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Executive Summary

General

The objectives of this Appraisal Study (Study) of the Lower Republican River
Basin (Basin) are to review existing data and information, qualitatively identify
some system improvement needs of the area, identify possible constraints and
opportunities to make more efficient use of the water that is available, and
identify potential solutions to determine the advisability of proceeding to a
feasibility study.

This Study meets the States (Colorado, Kansas, and Nebraska) responsibilities of
the 1942 Republican River Compact (Compact) “... to provide for the most
efficient use of the water of the Republican River Basin for multiple purposes...”
This Study and future study efforts indicate a willingness to continue to work with
the States to achieve the efficient use of the waters in the Basin.

This Study is based on available data and information with no additional field
investigations.

The appraisal study area lies in the Basin below Harlan County Dam in south-
central Nebraska to Clay Center, Kansas, just upstream of Milford Lake in north-
central Kansas (Figure 1). Included in this area is the Bostwick Division of the
Pick-Sloan Missouri River Program (P-SMBP), a Reclamation project.

There are two irrigation districts that operate and maintain the irrigation system:
the Bostwick Irrigation District in Nebraska and the Kansas Bostwick Irrigation
District No. 2 (KBID). Project water is supplied to 22,935 acres in Nebraska and
42,500 acres in Kansas from the Corp of Engineer’s (Corps) Harlan County Lake
and Bureau of Reclamation’s (Reclamation) Lovewell Reservoir.

Kansas versus Nebraska and Colorado — Lawsuit and
Settlement Negotiations

In May, 1998, the State of Kansas filed a Motion for Leave to file a Bill of
Complaint before the U.S. Supreme Court (Court) alleging the States of Nebraska
and Colorado were violating the Compact. The Court referred the matter to a
Special Master in November 1999 and the States entered into negotiations for
settlement. On May 19, 2003, the Court approved the Final Settlement
Stipulation (FSS) entered into by the States. On October 20, 2003, the Court,
based on the final report of the Special Master, took notice of this action, bringing
to a formal end to the litigation between the States.

Vii
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On August 22, 2003, the Republican River Compact Administration (RRCA)
formally adopted the Settlement’s accounting procedures, including the
groundwater model. The purpose of this Study, supported by Kansas and
Nebraska, is to meet the requirements as stated in the Final Settlement Stipulation
(FSS), December 15, 2002:

IV. Compact Accounting E. “The States agree to pursue in good faith,

and in collaboration with the United States, system improvements in the
Basin, including measures to improve the ability to utilize the water supply
below Hardy, Nebraska on the main stem.”

V.A.4. “Kansas and Nebraska, in collaboration with the United States
agree to take actions to minimize by the bypass flows at Superior-
Courtland Diversion Dam.”

Needs

There are many competing needs for the limited available water supplies in the
study area. The two project irrigation districts usually receive less than the
amount of water needed for a full irrigation water supply. Kansas has established
Minimum Desirable Streamflow (MDS) requirements at two locations on the
Republican River. The instream flow requirements for these two locations have a
priority date of April 12, 1984, established by the Kansas Legislature. Water
users that have a priority date after April 12, 1984 are closed when the flows are
less than the established MDS levels.

Development of Alternatives

During the settlement negotiations, Reclamation published a Value Study Report,
“Proposals for More Efficient Management of Lower Republican River Water
Supplies,” concerning management of the Lower Republican River water
supplies. The report recommended that priorities be given to individual
proposals, or proposal combinations, when conducting further study and analysis.

Nine alternatives (Alternatives A-1) were formulated using the recommended
proposals provided by the Compact Commissioners. These nine alternatives
provide irrigation benefits to the Bostwick Division or other needs, such as non-
project irrigation or to meet MDS needs. Three other alternatives (Alternatives J,
K, and L) were investigated for supplying water for meeting MDS related needs
in Kansas, which could include providing water to private irrigators who are
junior to the MDS.

Some of the alternatives involve the enhancement and rehabilitation of existing
Reclamation owned facilities. It is recognized that the work on these existing

viii
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facilities may not require additional authority to implement. These alternatives
were included in this Study effort to ensure that all of the possible alternatives
would be considered and compared in order to determine the most economical
and viable alternative.

The total estimated implementation cost for each alternative ranged from
$1,650,000 to $25,000,000. Benefits do not exceed costs for all of the
alternatives, but four of the alternatives do have benefits that exceed costs. The
benefit-cost ratios for the alternatives range from 0.13 to 4.2.

Results from Study

The Study results indicate additional water can be made available for storage in
Lovewell Reservoir. The storage of this additional water could also be considered
in other possible downstream facilities such as the Beaver Creek site or
Jamestown Wildlife Management Area site. Due to the limitations of the
operations model, the hydrology analyses modeled the operation of the system for
each alternative with the intent to maximize irrigation benefits of the Bostwick
Division. Restrictions of the operations model prevented analyzing the economic
impacts related to the MDS and/or the non-project irrigators. Additional
hydrological analyses to model system operation which emphasized other
potential resource needs, such as MDS, were not performed at this time. As a
result, only irrigation benefits of the Bostwick Division have been quantitatively
estimated. Allocation of water to provide MDS and/or non-project irrigation
benefits would reduce the water available to provide irrigation benefits to the
Bostwick Division.






Chapter 1 — Introduction

1.1 Authority

This Appraisal Study (Study) of the Lower Republican River Basin (Basin) was
authorized under Federal Reclamation Laws (Act of June 17, 1902, 32 Stat. 388,
and acts amendatory thereof and supplementary thereto).

1.2 Purpose and Scope of this Appraisal Study

The purpose of this Study, supported by Kansas and Nebraska, is to meet the
requirements as stated in the Final Settlement Stipulation (FSS), December 15,
2002:

IV. Compact Accounting E. “The States agree to pursue in good faith,

and in collaboration with the United States, system improvements in the
Basin, including measures to improve the ability to utilize the water supply
below Hardy, Nebraska on the main stem.”

V.A.4. “Kansas and Nebraska, in collaboration with the United States
agree to take actions to minimize the bypass flows at Superior-Courtland
Diversion Dam.”
This Study also meets the States (Colorado, Kansas, and Nebraska)
responsibilities of the 1942 Republican River Compact (Compact) “... to provide
for the most efficient use of the water of the Republican River Basin for multiple
purposes...”

This Study is based on available data and information with no field investigations.

1.3 Objectives

There are three main objectives for this Study in accordance with the FSS:
1. Review existing data and information
2. Qualitatively identify system improvement needs of the area

3. Identify possible constraints, opportunities, and potential solutions to
determine the advisability of proceeding to a feasibility study.
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1.4 Project Area and Description

The appraisal study area lies in the lower portion of the Basin from Harlan County
Dam in south-central Nebraska to Clay Center, Kansas just above the upper
reaches of Milford Lake in north-central Kansas (Figure 1). Included in this area
is the Bostwick Division of the Pick-Sloan Missouri River Program (P-SMBP), a
Reclamation project. There are two irrigation districts that operate and maintain
the irrigation system: the Bostwick Irrigation District in Nebraska and the Kansas
Bostwick Irrigation District No. 2 (KBID). These two districts began delivering
water in the early 1950°s. Current service is available to 22,935 acres in Nebraska
and 42,500 acres in Kansas. Storage water is provided to the Bostwick Division
from the Corps of Engineer’s (Corps) Harlan County Lake and Reclamation’s
Lovewell Reservoir. The water supply for Harlan County Lake comes from the
Republican River and Lovewell’s water supply comes from diversions from the
Republican River at the Superior-Courtland Diversion Dam with some inflow
from White Rock Creek. Irrigation water for the Bostwick Division is diverted
directly from Harlan County Lake and Lovewell Reservoir, from the Republican
River at the Superior-Courtland Diversion Dam, and a small amount pumped
from the Republican River below Harlan County Dam.

There are about 3,722 square miles of surface drainage area in the Basin between
Harlan County Dam and the river gaging station at Clay Center, Kansas. The
Republican River is the predominant natural feature. Throughout its length, the
river has eroded a valley mantled by alluvial sand and gravel deposits ranging to
60 feet in depth. The valley, averaging less than 2 miles wide, is now entrenched
100 to 200 feet below the adjacent uplands. The bordering loess-mantled prairie
plains have been eroded into long tongues of rolling uplands. There are several
small, entrenched tributaries, flowing nearly at right angles to the river that drain
the upland areas.

This study area is considered subhumid. Precipitation in the area is normally
poorly distributed and insufficient for optimum plant growth. The Bostwick
Division depends primarily upon the storage water from Harlan County Lake and
Lovewell Reservoir. Harlan County Lake inflows have been generally declining
with an occasional year or two of excess inflows that help to replenish some of
the storage water. Harlan County Lake usually has a limited amount of carryover
storage. Lovewell Reservoir carryover storage is supplemented by fall diversions
from the Republican River through Courtland Canal. There are competing needs
for the limited available water so there is an urgent need to use the available water
supplies as prudently and efficiently as possible. Chapter 2 discusses these
competing needs further.
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1.5 Prior Studies, Reports, and Existing Water
Projects

The Bostwick Division was authorized for construction by the Flood Control Act
of 1944, Public Law (P.L.) 534, as part of the Missouri River Basin Project of the
P-SMBP. The plan for the Bostwick Division was outlined in Senate Document
No. 191, revised in Senate Document No. 247, as a coordinated plan of
Reclamation and the Corps.

The study area has had considerable project investigations and development of
water resource facilities over the last 60-plus years. Only the studies and reports
that have a significant importance to the Bostwick Division and the Basin are
highlighted:

e Bostwick Division, Nebraska-Kansas, VVolume 1, Parts 1, 2, 3, and 4,
Definite Plan Report (DPR), Bureau of Reclamation, Region 7, Denver,
Colorado, June 1953.

e Bostwick Division, Nebraska-Kansas, Volume 1, Supplement, General
Plan of Development, Definite Plan Report (DPR), Bureau of
Reclamation, Region 7, Denver, Colorado, April 1956.

e Republican River Basin, Water Management Study, Special Report,
Bureau of Reclamation, February 1985.

e Republican River Basin Flows; Flows Adjusted to 1993 Level Basin
Development, prepared by Lane, Norval, and Weghorst in the Flood
Hydrology Group, Bureau of Reclamation, Technical Service Center,
Denver, Colorado, October 1995.

e Resource Management Assessment, Republican River Basin, Water
Service Contract Renewal, Bureau of Reclamation, Great Plains Region,
July 1996.

e Repayment and Long-Term Water Service Contract Renewals for the
Republican River Basin, Nebraska and Kansas, July 2000.

e Technical Assistance to States (TATS) Study, Lower Republican River,
Kansas, Water Augmentation Analysis, Bureau of Reclamation, May
2002.

e Final Settlement Stipulation (FSS), Supreme Court of the United States,
Kansas vs. Nebraska and Colorado, December 15, 2002.
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e Value Study Report, Proposals for More Efficient Management of Lower
Republican River Water Supplies, Bureau of Reclamation, Technical
Service Center, Denver, Colorado, December 17, 2002.

e Volume Analysis and Revised Flood Frequency Analysis for
Comprehensive Facility Review, Lovewell Dam, Bureau of Reclamation,
Technical Service Center, Denver, Colorado, May 2003.

e Republican River Basin Report of Preliminary Findings, Nebraska
Department of Natural Resources, May 20, 2003.

e Analysis Addressing Hydrologic/Hydraulic Issues, Lovewell Dam, Bureau of
Reclamation, Technical Service Center, Denver, Colorado, September 2003.

1.6 Consultation and Meetings

Reclamation and representatives from each State served on a Value Engineering
Study Team that analyzed various alternatives to better utilize water supplies in
the Lower Republican. During the preparation of the Value Study Report and
prior to the commencement of this Study, a number of briefing meetings were
conducted with the Republican River Lawsuit Settlement Negotiations Team.
During the meetings, the Republican River Compact Commissioners
recommended specific proposals that should be considered for further study.
Chapter 2 discusses the descriptions of these proposals.

The consultation for this Study consisted of providing the States two written Status
Reports and holding conference calls with the States and Reclamation representatives.
State water and natural resource entities were invited and participated.

Reclamation hosted meetings in Superior and Kearney, Nebraska and Mankato,
Kansas to discuss the Study. Attendees included personnel from Reclamation,
both Bostwick Irrigation Districts, and state water and natural resource
representatives from Kansas and Nebraska.

A brief report of Study activities was also provided to the attendees at the Annual
Republican River Compact Workshop meeting held on August 21, 2003 and the
Compact meeting on August 22, 2003 at Alma, Nebraska.

The State of Colorado indicated they would likely not be involved in any future
feasibility study since Colorado is not directly involved with the existing features
in the lower reaches of the Republican River (below Harlan County Dam).
Colorado representatives did not attend the meetings held in Superior, Kearney, or
Mankato, however, they were in attendance at later meetings and were a part of
the Value Engineering Study Team.






Chapter 2 — Problems and Needs

There are many competing needs for the limited available water supplies in the
study area. The two project irrigation districts usually receive less than the full
amount of water needed for a full irrigation water supply. Kansas has established
Minimum Desirable Streamflow (MDS) requirements, described later in this
chapter, at two locations on the Republican River: Concordia and Clay Center.
The instream flow requirements for these two locations have a priority date of
April 12, 1984, established by the Kansas Legislature. (Note: Water users that
have a priority date after April 12, 1984 are closed when the flows are less than
the established MDS levels.)

2.1 Republican River Compact

The Compact allocates waters from the Basin, above Hardy, Nebraska to the
States. The entire water supply originating below Hardy is allocated to Kansas.
The Compact’s Engineering Committee annually calculates the Basins water
supply available for allocation and the Beneficial Consumptive Use (BCU) in the
Basin. These calculations determine each States’ allocation and total BCU. BCU
is defined in the Compact as “That use by which the water supply of the Basin is
consumed through the activities of man, and shall include water consumed by
evaporation from any reservoir, canal, ditch or irrigated area.” Water diverted at
Superior-Courtland Diversion Dam is considered Compact water and would be
included in the water supply and BCU calculations.

2.2 Republican River Compact Litigation and
Settlement

In May 1998, the State of Kansas filed a Motion for Leave to file a Bill of
Complaint with the U.S. Supreme Court (the Court) alleging the States of
Nebraska and Colorado were violating the Compact. The Court referred the
matter to a Special Master in November, 1999.

Following hearings, rulings of the Special Master, and a significant portion of
discovery, the States began discussing the possibility of settlement negotiations.
After several negotiation sessions the Special Master, at the request of the States,
agreed to postpone the progression of the case until December 15, 2002, in order
to allow the States to engage in settlement negotiations. The U.S. Department of
Justice, Reclamation, and the U.S. Army Corp of Engineers (Corps) also
participated. These negotiations culminated in a settlement package that was
subsequently approved and entered into by the Governor and Attorney General of
each State.
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On April 15, 2003, the Special Master formally recommended the approval of the
Final Settlement Stipulation (FSS) to the Court. On May 19, 2003, the Court
approved the FSS. On October 20, 2003, the Court, based on the final report of
the Special Master, took notice of this action, bringing a formal end to the
litigation between the States.

On August 22, 2003, the Republican River Compact Administration (RRCA)
formally adopted the Settlement’s accounting procedures, including the
groundwater model.

2.3 Settlement Provisions

Provisions excerpted from the FSS that pertain directly to this Study include:

IV. Compact Accounting E. ““The States agree to pursue in good faith,
and in collaboration with the United States, system improvements in the
Basin, including measures to improve the ability to utilize the water supply
below Hardy, Nebraska on the main stem.”

V.A.4. “Kansas and Nebraska, in collaboration with the United States,
agree to take actions to minimize bypass flows at Superior-Courtland
Diversion Dam.”

During the settlement negotiations, Reclamation published a Value Study Report,
“Proposals for More Efficient Management of Lower Republican River Water
Supplies,” concerning management of the Lower Republican River water
supplies. The report recommended that priorities be given to the following
individual proposals, or proposal combinations, when conducting further study
and analysis:

e Proposal B Courtland Canal Automation, Reshape Canal Prism, Winter
Operation

e Proposal C1 Increase Lovewell Capacity — 16,000 acre-feet (ac-ft)

e Proposal C2 Increase Lovewell Capacity — 35,000 ac-ft

e Proposal G Off-stream Storage — Kansas Tributaries, Beaver Creek
Proposals B, C1, and C2 were analyzed and further developed as alternatives in
the operations model. Due to budget and time constraints, potential for improved

use of the water supply below Hardy on the mainstream was not analyzed. Other
proposals involving tributaries to the mainstream were considered and analyzed.
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Due to the limitations of the operations model, only a qualitative analysis of
Proposal G was performed at this stage of the study.

2.4 Problems and Opportunities

2.4.1 Existing Conditions

The Basin reach downstream of Harlan County Dam is subject to occasional
flooding, periods of excess precipitation, and occasional droughts. The existing
project facilities for the Bostwick Division in Nebraska and Kansas are around 50
years old with typical ongoing maintenance and operational problems associated
with aging facilities.

There are two irrigation districts that operate and maintain the irrigation system:
the Bostwick Irrigation District in Nebraska and the KBID. These two districts
began delivering water in the early 1950°s. Current service is available to 22,935
acres in Nebraska and 42,500 acres in Kansas. Storage water is provided to the
Bostwick Division from the Corps of Engineer’s (Corps) Harlan County Lake and
Reclamation’s Lovewell Reservoir (1957). Due to changing hydrologic
conditions in the entire Basin, these two districts frequently experience water
supply shortages. For example, according to Reclamation’s Resource
Management Assessment (RMA) (Reclamation 1996) of the Basin, the mean
annual historic (1931-1993) flow into Harlan County Lake was 247,000 ac-ft and
the 1993 development level for the same period was 124,000 ac-ft. The 1993
development level projects what the flows would be if all of the 1993 level of
development had occurred at the beginning of the study period and remained at
that level throughout the study period.

In the Basin in Nebraska there are surface water rights totaling about 100 cubic
feet per second (cfs) in the reach below Harlan County Dam and above the
Superior-Courtland Diversion Dam. Most of these rights are junior to the
Bostwick Division’s rights. Below the Diversion Dam and above the Nebraska-
Kansas State line there are surface water rights totaling about 25 cfs, with most of
these rights also junior to the Bostwick Division rights. Nebraska has recently
taken action to adjudicate water rights in this area and some rights may be
cancelled in the future.

There are a considerable number of groundwater irrigation wells in Nebraska
below Harlan County Dam. As of late 2003 there were 1,668 active irrigation
wells in the Lower Republican Natural Resources District (LRNRD) below
Harlan County Dam. There were 1,066 in Franklin County, 483 in Webster
County, and 119 in Nuckolls County.

Except in certain circumstances the States adopted a prohibition on the
construction of new wells in the Basin above the Superior-Courtland Diversion
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Dam as part of the settlement provisions. In December 2002, in compliance with
the FSS, the LRNRD approved a three year moratorium on new wells pumping
more than 50-gallons-per-minute in the Nebraska part of the Basin. The LRNRD
is also phasing in a well metering requirement for existing wells to track water
usage.

Kansas surface water rights total about 210 cfs, including about 17 cfs vested
rights, in the reach below the Nebraska-Kansas State line and above Clay Center.
A vested right continues the beneficial use of water that began prior to June 28,
1945.

There are about 385 registered irrigation wells in the portion of the Basin from the
stateline to Clay Center. Much of the bottom lands of the river valley are irrigated
by wells pumping from the alluvial aquifer. Kansas considers the Basin to be
fully appropriated. All water rights issued after 1984 are subject to administration
when MDS standards are not met.

The Kansas Water Office (KWO) requests administrative action when a violation
in MDS flows occurs. The Chief Engineer checks for unauthorized use,
compliance with existing permits, and, if necessary, initiates administration of
junior water rights. In 2000, flows dropped below the MDS resulting in the
suspension of approximately 150 junior right groundwater irrigators. When they
are allowed to pump, these irrigators use an estimated 10,000 ac-ft of water per
year. These rights are in aquifers previously determined by the State of Kansas to
be hydraulically connected to the river. This action did not impact the operations
of the Bostwick Division since water rights associated with irrigation of project
lands are senior to the water right priority date for MDS. Kansas has been
administering MDS at Concordia and Clay Center since the summer of 2002 to
the present time (August, 2004).

2.4.2 Expected Future Conditions

The conditions used for the hydrology baseline conditions, Chapter 3.3, are
considered to be the expected future conditions of the Basin from Harlan County
Dam to Clay Center. Actions will likely be required by the States to come into
compliance with the Compact, however, there have been no understandings
reached for the actions the States may take to control their consumptive uses if the
Compact requirements are not met. Additionally, the new contracts between the
Bostwick Irrigation Districts and Reclamation (signed in 2000) mandated
distribution system and on-farm delivery system efficiency improvements. The
Bostwick Irrigation Districts committed to implement improvements that would
achieve on-farm efficiency improvements of 5 percent and delivery system
efficiency improvements between 2 percent and 8 percent (each contract contains
a specific number) in the 10-year period beginning in 2001. In the event these
improvements are not obtained by any district by 2010, that district and
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Reclamation will agree to additional water conservation measures to be
implemented over the next 5 years (by 2015).

It is anticipated the consumptive uses will stay at current levels or be reduced to
attain compliance with the Compact and the FSS. The 1993 level of development
for streamflow conditions was used to set the baseline condition for this Study
with no significant changes in the operations of the Bostwick Division.

2.4.3 Opportunities

There are opportunities to improve the efficient use and overall management of
the Basin’s water resources. This can be done by increasing the water supplies
available for Bostwick Division lands, providing additional flexibility for the
States to comply with the FSS provisions associated with the Compact, or by
supplying water for supplementing flows to meet downstream needs, particularly
during times of shortage.

The Bostwick Irrigation Districts frequently experience water delivery shortages.
There are opportunities to provide Bostwick Division lands with improved water
deliveries to reduce the frequency and severity of the shortages.

If adequate water is available there may also be opportunities in the Basin to
provide Kansas with supplemental water flows to meet the downstream needs,
including supply to offset depletions of water right holders junior to MDS. Use of
a storage facility at Beaver Creek, Jamestown, or other locations could provide
additional fish and wildlife benefits, supplement flows to meet MDS, and improve
the use of the water supply below Hardy.

2.4.4 Problems Warranting Federal Participation

Reclamation and the Corps have been involved in the Basin for over 60 years.
Federal water supply contracts with the Bostwick Irrigation Districts were
renewed in 2000. The Bostwick Division in Nebraska and Kansas use most of the
water storage space in Harlan County Lake and Lovewell Reservoir. Both
districts have experienced significant water delivery shortages and anticipate that
shortages will continue. Available water supplies for the Basin have decreased
over the years and the perception that Nebraska and Colorado use more than their
Compact water allocation contributed to Kansas’s decision to file a complaint
against Nebraska and Colorado in the Court (May 26, 1998). Presently some
water supplies in the Lower Basin are not being fully utilized, and with some
improvements in the existing systems and possibly some additional storage, the
system could be managed to alleviate some of the water shortage problems.

The Bostwick Irrigation Districts have Federal repayment obligations on their
projects. The Federal government, although not a named defendant in the
litigation among the States, was a participant in the negotiated FSS and agreed to
collaborate with the States to pursue system improvements to make more efficient
use of the water.
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2.4.5 Planning Objectives and Planning Constraints

Input on planning objectives and planning constraints was sought from the
involved States and interested parties such as the Bostwick Irrigation Districts,
Natural Resource Districts (NRD) in the Basin, the Lower Republican Water
Users, the Kansas Department of Wildlife and Parks, the Kansas Water Office
(KWO), Kansas Division of Water Resources, and Nebraska Department of
Natural Resources.

2.45.1 Planning Objectives
Input from interested parties resulted in Reclamation identifying the following
planning objectives for the Study with the overriding objective to determine the
Federal interest to conduct a feasibility study:

e Minimize bypass at Superior-Courtland Diversion Dam.

e Provide augmentation storage water for MDS.

e Develop cost effective solutions.

e Provide additional water supply to Bostwick Division lands (additional
inches of water).

e Provide additional recreation benefits.
e Recognize possible environmental and cultural impacts.

The primary planning objective for developing alternatives is to conform to the
FSS as agreed upon by the States and approved by the Court.

2.45.2 Planning Constraints
Constraints on the development of these plans include the following:

e Republican River Compact
e State Water Rights
e Harlan County Consensus Plan

e Physical limitations of existing facilities, including Courtland Canal,
Lovewell Reservoir, and other storage facilities

e Environmental and cultural consideration

12



Chapter 3 — Alternative Plans

3.1 Management Methods

Several management methods were developed to enhance the use of the water
supply in the section of the Basin below Harlan County Dam. Combinations of
these management methods were developed into the alternatives presented in this
chapter.

A number of the alternatives being considered involve the enhancement and
rehabilitation of existing Reclamation-owned facilities. The work on these
existing facilities may or may not require additional construction authority to
implement. These alternatives were included in this Study to ensure that all of the
possible methods would be considered and compared to determine the most
economical and viable alternative.

3.1.1 Winterize Superior-Courtland Diversion Dam and Courtland
Canal
The river flow at Superior-Courtland Diversion Dam currently cannot be diverted
into Lovewell Reservoir during the winter months due to periods of icing.
Winterizing® the Diversion Dam and Courtland Canal would allow canal
diversions whenever water is needed and available. This could potentially
increase the water in Lovewell Reservoir or some other storage structure near the
canal. This improvement would result in Lovewell Reservoir filling earlier in the
spring and would provide additional time for maintenance of the diversion dam
and conveyance system.

3.1.2 Automate Superior-Courtland Diversion Dam and Courtland
Canal
Fluctuations in the flows of the Republican River at the diversion dam occur
because of storm runoff, weather changes, and operational changes. These flow
fluctuations make it difficult to eliminate or minimize bypass flows at the
Diversion Dam. Some of these fluctuations could be diverted by automating the
gates at the Diversion Dam and the check structures and by placing a more
reliable flow measurement structure on the canal to minimize bypass flows. This
would result in a decrease in the river flow below the Diversion Dam when the
capacity of Courtland Canal allows for more of the flow of the river at the
Diversion Dam to be diverted. To address the stipulation detailed in the FSS to
minimize the bypass flows at Diversion Dam, the implementation of an
alternative involving this method would need to be addressed.

! “Winterizing” involves the placement of bubblers at the check stations on Courtland Canal and
at the Superior—Courtland Diversion Dam to de-ice structures during the winter.
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3.1.3 Renovate Courtland Canal (Restore the Courtland Canal to
Design Capacity)
This measure would restore the Courtland Canal to its design capacity of 751 cfs
between the Diversion Dam and Lovewell Reservoir. The current capacity is
estimated to be approximately 580 cfs due to sloughing of the canal banks in
some sections and the replacement of road bridges with in-line pipe structures that
will not handle the canal design capacity at several points. These smaller in-line
structures were installed by Jewell County as a cost savings measure when county
road bridges were replaced. The pipe structures would be removed and replaced
by structures which do not restrict flow. The canal would also be reshaped to
provide for the additional capacity.

3.1.4 Provide for Increased Conservation Storage in Lovewell
Reservoir

The existing Lovewell Reservoir has an active conservation capacity of

24,022 ac-ft (Figure 2). Proposals include raising this conservation storage by

16,000 ac-ft (Figure 3) or 35,000 ac-ft (Figure 4). Increases in conservation capacity

would require raising the conservation pool from Elevation 1582.6 to Elevation

1587.3 (16,000 ac-ft) or Elevation 1592.0 (35,000 ac-ft). These proposals involve

modifications to the existing dam and appurtenant structures allowing an increase in

the active conservation capacity and the total reservoir capacity, while maintaining

the existing flood control and surcharge capacities. Proposals that converted a
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portion of the flood control storage to conservation storage without modifications
to the dam were considered but rejected due to the increased flood risks.

3.2 River System Operation Model

A modified version of the OPSTUDY computer model used for Reclamation’s
Contract Renewal Study in the Basin was used for the evaluation of the water
supply for the alternatives presented in this Study. The computer model
simulated the streamflow and reservoir conditions for the entire Basin. The
original model used monthly hydrologic data between 1931 thru 1993. For this
Study, the model was updated to include historic hydrologic data thru 2000.

Irrigation benefits for increased water supply for the Bostwick Division were
determined at the appraisal level of detail. If more detailed studies to evaluate
other potential benefits, such as MDS, are desired at a later date the model may
need to be modified to evaluate these options for use of the water supply.

Since this Study concentrates on improving the use of the water supply below
Harlan County Lake, efforts to improve the original model centered on that same
area of the Basin (Figure 5). The model was modified to incorporate Harlan
County Lake Consensus Plan (Consensus Plan) criteria which resulted from the
contract renewal process. The details of the Consensus Plan and additional details
concerning the model are included in Appendix A.

The operations model includes:

Consensus Plan for Operation of Harlan County Lake
Reservoir inflows and reach gain calculations
Reservoir evaporation rates

Monthly crop irrigation requirements.

3.3 Description of Baseline and Alternatives

The baseline condition, considered the future without or no action condition,
included the simulation of the streamflows and reservoir operations of the Basin.
The streamflow conditions were described above and the delivery efficiency
associated with the contract renewals for the irrigation districts was included in the
baseline run. The following alternatives were developed using various
combinations of the management methods discussed previously. Table 1 indicates
the parameters that were changed that were in the alternative model runs.

The nine alternatives are briefly described below. The evaluations of these
alternatives are included in Section 3.4.
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TABLE 1. SUMMARY OF MODEL RUNS

Courtland Canal

. 580 | 751 | 580 | 751 [ 580 751 | 580 | 751 | 580 | 751
Capacity (cfs)

Bypass at Div. Dam (cfs)

Irrigation Season 40 40 0 0 0 0 0 0 40 | 40

Rest of Year 10 10 0 0 0 0 0 0 10 | 10

Lovewell TOC!

(1000 ac-ft) 35.7 | 35.7 | 35.7 | 35.7|51.7|51.7| 70.7 | 70.7 | 51.7 |51.7

Lovewell BOC?

(1000 ac-ft 116 {116 | 116 |11.6|11.6(11.6|11.6 |11.6| 11.6 |11.6

Winter Diversions (Ice) | No | Yes | Yes | Yes |Yes| Yes | Yes | Yes| No | No

Irr. Irr. Irr. Irr. Irr.

Increased Storage Use | NA | NA | NA | NA | Irr.

A. Courtland Canal to Design Capacity, Winterize

B. Automate, Winterize

C. Automate, Winterize, Courtland Canal to Design Capacity

D. Automate, Winterize, Raise Lovewell 16,000 ac-ft

E. Automate, Winterize, Raise Lovewell 16,000 ac-ft, Courtland Canal to Design

Capacity

Automate, Winterize, Raise Lovewell 35,000 ac-ft

G. Automate, Winterize, Raise Lovewell 35,000 ac-ft, Courtland Canal to Design
Capacity

H. Raise Lovewell 16,000 ac-ft

I. Raise Lovewell 16,000 ac-ft, Courtland Canal to Design capacity

1 TOC = Top of conservation pool (Enlargement values vary some from values in
Figures 3 and 4.

2 BOC = Bottom of conservation pool.

% Irr. = Irrigation.

n

3.3.1 Alternative A — Courtland Canal to Design Capacity, Winterize
Alternative A would provide for winterizing Superior-Courtland Diversion Dam
and Courtland Canal to allow for operations whenever water is available and
needed for irrigation or storage in Lovewell Reservoir. This alternative would
also return Courtland Canal to design capacity, allowing the capture of higher
peak runoff events and increasing operational flexibility of Lovewell Reservoir
storage.

3.3.2 Alternative B — Automate, Winterize Courtland Canal
Alternative B provides for automating and winterizing the Superior-Courtland
Diversion Dam and Courtland Canal. Implementing this alternative would allow
the capturing of the smaller bypass flows from the Diversion Dam that are within
current reduced canal capacity, thereby minimizing the bypass at the Diversion
Dam. It also provides for the diversion of water whenever water is available and
needed for irrigation or storage in Lovewell Reservoir.

18



Lower Republican River Basin
Appraisal Report — Nebraska and Kansas

3.3.3 Alternative C — Automate, Winterize, Courtland Canal to
Design Capacity

Alternative C is a combination of Alternatives A and B, including all the

provisions of these alternatives.

3.3.4 Alternative D — Automate, Winterize Courtland Canal; Raise
Lovewell 16,000 ac-ft

Alternative D includes the provisions of Alternative B and adds additional

conservation storage of 16,000 ac-ft in Lovewell Reservoir for storage of

available flows.

3.3.5 Alternative E — Automate, Winterize, Courtland Canal to
Design Capacity; Raise Lovewell 16,000 ac-ft

Alternative E includes all of the provisions of Alternative C and adds the

additional conservation storage of 16,000 ac-ft in Lovewell Reservoir for storage

of available flows.

3.3.6 Alternative F — Automate, Winterize Courtland Canal; Raise
Lovewell 35,000 AF

Alternative F includes the provisions of Alternative B and adds additional

conservation storage of 35,000 ac-ft in Lovewell Reservoir for storage of

available flows.

3.3.7 Alternative G — Automate, Winterize, Courtland Canal to
Design Capacity; Raise Lovewell 35,000 ac-ft

Alternative G includes the provisions of Alternative C and adds additional

conservation storage of 35,000 ac-ft in Lovewell Reservoir for storage of

available flows.

3.3.8 Alternative H— Raise Lovewell 16,000 ac-ft

Alternative H continues the current operations and provides additional
conservation storage of 16,000 ac-ft in Lovewell Reservoir for storage of
available flows.

3.3.9 Alternative | — Courtland Canal to Design Capacity; Raise
Lovewell 16,000 ac-ft

Alternative | would return Courtland Canal to design capacity and provides

additional conservation storage of 16,000 ac-ft in Lovewell Reservoir for storage

of available flows.

3.3.10 Other Storage Alternatives

Additional storage facilities that would need to be supplied by water delivered
through the Courtland Canal system include a reservoir on Beaver Creek and the
Jamestown Wildlife Management Area. Extension of the existing canal system
would be required in order to deliver water to these storage facilities. Delivery of
water to these facilities was not analyzed in this appraisal study because significant
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revisions to the OPSTUDY model would be required. These alternatives could be
examined further if a feasibility study is undertaken. Alternatives that include
delivering additional water to Lovewell Reservoir could be modified to deliver the
additional water to other storage facilities if other benefits such as supplementing
flows to meet MDS were desired. Use of a storage facility such as Beaver Creek or
Jamestown could also provide additional fish and wildlife benefits and could
improve the utilization of the water supply below Hardy.

3.4 Evaluation of Alternatives

3.4.1 Hydrologic Evaluations

3.4.1.1 Changes of Water Supply into Lovewell Reservoir
Table 2 shows the flows into Lovewell Reservoir for each model run:

TABLE 2. AVERAGE DISCHARGE FROM COURTLAND CANAL INTO LOVEWELL
(KAF -1,000 AC-FT)

Alternatives

Baseline| A B C D E F G H |

Annual 252 [328(30.3|355|351(39.1| 39.7 | 425 | 294 | 329
Non-Irrigation

Season 11.2 |13.8|156|15.0|21.6|20.6| 26.7 | 25.1 | 16.1 | 15.3
Irrigation

Season 140 |19.0|148|20.5|13.4|186| 129 | 175 | 13.3 | 17.6

Dec thru Feb 0.0 48 | 54 | 52 | 72 | 7.0 7.5 7.4 0.0 0.0

Additional water available for storage in Lovewell Reservoir can be calculated by
comparing the value for each alternative to the baseline value. As shown in Table
2 the increase in average water supply for the non-irrigation season varies from
2,600 ac-ft to 15,500 ac-ft and the annual variance is 4,200 ac-ft to 17,300 ac-ft,
(e.g., 17,300 = 42,500 — 25,200). The December through February row indicates
the additional water available by changes that provide for operations during times
that icing is likely to occur.

3.4.1.2 Minimum Desirable Streamflows Analysis

As stated in Chapter 2, Kansas has established MDS requirements in the Basin.

The MDS specifies the minimum streamflows to meet water quality and quantity
needs of aquatic life and senior water rights downstream. Water users who received
a water right after the effective date of MDS requirements have water rights subject
to administration during periods when MDS flows are not met. When the water
supply is insufficient for all users, water right holders with junior rights may be
restricted or shut off. The present irrigation rights associated with the Bostwick
Division are senior to the MDS priority date of April 12, 1984. Using the flow data
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from the alternative analyses, the Republican River at Clay Center flows were
examined to determine the effects of the alternative on the MDS at that location.
Although the MDS is a daily flow requirement, monthly flows were analyzed to
display overall effects of the alternatives on the baseline streamflow at this gage.
The period analyzed for MDS effects was 1981-2000 (20 years).

When evaluating the alternatives for Bostwick Division irrigation benefits only,
each alternative results in an increase in the number of times the MDS is violated
and an increase in the total volume of additional water needed to meet the MDS.
Baseline data for this period indicated that the MDS was violated 1,386 times
with a variation of 1,488 to 2,073 times for the alternatives. The annual average
volume needed for compliance in the baseline was 9,633 ac-ft with a variation of
9,107 ac-ft to 15,377 ac-ft for the alternatives. Additional information can be
found in the tables summarizing the results of this analysis in Appendix A.

3.4.1.3 Farm Delivery Changes

For the irrigation benefit analysis estimation included in Section 3.4.3, Table 3
shows the average farm deliveries to the Bostwick Division that were used as an
input to the analysis:

TABLE 3. AVERAGE ANNUAL FARM DELIVERIES TO BOSTWICK DISTRICTS

(INCHES)
Alternatives
Baseline A B C D E F G H I
Bostwick 11.5 11.7 | 12 | 12.2 | 13 | 13.1 | 13.7 | 13.8 | 124 | 124

All alternatives show an increase in farm delivery compared to the baseline. The
average annual farm delivery requirement for this area is about 24 inches.

3.4.2 Alternative Design and Cost Estimates
Design assumptions and cost of the alternatives are discussed below. The cost
estimates are summarized in Table 6 and presented in detail in Appendices B and C.

3.4.2.1 Canal Components

3.4.2.1.1 Canal Flow

The canal flow for the various alternatives was set either at 580 cfs (the current
canal capacity) or 751 cfs (the original design canal capacity). The current
reduced canal capacity of 580 cfs is due to the degradation of the original canal
prism and restrictions at several locations.

3.4.2.1.2 Canal Rehabilitation

The Courtland Canal was originally designed with a combination of earth and
concrete lined canal sections. The original design required the construction of a
trapezoidal canal prism. Over time, the existing canal prism has become rounded,
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and presently, the existing canal prism exhibits geometry somewhat less than
trapezoidal. Sections of concrete lining have deteriorated which has resulted in
reduced canal capacity. Additionally, the maximum flow rate of the Courtland
Canal has degraded to a flow rate of 580 cfs (the Courtland Canal has been in
service approximately 50 years). Canal rehabilitation would address the
degradation of the existing canal prism through reshaping and return the flow rate
to the original design flow rate of 751 cfs for Courtland Canal.

The Courtland Canal prism reshaping for earth-lined sections was based on using
a maximum velocity of not more than 2.0 feet per second (fps) due to the
embankment material’s tractive forces encountered (for silts and silt loams
conveying clear water, the maximum permissible velocity is 2.0 fps). The
original design for full flow resulted in a velocity of approximately 2.4 fps and the
material used to construct the earth-lined portions of the canal prism is identified
as silts with some fine sands. As noted above, these higher-than-desirable flow
velocities resulted in the erosion of the canal prism that has been observed. The
rehabilitated canal prism would be sized to accommaodate a 2.0 fps velocity for a
flow rate of 751 cfs with a slope of approximately 0.00011. The length of the
Courtland Canal subjected to canal prism reshaping was estimated at 29.6 miles
(from Superior — Courtland Diversion Dam to Lovewell).

The original design of Courtland Canal included limited sections of non-
reinforced concrete lined-canal. Over the years, these concrete lined sections
have deteriorated beyond the point of repair. The Courtland canal rehabilitation
would involve the removal of the existing concrete-lined sections. The
rehabilitated canal prism would be sized to accommodate an estimated 2.9 fps
velocity for a flow rate of approximately 751 cfs with a slope of 0.00008.
Approximately, 15,000-ft of existing concrete-lined canal would be removed and
replaced with 60 mils thick geomembrane on the canal prism invert and side
slopes. Additionally, 8-inches of gravel cover over the membrane would be
placed in the invert of the canal prism. The geomembrane would be exposed on
the canal prism side slopes.

Currently there are six county road crossings using modified railroad tanker cars
that are undersized and restrict canal flows. The crossings are to be replaced with
road bridges that will accommodate the original design flow of 751 cfs.

Canal excavation, backfill and compacted backfill quantities were computed based on
estimated canal cross sections. Quantities for canal earthwork, including common
excavation, backfill and compacted backfill, were based on a typical canal section.

3.4.2.1.3 Modifications for Winter Operations

A bubbler system is proposed for each of the radial gates at the 11 check structures on
Courtland Canal and canal headworks at the Diversion Dam in order to provide for
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winter operations. The bubbler system would prevent the buildup of ice at the gates,
thereby maintaining necessary flow control in the canal during the winter season.
The cost estimate also includes furnishing and installing single phase 5 kilovolts
(kV) power line with wood poles based on a 1.0 mile pull. The power would also
be used for the Remote Terminal Unit (RTU) and radial gate motor operators.

3.4.2.1.4 Canal Automation

The automation component consisted of automation of the radial gates at 11 check
structures and the canal headworks at the Diversion Dam. A local control mode
would be used, based on upstream and downstream water depths to control the
radial gate.

A RTU would provide the control at the individual radial gate. The RTU would
consist of a PC-based controller which would receive input from gate position and
water depth sensors. The RTU would provide local control of the radial gate
based on control algorithms and control software.

Power would be provided to the RTU. The radial gates would be provided with a
motor operator to allow the RTU to automatically raise or lower the gate position.

Stilling wells would be installed at the 11 check structures for monitoring the
depth upstream and downstream of the radial gate®. A pressure transducer would
be placed in each stilling well for water depth measurement. The pressure
transducer would transmit water depth data back to the RTU.

3.4.2.2 Components to Increase Storage Capacity in Lovewell Reservoir
Lovewell Dam impounds water from White Rock Creek and from diversions of
the Republican River made available by the Superior-Courtland Diversion Dam
through the Courtland Canal. Based on Lovewell Reservoir Area and Capacity
Tables dated June 1995, the existing Lovewell Reservoir has an active
conservation capacity of 24,022 ac-ft at the top of active conservation Elevation
1582.6, and an additional 50,460 ac-ft of flood control space between reservoir
Elevation 1582.6 and Elevation 1595.3. A surcharge space of 94,146 ac-ft is
available between the top of flood control pool and the maximum water surface
elevation of 1610.3 feet.

Lovewell Dam, completed in 1957, is a zoned earthfill embankment with a
structural height of 93 feet and total crest length of 8,500 feet. The main portion
of the dam across the valley floor and creek channel, station 2+33 to station
56+69, has a crest width of 30 feet and crest elevation of 1616 feet. A dike
section extending along the left abutment, starting at station 61+50, has a crest
width of 20 feet and crest elevation of 1614 feet. Between stations 56+69 and
61+50, the crest transitions from Elevation 1616 to Elevation 1614. Near the left

2 Typically, stilling wells should be located at least 50 to 100 ft upstream and 100 to 200 ft
downstream from check structures.
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end of the dike section there is an existing railroad grade utilized primarily to
transport agricultural commodities.

The spillway, located on the right abutment, is a gated-chute type structure with a
stilling basin and short outlet channel. The spillway has two bays, each 25 feet
wide, with an ogee crest at Elevation 1575.3. Flows are controlled by two 25- by
20-foot radial gates. The spillway discharge capacity is 35,000 ft%/s at the design
maximum water surface Elevation 1610.3, and 14,600 ft*/s at the top of flood
control pool Elevation 1595.3.

The outlet works, adjacent to and south of the spillway on the right abutment,
provide releases into the Lower Courtland Canal. The outlet works consist of a
trash-racked inlet, an emergency gate, a radial regulating gate, a stilling basin, a
radial wasteway gate, two canal radial regulating gates, and a ramp flume. The
design capacity of the outlet works is 635 cfs at reservoir Elevation 1571.7.

Existing State Highway 14 crosses the Lovewell Reservoir approximately 5 miles
above the dam axis. The highway is a paved 28-foot-wide roadway with a 371-
foot-long bridge with approaches across White Rock Creek. The top of the road
is at approximate Elevation 1603. The State of Kansas has provided a flood
easement to the United States up to Elevation 1595.3.

There are 62 privately owned cabins located in an area west of the State Park on
the north side of Lovewell Reservoir. All of the cabins have been constructed
above the top of active conservation pool (Elevation 1582.6). Most of these
cabins are located above the top of the highest proposed increased conservation
pool (Elevation 1592.0). The cabin owners lease their lots from the Kansas
Division of Wildlife and Parks. A single lane boat ramp and about 12 boat docks
are maintained by the cabin owners but are designated for public use. Those
alternatives which increase the conservation storage in Lovewell Reservoir may
impact some of the private cabins. The exact number of cabins to be affected is
unknown at this time. Updated topographic maps will be needed to analyze
potential impacts if additional studies take place in the future

The recreation facilities at Lovewell include a marina, leased cabins,
approximately 56 trailors, numerous campsites, boat ramps, boat docks, fuel
storage and distribution, picnic shelters, shower and restroom facilities, and
parking lots. Specifics of the recreation facilities as related to this Study are
discussed in Appendix C.

For this Study, two alternatives were considered to provide additional active
conservation storage capacity in Lovewell Reservoir: 1) increasing Lovewell
capacity by 16,000 ac-ft, and, 2) increasing Lovewell capacity by 35,000 ac-ft.
These alternatives involve modifications to the existing dam and appurtenant
structures to allow an increase in the active conservation capacity and the total
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reservoir capacity, while maintaining the existing flood control and surcharge
capacities. Increasing the reservoir conservation storage would allow storage of
excess Republican River flows delivered to the reservoir through the Courtland
Canal and also excess White Rock Creek flows. Increasing conservation storage
capacity at Lovewell Reservoir may be considered a viable option for storing any
excess flows as long as the required modifications to Lovewell Dam and
appurtenant structures, and the resulting changes in operation of the facilities, do
not increase risks to the public. Proposals that converted a portion of the flood
control storage to conservation storage without modifications to the dam were
considered but rejected due to the increased flood risks. Evaluation of the
potential risks to the public considering the existing and modified structures and
operations are summarized in Section 3.4.2.2.3 below.

3.4.2.2.1 Increase Lovewell Capacity — 16,000 ac-ft

Raising the crest elevation of the left abutment dike section from Elevation 1614
feet to the main dam crest Elevation of 1616 feet would provide an increase in
total reservoir capacity of about 16,000 ac-ft. The additional 16,000 ac-ft of
reservoir storage would be allocated to active conservation capacity by raising the
top of active conservation pool from Elevation 1582.6 to Elevation 1587.3. To
maintain the existing flood control capacity, the top of flood control pool would
be raised from Elevation 1595.3 to Elevation 1598.3. The original reservoir
surcharge capacity would remain at about 94,000 ac-ft with the dike section crest
elevation raised to the main dam crest Elevation 1616.0 and the freeboard volume
would change to reflect the capacity changes.

The appraisal level design and cost estimates for increasing the reservoir capacity
by 16,000 ac-ft include raising the existing dike crest elevation to match the dam
crest Elevation 1616, extending the left end of the dike about 400 feet at the new
crest elevation, and raising the existing spillway ogee crest by about 3 feet.
Raising the dike crest elevation requires excavating unsuitable material from the
existing dike and foundation for the dike extension on the left end, placing and
compacting embankment fill, and furnishing and placing riprap, bedding, and
gravel surfacing. Raising the spillway crest requires excavation of existing crest
structure concrete to obtain a suitable bonding surface, and placing new concrete
to provide an ogee crest at Elevation 1578.3. Modifications to the outlet works
are not required. Relocation of an existing railroad near the left end of the dike
and the State Highway 14 roadway and bridge at the upper end of the reservoir
appear to be unnecessary.

3.4.2.2.2 Increase Lovewell Capacity — 35,000 ac-ft

Raising the crest elevation of the existing dam and dike section to Elevation 1619
would increase the total reservoir capacity about 35,000 ac-ft. The additional
35,000 ac-ft of storage would be allocated to active conservation capacity by
raising the top of active conservation pool from Elevation 1582.6 to Elevation
1592.0. To maintain the existing flood control capacity, the top of the flood
control pool would be raised from Elevation 1595.3 to Elevation 1601.6. The
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original reservoir surcharge capacity would remain at about 94,000 ac-ft with the
dam and dike crest elevations raised to Elevation 1619 and the freeboard volume
would change to reflect the capacity changes.

The appraisal level design and cost estimates for increasing the reservoir capacity
by 35,000 ac-ft include raising the dam crest elevation by 3 feet, raising the dike
section crest by 5 feet, and extending the left end of the dike about 1,000 feet at
the new crest elevation. The existing spillway ogee crest would be raised about

6 feet. In addition, the spillway gates would have to be modified to accommodate
the potential loading from higher reservoir water surfaces.

Raising the crest of the dam and dike sections will require excavation of
unsuitable materials from the existing crests and the foundation for the dike
extension, placing and compacting embankment fill, and furnishing and placing
riprap, bedding, and gravel surfacing. Soil-cement or geo-grid reinforced fill
would be used to allow a relatively steep downstream slope for the raised section,
minimizing the amount of earthfill required for the dam raise.

Raising the spillway crest requires excavation of existing crest structure concrete
to obtain a suitable bonding surface, and placing new concrete to provide an ogee
crest at Elevation 1581.6. In addition, the existing spillway gates and hoisting
equipment would have to be removed, modified, and reinstalled to accommodate
the higher maximum reservoir water surface elevation. A relocation of an
existing railroad line near the left end of the dike section will be necessary. In
addition there will likely be a need to raise or protect the existing Highway 14
roadway crossing at the upper end of the reservoir. Costs for addressing impacts
to the railroad and highway were not specifically identified. It was assumed that
these costs would be covered under “unlisted items’ in the cost estimate.
Modifications to the outlet works are not required.

3.4.2.2.3 Lovewell Dam Safety Issues

Enlargement of Lovewell Dam and Reservoir would be accomplished consistent
with Reclamation’s Guidelines for Achieving Public Protection in Dam Safety
Decision Making, dated June 15, 2003. Reclamation policy would require a Dam
Safety Decision approving the enlargement. The Dam Safety Decision document
would be supported by an analysis of dam safety risks for the modified structure.
Previous dam safety studies for Lovewell Dam for hydrologic events show that
the dam overtops by up to 5 feet for 19 hours during the Probable Maximum
Flood (PMF). The most recent PMF, developed in 1986, consists of a general
storm event with a peak inflow of 301,300 ft*/s and a 6.2-day volume of 382,600
ac-ft. Flood routings using the Standing Operating Procedures operation criteria
show that the dike crest at Elevation 1614 feet would overtop at 63 percent of the
PMEF. During the 1997 Comprehensive Facil