam from Spillway Launch Ramp.

View of Green River from Dam Spillway Launch Ramp.
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Green River at Little Hole Boating Site.

Green River at Little Hole with John Wesley Powell historic site in middle ground.
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Green River from lower Little Hole Boat Ramp.
Note recent fire activity in background.

Green River at Brown'’s Park from John Jarvies Historical Ranch.
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Looking North at Brown'’s Park Bridge.

Upstream from Swinging Bridge in Brown'’s Park.
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