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CHAPTER 1

SUMMARY

1.1 INTRODUCTION

Woodruff Narrows Reservoir is owned by the State of Utah. The reservoir
was built in 1961 as an irrigation reservoir and is located on the Bear
River in Wyoming, near the Utah-Wyoming state line. The primary use of the
reservoir 1s for irrigation of land in Rich County, Utah.

The reservolr outlet works and spillway are in need of repair. Plans
have been made by the State of Utah to emnlarge the reservoir from its present
capacity of 28,000 acre-feet to 53,200 acre-feet when these repairs are
made. The enlargement and repair project has been held up due to water right
problems assoclated with the tri-state Bear River Compact. The purpose of
this study is to determine if it is feasible to add hydropower facilities when
the reservoir is repaired and enlarged. An alternative dam site a short
distance downstream from the present dam (lower site) utilizing the same
reservoir basin would yileld a higher power head. Run-of-river' hydropower
alternatives were considered at both the present dam (upper site) and the

lower site as well as peaking power production and pumped storage.

1.2 ENERGY POTENTIAL .

The streamflow released from the reservoir during the fall and winter
months of September through March generally ranges between 10 to 60 cfs.
During this period, the reservoir level is generally low resulting in very
little potential for power development. During the spring and summer months
of April through August, the flow generally ranges between 300 and 1,000
cfs.

A computer simulation model based on mean monthly values, utilizing
26 years of recorded streamflow into the reservoir, was used to determine
the mean annual energy potential for the following configurations: 1) éresent
dam, 2) the proposed enlarged dam, 3) a new dam at the lower site with
a maximum head of 65 feet, and 4) a new dam at the lower site which would
store water to the same elevation as the proposed enlarged dam. Results

of the simulation study show that the average annual energy potential of
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the above four configurations are respectively 3.4, 5.0, 7.1, and 8.3 gigawatt
hours. The corresponding maximum power capacities are respectively 2.1, 3.0,

3.9, and 4.5 megawatts.

1.3 POWER MARKETING POTENITAL

A number of potential users in the area were contacted concerning the
marketing of the potential energy that could be developed at the Woodruff
Narrows site. The estimated current value of the energy that could be pro-
duced is approximately 30 mills per KWH. The power company in the area did
not show much interest in purchasing the power but is willing to wheel the
power at approximately 9 mills per KWH for a maximum plant capacity output of
3.0 megawatts based on a charge of $15 per KW—-yr and an annual generation of 5
GWH. Therefore, the estimated net value of the energy produced at the Wood-

ruff Narrows site is approximately 21 mills per KWH.

1.4 COST ESTIMATES AND ECONOMICS

The cost of repairing and enlarging the present dam is estimated to be
$1.835 million. The cost of repairing the dam without the enlargement would
be approximately $1.6 million. The irrigation benefits from agriculture from
the reservoir enlargement are estimated to be $214,000 per year which when
capitalized over a 50 year period at a discount rate of 4 7/8 percent would
amount to $4.0 million. This is a benefit to cost ratio of 2.2 for repair
and enlargement of the present reservoir. The discount rate of 4 7/8 percent
is used by the Utah Division of Water Resources in economic analyses of
projects built by the Utah Water Conservation and Development Fund. The
agriculture interests would pay all of the costs of the reservoir enlargement
and repairs. ' |

The estimated cost of providing a power facility on the enlarged reser-
voir which would be capable of producing 5.0 GWH per year is $2.625 million.
This cost estimate includes all the power features required for the project
including a transmission line to the mnearest area power company transmission

lines. Annual operating costs are estimated at $40,000.



Amortizing the $2.625 million power facilities at an interest rate of 8
percent and including the $40,000 annual operating cost would result in
an annual cost of $254,500. The cost of producing the 5.0 gigawatt hours of
energy for this alternative is 51 mills per KWH which is more than double the
current net market value of the energy. A

Based on a discount rate of 4 7/8 percent used by the Utah Division
of Water Resources for projects built by the Water Conservation and Develop=-
ment Fund the cost of producing power for this alternative would be 34-mills
per KWH. This is more than 60 percent higher than the estimated net market
value of the energy.

In order to produce energy at a cost of 21 mills per KWH with this
alternative, an interest rate of less than 1 percent would have to be used for
amortizing the capital cost of the power project. The other run—of-river
alternatives are economically less favorable than the above alternative.

The cost of. a reregulating reservoir at the lower site for .allowing
for peaking power production along with the additional cost of increased
power plant capacity and increased wheeling charges makes power peaking an
even less favorable alternmative. A pumped storage alternative was also found
to be uneconomical.

This study shows that hydroelectric power development at the Woodruff

Narrows site is economically infeasible at the present time.

1.5 OTHER FINDINGS

Results of this study show that the addition of hydroelectric power
development at the Woodruff Narrows site would have minimal social and envir-
onmental effects on the area. Power development would result in little or no
changes in the present patterns of water and land use, income, population, and
employment and would not result in any significant changes of the social
structure or characteristics of the area. Power development would have
negligible impact on the Bear River eccsystem over and above the existing

structures and stream operations. The principal area of concern was the



institutional problem assoclated with water rights. However, it now appears
that this problem will be resolved. If the hydropower development were

economically feasible, funding could probably be arranged by the State of
Utah through the Utah Board of Water Resources from the Revolving Construction

Fund and/or the Water Conservation and Development Fund.



CHAPTER 2

INTRODUCTION

2.1 PURPOSE AND AUTHORITY
The Utah Water and Power Board was created in 1947 and charged with

the responsibility of preparing and implementing plans which would bring about
the full development and utilization and promotion of the very vital, but
limited, water resources of the State. The Board was charged with the review
and coordination of federally funded water programs, and in addition was given
a Revolving Constructilion Fund for the development of water on a small project
basis.

In 1967, the Legislature changed the Board’s name to the’Board of Water
Resources, retaining all of the assigned responsibilities, and named the
" Board’s full-time staff the Division of Water Resources and placed it within a
newly created Utah State Department of Natural Resources. Since then, as the
need has grown and as the efficient use of water has become more critical,
the legislatures have added new responsibilities. The latest was by the 1978
Legislature which created the "Water Conservation and Development Fund" at
an initial funding of $25 million and charged the Board and Division to
develop larger water storage projects, including the construction of hydro-
electric genérating plants. It 1is under this responsibility and authority
that the Utah Division of Water Resources initlated this study to assess the
feasibility of hydroelectric power development at the existing Woodruff
Narrows Dam and Reservoir. The results of this study will also provide some
insight for potential hydroelectric power development at other existing and
planned dam sites in the State of Utah.

To assist in the feasibility study of hydroelectric power generation
at the Woodruff Narrows site, the Utah Division of Water Resources, with
the cooperation of International Engineering Company of San Francisco and
Utah Water Research Laboratory at Utah State University, responded to a
U«S. Department of Energy Program Research and Development Announcement
number ET-78-D=07-1706 which resulted in Cooperative Agreement Number DE~FCO7-
781ID01767 Woodruff Narrows Power Plant. Under this agreement the feasibility
study 1s being conducted with a cost-sharing of 66 percent by the U.S.
Department of Energy and 34 percent by the State of Utah.

5



2.2 SCOPE OF STUDY

The Woodruff Narrows Dam is currently in need of repair. The repair

work will be completed whether or not a power plant is installed at the site.
Plans have been made to enlarge the reservoir when the repairs are made. The
study included locking at various dam heights at the existing dam site (upper
site) and various dam heights for a new dam a shbrt distance downstream from
the present dam (lower site) utilizing the same reservoir basin which would
produce a higher head for hydroelectric power production. The lower site was
also studied as a holding pond and regulating reservoir for pumped storage and
peaking power considerations. '

The various social, institutionai, legal, environmental, economile,
markéting, and engineering considerations were studied to assess whether or
not hydroelectfic development would be a viable project at the Woodruff
Narrows Reservoir.

The Cooperative Agreement Number DE-FC07-78ID01767 requires that a final
feésibility assessment report be written which includes, as a minimum, the

following information:

l. Expected configuration and capacity of the hydropower facility.
2. Estimated performance characteristics of the hydroelectric power
facility including the potential for peak power production and
an estimate of average annual energy production.
3. Expected impact of the hydropower installation on other perceived
water resource needs of the area and the current use of the reser-
voir.

4. Marketing potential of the power produced.

5. The necessary requirements of the Federal Energy Regulatory Com-
mission, the U.S. Army Corps of Engineers, and other appropriate

federal, state, regional, and local agencies.

6. Capital investment per installed kilowatt, total cost per KWH,
and return on investment. ‘

7. Anticipated annual operation and maintenance costs.
8. Anticipated project life.

9. An initial assessment of the environmental impact and socio-institu-
tional factors.



10.

11.

iz.

13.

An initial assessment of the safety hazard, if any, introduced
by the addition or rehabilitation of a power plant and other hydro-

power appurtenances.

Appropriate analyses resulting in sound judgment as to the engineer-
ing acceptability of the proposed site for hydroelectric power

development.

Investigation of the availability of a suitable turbine(s), gener~-
ator(s), and accessories required for the proposed hydroelectric

power development.

Development plan (schedule) for putting power on~line.

2.3 BASIC DATA AVAILABLE

2.3.1 TOPOGRAPHIC MAPS

The following topographic maps are available:

1.

2.

3.

U.S. Geological Survey Quadrangle Maps in scale 1:24,000 (1"=2000")
and with 20 feet contour intervals.

Map of project area in scale 1"=400" and 5 feet contour intervals.

Maps of Upper and Lower Sites in scale 1"=50" and with 2 feet
contour intervalse.

2.3.2 GEOLOGIC DATA

The following geologic data are available:

1.

2.

3.

4.

5.

Geologic maps of Upper Site in scale 1"=50" and 2 feet contours,
prepared by U.S. Bureau of Reclamation (USBR) in 1959.

Geologic map of Lower Site in scale 1"=50" and 2 feet coﬁtours,
prepared by State of Utsah, Division of Water Resources in 1978.

Borelogs of four holes drilled at the Upper Site in 1958.
Borelogs of five holes drilled at the Lower Site in 1958.

Borelogs of two holes drilled 1n saddle about one mile west of
Upper Site.

'

Report '"Geologic Data on Lower Woodruff Narrows Dam," including

data on construction material, by USBR in 1958.

Reconnaissance Geological Report on Lower Site, by USBR in 1959.



8.
9.

Reconnaissance Geological Report on the Upper Site, by USBR in 1959.

Review Report on Geology of Upper Site, prepared by State of Utah,
Division of Water Resources, in 1978.

2.3.3 MISCELLANEOUS DATA

The following information is also available:

lc

2‘

Set of 10 as-constructed drawings of the existing dam, prepared
by Utah Water and Power Board in 1961.

Set of 17 drawings and preliminary specifications for enlargement
and improvement of the existing dam, prepared by the Utah Division

of Water Resources in 1978.

Reservoir area and volume curves for both the Upper and the Lower
Sites.

Tailwater elevations at both Upper and Lower Sites.

Report by the Bureau of Mines on mineral deposits in the project
area.

Various letters from turbine manufacturers, utilities, and FERC.



CHAPTER 3

BACKGROUND

3.1 GENERAL DESCRIPTION OF BEAR RIVER BASIN

3.1.1 GEOGRAPHIC SETTING

Bear River is the Western Hemisphere’s largest stream that does not
reach the ocean. The river rises in Utah but flows through parts of Wyoming
and Idaho before returning to Utah to empty into Great Salt Lake as shown
on Figure 3.1. In dits circuitous course, the river flows about 500 miles,
but thé airline distance from its source to its mouth is only 90 miles. The
Bear River Basin comprises 7,465 square miles of mountain and valley lands,
incltiding 2,695 in Idaho, 3,270 in Utah, and 1,500 in Wyoming.

For the first 20 miles of its course, the river flows down the north
slopes of the Uinta Mountains in Utah. Then, at the Wyoming boundary, it
enters the first of a series of five major wvalleys that extend along the
remainder of dits course. The valleys are separated by narrow canyons or
gorges, some of which contain hydroelectric power developments.

The highest and longest valley in the Bear River Basin is the Upper
Bear River Valley. It extends about 100 miles roughly along Wyoming’s western
boundary but includes a substantial area in Utah and a lesser area in Idaho.
The valley 1is narrow with its bottom lands 5 miles or less in width. Com—
munities in the valley include Evanston and Cokeville, Wyoming, and Randolph
and Woodruff, Utah. The Woodruff Narrows project is located in this valley.

AAfew miles below its point of entry into Idaho, the Bear River flows
westward into Bear Lake Valley, which is about 50 miles long and has a maxi-
mum width of 12 miles. Bear Lake, which is about 20 miles long and averages 7
miles in width, lies at the south end of the valley. Mud Lake, about 3 miles
in diameter, is at the north end of Bear Lake. The river does not flow
naturally into these lakes, but in 1902 connecting inlet and outlet canals
were constructed north of the lake. In 1914, the Lifton Pumping Plant was
constructed to pump f£from Bear Lake into the outlet canal. Bear and Mud

Lakes, with a combined active storage capacity of 1,420,000 acre-feet, afford
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virtually complete control of Bear River flows at that location. Valley
bottom lands north of Bear Lake are generally irrigated by diversions from
Bear River, while some of the arable bench lands on each side of the valley
are irrigated from the many inflowing tributary streams. Among Idaho com-—
munities in Bear Lake Valley are Montpelier, Dingle, St. Charles, Fish Haven,
Bloomington, Paris, Liberty, Bennington, and Georgetown. Utah communities
include Pickleville, Garden City, and Laketown.

Leaving Bear Lake Valley at the north, the river flows through several
miles of hilly and broken grazing lands and lava plains and thence through
a deep, mnarrow channel cut through a lava sheet near Soda Springs, Idaho.
In this channel are located the Soda Reservoir and hydroelectric power plaﬁt-
Below the power plant, Bear River enters a broad agricultural area know
as Gem Valley. Anciently, Bear River flowed northward through Gem Valley to
the Snake River in the Columbia River Basin. A lava flow, however, turned
the river south toward Great Salt Lake. The northern and central portions of
Gem Valley consist of a plain formed by a lava ¥low and are occuplied by
large dry farms with some irrigation from Bear River and other inflowing
streams. The southern part of Gem Valley, south of Grace, Idaho, and beyond
the lava flow, is about 500 feet lower in elevation than the central portion.
This lower portion is also known as Gentile Valley and the extreme southern
portion as Mound Valley. The abrupt drop of Bear River into Gentile Valley is
utilized for power generation at the Grace Power Plant. A further fall in the
river immediately below the Grace Power Plant is utilized for power geﬁeratien
at the Cove Power Plant. Irrigation water sources in Gentile Valley are Bear
River and tributary streams . Gem, Gentile, and Mound Valley communities
include Grace, Thatcher, and Cleveland, Idaho. ’

At the south end of Mound Valley, the river enters the Oneida Narrows,
a canyon about 11 miles in length. Here the existing Oneida Reservoir and
Power Plant are located. Oneida Narrows is approximately the midpoint of
the river in the sense that inflows above and below the narrows are nearly
equal.

Below Oneida Narrows, the river enters Cache Valley, one of the more
highly developed valleys in the Bear River Basin. Cache Valley is about
45 miles long and 10 miles wide. Among its principal communities are Preston,
Dayton, and Franklin, Idaho, and Lewiston, Richmond, Smithfield, Logan,

Providence, Hyrum, Paradise, and Wellsville, Utah. The river enters Cache
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Valley from the northeast, meanders sluggishly southward down the valley, and
exits westward through a 2-mile-long gorge into Lower Bear River Valley,
which dis a part of Great Salt Lake Valley. Several Bear River tributaries
enter Cache Valley from the east and lesser streams from the west. Water of
these streams 1s used for irrigation, particularly on the higher lands near
the base of the mountains. In the gorge through which Bear River leaves
Cache Valley are located the Cutler Dam and Power Plant, the lowest hydro-
electric development on the river.

Below Cutler Dam, the Bear River continues southwest through Lower
Bear River Valley to the Bear River Bay of Great Salt Lake. The Bear River
Migratory Bird Refuge is located at the river terminus. Utah communities
in Lower Bear River Valley include Garland, Tremonton, Bear River City,
and Corinne. The Malad River, flowing southward, enters Bear River about
10 miles north of Bear River Bay. The Malad River Valley extends northward
50 miles from Lower Bear River Valley. Its principal communities are Malad,
Samaria, and St. John, Idaho, and Portage and Plymouth, Utah.

Valley elevations range from 4,200 feet at Bear River Bay to 6,700
feet near Evanston, Wyoming, in the Upper Bear River Valley.

The climate of the Bear River Basin is of typical mountain continental
character, with the usual wide range in temperature between summer and winter,
and between day and night. The high mountain valleys experience 1long and
rigorous winters and short, cool summers. The lower valleys are more moderate
with less variance between the maximum and minimum temperatures. Precipita-
tion is heaviest in the mountainous sections, with much of it occurring during
the winter months in the form of snow. Precipitation during the May through
September growing season is only about one-third of the annual amdunt-
The precipitation ranges from 10 inches in the valley areas to over 40 inches
in the high mountain areas. The average frost-free season varies from about
45 days in some high mountain valleys to more than 150 days in the Great Salt
Lake Valley.

3.1.2 WATER RESOURCES

Streamflow records on the Bear River are numerous and of relatively
long duration, some extending back to 1889. There are over 607river gaging
stations on the Bear River and its tributaries. Most of these stations are
operated by or in cocoperation with the United States Geological Survey. The
streamflow data are published in the Water-Supply Papers of the Great Basin.
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The flow chart of the entire Bear River system is shown on Figure 3.2
which indicates the over-all contributions and depletions to the system.
This flow chart is based on historical streamflow records for the 1927-1965
period. The chart indicates that an average of 900,000 acre-feet of water per
year from the Bear River Basin flowed into Great Salt Lake during the period
of record. At the Woodruff Narrows site, the flow chart indicates a mean
annual streamflow of 137,000 acre-feet for the 1927-1965 period.

The entire flow from the Upper Bear River is diverted into Bear Lake
at Stewart Dam through the Rainbow Inlet Canal. Utah Power and Light Company
controls the inflow and outflow of Bear Lake to meet power demands and
satisfy contractual agreements with downstream water users for dirrigated
agriculture. The active storage capacity of Bear Lake is 1,420,000 acre-~feet
contained in the top 21 feet of the 200 foot deep lake.

In addition to Bear Lake, there are four small minstem reservoirs on
the river used by Utah Power and Light Company as forebays to supply hydro-
electric power plants. The Soda, Grace, Oneida, and Cutler Reservoirs have a

combined active storage of 37,200 acre-feet. The only other mainstem reser-

‘voir on Bear River is Woodruff Narrows Dam located in the Upper Bear River

with a 26,500 acre~foot active storage capacity. There are 23 smali reser—
voirs on the tributaries to the Bear River which have capacities of more than
1,000 acre~feet. The combined active storage capacity of these 23 reservoirs
is 116,700 acre-feet. The Bear River Basin has a combined active storage
capacity of 1.6 million acre-feet.

Essentially all of the flow of the Bear River is used for hydroelectric
power generation and operations of the National Bear River Migratory Bird
Refuge: The five hydroelectric power plants owned and operated by Utah Power
and Light Company on the Bear River system have a total generating capacity of
125.5 MW. The plants and generating capacity are as follows: Soda - 14 MW,
Grace - 44 MW, Cove - 7.5 MW, Oneida - 30 MW, and Cutler - 30 MW. Much of the
water reaching the Great Salt Lake has been used for other purposes as well.
Approximately one-half million acres of farm land are irrigated in the basin.
Municipal and industrial withdrawals’for a population of 100,000 (1970 census)

are also made in the basin.:
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3.2 EXISTING WOODRUFF NARROWS PROJECT

3.2.1 LOCATION

Woodruff Narrows Dam and Reservoir is located approximately 7 miles
southeast of’Woodruff, Utah, on the main stem of the Bear River in Townships
17N and 18N, R120W 6th Principal Meridian, Uintah County, Wyoming. A location

map of the reservoir is shown on Figure 3.3 and on Exhibit 1.

3.2.2 PRESENT CONDITION OF EXISTING FACILITIES

Woodruff Narrows Dam is a homogeneous compacted earthfill dam. The dam
is 58 feet in height above the stream bed. The hydraulic head from the
spillway crest to normal tailwater level is 32 feet. The dam has a crest
length of 600 feet ard a crest width of 20 feet with a front side slope of
2-1/2:1 and backside slope of 2:1. The dam embankment is in good condition.
Exhibits 2, 3, and 4 show the plan, profile, and spillway of the existing dam.
The spillway was constructed by excavating through a rock abutment. The
spillway was lined only at the upper end near the overflow crest. The unlined
portion of the spillway has had some erosion from use over the years. The
spillway is in fair condition, but will need to be lined or replaced sometime
in the future, possibly in the next 5 to 10 vears. ,

The outlet works consists of an intake structure and two rectangular
reinforced concrete conduits. The intake structure was repaired in November
1977, which included replacing the existing trash racks and providing addi-
tional air vents to the intake gates from the gate house at the top of the
dam. This was done to alleviate a cavitation problem under the intake gate
thimble.

The outlet conduits are showing some signs of deterioration and will need
to be repaired or replaced in the future. Bids were asked for on repair of
the outlet conduits in October 1977. All bids were rejected, because they
were considerably higher than the engineering cost estimate. It was decided
toe replace or repair the outlet conduits, and build a new concrete lined

spillway as part of a reservolr enlargement project.

3.2.3 AGE, HISTORY, OWNERSHIP, AND PRESENT USE
The Woodruff Narrows Dam was constructed in 1961 by the Utah Board
of Water Resources to provide supplemental irrigation water for approximately
36,000 acres of land of which 83 percent is in Utah and 17 percent in Wyoming.
15
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The Utah Board of Water Resources has title to the dam and real property by
Warranty Deed and title to the water storage rights in the reservoir and
title to the irrigation distribution systems below the reservoir. A small
portion of the reservoir is located oﬁ Bureau of Land ManagemeﬁtAland-
The Utah Board of Water Resources has a right-of-way granted for that portion
of the reservoir. |

The reservoir has a total storage capacity of 28,000 acre-feet as shown

in the following table.

Compact Holdover

Allocation Stage Total

Irrigation
Utah 15,240 3,560 18,800
Wyoming : 3,000 700 ' 3,700
Subtotals 18,240 4,260 22,500
Fish Conservation _ 4,000
Inactive ‘ 1,500
Total 28,000

The Division of Water Resources has designed an enlargement of the present
dam and reservoir to increase the storage capacity from 28,000 acre-feet
to 53,200 acre-feet. Application has been made to the Wyoming State Engineer
for a construction permit to enlarge the reservoir. Acquisition of reservoir
right-of~-way for the proposed enlargement is approximately 90 percent com-
pleted. The additional storage would store more spring runoff and release it

during July and August for irrigation.

3.3 FUTURE BEAR RIVER DEVELOPMENT

3.3.1 AVAILABILITY OF WATER

In spite of the fact that approximately 900,000 acre-feet of water
reaches the Great Salt Lake each year, most opportunities for further water
use will depend upon adjustments in some present uses. Unless the hydro~

electric power wuse, particularly, 1is subordinated to some extent to other
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uses, opportunities to develop the water supply further to meet present
shortages and supply future demands are largely limited to such possibilities
as exist below Cutler Reservoir. If it is assumed that in the future hydro-
electric power uses will be subordinate to other uses to the extent required
to permit development, the average quantity of available water that could be
developed in various reaches of the Bear River area: 50,000 to 100,000
acre-feet at or above Bear Lake depending upon the operation of Bear Lake,
200,000 acre~feet from Bear Lake to Oneida Narrows, and 300,000 acre-~feet from
Oneida Narrows to Cutler Dam. This amounts to 530,000 to 600,000 acre~feet of
additional water which could be developed in the entire basin. The avail-
ability of this water for future development will depend to a great extent on
the states of Idaho, Utah, and Wyoming ratifying the Amended Bear River

Compact and on negotiations with Utah Power and Light Company.

3.3.2 WOODRUFF NARROWS ENLARGEMENT

Plans have been completed by the Division of Water Resources for en-
larging the Woodruff Narrows Reservoir from its present capacity of 28,000
acre~feet to 53,200 acre-feet. The 25,000 acte—feet of new storage will
be used for supplemental irrigation of land in the Woodruff-Randolph area in
Utah and the Cokeville area in Wyoming. Construction of this project is
scheduled to begin in 1979 if water rights problems associated with the Bear
River Compact can be resolved among the states of Idaho, Utah, and Wyoming.

3.3.3 OTHER POTENTIAL PROJECTS

The Oneida Narrows Project on the Bear River in Idaho could develop
200,000 acre-feet of water for use in both Utah and ldaho. Also, development
of 25,000 acre-feet on the Cub River in Idaho could be used byiboth Utah
and Idaho. These two projects have been studied in detail by the U.S. Bureau
of Reclamationm.

The U.S. Bureau of Reclamation has studied water development alternatives
on the Blacksmith Fork River in southern Cache County. More recently, the
Utah Division of Water Resources has studied several alternatives for water
development on both the Blacksmith Fork and the Little Bear Rivers in southern
Cache County. Construction of the South Cache projects could develop up to
50,000 acre-feet of water for irrigation of dryland areas on the benches and
provide needed water for municipal needs by the rapidly growing population in
Cache County.
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Studies have been made by the U.S. Bureau of Reclamation and the Utah
Division of Water Resources on possible development of Bear River water on the
main stem near Honeyville and off-stream storage on the Malad River. The
Honeyville project would develop 120,000 acre~feet of water for use by the
Bear River Migratory Bird Refuge and irrigation of additional lands in eastern

Box Elder County. Off-stream storage sites on the Malad River vary from

10,000 acre-feet to 450,000 acre-feet. Water developed from the off-stream

sites would be for the same uses as the Honeyville project.

A potential reservoir site in the Upper Bear River above Evanston on
Yellow Creek near the Bear River - Weber River drainage divide could store
one~half million acre~feet of water for drought emergencies. Water to fill
this potential reservoir would be diverted from the Bear River during ex-
cessively wet years. Evaporation losses at the high elevation reservoir would
be minimal. Water could be released down the Bear River or the Weber River,
or even the Jordan River by exchange with Weber River water via the Weber-
Provo Canal. A number of reservoir sites above Evanston have been studied for

potential development of water for uses in Wyoming.
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CHAPTER 4

BASIC ALTERNATIVES

4.1 GENERAL

Based on a review of all data available and on the present plans for
improvement of the existing dam, the following basic alternatives for de-
velopment of the hydroelectric potential at Woodruff Narrows were selected
for detailed study and evaluation of economic feasibility:

Existing Dam (Baseline Condition) =~ Repailr and renovation of existing

dam as shown in Exhibits 2, 3, and 4 with and without addition

of run-cof-river power installation.

Alt. 1. Upper Site - Raised Dam -~ Run-of~-river power installation

at the existing dam at the upper site, as shown in Exhibits 5, 6, and 10,
raised to provide a reservoir with normal maximum water surface at elevation

6,452.5.

Alt. 2. Lower Site = Low Dam®* =~ Run-of-river power installation at

a new dam at the lower site, as shown in Exhibits 7, 9, and 10, constructed
to provide a reservoir with normal maximum water surface at elevation 6,442.5.

Alt. 3. Lower Site — High Dam* - Run-of-river power installation

at a new dam at the lower site, as shown in Exhibits 8, 9, and 10, constructed
to provide a reservolr with normal maximum water surface at elevation 6,452.5.

The possibilities of providing additional capacity for peaking or pﬁmped
storage and pipeline developments will be discussed separately following
the presentation of the run-of-river alternatives. Power development at
the existing dam without any raising of reservoir elevation, also will be
discussed.

The reservoir area and volume curves and tailwater rating curves for
the upper and lower sites are shown on Exhibits 5 and 7 respectively. The
following table shows pertinent data for the basic alternatives selected for

study and the corresponding data for the existing dam.

*The terms "low dam" and "high dam" have been used herein for identi-
fication purposes only. The actual difference i1s height between the two dams
is only 10 feet.
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Upper Site Lower Site

Existing Alt. 1 Alt. 2 Alt. 3
Normal Max. Res. Elev. ‘ 6,439.4 6,452.5 6,442.5 6,452.5
Reservoir Volume (acre-feet) 28,000 53,200 52,000 76,900
Normal Min. Res. Elev. 6,418.0 6,425.0 6,417.0 6,422.5
Ave. T.W. Elevation (ft) 6,403.4 6,403.4 6,376.0 7,376.0
Max. Gross Head (ft) 36.0 49.1 66.5 76.5
Min. Gross Head (ft) 14.6 22 .6 41.0 46 .5

The maximum normal reservoir elevation for an enlarged project at the
upper site has been selected by the Utah Division of Water Resources to
provide about 25,200 acre-feet of additional storage primarily for irrigation.
Since definite plans already have been made for implemeﬁtation, this enlarge-
ment was selected as one of the basic alternatives to be studied. Alternative
2 was selected to provide a direct cbmparison with alternative 1. Alternative
3 was included to investigate a maximum project at Woodruff Narrows.

The minimum reservoir elevations were selected on the basis of judgment
with a view to optimizing power benefits and providing as much active storage

as possible for irrigation and other purposes.

4.2 WATER AVAILABILITY

The historical discharges of the Bear River at Woodruff Narrows and
the operation of the existing reservoir are discussed in Chapters 3 and 5. 1In
general, the inflows into the reservoir during the winter months are stored
for subsequent release during the period April through August. In some wet
years releasé and/or spilling have taken place also in March and September.
The average annual inflow dinto the reservoir since 1942 is about 156,900
acre-feet, equivalent to an average discharge of about 215 cfs.

It is assumed for the purposes of this study that the present mode
of operation will continue also in the future, and that most of the water
available will be released during the summer months. In general, the pro-
vision of power at the dam will not change this mode of operation. Thus,
energy will be produced only about 4 to 6 months of the year depending on the
runof f during the preceding winter.

The historical releases from the existing reservoir do not provide
a good basis for determining the most economical mode of operation under
future conditions. The reason for this is that the existing outlet gates are

operated manually at periodic intervals only. As a result, more water than

22



actually needed is often released. Much better control can be obtained if the
water is passed through the hydraulic turbines of a power plant. Such con=-
trolled discharges for the purposes of irrigation is estimated to range from a
low of about 300 cfs to a high of about 800 cfs. Most of the time the dis~

charges are maintained at about 600 cfs when releases are made for irrigation.

4.3 RAISED DAM AT UPPER SITE

4.3.1 GENERAL

The present plams for raising the existing dam to provide more storage
for irrigation are discussed in Chapters 3 and 5. It is proposed that the
work be done in conjunction with pecessary modifications and repairs of
the existing spillway and outlet works. The cost of raising the dam would
be paid for entirely by the irrigation benefits, as discussed elsewhere in
the report. From the viewpoint of power developments, raising the dam is
definitely advantageous since it would increase the output by about 30 percent
with a relatively small increase in cost.

A description of the dam, splillway, and outlet works is presented in
Chapter 3. The following description is limited to the power facilities
only. The general layout of the raised dam and associated power facilities

is shown in plan and sections on Exhibits 5 and 6.

4.3.2 POWERHOUSE LOCATION

A location of the powerhouse in the lower part of the existing spillway
channel was selected from a careful review of possible alternatives. This
location would result in minimum excavation and least interference with
other construction. An alternative based on utilization of the existing
irrigation outlet also for power was considered, but was rejectéd for the
following reasons:

1. Velocities would be relatively high in the pipes to be installed
in ‘the existing conduits, up to 20 feet per second. This would result in
high losses and much reduced output, especially significant at low reservoir
elevations. V

2. The transition from two elliptical pipes to one circular pipe leading

to the turbine would be an additional and expensive item.
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3. A separate bypass would be required to release water for irrigation
when the power plant would be out of operation.

The selected powerhouse location in the existing spillway channel would
be subject to the risk of rock falls from the steep slope on the left abut-
ment. Therefore, careful clearing and removal of all loose rock must precede
construction in that area. However, the overall safety of the dam would not

be affected by the construction of the power facilities.

4.3.3 TURBINE SELECTION
Standardized generating units are now being produced by an American
turbine manufacturer for heads up to 50 feet and for capacities up to 5,000 KW.

' are available

These units, known under the designation "tube turbines,'
as pre~designed, packaged units which include the necessary control equipment.
This type was selected for the upper site power plant on the basis of cost,
availability, simple installation, and easy maintenance. The most economical
and suitable size was determined to be a 2,000 mm* unit; it would perform
well under all normal operating conditions. Curves showing maximum discharge
and output against net head are presented in Figure 4.1. The turbine dis~
charge capacity ranges from about 600 cfs at low reservoir elevation to about
875 cfs at maximum reservoir elevation. The corresponding generator output
ranges from about 1,000 KW to about 3,000 KW. Average output is estimated

to be about 2,400 KW.

4.3.4 ARRANGEMENT OF POWER FEATURES

The power features at the proposed raised dam at the upper site would
consist of an intake, a penstock, a powerhouse, a tube turbine as discussed
above, accessory electrical equipment, miscellaneous mechanical equipment,
an access road, substation equipment and a transmission line.

The intake would be a concrete structure located approximately where
the upstream slope of the embankment would intersect the approach channel
to the existing spillway. The intake would be located at sufficient depth
‘to permit operation with the reservoir at the minimum elevation of 6,425.0.
The intake would be provided with trashracks and with provisions for stoplog

closure.

*Runner diameter in millimeters.
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MAXIMUM TURBINE DISCHARGE IN CFS

WOODRUFF NARROWS
TURBINE PERFORMANCE - 2000 MM TUBE TURBINE
(UPPER SITE - RAISED DAM)

Figure 4.1
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The penstock would consist of a 9° x 9° reinforced concrete conduit
from the intake to a point directly below the crest where it would connect
with a 9’~diameter steel pipe which would extend to the powerhouse. The
pipe would be embedded in concrete and the entire penstock would be covered
by embankment fill.

The powerhouse would be a concrete structure of the semi-outdoor type
as shown on Exhibit 10. It is assumed that the installation of equipment
wouid be done by the use of a mobil crane through openings provided in the
main deck. Following installation the openings would be covered by weather-
proof hatches. The tube turbines would be of the propeller type with ad-
justable blades and horizontal shaft. A butterfly wvalve in fromt of the
turbine and the hydraulic control equipment is included in the packaged
unit. V

The accessory electrical equipment required for the operation of the
plant would include station service equipment, grounding system, lighting
system, power and control cables, battery system, control switchboard and
supervisory control equipment. It is assumed that the plant would be operated
by remote control except for starting up of the unit which would be done
manually.

Accessory mechanical equipment would include heating and ventilation
systems, water supply and drainage systems and draft tube gates and hoists;

The principal substation equipment would be a 4.16/46 KV step-~up trans—
former and a 46 KV circuit breaker. ©Power from the plant would be trans~—
mitted to an existing 46 KV transmission line located about 5 mileé west
of Woodruff Narrows.

Access to the existing dam is by a road which terminates at the crest
of tﬁe_embankment on the left (west) side. This road follows the reservoir
for a distance of about 3,000 feet and must be relocated to a higher élevation
when the dam is réised. However, the terrain immediately upstream of the dam
is véry steep so that this relocation would be relatively expensive. . There-
fore, and to provide more convenient access to the powerhouse, an alternative
route is suggested. It would follow an existing jeep trail which crosses
the hills northwest of the site as shown on Exhibit 1. The trail would

require minor improvement only to serve as an access road. A short spur would
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be extended up the left bank of the Bear River to the powerhouse. If neces=~
sary, access to the right bank could be provided by a small bridge near the
existing gaging station. The total length of improved and new road would be

about 1 mile.

4.3.5 CONSTRUCTION ASPECTS

The plan for improvement of the existing dam includes the following
major work:

1. Removing the spillway from the present location near the left bank
and constructing a new spillway at a slightly higher elevation on the right
embankment »

2. Installing steel pipes In the existing outlet conduit and improving
the existing outlet structure. A

3. Raising the existing embankment 7 feet. Embankment would be made
wider by adding £111 to the downstream side.

This work and the construction of the power facilities could be ac-
complished in less than one year. Work would start in the spring on the
access road and the new spillway. At the end of the irrigation season in
August the new spillway would be completed. The reservoir would be at low
level, and the work on the outlet and on the power facilities would start.
Work on the embankment would proceed upon completion of the work on the intake
and the penstock. By the end of the year all work except installation of
some of the powerhouse equipment would be completed. The power plant could

be ready for operation early next spring.

4.4 LOWER SITE ALTERNATIVES

4.4.1 SITE DESCRIPTION

Downstream from the Upper Narrows the Bear River changes direction
gradually from northeast to southwest as it completes a half circle around
Hanks Hill over a reach of about 3 miles. The Lower Narrows occupies the last
mile of this reach. The valley side slopes are relatively steep except in a
half-mile section between the two narrows where the country opens up in a
northwesterly direction into the Salt Creek Valley.

The Lower Woodruff Narrows dam site is located about 2 miles downstream

from the upper site as shown on Exhibit 1. The site was investigated by
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the Bureau of Reclamation in the late 1950s. The present study is based on
basic data obtained at that time, including a map in scale 1" = 50" with 2
foot contours and the geological logs from five drill holes.

The general topography of the site is shown in Exhibit 7. The river
is normally confined to a 50-foot wide channel which at this point occﬁpies
a position on the right side of the 300-foot wide flood plain. The right
abutment risés steeply more than 200 feet from the bank of the river. The
left abutment is formed by the more gentle slopes of Hanks Hill.

The entire right abutment is exposed from the bank of the rivef at
elevation 6,375 to above elevation 6,500, Therefore, no holes were drilled in
this abutment. Two holes were drilled in the flood plain, one on each side of
the river cliannel. Two holes were drilled in the left abutment since most of
it is covered by slopework and residual gravels. One hole was drilled at a
proposed location for a splllway stilling basin on the left bank downstream of
the dam axis. j

Based on information obtained from the above drill holes and from geo-
logical reconnaissance the site geology can be summarized to be as follows:
The rock at the site consists of beds of shale and sandstone dipping about
120 east and striking N 5° W. The dip is upstream which is favorable for
preventing seepage around the abutments. The shale decomposes to clay
when eiposed to alternate wetting and drying but will provide adequate
foundation for structures in new excavations. The sandstone beds are resis~-
tant to erosion and will provide good foundation for structures. Four
of these sandstone beds are exposed on the right abutment. On the left
abutment rock is exposed at scattered points. The overburden probably reaches
a depth of up to 15 feet in some areas. In the flood plain the rock is
overlain by silt, sand, gravel and boulders to a maximum thickness of 25
feet.

‘Construction materials of all types are avallable in sufficient volume

within reasonable haul distance from the site.

4.4.2 LOW DAM ALTERNATIVE

This alternative (Alt. 2) was selected for comparison with the raised
dam alternative (Alt. 1) at the upper site. It would provide approximately
the same amount of storage and would eliminate the need for any modifications

and repairs of the existing dam. The alternative would provide about 50
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percent more head than alternative 1, which would result in a similar increase

in power benefits. A rating curve, showing the relationship between river
elevations and discharge at this site is shown on Exhibit 7.

The maximum and minimum reservoir elevations were selected to be 6,442.5
and 6,417.0 based on the reservoir volume curves shown on Exhibit 7. Assuming
a similar spillway arrangement and freeboard as for the raised dam at the
upper site, the crest of the dam was selected to be at elevation 6,452.5,
which would require an embankment of about 80 feet maximum height from the
riverbed.

The general layout of this alternative is shown in plan on Exhibit
7 and in sections on Exhibit 9. The main dam would be an earthfill embankment
across the wvalley. A side channel type spillway would be located in the
left abutment. The power facilities also would be located on the left side of
the valley with the penstock in a trench undernéath the embankment.

The earthfill dam would consist of a central core of impervious material,
supported by random f£fill on both sides. The core would be extended to
bedrock across the entire valley by excavating and backfilling a cut-off
trench. Rip-rap would be placed on the upstream side of the dam for protec-
tion against ice and wave action. Zones of transition and draining materials
would be provided as appropriate. Grouting of the rock underlying the cut-off
would be done as necessary to prevent Seepage and to ensure the safety of the
dame

The spillway would consist of a free overflow concrete weir, a concrete
lined side channel and chute with a concrete stilling basin at the downstream
end. It is designed to pass a discharge of 6,000 cfs with a surcharge of 5
feet above the crest of the weir at elevation 6,442.5. This would,'leave
5 feet of freeboard to the top of the dam which is considered to be adequate
in view of the short fetch of the reservoir upstream of the dam. V

The power facilities would be similar to the facilities selected for
alternative 1. They would include an intake structure, a penstock, a power-
house, a turbine-generator unit, accessory electrical equipment, miscellaneous
mechanical equipment, substation equipment, a transmissicn line and an access
road. However, there would be some differences in the design and type of

equipment:
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a) The intake would be provided with a closure gate which would be
operated from a hoist on the crest of the dam. This gate would be required
because a separate low level outlet is not included in this plan for the
lower site.

b) The cross-sectional area of the penstock would be slightly reduced.
(More economical because of higher head.)

¢) The turbine would be of the horizontal bulb type because the oper-
ating head of more than 60 feet is beyond the range of a standard tube tur-
bine and because a vertical Kaplan type turbine would be more costly.

d) A separate outlet would be provided by branching off from the pen~-
stock near the powerhouse. This outlet would permit releases for irrigation
if the bulb turbine unit is out of operation. The discharge would be con-
trolled by a manually operated enclosed slide gate. Discharge capacity with
the reservoir at minimum level would be about 700 cfs. A bypass pipe, which
would permit small discharges of up to 20 cfs would be provided at the slide
gate (See Exhibit 10). '

The selected turbine would have a runner diameter of 1,800 mm and would
perform approximately as shown on Figure 4.2. The discharge capacity would
range from about 600 cfs at minimum reservoir elevation to about 880 cfs
at maximum elevation. The maximum output would range from 1,750 KW to about
4,000 KW. The long term average output is estimated to be about 3,500 KW.

Access to the dam and powerhouse would be provided by an extension
of a road which now terminates near a gaging station on the left bank of
’therriver about 1 mile downstream from the site. This road extension would
cross to the right bank of the river on a bridge about 1,000 feet downstream
from the site.

The power produced by the plant would be transmitted to an ‘existing
46 KV line about 5 miles west of the site.

Construction of the project is estimated to require about 1 year.
Most of the spillway, the intake andkthe penstock would be completed during
the spring and the summer and would be carried out in the dry. Work in
the riverbed would start 1in August, at the end of the irrigation season.
During the next 4 to 5 months, releases from the existing reservoir would be
held to the minimum required, about 10 cfs to facilitate the diversion past
the work area in the riverbed. All work, including breaching and some
leveling of the upstream dam, would be completed by April in the following

years
30



MAXIMUM TURBINE DISCHARGE IN CFS

Figure 4.2

WOODRUFF NARROWS
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4.4.3 HIGH DAM ALTERNATIVE
This alternative (Alt. 3) was included to determine if a higher dam and a

larger reservoir would result in a more economical development than the
Low Dam Alternative (Alt. 2) discussed above. From a technical viewpoint, a
dam of wup to 100 feet in height could be constructed quite safely at this
site. However, from a practical viewpoint, the highest dam that could be
considered’would be one which would provide for a reservoir to the same
elevation as proposed for the raised dam at the upper site, elevation
6,452.5. The corresponding minimum reservoir elevation would be 6,422.5 (See
the reservoir-volume curve on Exhibit 7).

The layout and design of this alternative would be similar to the lay-
out and design for alternative 2, except as follows:

a) The dam would be 10 feet higher.

b) The spillway and the intake would be located at slightly higher
elevations.

c¢) The turbine and the powerhouse would be of a different design.
The general plan of this alternative is shown on Exhibit 8. The general
design of the powerhouse is shown on Exhibit 10.

The average operating head of about 65 feet which will be obtained
with this dam is higher than the normal range for a bulb turbine. Therefore,
a vertical Kaplan turbine was selected for this alternative. The performance
of this turbine is shown on Figure 4.3. The turbine discharge capacity
would range from about 675 cfs at winimum reservoir elevation to about 900
cfs at maximum reservoir elevation. The output would range from about 2,300
KW to about 4,500 KW. Average output during long term operation is estimated
to be about 4,000 KW. ‘
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Figure 43

WOODRUFF NARROWS
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CHAPTER 5

RESERVOIR OPERATION AND ENERGY POTENTIAL

5.1 RESERVOIR OPERATION AND USES

5.1.1 PRESENT OPERATION AND USES

The present Woodruff Narrows Reservoirs was built primarily for supple-
mental irrigation of approximately 36,000 acres of meadow hay in the Upper
Bear River Valley in Utah and Wyoming. The total storage capacity of the
reservoir is 28,000 acre-feet, of which 22,500 acre~feet is used for irriga-
tion, 4,000 acre-feet is used for fish conservation for maintaining a mini-
mum flow release from the reservoir of 10 cfs to the main stem of the Bear
River during the nonirrigation season, and 1,500 écre—feet is used for
dead storage for fish conservation in the reservoir.

Recreation facilities at the reservoir include a parking lot, rest
rooms, and a boat ramp. The principal recreation uses are fishing and duck
and goose hunting.

Of the 22,500 acre-feet of storage for irrigation, 18,240 acre-feet
is generally used as active storage each year, and 4,260 acre-feet is re-
served for hold=-over storage for use in drought years. The irrigation season
generally begins about the first of May. Flows below the reservoir from
spills and/or releases ranging from 500 cfs to 700 cfs are required to
maintain the dirrigation canals to their capacity depending upon tributary
inflow and irrigation return flows. Irrigation of the meadow hay generally
continues until approximately the 10th of July, when the flow from the
reservoir is reduced to approximately 30 cfs for stockwatering and fishery
purposes. The reservoir releases rémain low until approximately the 20th
of August when releases of 600 to 700 cfs are made from 5 to 10 days to
provide for an additional irrigation on the meadow hay and pastufe to increase
production for fall grazing. If sufficient water 1s not remaining in the
reservoir above the hold-over storage for at least 5 days of irrigation, no
late season releases are made. The late season water is available only about
50 percent of the time. The hold-over storage is generally not used for late

-geason irrigation but 1s saved for low water years for use in June or early

July.
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5.1.2 POTENTIAL OPERATION AND USE

The proposed enlargement of Woodruff Narrows Reserveoir would increase
the present capacity by 25,200 acre-feet to a total capacity of 53,200 acre~-
feet. The total increase in storage would be used for irrigation purposes.
It is estimated that of the 25,200 acre-feet of new storage, 9,240 would
be used as hold-over storage and 15,960 as active storage- This would provide
a total active storage of 34,200 acre-feet and a hold-over storage of 13,500
acre~feet. The hold-over storage when combined with the fish conservation
storage and dead storage would amount to 19,000 acre~feet. With this addi-
tional storage capacity, water would be made available for late season irfiga~
tion almost every year (4 out of 5), and would guarantee water for production

of at least a partial crop of hay during an extreme drought year.

5.2 HYDROELECTRIC ENERGY POTENTIAL

5.2.1 RESERVOIR OPERATION SIMULATION MODEL

A computer simulation model was developed in order to facilitate theA
sizing and determination of the potential hydroelectric power and energy
available at the Woodruff Narrows site for several different reservoir
sizes. The simulation model is based on mean monthly flow values using 26
years of streamflow records. A skematic diagram of the basic elements
of the computer simulation and the printout notation are shown on Figure
5.1. The program regulates the streamflow into the reservoir, computes
evaporation, seepage and ninimum flows, releases water upon demand to the
service area, releases water to the hydroelectric plants on demand if the
reservoir level is above a given target level for the month, releases water on
demand to hydroplant 1 if the anticipated spring runoff is expected to £ill
the reservoir 1in succeeding months, and computes the hydroelectric energy
generated at each hydroplant.

A sample of some of the simulation ocutput is shown in Tables 5.1 through
5.6 for the proposed reservoir enlargement at the upper site for a single
hydroplant rated at 2.77 MW maximum output with a flow range from 267 to
800 cfs and a head range from 20 to 48 feet using an average efficiency of
85 percent. Table 5.1 shows the recorded inflow in acre-feet to the reservoir

for the 1942 through 1977 simulation period. Table 5.2 shows the simulated
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EVAPORATION
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Figure 5.1

@Xxq — Bear River inflow into Woodruff
Narrows Reservoir {acre-feet)

QX —Total water releases and spills
from the reservoir (acre-feet)

- QX — Water not used for hydro-power

(acre-feet)

QX4 — Water used by hydro-power
plant |

QX —Water used by hydro-power
plont 2

OXg — AX4tQX5—Total water used
"~ for hydro-power {acre-feet)

Qx- —Total water supply from
Reservoir (acre-feet)

QXg— Reservoir end-of-month
elevation (acre-feet)

QX 45—Average monfhly head above
tailwater for hydro-power
generation (feet)

QX4 1—Hydro-power energy generation
from plant 2 (Megawatt hours)

QX4o—Hydro-power energy generation
from plant | (Megawatt hours)

QXqg—Total hydro-~pawer energy
generation from both plonts
(Megawatt hours)

Woodruff Narrows Hydropower S:imulati‘on and Notation
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regulated releaseé and/or spills from the reservoir and also reflects the
losses due to evaporation and seepage. Table 5.3 shows ﬁhe enlarged reservoir
simulated end of month storage content. Table 5.4 shoﬁs the simulated flows
to the hydroplant. Table 5.5 shows the simulated "sp}lls" or water from
the system that is not used for hydroelectric generation' It should be
noted that although power is generated only during the 5 month period from
April 1 through the month of August, an average of 87 percent of the volume of
water is used for power generation and only 13 percent bypasses the hydro-
plant. Table 5.6 shows the energy produced for the plant in megawatt hours for

the 1942 through 1977 simulated period.

5.2.2 SIMULATION RESULTS

The simulation was developed with two hydroplants so that a small
hydroplant could be simulated all year and a larger hydroplant could be
simulated during the high flow season. It was soon realized after a few
simulation runs that the smaller hydroplant with a larger hydroplant used
in the high flow season produced a negligible amount of energy over and
above a single hydroplant of the same capacity as thexseasonal hydroplant.
This is because the flow and head are both low during the majority of the
time the smali hydropiant operates and the smaller plant takes water from
the larger seasonal plant in all but the peak month. Therefore, a dual
hydroplant combination was not further studied.

The simulation model was used to determine the mean annual energy po~-
tential for the present dam, the proposed enl&;ged dam, a new dam at the
lower site limited to 65 feet of head which has a storage capacity appfoxi-
mately the same as the proposed enlargement, and a new dam at the lower site
which would store water to  the same elevation as the proposed enlarged dam
which would result in a maximum net head of 75 feet. The additional storage
of the high dam at the Jlower site would all be allocated to dead storage.
Maximum turbine flows from 50 cfs to 1,000 cfs were evaluated for each of the
above dam configurations for a single hydroplant. The turbine flow was
assumed to have a flow range with the maximum to minimum flow ratio of 3:1.
An average efficiency of 85 percent was used in the analysis. A summary of
the energy potential is shown on Figure 5.2. The streamflow during the fall
and winter monthé of September through March generally ranges between 10 to 60
cfs. Therefore, turbines designed for larger flows would operate only during
the spring and summer months of April through August when the flow ranges
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Figure 5.2

AAAAA : 10

i

)

-

o

—ENLARGED DAM
~ {20=Head=48)

| 1’ s T
T T e
e 1]

/
/

»

e

/ (15 < Head < 35)

n

MEAN ANNUAL ENERGY GENERATION (Gigowot? Mours)
o

7

#

I‘-ALL[ YEAR<+ ' APRIL through AUGUST—’I

0 33 267 400 533 667 800 933

MAXIMUM TURBINE DESIGN FLOW @G, (cfs)
TURBINE RANGE (333 Qu*Qrupme® S/

WOODRUFF NARROWS HYDRO-POWER ENERGY SUMMARY

45



from approximately 300 to 1,000 cfs. The maximum annual energy potential of
the present dam is approximately 3.4 gigawatt hours. For the proposed en-
largement of the present dam an average annual production of 5.0 gigawatt
hours could be developed. For the new dam at the lower site with the head
limited to 65 feet, approximately 7.0 gigawatt hours of energy could be
produced annually. If the lower site dam were built which would store water to
the same elevation as the proposed enlargement of the present dam site,
approximately 8.3 gigawatt hours of energy could be produced annually. The
power capacities of the above four dam configurations based on a maximum
turbine flow of 850 cfs and maximum head are respectively 2.1, 3.0, 3.9, and

4.5 megawatts.
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CHAPTER 6

ECONOMIC AND FINANCIAL ANALYSIS

6.1 CAPITAL COST

Estimates of capital costs were made of the three basic alternatives
described in Chapter 4. The detailed estimates are presented in Table 6.1
at the end of this chapter. The costs were developed in accordance with
normal procedures for appraisal type estimates. Much use was made of recent
data on construction costs of similar projects or project features. All costs
are based on January 1979 price level.

The construction costs were estimated on the basis of computed quantities
of work, to which unit prices were applied, as appropriate. The quantities
were calculated on the basis of the drawings presented as exhibits herein,
supplemented by sketches as necessary. The unit prices of the different
items reflect the total cost of the work involved, including the cost of
all labor, materials, and equipment as well as such indirect items as the
contractor’s overhead and profit. Lump sums were used for items for which

cost could not readily be established by the unit-price method. Cost of

generators and turbines were obtained on the basis of recent quotations from

manufacturers. A contingency allowance of 15 percent was included in all
estimates to cover possible increases in quantities and prices. 'The cost of
engineering and design was assumed to range from 5 to 12 percent of the
construction cost depending on the complexity and the amount of work already
accomplished. V

Interests on construction expenditures were added to the total construc-
tion costs to obtain total capital cost. However, no interest during con-
struction was charged to the dam construction because it would be financed
from a state fund assigned to this purpose at no interest. For the power
features, interest during construction was estimated to be 5 percent of the
total construction cost. This corresponds to about one year construction
period and 9 percent annual interest rate.

A summary of the estimated capital cost of the three alternatives is

shown in the following table:
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Capital Cost ($1000)

Alt 1 Alt 2 Alt 3

Dam 1,835 2,805 _ 3,275
Power Features 2,625 3,820 4,550
Total 4,460 6,625 7,825

The capital cost for the necessary repairs of the existing dam without
any enlargement is estimated to be $1,600,000. Thus, the net cost of raising
the dam and providing 25,200 acre-feet of additional storage is estimated
to be §$235,000, equivalent to about $510.00 per acre~foot of storage. The
irrigation benefits from this additional storage will be more than sufficient
to pay for the enlargement of the existing project, as discussed subsequently
in this chapter. Therefore, the capital cost of repairing and raising the
existing dam has been subtracted from the total costs of each alternative
to obtain the net cost of the power features. The capital cost of the three

power developments will then be as follows:

Alternative 1 - (Raised Dam - Upper Site) - $2,625,000
-Alternative 2 - (Low Dam - Lower Site) - $4,790,000
Alternative 3 -~ (High Dam - Lower Site) - $5,960,000

6.2 ECONOMIC EVALUATION

6.2.1 GENERAL
A simplified economic evaluation of the three alternatives selected for
study was made based on a comparison of annual costs and annual benefits.

The comparison was made for two sets of assumptions as follows:

1) January 1979 price level with no escalation of annual costs and
benefits, combined with an interest or discount rate of 4 percent
which is considered to be a reasonable return on investment in an
inflation free economy.

2} Ten percent annual interest or discount rate combined with a 6
percent annual escalation of future costs and benefits.

A project life of 50 years was assumed in all cases.

6.2.2 ANNUAL COSTS
Annual operating costs, such as operation and maintenance costs, trans~
mission costs and administration and general expenses were estimated to
be equivalent to about 1.5 percent of the total capital cost of the project,
except that transmission costs (wheeling charges) were assumed to be $15.00
per kilowatt of plant capacity. ‘
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The total annual costs with assumption as under (1) above would then

be:
ANNUAL COST IN DOLLARS(1)

Item Alt 1 Alt 2 Alt 3
0 & M Costs 39,375 71,850 89,850
Wheeling Charges 36,000 52,500 66,000
Subtotal 75,375 124,350 155,850
Capital Recovery (4%~50 yrs) 122,194 222,975 278,835
TOTAL. ANNUAL : 197,569 347,325 434,685

With assumptions as under (2) above the annual operation and maintenance
costs and the wheeling charges mst be escalated by a factor of 2.5. Thus

the total annual costs in that case is estimated to be as follows:

ANNUAL COST IN DOLLARS (2)

Item Alt 1 Alt 2 Alt 3
0 & M Costs 98,438 179,625 224,625
Wheeling Charges 90,000 _ 131,125 165,000
Subtotal 188,438 310,750 389,625
Capital Recovery (10%Z-50 yrs) 264,865 484,310 604,390
TOTAL ANNUAL 453,303 , 795,060 994,015

6.2.3 ANNUAL BENEFITS

The only benefits from a power development at Woodruff Narrows aé de~
scribed above will be the energy produced as estimated in Chapter 57 No
value can be assigned to the capacity because operation is suspended through-—
out most of the year. Even during the months April through  August the
energy produced is not firm since reieases are dictated by irrigation re~
quirements. Therefore, the energy can only be considered as fuel (coal)
replacement, estimated to have a value of 10 millS/KWH in January 1979. The
escalated value estimated on the basis of the assumptions under (2) above, is

about 25 mills/KWH. Thus the annual benefits will be as follows:

Energy Annual Benefits (§)
Alternative (GWH) Assumption (1) Assumption (2)
1 4.9 49,000 122,500
2 6.9 69,000 . 172,500
3 8.2 82,000 205,000
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6.2.4 ECONOMIC COMPARISON

Representative economic values related to the three alternative studies

are shown in the following table:

Ttem
Average Plant Capacity (KW)
Average Annual Energy (GWH)
Capital Cost ($1,000)
Cost per KW ($)
Plant Utilization (%)

Without Inflation
Annual Cost ($1,000)
Annual Benefits ($1,000)
Benefit~Cost Ratio
Cost of Energy (mills)

With 6% Inflation
Annual Cost ($1,000)
Annual Benefits ($1,000)
Benefit-Cost Ratio
Cost of Energy (mills)

Alt 1
2,400
4.9
2,625
1,094
24

197.6
49.0
0.25

40

453.3
122.5
0.27
93

3,500

6.9
4,790
1,369
- 23

347.3
69.0
0.20

50

745.1
172.5
0.22
115

Alt 3
4,000
8.2
5,920
1,480
22

434.7
82.0
0.19

33

994.0
205.0
- 0.21

121

The results indicate that the upper site alternative is clearly prefer-

able to any of the two lower site alternatives,

none of the three alternatives can be justified economically.

but they also indicate that

Costs exceed

benefits by a ratio of approximately 4 to 1 for the upper site alterna=-

tive and approximately 5 to 1 for both lower site alternatives.l

There -are

several reasons for this unfavorable situation, including the following:

l. Low plant utilization due to large variations in plant discharge.

2. No capacity value or firm energy value can be assigned to the plant.
The value of energy is only as fuel replacement. ’

3. The relatively remote location and small size of the project result

in high transmission costs (wheeling charges).

4. Equipment cost is high in terms of cost per kilowatt because of

of the small unit size combined with relatively low head.

lThe fact that the benefit/cost ratios are similar for both the case
with inflation and without inflation is probably a result of the assumptions
made in which the rate of inflation is equal to the difference in interest

rates.
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~Most of the above unfavorable factors are site determined and cannot
be improved on. However, it may be possible to enhance the economics by
adding pumped-storage features which would help to increase plant utilization.

This possibility, and other alternatives will be discussed in Chapter 7.

6.2.5 AGRICULTURAL BENEFITS

The agricultural benefits are based on an enlargement of Woodruff Narrows
Reservoir from its present capacity of 28,000 acre~feet to a proposed capacity
of 53,200 acre~feet. The nﬂin benefits from enlarging the reservoir would
be water available for an additional irrigation in the late summer to increase
the fail grazing and having sufficient water to irrigate in drought yéars-

Thqvmean monthly water supplies for the land before and after the en=-
largement were obtained from operation studies of Woodruff Narrows Reservoir.
The avefage shortages for 26 years of record were subtracted from the irriga-
tion demand to determine the water supply available. The following cropping

pattern was used:

Crop Acreage
Alfalfa 4,000 acres
Barley ‘ 4,000 acres
Meadow Hay & Pasture 28,000 acres
TOTAL 36,000 acres

The water supply available with and without the enlarged reservoir was com-
pared with the ideal irrigation requirement to determine crop yields. A
production cost curve for the meadow hay and pasture was developed using
Soil Conservation Service farm budgets. A yield curve was developed using
Soil Conservation Service methods and procedures. The meadow hay is cut in
July and then the land is grazed in the fall. The fall grazing was converted
to an equivalent amount of meadow hay using a factor of 800 pounds of hay per
one animal unit month (AUM) of grazing.

The increased production of meadow hay amounted to 0.2 tons or 0.5
AUM per acre on 28,000 acres. This would increase the net return per acre
by $5.94 for a total of $213,800 per year, which, when capitalized over
a 50 year period at a discount rate of 4 7/8 percent, would amount to
$4,000,000. The discount rate of 4 7/8 percent is used by the Utah Division
of Water Resources in economic analysis of projects built by the Utah Water
Conservation and Development Fund. Based on a capital cost of $1.835 million
for repairing and enlarging the dam and reservoir, the bemefit/cost ratio is
2,18 for the agricultural portion of the project.
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6.3 POWER MARKETING STUDY

Several potential users in the area were contacted to see what price

they would be willing to pay for the energy to be developed at the Woodruff
Narrows Low Head Hydroelectric Power Project (WN LHHPP). Those contacted
were: The Utah Power and Light Company of BSalt Lake City; Utah State Uni-
versity in Logan, Utah; Bountiful City, Bountiful, Utah; Bridger Valley
Electric Association, Fort Bridger, Wyoming; and the Intermbuntain Consumer

Power Association in Sandy, Utah.

6.3.1 PATTERN OF ENERGY PRODUCTION ,

The energy generated by the WN LHHPP would be available only on a
seasonal basis in the spring and summer since the winter flow of the Bear
River is small and would not justify keeping the power plant operating
through the winter months. Under alternative 1, an enlarged reservoir at the
existing site, the mean annual energy produced as discussed in Chapter
5 would be 5 GWH and would be available as shown in the table below. Mo-

mentary peak power production would be about 3 megawatts.

» April May June July August Total
Mean Energy Gen. (GWH) 0.9 1.3 1.6 0.9 0.3 5.0
Mean Energy Gen. (%) 18 26 32 18 6 100
Max. Power Gen. (MW) 2.7 2.8 2.9 2.6 1.8

This pattern of energy production is dictated by the irrigation released
from the reservoir. Unfortunately all the energy is non-firm, since nothing
is produced in the wintertime. Furthermore, the peak production does mnot
coincide with the peak demands on the potential users’ systems. Thus, the
energy simply replaces the equivalent amount of fossil fuel and there is

no reason for potential customers to pay a premium price.

6.3.2 WHEELING CHARGES

While the Utah Power and Light Company is not very interested in pur-
chasing the energy from the project, the company is willing to wheel the
power to potential users on their system. The wheeling charges would be

divided into two parts. The "backbone" charge provides for use of the
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transmission lines from the Naughton Plant near Kemmerer, Wyoming, to the
rest of the UP & L system and is set at $9.95/KW-year. The other "local"
wheeling charge pertains to those transmission lines going from the Naughton
Plant to the vicinity of the Woodruff Narrows Dam. This charge is set nomi-
nally at $5.70/KW-year but might be negotiated at a lower rate. For further
use in this report a total wheeling charge of $15/KW-year will be assumed.
- If the peak power generation came at the same time the local or back-
bone lines were called on to deliver the yearly maximum, the Woodruff Narrows
project would require an increased transmission line capacity. Under this
assumption it might be argued that the full wheeling charges for the entire
year should be charged even though power was wheeled only five months of the
year. Accordingly the cost of wheeling would be 9 mills/KWH for a 3 MW plant
generating 5 GWH of energy. However, the peak generation at WN LHHPP occurs
in June and is well ahead of the peak summer demand on the system. Thus the
WN LHHPP probably would not add to the required transmission line capacity and
it could be argued that wheeling charges should be paid only for the five
months of use. Under this assumption the wheeling costs would be only 4
mills /KWH.
The.project would have to bear the cost of constructing a 46 KV line
from the WN LHHPP to the 46 KV Sage/Evanston line of UP & L. Estimated
cost of this 5 mile long connecting line is $180,000.

6.3.3 REVENUE FROM ENERGY
The amounts the various possible users of the project energy would be

willing to pay at Woodruff Narrows are summarized below.

Utah Power and Light Company. The UP & L company has expressed a

willingness to pay 6 mills/KWH at current cost levels if the Woodruff Narrows
Reservoir release pattern is the same as in the past. If the project included
a re-regulating pond so the releases and generation could be tailored to meet
the daily UP & L peak demand, UP & L would pay 12 mills/KWH. If the préject
could be combined with other small projects so as to delay the construction of

a major unit one year, then UP & L would pay up to 30 mills/KWH.
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Utah State University. USU already operates a small low head hydro~

electric plant located in the mouth of Logan Canyon at State Dam. The 200 KW
plant 1s tied to the UP & L system and its production is used to offset part
of the costs of energy purchases from UP & L. The University buys the balance
of its power underva negotiated rate schedule. At present level of use USU
pays about 22 mills/KWH to UP & L. With wheeling charges as given above, USU
could pay between 13 and 18 mills /KWH for energy at Woodruff Narrows Dam.

Bountiful City. Bountiful, Utah, is a medium sized community just

north of Salt Lake City which distributes power to city residents. The city
has its own diesel generating plant and also purchases power as needed from UP
& L and other sources. In recent months they have paid over 18 mills /KWH
solely for the diesel fuel. Some operation, maintenance, and replacement
costs should also be included in the price for the power. Thus, the city
would probably be willing to pay up to 25 mills/KWH less wheeling costs of 4
to 9 mills. A '
Bridger Valley Electic Association. BVEA is the closest potential -

buyer of Woodruff Narrows power and serves a rural area near Fort Bridger,
Wyoming. BVEA would be willing to buy Woodruff Narrows power at a competitive
price, but unfortuately there is not now a connection between thg UP & L
system and BVEA. Such an intertie may be built in the not-so-distant future
and then Woodruff Narrows power could be wheeled by UP & L to the Naughton
Plant and thence to BVEA over Pacific Power and Light Company lines to the
probable intertie at Hams Fork.

No further investigation of prices was made, but based on distances
alone, the wheeling charges should be less than to the UP & L system. The
price paid would probably be similar to the ICPA.

Intermountain Consumer Power Association. This consumer association

serves the electric power needs of its members (including BVEA) by purchasing
power and energy from DOE and from UP & L. At a future date they plan to
have their own generating facilities. V

At the present time ICPA would not pay any more for supplemental power
than the 18 mills they now pay to UP & L. However, by 1980 they estimate they

will be paying 28 mills and by 1985, 34 mills.
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Under the most optimistic conditions it thus appears that Woodruff
.Narrows power would bring up to 24 mills/KWH at today’s prices at the dam.
If combined with our small projects, the price might be as high as 30 mills.
For the purposes of this study a net current value of 21 mills/KWH at the dam

site was assumed.

6.4 FINANCIAL FEASIBILITY

6.4.1 COST OF PRODUCING ENERGY

The cost of producing energy for the three alternatives on a mills/KWH
basis was computed using a 50 yvear repayment period for amortizing the power
facilities for various interest rates and adding the annual operation and
maintenance costs. Figure 6.1 shows these costs as a function of interest
rate for the three alternatives. A shorter repayment period such as 35 years
would increase the cost about 2 to 5 mills/KWH depending upon thg interest
rate. The wheeling costs are not included in Figure 6.1. The net value of
energy (21 mills/KWH) shown on Figure 6.1 is the current value of the energy
(30 mills/KWH) less the wheeling cost (9 mills/KWH). As can be seen from
Figure 6.1, the cost of producing energy by alternatives 2 and 3 is greater
than the net value of the energy produced even with no interest. The cost of
producing energy from alternative -1 is greater than the net value of the
energy produced for any interest rates greater than 0.75 percemt. It dis-
obvious from Figure 6.1 that it is not financially feasible to pursué any of
the three alternatives with the current market value of the energy{ To be
feasible at an interest rate of say 8 percent, the cost of producing énergy by
alternative 1 would be 51 mills/KWH. With the wheeling cost of approximately
9 mills /KWH, the total value of the energy prodﬁced would have to be at least
60 mills /KWH. This is at least double the current value of the energy.

6.4.2 FINANCING ARRANGEMENTS

None of the alternatives for developing hydroelectric power at the
Woodruff Narrows site are economically or financially feasible to construct
at this time. The financing strategy most likely to be used if a project was
feasible would be as illustrated below for (alternative 1) the enlargement of

thg existing dam with a hydroelectric power component included.
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Figure 6.1
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The total construction cost of this alternative is estimated to be $4.46
million. Of this amount, $1.835 million will be required for repair and
enlargement of the dam, and $2.625 million for the hydropower generating
facilities. | |

A previous cost estimate (1975) prepared by the Utah Division of Water
Resources to enlarge and repair the existing dam for irrigation storage only,
amounted to $1 million. This amount was to be financed by $800,000 from the
Utah Board of Water Resources Revolving Construction Fund with the balance of
$200,000 being provided by the Woodruff Narrows Reservoir Company. Financing
of the $1.835>million for repair and enlargement of the dam would probably be
available from these same sources, with most of the money coming from the Utah
Board of Water Resources Revolving Construction Fund. The amount advanced by
the fund would be returned without interest under a long—-term purchase con-
tract with the reservoir company.

The $2.625 million required for building the power generation facilities
at the dam if it were both economically and financially feasible would prob-
ably be financed by the Water Conservation and Development Fund established
by the State of Utah in 1978. Power revenues from the project would be used
to repay with interest the money received from this fund. The interest rate
of this fund is set by the Utah Board of Water Resources on a project by

project basise.

6.4.3 RECOMMENDATIONS

. As shown above, none of the three basic alternatives for hydroelectric
power development are economically or financially feasible at this time.
However, enlargement of the existing Woodruff Narrows Dam and Reservoir for
agicultural purposes is both economically and financially feasible to con-
struct. It 1is, therefore, recommended that enlargement of the existing dam
and reservoir be pursued at this time without the addition of hydroelectric
power development. '

If the market value of electrical energy (as affected by fuel costs)
escalates faster than the construction costs of hydroelectric facilities,
the Woodruff Narrows Low Head Hydroelectric Power Plant could rather quickly
become economically feasible. With the unstable worldwide petroleum supply
situation, such a rapid escalation of fuel costs will likely take place.
Furthermore, as crude oil and gas become more scarce, conservation of these
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valuable resources should be encouraged by all reasonable means. Therefore,
public subsidy of marginal hydroelectric projects at this time might be a
wise public policy leading to future conservation of hydrocarbon fuels.
With such subsidy, hydroelectric plants could be built now with lower con-
struction costs and the repayment could be accelerated by the increased market

value of the electrical energy in the future.
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Cost Estimate Woodruff Narrows - Upper Site Raised Dam

Item

Land and Land Rights
Clearing and Grubbing
Foundation Preparation
Embankment

Removal of structures

Earth fill

Rock rip-rap
Spillway

Excavation

Concrete

Filters and drains
Outlet Works

Steel pipe (imstalled)

Grouting

Concrete in drop structure

Modifications to intake

Spillway Bridge

Chain Link Fence

Access Road and Bridge
Subtotal

Contingencies (15% +)
Total Field Cost

Engineering (5% +)

Total Construction Cost

Interest During Construction (zero interest)

TOTAL CAPITAL COST

Unit
Unit  Quantity Price
L.S.
L.S.
L.S.
C.V. 37,000 1.50
C.Y. 2,780 6.00
C.V. a8, 500 2.00
c.V. 3,760 180.00
L.S.
1bs 125,000 2,50
£e3 2,500 20.00
C.V. 170 200.00
LIS.
L.S.
1.£. 1,100 10.00
L.S.
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Table 6.1
Sheet | of 8

Total
Cost

1,000
10,000

5,000
55,500
16,680

197,000
676,800
75,000

312,500
50,000
34,000

5,000
20,000
11,000
50,000

1,519,480

227,920
1,747,400

87,600

1,835,000

1,835,000



Cost Estimate Woodruff Narrows Repair of Existing Dam

: Unit
Item Unit Quantity Price
Embankmént
Work in existing spillway channel L.S.
Embankment backfill c.y. 4,000 2.00
Spillway
Assume 90% of cost with
raised dam = 90% of $948,800 =
Outlet Works
Steel pipe - 1bs 110,000 2.50
Grouting k L.S.
Concrete in drop structure C.V~ 150  200.00
Modifications to intake L.S.
Spillway Bridge : L.S.
Chain Link Fence L.S.

Subtotal
Contingencies (157 %)
Total Field Cost
Engineering (10% %)
Total Construction Cost
Interest During Construction (no interest)
TOTAL CAPITAL COST
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Table 6.1
Sheet 2 0f 8

Total
Cost

15,000
8,000

853,920

275,000
45,000
30,000

5,000

20,000

11,000

1,262,920

190,080

1,453,000

147,000
1,600,000

1,600,000



Table 6.1
Sheet 30f8

Cost Estimate Woodruff Narrows - Upper Site Raised Dam - Power Features

' Unit Total
Item A Unit Quantity Price Cost

Intake and Penstock
Excavation, channel c.y. 7,100 4.00 28,400
Excavation, penstock C.Y. 1,300 10.00 13,000
Concrete in intake c.¥. 140  200.00 28,000
Concrete culvert , c.¥. 300 200.00 60,000
Concrete, penstock cover c.Y. 300 150.00 45,000
Steel penstock ' 1bs 100,000 1.60 160,000
Trashrack 1bs 12,000 1.40 16,800

Powerhouse

Clearning and securing hillside L.S. 50,000
Excavation C.Y. 7,200 6.00 43,200
Concrete o c.y. 1,200  250.00 300,000
Miscellaneous L.S. 60,000
Turbine and Generator (2000 mm tube turbine) L.S. 700,000
Accessory Electfical Equipment ‘ .‘ L.S. 93,000
Miscellaneous Power Plant Equipment , L.S. 75,000
Substation Structures L.S. 5,000
Substation Equipment L.S. 70,000
Access Road L.S. 10,000
Transmission Line mi. 5 36,000 180a000
Subtotal Power Features 1,937,400
Contingencies (15% *) ‘ 292,600
Total Field Cost 2,230,000
Engineering (12% *) ' 270,000
Total Construction Cost ) 2,500,000
Interest During Construction (5%) 1252000'
TOTAL CAPITAL COST 2,625,000
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Table 6.1
Sheet 4 of 8

Cost Estimate Woodruff Narrows -~ Lower Site Low Dam Alternative

Unit Total
Item Unit Quantity Price _Cost
Land and Land Rights ac 600 75.00 45,000
Clearing and Grubbing ac - 8 1000.00 8,000
Foundation Treatment : L.S. -~ 100,000
Excavation thru Existing Dam | c.vy. 15,000 2.00 30,000
Access Road and Bridge L.S. - 50,000
Spillway B
Excavation, common c.¥. 32,000 2.00 64,000
Excavation, rock c.y. 35,000 5.00 175,000
Concrete C.¥. 3,900 180.00 702,000
Filters and drains _ ‘ L.S. 40,000
Chain Link Fence L.S. 10,000
Embankment
Excavation, common c.¥. 30,000 2.00 60,000
Excavation, rock c.y. 6,000 6.00 36,000
Earth fill c.V. 340,000 2.50 850,000
Rip=-rap c.y. - 8,000 6.00 48,000
Subtotal 2,218,000
Contingencies (157 %) : 332,000
Total Field Cost | 2,550,000
Engineering (10% %) 255,000
Total Construction Cost 2,805,000
Interest During Construction (zero interest) -

TOTAL CAPITAL COST , , 2,805,000

Note: Estimate does not include outlet works which are included with power
features.
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Cost Estimate Woodruff Narrows - Lower Site Low Dam

Alternative - Power Features

Item

Intake and Penstock
Excavation, intake
Excavation, penstock
Concrete in intake
Concrete conduit
Penstock steel
Concrete, penstock cover

. Intake gate and hoist
Trashrack _

Powerhouse and Bypass
Clearing
Excavation, rock
Concrete

Miscellaneous

Bulb Turbine (2000 mm)
Accessory Electrical Equipment
Miscellaneous Power Plant Equip.
Bypass Gate and Valve
Substation Structures
Substation Equipment
Transmission Line

Subtotal
Contingencies (15% )

Total Field Cost
Engineering (12% )

Total Construction Cost
Interest During Construection (5%)

TOTAL CAPITAL COST

Unit
Unit Quantity Price
c.y. 2,700 4.00
C.V. 8,200 6.00
c.y. 220 200.00
c.y. 300 200.00
1bs 105,000 1.60
c.y. 320 150.00
1bs 13,000 2.00
1bs 12,000 1.40
L.S.
c.y. 2,700 6.00
c.y. 1,700 250.00
L.S.
L.S.
L.S.
L.S.
L.S.
L.S.
L.S.
mi 5 36,000
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Table 6.1
Sheet S5of 8

Total
Cost

10,800
49,200
44,000
60,000
168,000
48,000
26,000
16,800

2,000
16,200
425,000
60,000

1,400,000
100,000
75,000
50,000
5,000
90,000

180,000

2,826,000

424,000

3,250,000

390,000

3,640,000

180, 000

3,820,000



‘Table 6. |
Sheet 6 of 8

Cost Estimate Woodruff Narrows -~ Lower Site High Dam Alternative

ITtem

Land and Land Rights
Clearing and Grubbing
Foundation Treatment
Excavation thru Existing Dam

Access Road and Bridge

Spillway
Excavation, common
Excavation, rock
Concrete
Filters and drains

Chain link fence

Embankment
Excavation, common
Excavation, rock
Earthfill
Rip-rap
Subtotal
Contingencies (15% %)
Total Field Cost
-Engineering (107 %)
Total Construction Cost
Interest During Construction (zero

TOTAL CAPITAL COST

Unit Quantity
ac 800
ac 10

C.V. 15,000

c.y. 33,000

c.Y. 38,000

C.Y. 4,100

C.V. 35,000

c.V. 7,000

c.y. 440,000

c.V. 10,000

interest)
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Unit
Price
75.00
1000.00
L.S.
2.00
L.S.

2.00

5.00

180.00
L.S.
L.S.

2.00
6.00
2.50
6.00

Total
Cost_
60,000
10,000
120,000
30,000
50,000

66,000
190,000
738,000

40,000

11,000

70,000
42,000
1,100,000
60,000
2,587,000
388,000
2,975,000

300,000
3,275,000

3,275,000



Cost Estimate Woodruff Narrows - Lower Site High Dam

Alternative - Power Features

Item
Intake and Penstock
Excavation, intake
Excavation, penstock
Concrete in intake
Concrete conduit
Penstock steél
Concrete, penstock cover
Intake gate and hoist
Trashrack
Powerhouse and Bypass
Cleafing
Excavation, rock
Concrete
Miscellaneous
Kaplan Turbine (4400 KW)
Generator
Accessory Electrical Equipment
Miscellaneous Power Plant Equipment
Bypass Gate and Valve
Substation Structures
Substation Equipment
Transmission Line
Subtotal
Contingencies (15% )
Total Field Cost
Engineefing (12% %)
Total Construction Cost
Interest During Construction (5%)
TOTAL CAPITAL COST

Unit

Unit Quantity Price
c.y. 3,100 4.00
c.y. 9,200 6.00
c.y. 220 200.00
c.y. 330 200.00
1bs 115,000 1.60
c.y. 355 150.00
1bs 13,000 2.00
1bs 12,000 1.40
L.S.
c.y. 2,500 6.00
c.y. 1,400 300.00
L.S.

L.S.

L.S.

L.S.

L.S.

L.S.

L.S.

L.S.
mi 5 36,000
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Table 6.1
Sheet 7of 8

Total
Cost

12,400
55,200
44,000
66,000

184,000
53,250
26,000
16,800

2,000
15,000
420,000
70,000
1,400,000
420,000
175,000
80,000
50,000
5,000
90,000

180,000

3,364,650
504,350
3,869,000
464,000
4,333,000

217,000
4,550,000



Table 6.1
Sheet 80of 8

Cost Estimate Woodruff Narrows Reregulating Dam at Lower Site

Item

Land and Land Rights
Clearing and Grubbing
Embankment
Foundation excavation
Earthfill
Rip-rap
Spillway
Fxcavation
Concrete
Gate and hoists
Bypass
Chain link fence
Access Road
Subtotal
Contingencies (15% )
Total Field Cost
Enginéering and Adm. (107 *)
Total Construction Cost

Interest During Constructiom (5%)

TOTAL CAPITAL COST

66

Unit

Unit Quantity Price
ac 160 75.00
ac 1.5 1,000.00
c.y. 8,000 3.00
C.¥. - 40,000 3.00
c.v. 800 6.00
c.y. 21,500 4.00
e.y. 900 200.00
ea 3 15,000.00
| L.S.
ft 500 10.00
L.S.

Total
Cost
12,000
1,500

24,000
120, 000
4,800

86,000
180,000
45,000
5,000
5,000

20,000
503,300

75,700
579,000

59,000
638,000

32,000

670,000



CHAPTER 7

OTHER ALTERNATIVES CONSIDERED

7.1 GENERAL

In addition to the three basic run~of-river developments discussed
above, the following alternatives were also given consideration:

1. Power at the existing dam

2. Peaking installatiomns

3. Head development by pipeline

4. Pumped storage _

From rough evaluations of costs and benefits, the first three alterna-
tives were excluded from detailed study. A power development with the exist-
ing dam would have lower head and less output than with the raised dam,
whereas the cost would not change significantly. The net result would be
higher unit cbsts of both power and energy and an even less favorable bene-
fit/cost ratio. Providing additional capacity for peaking purposes would have
no merit. Costs would be much higher than corresponding benefits, primarily
because the plant would still produce no firm power and energy. The gross

_head for power could be increased by about 20 feet by locating the power plant
about 6000 feet downstream from the dam. This would require the construction
of a pipeline to supply water under pressure from the reservoir.to the tur-
bine. The cost of such a pipeline is estimated to be at least $3,000,000
which is more than the estimated cost of the entire plant at the'raised dam.

. Average gain in net head is estimated to be only 14 feet. Therefore, this

alternative also can be dismissed from further consideration. The basic
reason is that the river has a relatively flat gradient of 0.35 percent in thé
reach below the dam so that the gain in head is small compared to the length
of the pipeline. The only alternative which appears to merit a more detailed

study is a pumped storage arrangement as described below.

7.2 PUMPED STORAGE

7.2.1 GENERAL
The basic concept of this alternative is to provide the power plant
with a reversible unit which would permit peaking operation throughout
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the year. The proposed development would be similar to Alternative 1 de-
scribed in Chapter 4 except that the unit would be a pump-turbine and thaf a
downstream reservoir would be required. No additional generating capacity
would be provided, but firm power would be produced throughout the year.
However, the net energy produced by this type of development would be less

than by a run-of-river energy plant.

7.2.2 POWER AND ENERGY
Estimates of power and energy production and requirements for pumped

storage were made on the basis of the following assumptions which represent

average operating conditions:

Generating Cyvcle

Average power 2000 KW

Overall efficiency 0.85

Daily duration 8 hours

Average discharge 700 cfs

Average daily energy 16,000 XKWH
Pumping Cycle

Average discharge ‘ 300 cfs

Overall efficiency : , 0.80

Power requirement ' 2200 Xw

Daily duration 10 to 12 hours

Dally energy requirement 25,000 KwH

The resulting energy balance is shown in the table below (1,000 KWH):

Output Run~-of~-River Secondary Pump ing
Month (8 hrs/day) Energy Energy Reguirement
Jan 496 - - 775
Feb 448 - - 700
Mar 496 - - 750
Apr 480 890 410 -
May 496 1,313 817 -
Jun 480 : 1,542 1,062 -
Jul 496 886 390 -
Aug 496 312 - 288
Sep 480 ‘ - - 750
Oct 496 - - 775
Nov 480 - - 750
_Dec _ __ 496 - - 775
Total 5,840 4,942 2,679 5,563
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7.2.3 CAPITAL COST

Conversion of the run-of-river plant at the Upper Site (Alternative
1) to a pumped storage development will require the addition of a downstream
reservoir and some modifications to the tube turbine unit. . V

The minimum downstream storage requirement would be equal to the volume
of water discharged during 8 hours of power generation, or about 465 acre-
feet. This requirement would be met by the construction of a dam at the
Lower Site for a reservoir to elevation 6400. A drawdown of 5 feet, to
elevation 6395, would provide about 700 acre-feet of active storage. A
layout of this dam is shown on Exhibit 11. Releases for dirrigation will
be made by partial opening of one of the three spillway gates. The opening
will be controlled automatically by a float. A bypass for low discharges
during the winter months will be provided through one of the spillway abut-
ments. The general design of this dam 1is less conservative than the design
of the higher dams discussed previously because a failure would cause no
serious damage downstream since the storage is quite small. A cost estimate
of this dam showing a total capital cost of $670,000, is presented in Table
6.1, sheet 8.

Conversion of the tube turbine to serve also as a pump would require as
a minimum that the generator be equipped to operate also as a motor. Other
modifications such as different draft tube éhape and deeper setting of the
unit also may be required. For the purpose of this study it was assumed
that the modifications would add about $300,000 to the direct cost of the
unit and power plant, or about $400,000 in total capital cost.

The total capital cost of the pumped storage development would then be

'as follows:

Power Plant Alt 1 $ 2,625,000
Reregulating Dam 670,000
Modifications for Pumping 400,000

Total Capital Cost $ 3,695,000

7.2.4 ECONOMIC EVALUATION
The economic evaluation of this alternative is based on a comparison
of annual costs and benefits for the case of no inflation. The annual costs,

using similar assumptions as outlined in Chapter 6, would then be as follows:
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0O & M Costs ' $ 55,500

Wheeling Charges 36,000
Energy purchase (10 mills/KWH) 56,000
Subtotal 147,500
Capital Recovery (4% -~ 50 yrs) 172,420
Total Annual Costs $ 319,920

The annual benefits will consist of a capacity wvalue of the firm power
and an energy value of the energy produced. For anm alternative coal fired
plant, these values were assumed to be about $50/KW/year and 10 mills/KWH.
For a combined cycle plant using No. 2 Diesel 0il as fuel, the values should
be about $30/KW/year and 25 mills /KWH.

Thus, the total annual benefits will be:

Coal Plant Combined Cycle

Alternative Alternative

Capacity Value $ 100,000 $ 60,000
Energy Value 85,000 212,000
Total Annual Benefits ' $ 185,000 $ 272,000

The above estimates indicate that the annual costs would be considerably
higher than annual benefits. The benefit/cost ratio coxﬁpared to a coal
fired plant is 0.55 and compared to diesel plant 0.85. Furthermore, the above
estimates are based on many assumptions which im general tend to favor the
pumped storage alternative. More detailed studies would be required to
determine if cheap energy would be available for pumping and if the estimates
of firm power and energy are realistic.

It 1is concluded that a combined run-of-river pumped-storage development.
as described above is not economically feasible. However, the estimates
indicate that adding the pumped storage feature would enhance the overall

economics of the project.

7.2.5 FINANCTAL FEASIBILITY

For a financial feasibility comparison with Alternative 1, thevpumped
storage alternative was evaluated using an interest rate of 8 percent. When
the capital costs are amortized over a period of 50 years and added to
the above operation and maintenance costs including wheeling charges and
energy purchases, the resulting cost of producing the energy is 60 mills/KWH.
This value is identical to the cost of producing energy by alternative 1,

and at least double the current market value of energy in the project area.
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CHAPTER 8

INSTITUTIONAL ASSESSMENT

8.1 INTRODUCTION

8.1.1 INSTITUTIONAL SETTING

The Woodruff Narrows Dam has a rather complex institutional setting
because of its location on the Bear River, an interstate stream which meanders
through three states makihg five state line crossings in its course. The
picture includes an interstate compact and compact commission; water plan—
ning and regulatory agencies of three different states; numerous local
organizations—irrigation companies, municipélities, industries, and utilities;
a downstream wildlife refuge;vand numerous contracts and agreements concerning

the allocation and storage of the water in the river.

8.1.2 SUMMARY OF GEOGRAPHIC SETTING

Bear River, shown on Figure 3.1, is the largest tributary to the Great
Salt Lake. It has its éource in the Uinta Mountains of north-eastern Utah
and flows wnorth into southwestern Wyoming past the c¢ity of Evanston, then
back into northeastern Utah, for a short distance. It reenters Wyoming
and then turns abruptly west near the community of Cokeville and enters Idaho.
It continues to the northwest past the cities of Montpelier and Soda Springs,
then turns south and flows through Gentile Valley and Oneida Canyon and
into Cache Valley in southern Idaho and northern Utah. The river continues
south through Bear River Canyon, past Brigham City and empties into the Great
Salt Lake near the federal Bear River Migratory Bird Refuge.

Bear Lake, straddling the Utah~Idaho state line, once had a natural
outlet to the river but this was changed to make the lake a storage reservoir
for spring runoff. Bear River water now is diverted to Bear Lake through

the Rainbow Inlet Canal and water from the lake'is returned to the river

‘through the Outlet Canal. Releases to the river are made through Utah Power

and Light Company’s Lifton pumping plant at the north end of the lake.

8.1.3 WATER USES

Water uses are primarily agricultural, irrigating approximately. one«
half million acres of land, although Utah Power and Light Company maintains
five power plants with a total generating capacity of 125.5 MW on the river
below Bear Lake. Three of the five power plants have small regulating pools

for peaking purposes. There are several small storage reservoirs above Bear
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Lake but these are used only for local needs. The two relatively large
reservoirs on the river are Woodruff Narrows, with a capacity of 28,000
acre-feet and Bear Lake with an active storage capacity in excess of one
million acre~feet. Uses, other than for agriculture and power, remain mini-
mal, although demands for fish and wildlife and by home owners and recreation-

ists on Bear Lake are increasing.

8.2 THE BEAR RIVER COMPACT

8.2.1 ORIGINAL PROVISIONS

The Bear River compact, agreed to by the States of Idaho,  Utah, and
Wyoming in 1955, which became effective 17 March 1958 after consent of
Congress and signature by the President, establishes the rights and 6bliga-
tions of these states with respect to the waters of the Bear River. The
compact provides for apportionment of direct flows of the river and its
tributaries among separate sections of the states above Bear Lake, as well
as establishing and limiting additional storage rights above Bear Lake.
It reserves a portion of the storage capacity in Bear Lake for primary use
by, and protection of, irrigation uses and rights downstream from Bear
Lake,. and provides that water delivery between Idaho and Utah will be based
on priority of rights without regard to state boundary lines. '

Storage rights existing in reservoirs upstream from Bear Lake in 1955
amounted to 324 acre~-feet in Idaho, 11,850 acre~feet for Utah, and 2,150
acre~feet for Wyoming. Article V of the compact granted additional storage
in this upper division of the river in the total amount of 36,500 acre-feet
annually. This additional storage was allocated 1,000 acre-feet to Idaho
and 17,750 acre-feet to each of Utah and Wyoming. Utah subsequéntly has
developed all of its additional storage allocation, but Wyoming and Idaho
have not. It was these compact allocations to Utah and Wyoming that pro-
vided part of the storage rights for the Woodruff Narrows Dam and Reser-

voir.

8.2.2 PROPOSED COMPACT REVISIONS

Since 1970, formal negotiations have been underway to amend the com-
pact. The fact that neither direct flow nor storage rights downstream from
Bear Lake were divided between Idahc and Utah by the compact has hampered

water development in this area. Furthermore, residents upstream from Bear
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Lake in all three states have expressed an interest in having more water
allocated for use in thelr areas. Hydrologic studies have shown that addi-
tional amounts could be allocated without affecting downstream irrigation
rigﬁts. Negotiations have attempted to resclve these issues as well as to
include in the compact the allocation of groundwater which was omitted origi-
nally.

On December 22, 1978, an agreement to revise the Bear River Compact
was formally approved by compact commissioners representing the three states.
If it is ratified by the legislatures of the three states and receives federal

approval by Congress and the President, it will divide water rights between

- Idaho and Utah in the lower Bear River Basin, and authorize additional up-

stream storage in Idaho, Utah, and Wyoming.

Upstream from Bear Lake, Utah, and Wyoming will each receive an added
storage allocation of 35,000 acre-feet of water and Idaho will receive
an additional 4,500 acre-feet. However, these additional upstream entitle-
ments Including groundwater will allow the three states to deplete only 28,000
acre~feet of water annually. These allocations are limited also byrthe level
of water in Bear Lake. If the surface of Bear Lake drops below elevation

5,911 feet, this additional storage allocation would not be allowed.

8.3 IMPACTS OF THE PROPQSED. PROJECT ON WATER RIGHTS AND INSTITUTIONS

8.3.1 DESIGN ALTERNATIVES

Several degign configurations were considered in the engineering-economic
feasibility studies for adding hydropower to the Woodruff Narrows Dam.
These were described previously in Chapters 4 and 7. Taillwater regulating
pools were considered for each of the hydropower alternatives to smooth out
peaking flows over a 24 hourvperiod. However, the engineering economic
studies revealed that producing power for peak 1loads 1s not economically

feasible due to high wheeling costs and other factors.

8.3.2 EFFECTS ON LOCAL WATER USES

A basic constraint observed in the feasibility studies was that the
existing pattern of flows to irrigation uses would be maintained. Whether
this 1s accomplished by a downstream regulating pool or by scheduling power
generation only at times when water is flowing to irrigation uses, the

effect on local irrigation uses and institutions is negligible.
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8.,3.3 STORAGE RIGHTS ISSUES

The major water rights issue in the study pertains to increased storage
rights required for the enlarged impoundments included in some of the alter-
native designs. The question is, how will these additional storage rights
be provided?

For the purpose of considering fhe storage rights question and other
social-institutional implications, the alternatives listed above may be
narrowed to three. Alternatives 2 and 3 may be combined with alternative
1 for further consideration of storage questions because the'increments
of storage provided by the new dam downstream over and above the amounts
of storage proposed in the upstream alternatives will be dead storage..
Since the Bear River Compact provides for an annual alleocation to storage, if
by agreement among water users, an increment of the storage allocation were
held over each year in the new impoundment proposed under alternatives 2
and 3, the extra dead stbrage capacity would be filled in a few years time.
Once filled, any new reservoir would be operated with exactly the same
flows as contemplated for alternative 1. Thus, only alternative 1 is con¥
sidered further in this assessment.

Storage in the existing impoundment, amounting in total to é8,000 acre— .
feet, come in part from allocations to Utah and Wyoming under the Bear
River Compact and in part through a contract with Utah Power and Light Company
for rights in Bear Lake. The Utah Fish and Game‘Departﬁent provided part
of the construction funds in return for minimum water releases from the
reservoir, and the Wyoming Game and Fish Department provided funds in return
for maintenance of a dead pool in the reservoir as a fishery resource. - Thus,

the storage capacity in the reservoir is allocated as follows:

18,240 acre-feet irrigation storage
4,260 acre-feet irrigation hold-over
4,000 acre-feet fishery storage
1,500 acre-feet dead storage

28,000 acre-feet TOTAL

The d1rrigation storage 1is divided with ]§,240 acre~feet to the Utah Wood-
ruff Narrows Reservoir Company and 3,000 acre-feet to the Wyoming Woodruff
Narrows Reservoir Company.

If the Amended Bear River Compact is ratified, as it appears that it
will be, the additional storage rights (estimated to be 25,200 acre-feet)
could be provided within the 70,000 acre-feet of new storage granted to

Utah and Wyoming in the revision.
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S5hould the amended compact fall to be ratified, the problem of obtaining
additional storage rights for the enlargement becomes potentially more dif-
ficult. Most of the 25,200 acre-feet required for the enlargement (alterna-
tive 1) would have to come from the conversion of existing direct flow rights
to storage rights. In this situation, the Utah Wbodrﬁff Narrows Reservoir
Company, the major operating entity of the dam and reservoir, would probably
request the Utah State Engineer to approve the conversion of 10,000 acre~feet
of prior direct flow rights (prior to the original Bear River Compact) to be
converted to storage rights. An additional 10,000 acre-feet of Bear Lake
rights might be purchased by the reservoir companies from Utah Power and Light
Company, and the remaining 5,200 acre-feet could be provided by Wyoming users
partly through conversion of direct flow rights and partly from unused storage
rights granted under the original compact.

All three of the aformentioned sources of storage rights _that might
be pursued in the absence of a compact revision, pose potential legal com-
plicatioﬁs‘ Even if the Utah State Engineer were to approve the éonversion of
10,000 acre~feet of direct flow rights to storage rights, the State of Idaho
may object on the grounds that the compact 1s being violated. The issue could
be tied up in litigation for several years. Idaho might also challenge the
right of Utah Power and Light Company to sell water rights to 10,000 acfe—feet
in Bear Lake. And, there is uncertainty whether Wyoming users would be
willing to provide the final 5,200 acre~feet increment of storage re&uired.
However, the latter could be obtained from hold-over storage if necessary.

A possible outcome of failure of the compact revision to be ratified
is for the ensuing legal disputes between the states to go eventuélly to
the U.S. Supreme Court where an adjudication of the entire Bear River could
be made. In any event, it appears that considerable delay ought to be an-
ticipated in obtaining additional storage rights for a Woodruff Narrows Dam

enlargement should the current compact revision effort fail.

8.3.4 DAM CONSTRUCTION PERMIT

In as much as the dam and reservoir are located in the State of Wyoming,
approval of ’the enlargement and additional sto}age in the reservoir will
have to be obtained from the Wyoming State Engineer. The necessary applica-'
tions have been filed with Wyoming by Utah and preliminary discussions between
officials of the two states indicate that Wyoming approval will be given
when the water rights issues are settled and the storage allocations are
clearly defined. ‘
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8.3.5 DEPLETION LIMIT
The additional irrigation storage provided by the enlargement at Woodruff

Narrows would, of course, increase depletion of the water in the river.
If depletion were to go up in amount to the 28,000 acre-feet compact limit,
there would be a minor loss in power production at the five Utah Power and
Light Company hydroelectric plants down river. For example, at Cutler Dam,
where there is approximately 1 million acre-~feet of discharge annually,
the 28,000 acre-feet of depletion would amount to 2.8 percent of the flow.
At other dams upstream from Cutler where the flow is smaller, the percentage
of depletion loss would be slightly higher. However, without the Amended
Bear River Compact, groundﬁater development above Bear Lake may deplete the .
system by a greater amount than the proposed 28,000 acre-feet limitationm.
Calculations made by the Bear River tri-state negotiating technical sub-
committee indicate that 31,000 acre~feet could be depleted in the upper

divisions of the river without interfering with downstream irrigation rights.
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- CHAPTER 9

== SOCTAL ASSESSMENT

9.1 INTRODUCTION

9.1.1 THE NATURE OF SOCIAL IMPACTS

Social impacts of resources development projects are generally secondary
and tertiary in nature. They occur és a result of other kinds of impacts,
principally economic and environmental. Understanding social iwmpacts, then,
becomes largely a task of understanding the implications of the primary

kinds of impacts.

9.1.2 ELEMENTS OF SOCIAL ASSESSMENT

To facilitate the identification and assessment of the social impacts
of natural resources development, several agencies have proposed chécklists
of social, economic, and environmentai variables that are subject to change
induced from natural resources development projects and which may indicate
potentially important social impacts, both beneficial and adverse. In re-
sponse to the Principles ahd Standards of the Water Resources Council, several
federal agenclies have developed checklists for the social assessment of
water resources development projects. These checklists form a starting point
in the social assessment process. They are used to ensure that important
soclial impacts are not overlooked and to guide data collection where informa-
tion for assessment is Jlacking. Such a checklist, developed by Abt Associ-
ates, Inc. (Fitzsimmons et al., 1973), for the U.S. Bureau of Reclamation, has
been used to structure the social assessment of the potential impacts of
low~head hydropower development on the Woodruff Narrows Dam. As will be
detailed in subsequent sections, the social assessment checklist has five
major parts:

1. Individual and personal effects

2. Community and institutional effects

3. Area socio-economic effects

4. National emergency preparedness effects
—— 5. Aggregate social effects

9.1.3 ALTERNATIVES
Due to deteriorating spillway conditions and other factors, the existing
dam will have to modified in the near future. One possibility that has been
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considered for such modification is to change the spillway location on the
existing dam and add a run-of-river hydropower generating facility. This
option will be used as a baseline case for considering the effects of low-
head hydroelectric development. Three alternatives to this baseline have

been considered and are described in detail in Chapter 4:

1. Enlarge the present dam;
2. Construct a low dam downstream from the present dam site; and
3. Construct a high dam downstream from the present dam site.

Eadh‘of these three alternatives would include run-~of-river power installa-
tions. The baseline case would produce approximately 3.4 gigawatt-hours,
would inundate no additional land, and would provide 18,240 acre-feet of
active storage for irrigation. The first alternative above would produce
approximately 5.0 gigawatt~hours, would inundate about 620 acres more than the
baseline, and would provide approximately 34,000 acre-feet of active storage
for irrigation. The second alternative would provide about 7.1 gigawatt-
hours, would inundate an additional 760 acres, and would supply about 34,006
acre~feet of active storage for irrigation. Finally, the third alternative
would produce about 8.3 gigawatt-hours, would imundate an additional 1,440
acres, and would provide about 34,000 acre-feet of active storage for irriga-

tion.
9.2 PRESENT SOCIAL CONDITIONS

9.2.] GENERAL

Rich County, Utah, the county to be affected most by the pfoposéd de-
velopment, is a rural area with a present population of approximately 1,600.
The majdr towns in the area are Woodruff and the county seat, Randolph. The
county population has been declining at an average annual rate of about 0.4
percent for two decades. More than 70 percent of the population is native to
the state, and less than 1 percent is non-Caucasian. The median family income
in the county ($8,051 in 1970) typically runs 10 to 15 percent less than the
state figure. There are approximately 170 farms in the county, and most of
these had a gross income of less than $40,000 in 1974. Most are involved in
livestock production. The per acre value of farmland in the county is among

the lowest in the state.

9.2.2 HISTORY.
The early history of Rich County saw substantial influence on the part
of explorers and trappers in the early 1800s and Mormon pioneers in the
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1860s and 1870s. From the beginning, the major economic focus and use
of the land in the county was livestock grazing. A more complete review
of the history of the area can be found in a document prepared by Planning

and Research Associates (1972).

9.2.3 REGIONAL RELATIONSHIP
As indicated by Planning and Research Assoicates (1972), Rich County

is isolated from the major interstate limes of transportation and traffic

~except along the extreme southern portion of the county. At the present

time there are no regularly scheduled airline stops and railroad service
is available only indirectly through Wyoming or along the county’é extreme
southerﬁ boundary. A

Most consumer goods are trucked into the area in exchange for agri-
cultural products which arevexported- The major metropolitan areas, while
indirectly accessible, have little influence on the economy of Rich County
except in providing the homes for the people who have contributed to the
increasing recreational trade in Bear Lake area. While improvements are
constantly being made to the agriculture and livestock sectors of the local
economy, the greatest economic changes are expected to be those related to the

development of recreation homes and water sports in the Bear Lake area.

9.2.4 EMPLOYMENT

The principal incentive for permanent settlement of Rich County was
agricultural interest. However, in recent years the number of jobs provided
by theAagricultural sector in the county has declined. At the same time,
the mining industry and government have increased in importance as éources
of émployment (though mining employment has fallen since 1970). This is
illustrated in Table 9.1.

. Table 9.1: Rich County Population and Employment Characteristics for selected

years.
'Employment | Total

Year Population Agriculture Mining Government (all sectors)
1950 1673 350 6 80 583
1960 1985 ‘ 260 59 ' 87 600
1970 1615 140 . 120 120 490
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9.2.5 POPULATION

As indicated in Table 9.1 (much better documentation can be found in
the reports by Planning and Research Associates (1972); the Resource Conserva-
tion and Development Project Executive Board (1974); the County Economic Facts
of the Utah Industrial Development Information System; and census documents
published by the Bureau of the Census), the county population has been de-
creasing over the last two decades. A major cause of this decline is the
low availability of jobs. This decrease in county employment is attributed -
to increasing farm labor and equipment cost which have lead to fewer but
larger and more mechanized farmskemploying fewer people. In addition, .the
couﬁty has experienced a leveling off of phosphate mining in recent years, a
factor which has also aggravated the employment situation. h

This decline in population has shifted the age distribution toward
the older age classes. This means that the younger peopulation has been
leaving the county in the prime of their occupational life. Pr‘esently,
recreational development at Bear Lake is the single most important element in
the county’s 'population and economic outlook, with the populations of Randolph
and Woodruff on the other side of the county expected to remain at approxi-

mately present levels.

9.2.6 AGRICULTURE
As indicated in the report by Planning and Research Associates (1972),
the number of farms in the county has shown a decreasing trend since 1935
(274 farms in 1935 versus approximately 170 presently). At the same time,
total farm acreage has increased. Over 90 percent of total farm income
is from livestock production, ‘with the principal emphasis on beef cattle,

especially calf production.

9.2.7 RESOURCE PROBLEMS AND OPPORTUNITIES

‘ As indicated by the Resource Conservation and Development Project
(RC\BP)‘ Executive Board (1974), the aggregate annual shortage of irrigation
water for the county is approximately 40,000 acre-feet. In addition, séil
surveys show an additionmal 130,000 acres of land in Rich County suitable .
for irrigation if water could be made available. On this basis, the RCDP
Executive Board (1974) recommended enlargement of the Woodruff Narrows Re~-
servoir by approximately 30,000 acre-feet to provide supplemental irrigation.
They could provide no information, however, on the county population and

economic impacts that would result from the proposed enlargement.
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9.3 ASSESSMENT

9.3.1 INTRODUCTION A

As discussed above, the basis for the social impact assessment is the
checklist and procedures outlined by Abt Associates, Inc., as adopted by
the U.S. Bureau of Reclamation. The following assessments were based on
categories supplied from the Abt checklist, which can be found on pages
203 to 240 of that document. The social impact categories in Tables 9.2

through 9.5 are numbered as they are in the checklist.

9.3.2 INDIVIDUAL AND PERSONAL EFFECTS
<The first component of the social well-being account is concerned
exclusively with the impacts of the baseline and alternative plans as they
are experienced at the most basic level, that of the individual and family.
This component focuses on how each alternative plan will affect the personal
health and well~being of members of the community and whether various aspects
of the plan will contribute to or detract from the quality and stability of

family life. There are five major categories in this component:

1. Life, Protection, and Safety encompasses the effects of natural
disasters on life and property and the possible diminution of such

effects by alternative development plans.

2. Health encompasses both the health of individuals in the community.
and the services and facilities available to deal with health prob-

lens.

3. Family and Individual deals with the potential direct and indirect
impacts of alternative water plans on the health, well-being and
personal satisfaction of individuals in the community and on the
structure and stability of family life. »

4. Attitudes, Values, and Beliefs discusses the attitudes of individuals
in the community towards alternative water plans and the extent
to which these plans affect people’s attitudes towards other con-
cerns, including their community, the environment, government agen—
cies, etc.

5+« Environmental Contributions deals with community members’ inter-
action with their environment and the extent to which alternative
plans may affect this dinteraction; e.g., by contributing to or
detracting from individuals’ enjoyment of their environment.
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Table 9.2 summarizes the expected impacts under this component. The
impacts center around the provision of supplemental irrigation supply in
alternatives 1 to 3, the contribution toward repayment of comnstruction
costs which hydropower would make, and the potential loss of grazing land
to inundation in alternatives 1 to 3. In general, the addition of hydropower
generating facilities would be looked upon very favorably by area water
users if it would enhance the development of supplemental irrigation water.
The major potential drawback from this positive benefit would be the loss

of some grazing land under each of the alternatives.

9.3.3 COMMUNITY AND INSTITUTIONAL EFFECTS

The Community and Institutional Effects component of the Social Well-
Being Account contains 11 categories which are concerned with the impacts
which might occur at a higher level of aggregation than those in the first
component, but which are still limitéd to the confines of the community
(or communities) which will potentially be affected by the altermnative
plans. Here the focus is on groups of people, there activities as membe rs

of different groups, the various aspects of the community which affect

~their lives, and the informal and formal institutions which serve them.

Equally important is the nature of the community itself as an entity, its
composition, its internal structure, etc. The 11 evaluation categories
which characterize the Community, Institutional Effects component of the

Social Well-Being Account are as follows:

1. Demographic relates to the structure of the community in terms
of size, ethnicity, marital status, age/sex distribution, etc.

2. FEducation deals with educational institutions within the community
(primary, secondary, and post-secondary academic education as well

as vocational training), and with their activities and capacity.

3. Government Operations and Services deals with the structure, size
and complexity of local government, and the services which govern-

ment provides to members of the community.

4. Housing and Neighborhood concerns the quality and quantity of
housing in the community, as well as the condition of its neighbor-
hoods.

J- Law and Justice deals with the criminal justice system in the
community and the possible impacts in terms of criminal and civil
violations which might result, either directly or indirectly, from
the implement ation of a water resource plan.
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Description of Impacts for

the Individual and Personal Effects Components

Category

Description of Impacts

Baseline

Alternative 1 Alternative 2 Alternative 3

Life, Protection,
and Safety

Property loss due
to water-related
natural disasters

No change from
present conditions

All alternatives would provide substantially increased flood
control with the addition of about 34,000 acre-feet of active
storage

Attitudes,
Beliefs, and
Values

Resident
expectations of
what will be the
impacts of the
plan; attitudes
about the effects

a. hydropower

Local support for potential hydropower production is indicated in the resolution of
support for a hydropower feasibility study passed by the stockholders of the

Woodruff Narrows Reservoir Company, January 31, 1977,

Hydropower production could

be seen as a positive benefit of the baseline and all alternatives in its contri-
bution to repayment of dam construction costs depending on the revenue from power

production.

b. augmented
water supply

No change from
present conditions

Provision of additiomal active storage for irrigation will be
seen by water users as a positive benefit, but inundation of
some grazing lands might be viewed negatively by a few area
ranchers
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6. Social Services concerns the public and private sector services
available to various population groups within the community (e.g-.,
children, youths, elderly persons, etc.).

7. Religion deals with the religious structure of the community and
the extent to which religion affects the lives of community members.

8. Culture concerns the ethnic composition of the population and
its associated values and folkways, as well as cultural "materials”

(e.g., archeological sites, artifacts, etc.) found in or near
the community. ‘

9. Recreation relates to public recreatiomal facilities, and land
and water areas in or near the community used for lpublic recreation,
and to changes in recreational uses which might occur as a result
of the implementation of a water~related plan.

10. Informal Organizations and Groups discusses community groups which
are not a part of the local governmental or imstitutional structure,
including fraternal organizations, advocacy groups, religious or
ethnic societies, environmental groups, etc.

11. Community and Institutional Viability focuses on the capacity of
a community’s institutions to meet demands for a range of services,
on the inter-relationships among community dinstitutions, and on
the members’ views of their community.

No significant social impacts are expected for any of the three alterna-
tives for this component. As indicated in Table 9.3, no demographic effects
are anticipated.

In addition, since the area is not one of high recreation demand as
compared to more accessable sites in the area (the report by Planning and
Research Assoclates, 1972, ranks the Woodruff Narrows facility as only fair
for nearly all water-based recreation activities), very marginal impacts (if

any) on water-based recreation access and use will be likely to result.

9.3.4 AREA SOCIO-ECONOMIC EFFECTS

The Area Socio~Economic Effects componet contains seven evaluation
categories which exist at a higher level of aggregation than either the
individual/family or the community levels. Although several categories
seem to contain aspects which may be applicable’at the community, institu-
tional level, the categories have been grouped under this particular component
because their consideration may involve more than one community, or because
they are important enough to pervade several aspects of community life at

2

once; i.e., consideration of transportation, for example, cannot be limited
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Description of Impacts for the Community and Institutional Effects Component

Description of Impacts

Category
Baseline Alternative 1 Alternative 2 Alternative 3
A, Demographics
1. Changes in No substantial, long-term changes in the demographic make-~up of the area are

general demo-
graphic makeup

of the population

anticipated from the baseline or any of the three alternatives

Recreation

Annual use of

Little if any in-
crease in use of

Water-based recreation potential (especially fishing) will be
augmented under each alternative. However, due to the abundant

ubli ,
gegizztion water~based recre- supply of high-quality recreation opportunities elsewhere in
facilities ation is expected the region, increased use will be slight at most.

2. Types/Condition ‘
of roads to and Access to the immediate area at and below the dam sites will likely improve under
from recreation all three alternatives. This will probably have little impact on recreational use
facilities in the area.

10, Area in miles of No change from Moderate increase in total lake surface |[Large increase in

water-related
recreation
areas

present conditions

area (from about 1600 acres to approxi-
mately 2300 acres)

total lake surface
area (from about 1600

lacres to approximately

3100 acres)
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to the community level alone, since transportation by definition frequently
relates to exchanges among communities. Likewise, a discussion of the
economic base of a community and the changes which might occur in the economic
base as the result of a water resource plan’s implementation, must give
consideration to the more far-reaching effects which accompany changes
in the economy, such as chénges in housing, public and private sector ser-
vices, etc. The categories discussed here are thus of a fairly broad,
comprehensive nature, although their focus will sometimes be within the
community context. The seven evaluation categories which make up the Area,
Socio~Economic Effects component of the Social Well-Being Account are as

follows:

l. Employment and Real Income deals with the means by which people
in the area earn their living and the amount of income which they
receive.

2. Welfare and Financial Compensation deals with the quality and
quantity of benefits (including money and services) provided to
people who, for various reasons, are unable to support themselves.

3. Communications discusses various inter- and intra-community methods
of communications, including personal and media methods, and con-
siders how a water-related plan may affect communciations and
may be affected by them.

4. Transportation deals with public and private transportatiom, both
within and between communities, as well as with the condition and
location of roads and waterways used for various types of transport.

5+ Economic Base deals with the overall economy of the area, including
types of industry (and/or agriculture) which exist in the community,
the changes which might occur in industry and agriculture as a
result of a water-related project, and the extent to which these
changes will have a social impact in the community.

6+ Planning deals with the period during which alternative plans are
formulated and analyzed, and the effects which the planning period
might have on the community(ies) under consideration for plan
implementation. ‘

7- Construction concerns the potential short~ and long~term effects
of construction, ranging from temporary noise and other annoyances
to long-range economic and social impacts.
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As documented in Table 9.4, the most significant social impacts in
this component will be the income and employment effects. Especially signi-
ficant will be the increased income realized by irrigation users. All three
alternatives would allow them supplemental late-season irrigation water for
providing additional fall grazing. This will probably result in the creation
of a few agricultural sector jobs. Some grazing land will be inundated under
each alternative, however.

Minimal impacts afe expected from short-term comnstruction effects.
Workers required for the construction phase of the three alternatives will
never number more than 20, and this will be only a short time period. This
will result in wminimal physical disruption and changes in local demand on

public and private services.

9.3.5 NATIONAL AND EMERGENCY PREPAREDNESS EFFECTS

The National and Emergency Preparedness Effects component deals with
the way in which the changes brought about by the plan would have selected
national dimpacts. In many cases, these changes will, in fact, be limited
to the geographical area covered by the plan; in others, however, changes
could contribute to (of detract from) national viability, especially in
the case of emergencies such as drought, floods, or’attacks by hostile forces.

There are nine evaluation categories in this component:

1. VWater Supplies deals with questions of the quantity,A stability,
distribution, etc., of water.

2. TFood Production concerns provision of reserve food production poten-
tial, as well as questions of exportability of crops.

3. Power Supplies deals with questions concerning the quantity, stabil--
ity, and responsiveness of available power.

4. Water Transportation discusses tonnage support capacity and network
location characteristics, as well as the area covered by water
transportation routes.

5. Scarce Fuels concerns the use of abundant fuels to conserve scarce
ones and the use of alternative power supplies.

6. Population Dispersion relates to potential for settlement of areas
in the event of a national emergency.

7. Industrial Dispersion is concerned with the potential for dispersion
and relocation of industry in the event of a national emergency.
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Description of Impacts for the Area Socio-Economic Effects Component

Category

Description of Impacts

Baseline

Alternative 1 Alternative 2 Alternative 3

A. Employment and
Real Income

5. Mean income by
class of worker
or recipient

No change from
present conditions

In general, area incomes will not be appreciably affected by
any of the alternatives. An exception to this would be in-
creased income to irrigation users. Most of the supplemental
water provided by each alternative would be used in July and
August to provide additional grass forage after the meadow hay
is harvested. This would generate fairly substantial income to
the area as shown in Chapter 6. Some income losses might re-
sult, however, from loss of grazing to inundation.

25. (Other) Number
of jobs in area

The addition of
hydropower will
result in the
creation of one
new full-time
equilvalent

1new full-time equivalent.

The addition of hydropower will result in the creation of one
Additional income to irrigation
users will likely result in fewer than 10 new jobs.

E. Economic Base

12. Land used for
grazing and
farming

No change from
present conditions

Each alternative will provide supplemental irrigation water for
approximately 5,000 to 8,000 full-service acre equivalents.
Alternatives 1 and 2 will result in moderate loss of grazing
land (ranch land inundated by Alternative 1 has already been
purchased); Alternative 3 will inundate substantially more
grazing land. '

G. Construction

1. Short-term
effects

The short-term construction impacts (in terms of physical disruption, transient
housing requirements, and change in demand for public and private services caused
from an influx of workers) will be minimal under the baseline and all three alter-

natives,

There will be a maximum of 20 workers at the site for a three-month period;

peak employment will be between 10 and 20 workers during construction of the spill-

way, only.
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‘8. Military Preparedness relates primarily to the potential of a given
area to house military bases and/or support military operations
in a national emergency.

9. International Treaty Obligations deals with the questions of bound-
aries, use of common bodies of water, treaty obligations governing
quantity and/or quality of water crossing international boundaries,
etc., among neighboring nations.

The soc¢ial impacts in this component of the Social Well;Being Account
are all positive, though quite minimal as viewed from a national perspective.
As documented in Table 9.5, the baseline and all alternatives will have
slight impacts on the supply and stability of power and the use of scarce
fuels. The power generated at the site would be wheeled over‘UP&L trans-
mission lines and used outside the area of production. Altogether, the
nominal power produk:tion estimates represent positive but very sl’ight impacts

on the national scale.

9.3.6 AGGREGATE SOCIAL EFFECTS

The Aggregate Social Effects component involves the aggregation of
potential impacts of water resource projects as they relate to social effects
as a whole. While the previous components focus on more practical concerns for
the most part, it is also desirable to be able to consider the more general
social implications of alternative water resource plans. The measures of
impact for this component are almost entirely qualitative in nature. ‘Th’ree

evaluation categories are of interest here:

1. Quality of Life deals with the physical and mental well-being of
the , individual and family and with their perceptions of the op-
portunlties for further development of individual and family life in
the future.

2. Relative Social Position concerns the extent to which the various
social benefits and adverse effects of plan implementation would
be equitably distributed among various individuals or groups in
the community and the capacity of individuals and groups to bear
social costs.

3. Social Well-Being refers to the overall impacts on the character
and capacities of the community and its instltutlons, both formal
and informal.

On the aggregate, the social impacts of the three alternatives are

negligible. No substantial positive or negative effects are expected for
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Description of Tmpacts for the National and Emergency Preparedness Effects

Component

Category

Description of Impacts

Baseline

Alternative 1

Alternative 2

-Alternative 3

Power supplies

Changes in the
amount of power
produced

Increased power
production:
3.4 gigawatt-hours

Increased power
production:
5.0 gigawatt-hours

Increased power
production:
7.1 gigawatt-hours

1ncreased power
production:
8.3 gigawatt-~hours

Changes in the
stability of
power supply

All power generated at the site will be sold outside of the local area.

The amount

of power produced will not be very significant from the standpoint of the stability
of national or regional power supply.

Scarce Fuels

Changes in the
amount of scarce
fuels consumed

Hydropower production under the baseline and the three alternatives would result in

a savings of up to approximately 1250 barrels of oil per year.
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any of the three alternatives in terms of Quality of Life or Social Well-

Being. From the standpoint of Relative Social Position, very slight decreases

in public grazing acreage will have to be absorbed under alternatives 2 and 3.
All owners of private land that would be inundated in alternative 1 have
already been compensated. Under each of the alternatives, fairly significant
income benefits would accrue to irrigation water users, who would, of course,
be partially responsible for repayment of the costs of dam construction.
Very modest increases in agricultural employment would be expected for each of

the alternatives. This would benefit the entire county.

9.4 SUMMARY

In summary, neither the baseline nor any of the alternatives under
consideration will have very significant negative social impacts. The pro-‘-k
posed alternatives will result in little or no change in present patterns of
water and land use, income, population, and employment. The very slight
positive impacts from any of the three alternatives will not result in any
significant changes of the soclal structure or character of the area. The
most significant social and economic trade offs will be in the provision of
additional late-season irrigation water versus inundation of some grazing ’kland
in alternatives 2 and 3. The inclusion of low-head hydropower in a Woodruff
Narrows storage facility, such as envisioned in alternmatives 1 to 3, might
contribute to the economic viability of the project. If the project proves
feasible, fairly substantial local economic benefits could be realized from
increased agricultural productions. This would be a desirable social impact

to the local community, especially if grazing losses could be compensated.
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CHAPTER 10

ENVIRONMENTAL ASSESSMENTS

10.1 NATURE OF ECOLOGICAL IMPACTS

The analysis of the impact of the proposed Woodruff Narrows Low Head
Hydroelectric Power Plant (WN LHHPP) depends on the particular proposed
changes in the Bear River system and their significance in terms of magnitude
and qualitative effects on the stream ecologipal systems. Impacts of stream
alterations on aquatic ecosystems have been assessed in many different proj=-
ects and provide some generalizations as suggested in Figure 10.1. It is
apparent from the relatiomships described in Figure 10.1 that the impact in a
specific situation depends greatly on the magnitude of the proposed actions.
As a means of developing a logical environmental assessment of the proposed
action, the WN LHHPP impacts will be approached in the following steps: 1) a
description of the proposed site and action, 2) an analysis of dimportant
variables, and 3) a specific assessment of the Bear River in the immediate and

downstream areas of the project.

10.2 GENERAL DESCRIPTION

A general description of the Bear River has been given previously in

Chapter 3 and willrnot be repeated here. Some general comments related to
water quality follow.

Because much of the "mountain land in the headwaters of the Bear River
is wilderness area, the water is nearly pristine- Some recreational use by
hikers in the Uinta wilderness area and the presence of grazing animals in
the area upstream from Evanston may have had some minimal effects on water
quality, but it is not possible to detect them. The first noticeable changes
apparently occur after the river passes through the Wyoming portion of Bear
River Valley prior to entering Woodruff Narrows Reservoir. Several large
feedlots, an old oil-~coal mining development just north of Evanston, and other
agricultural activities begin to affect the quality of the Bear River signi-
ficantly. A state recreation area is located adjacent to the reservoir, but
the reservoir is primarily for irrigation not recreation.

After leaving the Woodruff Narrows Reservoir the Bear River continues its
course through mostly agricultural areas until it eventually reaches the Bear
River Migratory Bird Refuge and the Great Salt Lake. The water quality at
that point has been seriously impailred, but most of the change has taken

place below the Woodruff Narrows Reservoir.
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In its 500 mile journey to the Great Salt Lake, Bear River drains
4,778,000 acres having annual precipitation of 8-40 inches/year, loses about
8,500 feet din elevation, achieves flow near 12,000 cfs, accumulates signi-
ficant quantities of specific pollutants, and journeys through mountain lands,
cold northern deserts and fertile river valleys important to the area’s
€COonomy . The Bear River accumulates flows from six major tributaries and
forms four reservoirs including Woodruff Narrows and many small diversion daﬁs
along its route; in addition, Bear Lake is utilized as a reservoir.

In the immediate area of the proposed WN LHHPP there is some recreational
activity (camping, fishing, boating, bird and deer hunting), grazing, and
residences. Otherwise use and resource interference is minimal.

Throughout the length of the Bear River, flow and power requirements are
closely controlled; irrigated acreage is stable and £lood control, irrigation,
and recreational use are additional multiple uses of the basin waters. A

major advantage of WN LHHPP would be its minimal impact on these uses.

10.3 BEAR RIVER WATER QUALITY STANDARDS

Because the major impact of actions in Woodruff Narrows Reservoir would
be expressed in the immediate downstream reaches which are in Utah, only
Utah water quality standards were assessed.

The Utah State Division of Health has described standards (dated August
2, 1971) which have been applied to the Bear River System {(June 23, 1972) and
which have been accepted by the Environmental Protection Agency. These
standards are defined as the class "C" Water Quality Requirements. The

standards state:

"It shall be unlawful to discharge wates resulting in:

Cbjectionalbe deposits

Floating debris, oil, scum, and other matters
Objectionable color, odor, taste, turbidity
Interference with class "C" water uses

Uses of class '"C" waters:

Municipal Recreation
(following complete treatment) (except swimming) -
Aesthetics Industrial supplies
Irrigation Other (as determined by
Stock watering the Utah State Board
Fish propagation of Health and Utah
Wildlife Water Pollution
Committee)
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The standards listed in Table 10.1 shall not be violated." 1In addition
specific reaches of the Bear River system have been further classified for
thermal discharge to prevent undue heating of the water and the resultant
significant effects on fish and other aquatic life. Also, these require-
ments further limit the minimum level of dissolved oxygen (DO) in the stream.
The reader should be aware that the amount of oxygen capable of being held
by water descreases as the temperature of the water increases. These modi-
fications are noted by the appending of "C" for cold and "W" for warm waters
as follows:
Class "CC" —- 20F incremental increase and not above 68°F; -
DO is 6 mg/l minimum.
Class "CW" —— 4OF incremental increase and not above 800F;
DO is 6 mg/l minimum.
Class "CCR" —- 20 F incremental increase and not above 680F;
DO is 6 mg/l minimum; MPN coliforms 1000/100 ml
upper limit (average).
As shown on the schematic drawing of the Bear River on Figure 10.2, reaches
of the river have been defined to meet one or the other of these three
classifications. Those reaches not so classified are in the general classi-
fication of '"C" which has no temperature requirement and a lower dissolved
oxygen minimum of 5.5 mg/l. The downstream reaches are CW reflecting the
greater warming of the water but not the quality degradation which has
taken place with distance from the headwaters of the Bear in the Uintas.
In the Woodruff Narrows reach the water is classified as CC. Because
the LHHPP is not a water quality degrading process, the only variables that
might be affected are those which respond to physical changes. Reservoirs
and power plants tend to increase water temperatures of streams; however,
the change in water temperature due to the proposed activity will be minimum

and no effects of LHHPP on water quality variables are expected.

10.4 PROPOSED CONSTRUCTION OF WN LHHPP
The proposed WN LHHPP is designed to be located at or within approxi-

mately two miles of the existing Woodruff Narrows Dam. Impacts of the several
alternatives considered would probably be contained within a ten mile reach of
the river (Figure 3.1) except those downstream effects that might result from
alterations of flow. Essentially, three alternative situations must be
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Table 10.1

Utah class '"C" stream standards for specific constituents and pollutants

Limit-

Ttem Recigzﬁ?ded Maﬁgza?ry
TDS 500 -
As 0.01 0.05
Ba - ' 1.0
CCe 0.2 -
cd ' - 0.01
c1 250 -
Cr - 0.05
Cu 1.0 -
CN 0.01 0.02
F 1.0 2.0
Fe 0.3 | -
Pb .- ' 0.05
Mn 0.05 -
NO4 45 , -
Phenol 0.001 -
Se - 0.01
Ag - 0.05
50, 250 : -
MBAS 0.5 -
Zn 5.0 -

MPN Coliforms 5,000/100 upper limit (average)

BOD5 5 mg/l upper limit

DO 5.5 mg/l lower limit

Radionuclides not to exceed 1/30 of the MPCJ’ values as defined in
National Bureau of Standards Handbook 69

aDependent on climate.

b . N , .
Maximum permissible concentration in water.
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considered in comparison with the existing system (Table ;0.2). A higher dam
could be constructed at the existing site or a dam at the lower site; at the
lower site two alternatives were considered, a lower and a higher dam. These
dams would cover additional areas of about 620 acres, 760 acres, and 1,440
acres respectively. Inflow to the present and planned reservoirs has averaged
157,000 acre~-feet/year and the flow actually used for power generation for the
different alternatives ranges between 128,000 and 134,000 acre-feet/year.
Increased capacity gives larger surface area so that evaporation increases to
0.6 percent of the inflow. TFlow changes for the alternatives downstream of
the dam show minimal effects other than a slight decrease in peak values and
slight displacement into early spring and to later summer (Figure 10.3).
These flow impacts are minimal.

The specific structural and other changes involved in these alternmatives
are described in Chapters 4 and 7. Generally, the effects of the WN LHHPP
would be to increase the amount of land flooded as a result of dam construc-—
tion and perhaps alter flow patterns within the system. 1t is perceived that
the flow will not be changed significantly because of the requirement for a 10
cfs minimum as required by contract for the Utah Division of Wildlife Re=-
sources or the selection of a peaking power option. In other words there
would at the most Be 8 hours of release for power production within eéch 24
hour period. This might occur twice a day for periods of 2 to 4 hours.

In general, there would be sufficient release to guarantee 10 cfs over
approximately 24 hours. The comstruction of the WN LHHPP with peaking ca?a-
city might require re-regulating ponds and some alteration of the stream and
the present dam site. The possible re-regulating reservoir(s) would be
essentially diversion ponds and would flood some of the lower lying land in
the area and increase the residence time of the water within those specific
reaches. Those reaches would be 0.5 to 1 mile in length.

Stream flow requirements for downstream water rights essentially would
be unaffected. There is no obligation beyond Pixley Dam (Figure 3.2) and
the 10 cfs of the Utah Division of Wildlife Resources would be adequate to
meet other requirements (irrigation, etc.) within the region.

Since most stream and reservoir impacts occur as a result of low flows,
stream flows were evaluated for the 1977 water year, the minimum observed
low flow during the period 1942-1977. The effects of the low flow were to
decrease significantly the annual inflow to the reservoir, 157,000 as an
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Woodruff Narrows proposed LHHPP alternatives and their effects on the hydrologic regime

1,000 acre-ft/year

Maximum Average Used Power Typical Generating
WS elev., Evapora~  End-of-Year for Produced flow Capacity
ft. Capacity tiond Storageb Power GWH Peak, cis MW
Existing Upper
Site (Baseline) 6,439.38 28.0 2,07 11.5 0 3.4¢ 0 2.1¢
Raised Dam,
Upper Site
(Alt. 1) 6,452.5 53.2 1.94 18.1 128 5.0 600 3.0
Low Dam, Lower
Site (Alt. 2) 6,442.5 52.0 2.85 18.4 134 7.1 600 3.9
High Dam, Lower ' v
Site (Alt. 3) 6,452.5 76.9 3.02 37.5 134 8.3 - 600 - 4.5

a
. mean annual.

bMean-end—of—water‘year storage. See Chapter 5 for hydrologic analysis.

£ .
Potential 4if a generator were added to present dam,

2’0l 3iqpL



Figure 10.3

O
L &)

>
(@)

N
o

Mean Monthly Flow in 1000 Acre Feet
O
o

Change in Monthly Average Flows (1942-77)
Due to Different Alternatives

Baseline Qutflow

©= Reservoir Inflow

|

T T
i |
i |

A 1,2,3
\
\

J F M A M J J A s
Months of the Water Year

101




average to 33,000 acre-feet for 1977. However, the pattern remained similar
even for the different alternatives (Figure 10.4). In the cases of alterna-
tives 1, 2, and 3, the outflow was increased by using previously stored
water. Also the peak flows during the runoff season (Figure 10.4) were con-
siderably reduced compared to the average situation (Figure 10.3). Because of
flow pattern similarity and the similarity bhetween base flows and alternative
flows, the additional impact at minimum flow of a LHHPP was judged insigni-

ficant.

10.5 IMPORTANT ASSESSMENT VARIABLES

To ddentify and assess ecosystem impacts of natural resources develop-
ment, federal agencies, and others have used checklists of environmental
variables that are éubject to change due to dévelopment projects. Potentially
important aquatic ecosystem impacts, both beneficial and adverse, serve
as a starting point in the assessment process and ensure that important
impacts are not overlooked, and guide data collection where information for
assessment is lacking (USBR, 1972; Ross et al., 1978; Cicchetti et al., 1973;
Martel and Lackey, 1978).

As Leopold et al. (1971) pointed out for the USGS, these impacts can
be divided into two broad categories: 1) Existing characteristics and
conditions of the environment, and 2) proposed actions which may cause
environmental impact. Within each of these categories several logical
groupings have been defined. A selected 1list of the specific attributes
within each category was applied to the Bear River and impact of the proposed
WN LHHPP (Table 10.3) was evaluated in terms of a generalized list of specific
variables that would apply to other river systems as well as tb WN LHHPP.

The 1ist of variables was not completely site specific to the Bear River.

10.6 ASSESSMENT CRITERIA

The proposed actions will have impacts on aquatic ecosystems that include
98 listed items grouped as follows: modifying the typical regime, land
use transportation and construétion, resource extraction, processing, land
alterations, resource renewal, changes in traffic, waste emplacement and
treatment, chemical treatment, and accidents. Similarly, existing char~
acteristics include 86 specific attributes grouped. into earth, water, atmo-
sphere, biological conditions, cultural factors, and ecological relationships.

Others are permitted in both categories if identified.
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Figure 10.4
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add low-head hydropower

Table 10.3

The potential impacts of changing an existing dam and reservoir system to

Major Actions with Potential Impacts?

Ut
)
g 88
U
° o i 3 eE
- 60 © B e R
= ] o 0] ~ : o (=B
o H o e Y — vL,EYY
o . Nt =] =] o @ o P
2 =33 3] 3] @ =] - I TR
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@ o Q o g Py & cUHmw-!E
U e o 3 o0 © 5:10'0
o vz = w9 ~ v -]
£ 23 2 RF f &% Biiis
T8  m® 5 Aa g &4& MEawo
Water Quality 0 0 0 + + 0
Water Temperature + 0 + + 0 0
Flooding Character-
istics + + 0 + 0 - + but small
Aquatic plants + + 0 + 0 0 0
Terrestrial plants - - 0 - 0 0 - but small
Endangered species + 0 + + + 0 0
Fish + + + + + 0 + but small
Macrofauna + + + + 0 0 0
Migratory Fauna 0 0 0 + 0 0 0
Land uses 0 0 0 - 0 0 - but small
Recreation - Hunting + 0 0 + 0 0 0
Recreation - Fishing + 0 0 + 0 0 0
Recreation - Boating 0 0 0 + 0 0 0
Recreation - Misc. 0 0 0 + 0 0 0
Scenic Views 0 0 0 + 0 0 0
Landscape design + 0 0 + 0 0 0
Health and Safety 0 0 0 + + 0 0

a .
Potential Impacts:

<+
+
0

is positive change (an increase or improvement*)
is negative change (a decrease or degradation®™)
is either depending on site and specific variable

is no effect

*improvement is (+)
degradation is (~)
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Those variables most relevant to LHHPP impacts {(construction and opera-
tion) were identified in Table 10.3. The variables were selected from
lists compiled for the USGS (Leopold et al., 1971), the Canadian government
(McKee et al., USU, unpublished), the USBR (USBR, 1972), and recent attempts
to analyze aquatic ecosystems using computer approaches (Ross et al., 1978;
Martel and Lackey, 1978).

The potential impacts generated by developing a LHHPP on an existiﬁg dam

~and reservoir site must be assessed in relation to those produced by the

existingvconditions. Because quantitative functional relationships frequently -
do not exist between ecological variables and physical and chemical changes, a
subjective evaluation 1is often wused. Although some ambiguity exists when
using a + to show increase as well as improvement, the system allows for
obtaining a quantitative evaluation for those cases where it is not possible
at present to relate increase or decrease to improvement (temperature change).
The impact evaluation scheme as noted approximates the USGS system (Leopold et
al., 1971). The fact that a potential impact could occur does not mean that
the magnitude ofvthe action is sufficient to cause a measurable impact.

In the case of the WN LHHPP, the magnitude of the activity is insuffi-
clent to cause any significant impacts. Two factors lead to this conclusion:
1) the magnitude of habitat change of the reach is too small; 2) other factors
mask any impacts within the reach.

Essentially about 0.5 percent of the river would be impacted by the
action (<2 miles out of more than 400) and very little impact on river £1low
pattern would occur (Figure 10.3). Additional flooded land could amount to as
much as 1.2 square miles but this amounts to only 0.016 percent of the total
land area in the basin. Rare and endangered species are not in the immediate
area and effects of adding LHHPP would be minimal anyway because the existing
dam provides a barrier to migration. The other impacts are in total judged to
be negligible. '

Altﬁough changing of peak flows have been shownrto produce changes
in habitat in Intermountéin streams (Grenney and Porcella, 1976a), the flow
changes that are produced by LHHPP are inadequate to cause those changes.
Stalnaker (1979) has shown that stream habitat is a good means to evaluate
instream flow needs. Again, the effects of WN LHHPP are too insignificant to

produce habitat changes of the magnitude suggested by Stalnaker.
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Previous attempts using a water quality model to evaluate water quality
impacts of alternatives in applying wastewater treatment processes to a
region of the Green River in Utah indicated little impacts of the alternatives
(Grenney and Porcella, 1976b). Because the relative magnitude of dimpact
was less for the LHHPP on the Bear River, this approach was not applied to
Woodruff Narrows. Similarly the EIS evaluation wmodel developed by Martel
and Lackey (1978) was not applied because of the insignificance of impacts
generated by the proposed action.

The fact that other activities have environmental impacts in the river
system and mask LHHPP is insufficient to ignore LHHPP impacts. However, it
would be impossible to measure those LHHPP impacts because ecological "noise"
would prevent assessment of those impacts. An example is the change in
macrofauna (Table 10.4) between a station located upstream of Evanston,
Wyoming, and a station downstream of Woodruff. The change in stream character
and dimpact of point and nonpoint waste materials decreased diversity and
biomass. Quality variablés, stream hydrodynamics, and geomorphic factors all

react to cause these changes in the stream macrofaunal community.

10.7 CONCLUSION

Based on an assessment of ecological vairables that would reflect
stream ecosystem integrity, it is judged that the Woodruff Narrows LBEHPP
would have negligible impact on the Bear River ecosystem over and above
existing structures and stream operations. Flow patterns, quality and quantity
would be essentially unchanged. Sensitive ecological factors. appear non-
existent for that segment of the Bear Rivér system. Also based on this one
example, it appears that WN LHHPP would be a low impact technique for pro-
ducing hydropower.

10.8 SOQURCES OF ECOLOGICAL DATA

Most data were obtained from water quality studies (Sorensen et al.,
1976; UWRL, 1974). Other data were reviewed subjectively as needed. Typical
EIS data have not been compiled nor collected in this region. Significant
collection and analysis would be required to develop such a pool of data
and the proposed action is judged to be too imsignificant to require such
data collection because of low magnitude of impact and low sensitivity of the

specific environment.
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Table 10.4

A comparison of macrofauna community variables for sampling stations
upstream and downstream of the proposed WN LHHPP

USGS
Station Number of
and Recorded Number gm biomass

River Mile Diversitya Taxa Per ft2 Per ft2
10011500 _ 1.90 18 228 1.51
Rm 401.5
10020500 1.73 18 2,452 1.07
Rm 334, (
a n, ng

d = - (EE* b ln~3?)‘; d is diversity, n, is the number of individuals re-

corded in taxon, i, and N is the total number of individuals in the
- community sampled.
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CHAPTER 11

REGULATORY REQUIREMENTS

11.1 STATE OF WYOMING

1l.1.1 WYOMING STATE ENGINEER”S OFFICE
The following information and permits would be required for adding hydro-

electric power generation at the Woodruff Narrows Reservoir:

1. A secondary application must be filed for the water stored in the
Woodruff Narrows Reservoir under Permit No. 6556 Res., and the

enlargement of Woodruff Narrows Reservoir, T.F. No. 22 2/84. This
would allow water from both filings to be utilized for power genera-
tion in addition to the existing uses. ) ’

2. A direct flow filing, S.W. 1 Form, must be filed for water that
would be passed directly through the reservoir, and utilized for
power generation.

3. A map, certified to by a licensed engineer in Wyoming, must accompany
the filings.

11.1.2 WYOMING PUBLIC UTILITY ADMINISTRATION
An application must be filed for the proposed transmission line from

the power house to the Utah Power and Light Company 46 KV transmission line.

11.1.3 WYOMING DEPARTMENT OF ENVIRONMENTAL QUALITY
An application must be filed for the water and waste water disposal
from any rest room facilities and for the tailwater discharge at the power

house.

11.1.4 WYOMING OFFICE OF INDUSTRIAL SITING ADMINISTRATION
An application must be filed in conformity with rules and regulations of
this office.

11.1.5 WYOMING DEPARTMENT OF GAME AND FISH

A set of plans for the proposed development with an appropriate applica-
tion form must be submitted to the Wyoming Department of Game and Fish.

109



11.2 FEDERAL AGENCIES

11.2.1 U.S. ARMY CORPS OF ENGINEERS
An application is required for construction of the permanent foundation

of the power plant in the river bed below the high water surface.

11.2.2 U.S. BUREAU OF LAND MANAGEMENT

An application has been filed for an easement for the proposed enlarge—
ment of the present dam (upper site) for additional land that would be
inundated by raising the dam. No additional permits would be required
for the upper site since the proposed power development would be built on
land owned by the Utah Board of Water Resources and the proposed power trans-
mission lines would be constructed on land either owned by the Utah Board of
Water Resources or the stockholders of the Woodruff Narrows Reservoir Company.

If the proposed power development were constructed onm a dam at the
lower site, an application for additional easements to the U.S. Bureau of
Land Management would be required for both inundation of land between the
upper and lower sites and for a short distance for the power transmission

lines.

11.2.3 FEDERAL ENERGY REGULATORY COMMISSION

If power features are to be added to the Woodruff Narrows Reservoir, it
~would be necessary to obtain a license from the Federal Energy Regulatory
Commission prior to start of construction. At the present time this would
require submittal of an application with complete documentation of the
proposed project. Since it is larger than 1,500 kw, a total of 20 exhibits
must be prepared including statements on water rights, proposed financing,
project operation, and an environmental impact statement. A ‘proposal to
establish a short-form application or projects of less than 15,000 KW capa-
city is under consideration by the Congress. If the proposal is enacted, the
procedure for obtaining an FERC license for a power development at Woodruff

Narrows would be much simplified.
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CHAPTER 12

CONCLUSIONS AND RECOMMENDATIONS

12.1 GENERAL CONCLUSIONS

A summary of the results and conclusions reached from this feasibility
study are reported below for each item of information required by Cooperative
Agreement Number DE-FCO07-~78ID01767 as listed in Chapter 2 under Scope of
Study.

1. Hydropower Configuration and Capacity. Run~of-river hydroelectric

power installation was considered for three alternatives which included
an intake, penstock, powerhouse, turbine, accessory elecrical equipment,
miscellaneous mechanical equipment, access roads, substation equipment,
and transmission line. Alternative 1 is the most economical alternative
with hydropower development at the existing dam at the upper site raised to
provide a reservoir with normal maximum water surface at elevation 6,452.5
feet. Hydropower installation at a low dam and a high dam at the lower site
were also considered as alternatives 2 and 3 respectively.> The maximum
capaéities of the hydropower installations for alternatives 1, 2, and 3
respectively are 3,000 KW, 4,000 KW, and 4,500 KW.

2. Hydroelectric Power Characteristics and Production. The power

production for the above three alternatives would occur during the 5 month
period of April through August ﬁith June as the maximum production month.

Over 85 percent of the flow of the Bear River at the Woodruff Narrows site
occurs during this 5 month period. Peaking power production and a pumped

storage alternatives were also considered at the upper site. Peak power
production was clearly less favorable than run-ocf-river alternatives. The
pumped storage alternative appeared to be more economical than the run-of-
river alternatives when compared to generating power from coal or diesel oil.

However, from an analysis of costs and the current market value of energy in
the area the pumped storage alternative is no better than alternative 1. The

average annual energy production for the pumped storage alternative was 7.6

GWH with a pumping requirement of 5.6 GWH resulting in a net'average annuai

energy production of 2.0 GWH. An estimate of the average annual energy

production for alternatives 1, 2, and 3 respectively are 5.0 GWH, 7.1 GWH, and

8.3 GWH. '
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3. Hydropower Impact on Other Uses. Woodruff WNarrows Reservoir is

used primarily for irrigation. Hydropower production would be subject to
river flows and reservoir releases for irrigation purposes and fish conserva-
tion and would not have any significant negative effects. Hydropower develop—
ment would have a positive effect by providing better regulation for irriga-
tion and flood control during the 5 month period of April through August.

4. Power Marketing Potential. A number of potential users in the

area were contacted concerning the marketing of the potential energy that
could be developed at the Woodruff Narrows site. The current value of the
energy that could be produced is approximately 30 mills per KWH. The power
company in the area did not show much interest in purchasing the power but is
willing to wheel the power at approximately 9 mills per KWH for a maximum
plant capactiy output of 3.0 megawatts based on a charge of $15 per KW-yr
and production of 5 GWH per year. Therefore, the net value of the energy
produced at the Woodruff Narrows site is approximately 21 wmills per KwH.

5. Regulatory Requirements. Hydropower development at the Woodruff

Narrows site would require a Federal Energy Regulatory Commission License,
a U.S. Army Corps of Engineers permit for construction, water right approvals
from the Wyoming State Engineer, and applications filed as rquired by the
following agencies of the State of Wyoming: Public Utility Administration,
Department of Environmental Quality, Office of Industrial Siting Administra-
tion, and Department of Game arid Fish. Alternatives 2 and 3 would require
easements from the U.S. Bureau of Land Management. |

6. Economic Analyses. None of the three basic run-of~river alternatives

or the pumped storage alternative are economically or financially feasible at
this time. Alternative 1 is the most favorable alternative. The capital
investment per installed kilowatt is $1,094 for this alternative with an
average plant capacity of 2,400 KW. The capital investment costs per in-
stalled kilowatt for alternatives 2 and 3 respectively are $1,370 and $1,498.
The total cost of energy produced by alternative 1 is 51 mills per KWH based
on an 8 percent return on investment. If the wheeling charges are added, the
total cost of producing the energy is 60 mills per KWH. The rate of return on
investment for alternative 1 is less than one percent based on the current net
market value of 21 mills/KWH for the energy. Alternatives 2 and 3 are even
less favorable than alternative 1. The cost of producing power by alterna-
tives 2 and 3 based on a rate of return on investment of 8 percent including

wheeling charges is over 75 mills per KWH.
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development. However, hydroelectric power development at the Woodruff Narrows

site is not economically sound at this time.

12. Turbine Availability and Suitability. For alternative 1, with a
maximum net head of 48 feet, a standardized ﬁre-designed ready-made tube
turbine was selected on the basis of cost, availability, simple installation
and easy maintenance. For alternative 2, which has a maximum net head of 653
feet, a horizontal bulb type turbine was selected because the operating head
of more than 60 feet is beyond the range of a standard tube turbine and also
because a vertical Kaplan type turbine would be more costly. For alternative
3, which has a maximum net head of 75 feet, a vertical Kaplan turbine was
selected because the operating head is higher than the normal range for a bulb’
turbine. It should be noted that as the maximum power head is increased the
cost of the turbines that are suitable for the corresponding heads rises
faster than the wvalue of.the additional energy generated by the additional
head.

13. Development Scheduling for Putting Power On-Line. Since it was

concluded that it is not economically feasible at this time to develop hydro-
power at the Woodruff Narrows site, a detailed schedule for putting power on
line was not developed. However, if it were economically feasible to develop
hydropower at the site, it 1is estimated that it would take approximately
six months to complete final design of the project. In addition, it is
anticipated that it would take an additional 18 months to complete an Environ-
mental Impact Statement and the regulatory requirements for obtaining the
necessary licenses and permits. Construction of the project could be com-
pleted in a 1 year time period. The resulting time required to put power
on-line would be at least 3 years. From experience in development of other
state and local water projects involving numerous regulatory approvals, a more

realistic estimate for putting power on-line is 4 years.

12.2 RECOMMENDATIONS

None of the three basic run-of-river or the pumped storage alternatives
for hydroelectric power development are economically or financially feasible
at this time. However, enlargement of the existing Woodruff Narrows Dam
and Reservoir for agricultural purposes is both economically and financially

feasible to construct. It is, therefore, recommended that enlargement of the
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exlsting dam and reservolr be pursued at this time without the addifion of
hydroelectric power development. If the market value of electric energy in
the project area should rise at a rate much faster than inflation of construc-~
tion costs, it may be feasible in future years to add hydroelectric power
generation facilities at the Woodruff Narrows Dam and Reservoir site. How-
ever, at the present time, it would not be economically sound to construct

hydropower facilities at the site.
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