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1.0 PROJECT INTRODUCTION

11 PROJECT BACKGROUND AND PURPOSE

The Division of Water Resources (DWRe) has begun further studies on the Bear River Project
(hereinafter referred to as “Project”) as part of the implementation of the Bear River Water
Development Act.

In 1991 the Utah State Legislature passed the Bear River Development Act (Act). The Act
directs the DWRe to develop 220,000 acre-feet of water right applications held by the Board of
Water Resources. The Act states:

“The Division shall develop the surface waters of the Bear River and its
tributaries through the planning and construction of reservoirs and associated
facilities as authorized and funded by the Legislature; own and operate the
facilities constructed; and market the developed waters. The Division is
authorized to develop the Honeyville, Barrens, Hyrum Dam, and Avon reservoirs
and associated works, including an interconnection from Honeyville Reservoir to
Willard Reservoir, and shall proceed with design work, environmental
assessments, acquisition of land and rights-of-way, and construction subject to
the appropriation of funds for those purposes by the Legislature. The Division
may not begin construction of any project until contracts have been made for
sale or lease of 70% or more of the developed water and all required permits
have been obtained.”

The Act allocates the water developed as follows: 50,000 acre-feet each to Jordan Valley and
Weber Basin (WBWCD) Water Conservancy districts, 60,000 acre-feet to Bear River Water
Conservancy District (BRWCD), and 60,000 acre-feet to Cache County.

The Act defines public purpose uses of the facilities constructed to be recreation, fish and
wildlife (required mitigation is not a public purpose), and flood control. These public purpose
uses are to be paid by the state, and all other construction costs and all operation costs are to be
paid by the water users.

The purpose of the Project is to develop Bear River water and deliver it to Box Elder, Cache,
Weber, Davis, and Salt Lake Counties. The overall Project will consist of conveyance facilities
and reservoir storage necessary to deliver water from the Bear River to the three participating
water agencies and Cache County.

As Weber and Box Elder Counties have grown over the last decade, the need to identify the
features of the Bear River Project has intensified. Limited rights-of-way and reservoir sites exist,
and many of those rights-of-way are being identified and planned for other utilities and uses.
DWRe needs to begin to identify Project features clearly, so that sites and rights-of-way may be
preserved for the Bear River Project and project cost, and long-term impacts to the community
and the environment may be minimized.
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The goals of this study were to identify a proposed alignment corridor for the Bear River
Pipeline from its source on the Bear River to the proposed Washakie Reservoir site, and from the
Washakie Reservoir to the terminus of the pipeline at the proposed West Haven Water Treatment
Plant (WTP) in Weber County. Another goal was to develop a conceptual design for the overall
Bear River Project including analyzing additional possible reservoir sites. The study area is
shown on Figure 1-1 (Volume II). The alignment of the pipeline from Washakie Reservoir to
West Haven WTP covers about fifty miles through Box Elder and Weber Counties. The
establishment of the pipeline alignment will allow DWRe to prioritize and implement property
acquisition activities. Information generated by the study contained in this Concept Report will
also provide DWRe with revised Bear River Pipeline project design criteria, key pipeline project
assumptions, and a comprehensive pipeline project scope. The study will also provide for the
overall Bear River Project; a pipeline/pumping facilities concept design, a reservoir siting
analysis, an updated Project cost estimate, and a clear pipeline project development plan that
includes a public involvement plan, an environmental compliance plan, a property acquisition
plan, and an overall Project schedule.
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2.0 PREVIOUS BEAR RIVER PROJECT STUDIES

Formulation of the Project has been going on for several decades. A significant amount of
investigation has been completed in previous studies of the Project. Some of the results from
these earlier studies may be out of date. Other studies were intended to be preliminary in nature
or to reflect earlier Project method assumptions for operation or construction. The main
components of the Project (use of surplus Bear River flow, use of reservoir storage to make
supply reliable, diversion above areas of water quality degradation, and delivery to meet both the
Wasatch Front and local water needs) have been consistently part of the Project.

This section summarizes many of the earlier studies of the Project, and highlights information
most relevant for use in current Bear River Pipeline planning.

2.1 EARLY RESERVOIR STUDIES

Initial studies of Bear River water development were completed by the US Bureau of
Reclamation (USBR) in the 1960s. In 1966, USBR published a geologic analysis of potential
sites for the Smithfield Dam, with a capacity of 100,000 acre-feet (USBR, 1966, Bear River
Project Feasibility Geologic Report Smithfield Dam and Reservoir Sites). In 1970, USBR
published a summary of Bear River investigations related to potential reservoir storage projects,
which included projects from Oneida Narrows, in Idaho, downstream to Honeyville and Corinne
(USBR, Bear River Investigations, June 1970). A range of reservoir capacities was evaluated,
from 10,000 acre-feet up to 435,000 acre-feet.

In the 1970s, the DWRe evaluated a range of potential storage projects in Cache County, which
included storage capacities from 12,000 acre-feet up to 75,000 acre-feet, and sites on most of the
major Cache Valley tributaries to the Bear River. All of these potential projects had benefit/cost
ratios significantly over 1.0.

2.2 ADDITIONAL STUDIES FROM THE 1980s AND EARLY 1990s

A subsequent Cache Valley study, completed by DWRe in 1982, evaluated four different storage
sites (Cutler enlargement, Amalga Barrens, Cub River, and Smithfield), at capacities ranging
from 25,000 acre-feet up to 172,000 acre-feet (DWRe, Cache Valley Study, December 1982).
The most economically favorable project in this study was a 102,000 acre-feet offstream
municipal and industrial (M&I) project located at the Amalga Barrens site. In 1983, DWRe also
completed a multiple reservoir planning analysis that evaluated three combinations of 10
different reservoirs, located from Cache Valley down to West Bay on the Great Salt Lake
(DWRe, Summary of Investigations, Lower Bear River Basin, January 1983).

Following this initial round of studies, DWRe completed a series of more focused evaluations
aimed at specific aspects of the Bear River water development. In 1984, DWRe completed a
study somewhat similar to this Bear River Pipeline Concept Study, regarding water conveyance
from the Bear River to Salt Lake County (James M Montgomery [JMM]), Municipal Pipeline
Project from Bear River/Honeyville to Salt Lake County). This study assessed the feasibility of
transporting and treating 50,000 to 100,000 acre-ft per year of Bear River water. The
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recommended route by which the water was to be transported (via pipeline) begins in
Honeyville, just upstream from where the river crosses 1-15, and runs parallel to the Union
Pacific railroad south to Salt Lake County. Three additional routes were assessed in addition to
the railroad pipeline; a route following I-15, a route following the power lines west of 1-15, and a
route following SR84 and SR89. All were examined based on factors that included capacity,
cost, environmental considerations, point of intake and delivery, pipe failure impact, and
geologic considerations. Design criteria for an optimal water treatment facility, intake method,
pipe diameter, pumping stations, and storage mechanisms were also evaluated. The study
concluded the optimal alternative to be the railroad alignment, with a bank type intake, 54-inch
to 96-inch diameter pipes (depending on delivery), two pumping stations along the pipeline,
intermediate and terminal storage reservoirs, and a conventional process water treatment plant.

Subsequently, the DWRe also began a series of studies of potential environmental effects and
water quality issues. In 1986, the Utah Association of Conservation Districts conducted a public
involvement program concerning the lower Bear River development project (Utah Association of
Conservation Districts 1986, Public Involvement Program Concerning Water Development in
the Lower Bear River Basin). The objectives of the program were to inform interest groups of the
probable future needs for water in the lower Bear River basin, to receive feedback from local
officials of the perceived impacts of the alternatives, to analyze issues, concerns, opportunities,
and problems identified by concerned parties, to identify key areas where there is consensus or
conflict over water development, to identify areas that need further study, and to report the
findings to the DWRe. Data collected from an extensive process of interviews, forums, and
meetings with local leaders was analyzed at two levels. The first level identified those areas
thought to be of most concern to local leaders with respect to water development in the lower
Bear River basin. The second level identified areas of concern related to potential reservoir sites
in the Project area. The results of the analysis and a final forum discussion were combined to
provide recommendations for the DWRe to consider during the next phase of the water
development project.

The Utah Water Research Laboratory (UWRL) completed an investigation of Bear River water
quality and reservoir eutrophication potential in 1986 (UWRL, 1986, Water Quality
Management Studies for Water Resources Development in the Bear River Basin). The review of
previous water quality studies on the Bear River found issues associated with high fecal indicator
bacteria, BODs, TDS, and phosphorus concentrations. Both a previous and the cited study
indicated that the Cub River was a significant source of pollutants to the Bear River. The
eutrophication potential of the proposed reservoirs was modeled using a water temperature
model and a longitudinal finite-difference eutrophication simulation model; the Amalga,
Honeyville, and Avon reservoir sites were predicted to have the greatest eutrophication
potentials. Water treatment costs were also evaluated for the proposed reservoir sites.

In 1988, Palmer-Wilding completed a study to evaluate the feasibility of diverting water by
gravity from Cutler Reservoir to Willard Bay (Palmer-Wilding, 1988, Cutler Diversion to
Willard Bay Reservoir).  The objectives of the study included selection of possible canal/
pipeline alignments and estimating the cost of conveying 50,000 to 100,000 acre-feet per year
using existing canals to the maximum extent possible. The study examined Hammond East Side
and West Side/Corinne Canals, with possible canal or pipeline extensions. The available
capacity in the canals was examined. Environmental considerations, including water and fish,
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wildlife, vegetation, wetlands, air quality, agricultural lands, recreation, and cultural resources
were examined. The estimated cost per acre-foot of water delivered ranged from $22 up to $146.

In 1991, the Ecosystems Research Institute completed water quality investigations of the lower
Bear River (Ecosystems Research Institute, 1991, Water Quality Investigations: Lower Bear
River and Water Quality Investigations: Hyrum Reservoir). This report summarizes available
environmental data for the lower Bear River basin, as well as documenting existing water quality
conditions. Water quality at seven proposed reservoir sites was investigated and modeled.
Predictions were made based on modeled algal biomass, orthophosphorus, nitrate and ammonia,
total dissolved solids, total suspended solids, water temperature, and dissolved oxygen. The
seven sites were Hyrum Reservoir, Avon Reservoir, Mill Creek Reservoir, Smithfield Reservoir,
Willard Bay, Barrens Reservoir, and Honeyville Reservoir. Avon was predicted to have the best
water quality, while Honeyville was predicted to have the lowest. A water quality management
plan for the lower Bear River basin was also developed in this report to address specific areas of
concern.

Also in 1991, DWRe completed a study examining the environmental impacts of the pipeline
alternative described in the previous JMM, 1984 study (BioWest, Inc., 1991, Investigation of
Environmental Impacts of the Bear River Water Development Storage Unit). This study also
examined five reservoir sites (Mill Creek, Avon, Amalga Barrens, Hyrum, and Honeyville) to
determine site feasibility from an environmental perspective. The primary conclusion was that
most impacts were expected to be temporary during the construction phase of the project. The
focus areas of the report were vegetation, aquatics/fisheries, and wildlife. Each area was
examined concerning the existing environment, the environmental consequences of the project,
and proposed mitigation measures. Permanent loss of wetland vegetation due to the pipeline
right-of-way was determined to be the area of greatest concern concerning vegetation. Stream
water quality and fisheries habitat would only be temporarily impacted during construction of the
pipeline; and the greatest concern for wildlife was determined to be temporary and permanent
loss of riparian and wetland habitat along the proposed right-of-way.

Also in 1991, DWRe completed a re-evaluation of seven potential dam sites for use in preparing
a report for the Bear River Task Force Legislative Commission (CH2M Hill, 1991, The Re-
evaluation of Bear River Reservoir Sites). This study evaluated Honeyville, Washakie, Barrens,
Smithfield, Avon, Mill Creek, and Oneida Narrows, with special attention to foundation,
feasibility, and cost. The first three were found to have soft, compressible foundations, but with
potential for large capacity with a relatively low dam. The others had steep abutments, rock
foundations, and relatively small reservoir capacity for a given dam height. Smithfield was
found not to meet state dam stability standard, and was not evaluated for cost. Table 2-1
summarizes the results of the DWRe study.

BOWEN COLLINS & ASSOCIATES/ 2-3 JuLy 2014
HDR ENGINEERING



BEAR RIVER PIPELINE CONCEPT REPORT - FINAL

Table 2-1
Summarized Results of 1991 Review of Seven Bear River Dam Sites
Outlet Cost per
Capacity Height | Capacity Cost AF of
Dam Site (acre-feet) (feet) (cfs) (M) Storage
Honeyville,
Box Elder County, UT
(earth-fill) 117,000 90 2,000 $43 $367
Barrens,
Cache County, UT 35,000-
(earth-fill) 100,000 25-40 500 $23 - $64.5 $645
Washakie,
Box Elder County, UT | 160,000 - $103.5 -
(earth-fill) 185,000 66 - 71 500 $116.5 $629
Avon,
Cache County, UT
(earth-fill) 33,000 207 460 $36 $1,090
Mill Creek,
Summit County, UT
(earth-fill) 27,000 210 460 $19 $702
Oneida Narrows,
Franklin County, ID
(Roller Compacted
Concrete) 103,000 240 2,500 $66.5 $558
Smithfield,
Cache County, UT Not Not
(earth-fill) 80,000 35 2,500 evaluated evaluated

2.3 MORE RECENT STUDIES

In 1994, DWRe completed an evaluation of lower Bear River water treatment needs, and started
a long-term water-quality monitoring program on the Bear River (Montgomery Watson
Americas, Inc., 1994, Update to the Preliminary Engineering Evaluation of Bear River Water
Treatment). Updating the 1991 report “Preliminary Engineering Evaluation of Bear River Water
Treatment”, the aim of the report was to consider new Federal Safe Drinking Water regulations
and to assess whether or not there was a substantial difference in the water quality of samples
upstream and downstream of the Cutler Reservoir. The scope of the report was broken into three
tasks: 1) updating the raw water quality data, 2) reviewing existing and anticipated safe drinking
water regulations, and 3) developing revised water treatment requirements, cost estimates, and
implementation schedule. The results of the raw water quality analysis indicated no significant
difference in the levels of TDS or chlorides downstream and upstream of the Cutler Reservoir,
indicating no inflow of saline streams to the site. Impacts of the new regulations on treatment
recommendations from the 1991 report were assessed and updated, and new recommendations
were made in anticipation of future regulations. Total annual costs and the implementation
schedule for the overall Bear River Water Treatment Project were also updated.
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The results of regular water quality monitoring efforts have been documented in a series of
annual and semi-annual reports (MWH; 1996, 1997, 1998, 1999, 2000, 2002, 2005, 2007, 2010;
Bear River Water Quality Monitoring Report). These reports present the monitoring results at
several sampling sites located on the Bear River from downstream of the Idaho border to near the
Great Salt Lake, and on the Malad River tributary to the Bear River. The reports also discuss
potential water treatment issues and the results of special studies related to Bear River water
quality, and make recommendations regarding changes to the monitoring program. Currently,
water quality monitoring at four sites on the Bear River and one site on the Malad River is on-

going.

A follow-up study to the BioWest, 1991 study served as an environmental evaluation for the
proposed construction of the Honeyville Reservoir (BioWest, Inc., 1995, Honeyville Dam and
Reservoir Environmental Evaluation Report). The 117,000 acre-foot reservoir was to serve two
main purposes: as a storage site for water needed in the Bear River Migratory Bird Refuge
(Refuge), and an additional water supply for Wasatch Front M&I users only (exclusive of Cache
County and Box Elder County). The project would supply 50,000 acre-feet per year for M&I
demands at a cost of $239 per acre-foot, and 50,000 acre-feet to the Refuge. The study area was
divided into four management areas: 1) the dam and reservoir footprint; 2) the Bear River
corridor between the dam and the Bear River Migratory Bird Refuge; 3) the Bear River
Migratory Bird Refuge; and 4) the Bear River Bay. Each management area was evaluated based
on its existing environmental conditions, water resources, wetland and aquatic habitats, wildlife,
fish, and threatened and endangered species. Mitigation methods were also presented for
establishing new wetland areas to compensate for those likely to be impacted during construction
and operation of the reservoir.

In the mid-1990s, the DWRe also completed specific studies of the Beeton and Barrens reservoir
sites. The Beeton Dam site was an alternative for the proposed Honeyville Dam. A 1993 report
provided a cost estimate for the Beeton Dam comparable to that of the Honeyville Dam (DWRe,
1993, Beeton Dam and Reservoir Preliminary Design). The proposed site was located
approximately one mile upstream of the State Highway 102 crossing of the Bear River and
estimated to be 50,000 acre-feet. Evaluation of the alternative included hydrology, capacity,
slope stability analyses, and possible seismic activity in the area. Geology, subsurface conditions,
and liquefaction potential were assumed the same as those of the Honeyville site. A final cost
estimate was determined based on the aforementioned evaluations.

The DWRe August 2000 report, Bear River Development, summarizes the history of the Bear
River Project and planning status for the project at that time. The high runoff years of the 1980s,
followed by the low water years of the late 1980s and early 1990s lead the Utah Legislature to
pass the Bear River Development Act in 1992 to “plan, construct, own, and operate reservoirs
and facilities on the river”. The four-part development plan is summarized as follows: 1) enlarge
Hyrum Reservoir; 2) connect the Bear River to Willard Bay Reservoir; 3) provide conveyance
and treatment to deliver water to the Wasatch Front; and 4) build Honeyville Reservoir. In the
2000 DWRe report, the development plan was changed to: 1) modify the existing operation of
Willard Bay by agreement with WBWCD; 2) connect the Bear River with a pipeline to Willard
Bay; 3) construct conveyance and treatment to deliver water from Willard Bay to the Wasatch
Front; and 4) build a dam in the Bear River Basin.
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Alternatives evaluated for water supply benefits in the 2000 DWRe report include Willard Bay
separately as well as Willard Bay combined with Honeyville, Barrens, and Beeton reservoirs.
The report points out that water shortage could be mitigated using groundwater pumping,
improving irrigation efficiency or fallowing of irrigated agricultural lands, and by leasing or
purchasing of water rights. The connection from the Bear River in all of the development
options is by pipeline from Honeyville or from the near the 1-15 crossing, to Willard Bay. The
report also notes WBWCD’s reluctance to store Bear River water in Willard Bay due to a
perception that Willard Bay has much higher water quality. Based on monitoring data, this
perception is noted as being inaccurate, and the effects on Willard Bay water quality of storing
Bear River water would be small.

The DWRe 2004 plan for the Bear River (DWRe, 2004, Bear River Basin, Planning for the
Future) describes the current and projected future water use and water supply situation for that
time within the Bear River Basin, projecting a need to import Bear River water to the Wasatch
Front within the next couple of decades, and to provide additional industrial, commercial and
agricultural water supply to Box Elder County and Cache County water users within about the
same timeframe. It reports that the Bear River has a remaining, developable supply of about
250,000 acre-feet per year, but that full development of this water will require the construction of
reservoir storage. The 2004 plan is cited as:

1. Modify the existing operation of Willard Bay by agreement with Weber Basin Water
Conservancy District.

2. Connect the Bear River with a pipeline and/or canal to Willard Bay from a point near the
I-15 crossing of the Bear River near Elwood in Box Elder County.

3. Construct conveyance and treatment facilities to deliver water from Willard Bay to the
Wasatch Front.

4. Build a dam in the Bear River Basin as the demand for additional water continues to
increase.

The 2004 Plan also states that the Honeyville and Barrens reservoir sites were rescinded from
consideration by the 2002 Legislature, due to “growing concern with the possible environmental
and social impacts of those two reservoir sites”. A directive by the Legislature to consider the
Washakie site was added to the 2004 Plan. Figure 14 from the 2004 Plan (Figure 2-1) shows
how the developable water supply from the Bear River is dependent upon the amount of
available reservoir storage.

The 2005 Water Delivery Financing Task Force (Task Force) Report: Financing the Lake Powell
Pipeline and Bear River Projects (September 2005) evaluated the funding needs associated with
the Bear River Project. It noted that proceeding with development evaluation studies should
begin immediately, as deferring further State, involvement would greatly increase the ultimate
cost of the project and compress the planning and engineering of these projects into a few years.
The Task Force recommended the State’s then current formulation, including modifying the
operation of Willard Bay to allow the storage of Bear River, connecting the Bear River with a
pipeline and/or canal to Willard Bay from a point near the 1-15 crossing of the Bear River near
Elwood in Box Elder County, construction of conveyance and treatment facilities to deliver
water from Willard Bay to the Wasatch Front (to be done by JVWCD and WBWCD), and
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building a water storage project in the Bear River Basin. The report also noted that studies on
environmental impacts, water quality, and hydrology would be required before federal
involvement could be considered. The 2005 report cited an estimated right-of-way cost for the
assumed 17-mile long pipeline at $2M, and a pipeline construction cost of $70M.

It is important to note that many of the studies and reports referenced herein include the use of
Willard Bay. The Willard Bay Reservoir was constructed by USBR as part of the Weber Basin
Project in the 1960s. The current authorized use of Willard Bay is for collection and storage of
Weber River and Ogden River water for Weber Basin Project purposes only. Use of Willard
Bay for storage of Bear River water would require federal authorization to allow non-project
water to be stored in project facilities, and agreement with WBWCD as the project sponsor. Any
discussion of the use of Willard Bay in this document is conceptual in nature as no formal
discussions between DWRe, USBR, and WBWCD have been initiated. USBR and WBWCD are
presently engaged in a Safety of Dams improvement project and a potential minor raise to the
dam structure to optimize the storage of Weber and Ogden river water rights. These projects are
being constructed solely for the storage of Weber Basin Project water rights from the Weber and
Ogden rivers, and are not intended for the storage of Bear River water.

Figure 2-1
Developable Bear River Supply versus Reservoir Storage (from DWRe, 2004)

Figure 14
Developable Bear River Yield vs Storage Capacity
{assumnnz use of Willard Bay and 90%% rehable supphy)
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In 2010, DWRe completed a preliminary design for the Washakie offstream storage site (CH2M
Hill, 2010, Washakie Reservoir Project Preliminary Engineering and Design Report). The
report focuses on the geologic and geotechnical setting of the proposed reservoir, but also
includes a description of the major facilities (including the dam and reservoir, Malad River
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bypass channel, and inflow and outflow piping and pump stations), as well as the hydrology,
water quality, and environmental considerations associated with the project. The geotechnical
analyses concluded that the embankments would perform adequately during the design seismic
event. The hydrologic and water quality review included the assumed used of Willard Bay as a
second storage site. The report includes a conceptual cost estimate for the 160,000 acre-foot
capacity reservoir, Malad River bypass facilities, and conveyance facilities ranging from $876M
to $1,022M.

24  SUMMARY OF PREVIOUS STUDIES

After more than four decades of evaluations and studies of potential plans for diverting and using
the surplus flow of the Bear River for M&I use, no previous study or report lays out a definitive
conceptual plan for water development. Early studies included diversion of water only to the
Wasatch Front, examined only a single aspect of the Project, or focused on water quality and/or
environmental analysis.  More recent planning has included a refined “big-picture”
understanding of the phasing of the Project, but without detailed review of facility requirements,
institutional restrictions, or updated hydrology. The most recent study of the Washakie site
provides a good level of detail, but does not consider the needs of the overall Bear River Project.
The Washakie Study also incorporated the use of Willard Bay Reservoir, which may not be
possible, given that use of Willard Bay for storage of Bear River water would require Federal
authorization to allow non-project water to be stored in project facilities, as mentioned
previously.

From the studies described above, the following conclusions may be drawn:
o Bear River water above the Malad River is treatable to meet drinking water quality

standards.

e The Bear River Project will require significant storage volume (220,000 to 240,000) to
deliver a reliable 220,000 acre-feet per year.

e No clear plan exists for providing the storage required to make the Bear River supply
reliable.

« Significant controversy exists regarding the acceptability of developing/using certain
reservoirs or sites.

« Potential conveyance routes have been evaluated from the Bear River to Willard Bay
(and farther south to Salt Lake City).

e No conveyance facilities have been evaluated to supply BRWCD or Cache County.

e No detailed review has been completed of real estate impacts and no plan has been
developed for right-of-way acquisition.

e A complete Project development plan has not been outlined.

e The Willard Bay Reservoir was constructed by USBR as part of the Weber Basin Project
in the 1960s. The current authorized use of Willard Bay is for collection and storage of
Weber River and Ogden River water for Weber Basin Project purposes only. Use of
Willard Bay for storage of Bear River water would require Federal authorization to allow
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non-project water to be stored in project facilities, and agreement with WBWCD as the
project sponsor. Any discussion of the use of Willard Bay in this document is conceptual
in nature as no formal discussions between DWRe, USBR, and WBWCD have been
initiated. USBR and WBWCD are presently engaged in a Safety of Dams improvement
project and a potential minor raise to the dam structure to optimize the storage of Weber
and Ogden river water rights. These projects are being constructed solely for the storage
of Weber Basin Project water rights from the Weber and Ogden rivers, and are not
intended for the storage of Bear River water.
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3.0 PROJECT DESCRIPTION

3.1 PROJECT DESCRIPTION

The Project is designed to utilize surplus Bear River flow that occurs in the winter and during
high runoff. The Project water rights are for 220,000 acre-feet. Reservoir storage will be
required to make this supply available and reliable. As discussed in Chapter 2, the DWRe has
studied reservoir sites all across the basin. Wherever the storage is located within the Bear River
basin, it will require storage nearly equal to the required water supply. The Project initially
considered storage at the Washakie site of some 160,000 acre-feet and another 70,000-80,000
acre-feet of storage at another reservoir site. Water would be diverted into these reservoirs in the
winter and spring months and delivered to the four water agencies during their peak summer
demand months. Water would be diverted from the Bear River and stored/pumped to reservoir
sites. A pipeline from the reservoir(s) would deliver water through Box Elder and Weber
Counties to the proposed WTP in West Haven. From the West Haven WTP south, WBWCD and
JVWCD have planned and begun right-of-way acquisition for a project consisting of the water
treatment plant, storage reservoirs, and pump stations to deliver the water after treatment to
Weber, Davis, and Salt Lake Counties.

3.2 PROJECT APPROACH

The purpose of the Bear River Pipeline Concept Report is twofold: (1) to develop overall Project
features that will develop the needed water supply for the stakeholders, and (2) to establish a
preferred pipeline alignment corridor from the proposed Washakie Reservoir Site to the proposed
West Haven WTP site. The establishment of the pipeline alignment and other project features
will allow the State to preserve in advance the ROW required to construct and maintain the
future Bear River Project with its water delivery facilities.

To complete the objectives of this pipeline project, the following tasks were performed:

1. Define Pipeline Project Study Area. The study area for the pipeline project was
defined so that a complete project could be evaluated and established, including project
facilities starting from the outlet of Washakie Reservoir; to the Bear River Diversion
(intake); to water delivery facilities to Cache County, Box Elder County, WBWCD, and
JVWCD.

2. Establish Pipeline Alignment Options. The first task of the Pipeline alignment
evaluation was to develop a list of all the potential alignment options. Based on
established project evaluation criteria, the list of options was narrowed down to a short
list of a select few for final evaluation.

3. Recommend a Final Pipeline Alignment. The pipeline alignment, which best met the
pipeline project evaluation criteria was selected as the final recommended pipeline
alignment.

4. Develop Pipeline Conceptual Design. The next task was to perform a conceptual level
engineering analysis and to evaluate the hydraulics of the pipeline and pump stations for
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3.3

the final alignment option. This task included identification of other required pipeline
project facilities and the development of a concept design for each facility.

Identify Pipeline Critical Environmental Issues. A detailed environmental analysis
was performed on the final alignment option, identifying areas of the pipeline project,
which could have environmental impacts.

Identify Pipeline Critical Real Estate Acquisitions. This task included analysis of the
potentially impacted properties due to pipeline project facilities, including ROW
acquisition and public ROW preservation. This task also included development of a
ranked list of priority acquisition properties for the project.

Develop Storage Alternatives. This task was to examine all potential storage
alternatives within the Bear River Basin that could be used for Project storage.

Develop Project Cost Estimate. An overall Project facilities cost estimate was
developed, based on the conceptual design. The cost estimate includes all the facilities
associated with the Bear River Project and associated conveyance and storage facilities.

Project Implementation Plan. The final task of the project was to develop a
comprehensive implementation plan which includes recommended project phasing, an
environmental compliance plan, a real estate acquisition schedule, a public involvement
plan, and an overall Project implementation schedule with critical project planning and
construction milestones.

PROJECT STUDY AREA

The Bear River Pipeline Project encompasses the area from near the Idaho border along the 1-15
corridor down to West Haven City. The process of developing the study area for the Bear River
Project included determining the extents of potential project facilities, connecting the proposed
Reservoirs with the proposed West Haven WTP, and the extent of all the potential pipeline
alignments to be considered for evaluation.

Generally the pipeline alignment study area encompasses the following area, as illustrated in
Figure 3-1 (Volume II):

South Boundary West Haven Water Treatment Plant,
North Boundary Proposed Washakie Reservoir Outlet,
East Boundary East bench of the Wasatch Mountains,

West Boundary Great Salt Lake or West Railroad/I1-15 Corridor.

More detailed study area descriptions and maps have been provided in Chapter 6 of this report.

For the analysis of potential reservoir sites we developed the following study area criteria.

3.3.1

Idaho Location

For the purposes of the study of reservoir sites on the Bear River, two limitations were imposed
on potential sites related to their location within the Basin. The first is that DWRe does not
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desire to develop a reservoir in the Basin, which is located in Idaho. Building a reservoir in
Idaho for use by Utah water users is seen as very difficult politically and so any reservoir site in
Idaho was not considered as part of this Project.

3.3.2 Above Bear Lake

Any site above Bear Lake was also not considered. Bear Lake, while a natural lake, is operated
as a storage reservoir in the Basin and any new storage above the lake would be subject to water
rights within the Basin. Any storage upstream of Bear Lake would be subject to prior storage
rights in Bear Lake.

3.4  AGENCY LIMITATIONS

It is important to note that many of the previous studies and reports referenced herein included
the use of Willard Bay. The Willard Bay Reservoir was constructed by USBR in the 1960s as
part of the Weber Basin Project. The current authorized use of Willard Bay is for collection and
storage of Weber River and Ogden River water for Weber Basin Project purposes only. Use of
Willard Bay for storage of Bear River water would require federal authorization to allow non-
project water to be stored in project facilities, and agreement with WBWCD as the project
sponsor. Any discussion of the use of Willard Bay in this document is conceptual in nature as no
formal discussions between DWRe, USBR, and WBWCD have been initiated. USBR and
WBWCD are presently engaged in a Safety of Dams improvement project and a potential minor
raise to the dam structure to optimize the storage of Weber and Ogden river water rights. These
projects are being constructed solely for the storage of Weber Basin Project water rights from the
Weber and Ogden rivers, and are not intended for the storage of Bear River water.

As a result of the foregoing, the study area for the Project storage sites was limited to areas
downstream of Bear Lake, in Utah, north of Willard Bay, and as far west in Box Elder County as
is feasible for the delivery of water to and from the site.
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4.0 PIPELINE PROJECT ASSUMPTIONS AND CRITERIA!

A number of planning and analysis assumptions are necessary in developing and refining the
conceptual alignment scenarios that are one of the primary products of this study. These
assumptions helped guide the Bear River Pipeline project team in the following:

« Establishing the overall study area

o Identifying areas of uncertainty and need for additional study

o Determining the pipeline’s capacity and potential point(s) of diversion, termination, and
delivery

o Determining pumping, valving, and other operational requirements, including facility
locations and capacities

e Estimating maximum and minimum ROW widths and other engineering criteria

« Developing and refining initial alignment alternatives and land requirements

o Evaluating alternatives and selecting feasible alignment corridors and land requirements

o Developing a plan and schedule for pipeline project implementation.
Establishing consensus on these assumptions between the DWRe, the BC&A/HDR project team,
and the Bear River Project participating agencies allows the Bear River Pipeline project to move
forward efficiently, and avoid wasted effort and re-work. Assumptions presented herein consider
the following sources of information:

e Project facility formulation and information from previous studies

e Hydrology and water availability information from DWRe modeling studies

o Water quality monitoring data

Each of these is considered in the subsections that follow. After this discussion, each of the
important project assumptions is summarized in Section 4.2.

4.1 INFORMATION IMPACTING PROJECT ASSUMPTIONS

As mentioned in Chapters 2 and 3, a significant amount of investigation has already been
completed in previous studies of the Bear River Project. Some of this information may be out of
date. Other studies have been rendered obsolete by changes in assumptions or political
decisions. This subsection combines and discusses information from a variety of sources for the
development of consensus with respect to critical assumptions for use in Bear River Pipeline
planning.

1 The project assumptions and criteria were developed prior to the analysis of project storage requirements documented in
Chapter 10, under the assumption that the primary storage reservoir would be at the Washakie site.
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4.1.1 Overall Project Formulation and Previous Studies

Formulation of the Bear River Project is incomplete. Certain information, like the planned
annual delivery volumes to each participating agency are specified in the authorizing legislation,
and well understood. Other issues, like the points of delivery and the location and volume of
reservoir storage required to fully firm up the Bear River supply on an annual and multi-year
basis are less clear. For the purposes of this Bear River Pipeline Concept Report, the critical
formulation questions include the following:

o Where is water diverted?
e Where is water stored?
e Where is water delivered?

e« How much water is available and required to be diverted, stored, or delivered at each
location, and at what timing?

Previous studies of the Bear River Project have not clearly identified diversion locations. Based
upon water quality monitoring (see Section 4.1.5), it has generally been assumed that water for
delivery to WBWCD and JVWCD would be diverted upstream of the confluence with the Malad
River and Salt Creek. Diversion locations for BRWCD and Cache County have not previously
been identified.

Previous studies of the Bear River Project have considered a number of reservoir storage options
including Smithfield, Barrens, Hyrum, Millcreek, and Avon Reservoirs upstream of Cutler
Reservoir; and Washakie, Honeyville, Willard Bay?, and Beeton Reservoirs downstream of
Cutler. The Smithfield site was determined to be unfeasible for geotechnical reasons in that it
did not meet state dam stability standards (CH2M Hill, 1991) and the Barrens and Honeyville
sites were eliminated from further review by the 2002 Legislature (DWRe, 2004). A 2010 study
of the Washakie site has determined that a 160,000 acre-foot off-stream reservoir at the site is
technically feasible, but expected to be very expensive (CH2M HILL, 2010). Operational
studies of the Bear River Project (DWRe, 2010, described below) indicate that an additional
70,000 to 80,000 acre-feet of storage (beyond that provided in Washakie) is needed somewhere
in the system in order to allow reliable delivery of the full 220,000 acre-feet of water supply. A
feasible site for this additional storage has not yet been identified. Additional information on
storage sites is included in Chapter 10.

Previous studies have also not clearly delineated where Bear River Project water would be
delivered. WBWCD and JVWCD have long assumed that water would be delivered from the

2 The Willard Bay Reservoir was constructed by the US Bureau of Reclamation (USBR) as part of the Weber Basin Project in
the 1960s. The current authorized use of Willard Bay is for collection and storage of Weber River and Ogden River water for
Weber Basin Project purposes only. Use of Willard Bay for storage of Bear River water would require Federal authorization
to allow non-project water to be stored in project facilities, and agreement with WBWCD as the project sponsor. Any
discussion of the use of Willard Bay in this document is conceptual in nature as no formal discussions between DWRe, USBR,
and WBWCD have been initiated. USBR and WBWCD are presently engaged in a Safety of Dams improvement project and a
potential minor raise to the dam structure to optimize the storage of Weber and Ogden river water rights. These projects are
being constructed solely for the storage of Weber Basin Project water rights from the Weber and Ogden rivers, and are not
intended for the storage of Bear River water.
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Bear River Pipeline to the vicinity of a proposed WTP. JVWCD and WBWCD have purchased a
site for that WTP in West Haven, and this site is assumed in this study. Neither Cache County
nor BRWCD have completed studies to plan for the delivery of their Bear River Project water,
although some studies are underway. For this reason, it is difficult to plan for a precise location
for delivery of Cache County and BRWCD project water. Subsequent chapters define the
delivery of water to BRWCD and Cache County as developed in this study. Discussions with
Cache County and BRWCD and preliminary studies of their future water needs (see Volume |
Appendix) provide some information to guide the pipeline formulation efforts included herein.

Cache County developable lands are wide spread, although more prevalent on the west side of
the Bear River and north of Cutler Reservoir. Local high-quality water supplies tend to be
located on the east side of the Bear River and south of Cutler Reservoir. To be most effective in
meeting future Cache County water needs, Bear River Project facilities to deliver M&I water
should serve the existing areas of high demand, as well as new areas likely to be developed in the
future. One way to meet these diverse future water needs is to provide multiple potential water
delivery locations. Given that future demand locations are not fully known, good supply
planning should remain flexible to provide for delivery near Logan City, from facilities that will
be located throughout the county near areas of demand, and directly from the Bear River
upstream of, or within, Cutler Reservoir. For preliminary planning purposes, the locations
discussed in Chapter 7 are recommended for these facilities.

Box Elder County developable lands within the BRWCD service area are also widespread.
Areas of likely future development are more prevalent on the west side of the Bear River.
Development trends indicate that areas in the southern portion of the BRWCD service area are
more likely to be developed first. To allow for optimum use of Bear River water within the
BRWCD service area, it appears that a pipeline located on the west side of the Bear River
serving multiple delivery points along its route would be most effective. This is the planning
assumption used herein, and displayed on Figure 6-38 (Volume I1).

The current understanding and assumptions concerning the formulation of Bear River Project
facilities are summarized in Table 4-1. Most of this information is based on the recently
completed Washakie Reservoir Study, recent DWRe modeling runs, and formulation completed
within this project.

4.1.2 Project Facilities

Figure 4-1 shows an overall schematic of the Bear River Pipeline project (project). Proposed
project facilities include the Washakie Reservoir near the Utah/ldaho border, a diversion from
the Bear River to the reservoir, and a pipeline from Washakie and from a diversion on the Bear
River below Cutler Dam to the vicinity of the proposed West Haven WTP site. Deliveries to
Cache County will be made from a combination of stream withdrawls and one or more direct
diversions from the Bear River upstream of Cutler Reservoir (or from tributary streams), with
exchange from water stored in Washakie Reservoir during some months and released to the
BRCC. If an exchange is not possible water may need to be pumped back to Cache County from
Bear River storage. Diversions to BRWCD will be made along the pipeline through their service
area. WBWCD and JVWCD will receive delivered water at the proposed West Haven WTP.,

BOWEN COLLINS & ASSOCIATES/ 4-3 JuLy 2014
HDR ENGINEERING



BEAR RIVER PIPELINE CONCEPT REPORT - FINAL

Table 4-1

Current Bear River Project Formulation Assumptions

Project Element

Location

Capacity

Combined Delivery

Cache County, BRWCD, WBWCD,
JVWCD

220,000 acre-feet/year; 660 cfs peak
monthly delivery

Upstream Storage
Reservoir

Off-stream, near Washakie

160,000 acre-feet

River Diversion to
Upstream Storage

New diversion between Cutler Dam
and Collinston

400 cfs ®

Delivery from Upstream
Storage

Back to Bear River at or near
diversion site, to the Westside Canal
(for exchange to Cache County),
and/or into Bear River Pipeline

660 cfs (to meet peak monthly
demand for 220,000 acre-feet/year)

Delivery to Cache
County

By a combination of river
diversion(s) with exchange from
Washakie releases, plus potentially
by direct delivery from Washakie

180 cfs (to meet peak monthly
demand for 60,000 acre-feet/year of

supply)

Delivery to BRWCD

Directly from the river, from Bear
River Pipeline at multiple locations,
or from smaller Project pipelines.

180 cfs (to meet peak monthly
demand for 60,000 acre-feet/year of

supply)

Downstream (or Unknown Unknown (approximately 80,000
Upstream) Storage acre-feet needed)

Reservoir

River Diversion to Unknown Unknown (likely 300 to 400 cfs,

Downstream (or
Upstream) Storage

although on-stream storage is
significantly more efficient)

Delivery from
Downstream Storage

To Bear River Pipeline

300 to 480 cfs (to meet peak
monthly demand for 160,000 acre-
feet/year to BRWCD, JVWCD, &
WBWCD)

Delivery to WBWCD

To West Haven WTP site from Bear
River Pipeline

150 cfs (to meet peak monthly
demand for 50,000 acre-feet/year of

supply)

Delivery to JVWCD

To West Haven WTP site from Bear
River Pipeline

150 cfs (to meet peak monthly
demand for 50,000 acre-feet/year of

supply)

Notes: Capacities based on peak monthly flow of 18 percent of total supply available, which is based on peak
month usage of existing supplies of JVWCD/WBW(CD.

3 The Washakie Study recommended a 700 cfs diversion to storage. Updated and more detailed simulation runs conducted as
part of this study show that 400 cfs is adequate.
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Figure 4-1

Bear River Pipeline Schematic and Water Quality Monitoring Sites
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4.1.3 Hydrology and Water Availability*

Bear River water availability often does not match the Bear River Project participants’ projected
pattern of water needs. Available water in the Bear River system occurs in the winter and
springtime months while peak demand from the water users will be during the summer and early
fall. This is shown on Figure 4-2. Based on historical hydrology, during many months, and
particularly during the high demand months of the summer, there is frequently no water available
to be diverted directly from the Bear River under the State’s water rights. In certain very dry
years, there is no divertible water outside of the months of November through April. Because of
this variable supply availability, reservoir storage is required to “firm-up” the water supply to
meet the participants’ year-round projected demand patterns.

Utah DWRe has developed a daily time step computer model of the Bear River water supply
called BEARSIM. The BEARSIM model includes long-term, historical records of estimated
water availability and streamflow data for the lower Bear River, time series of daily diversions
for each major Bear River diversion canal and for the Bear River Migratory Bird Refuge
(Refuge), and projected participating member water demands. The model incorporates existing
and assumed storage reservoirs, and conveyance and delivery facilities and operational priorities.
DWRe has used the BEARSIM model to simulate the long-term operation of the Bear River
Project under many different reservoir storage and water delivery assumptions. Results from
these simulation runs provide important input for use in establishing the capacity of the Bear
River Pipeline and its appurtenant facilities.

Among the many important pieces of information provided by these simulation runs is the
conclusion that the Bear River Project cannot develop the full 220,000 acre-feet of reliable water
supply without approximately 250,000 acre-feet of storage capacity. This is approximately
80,000 to 90,000 acre-feet more than is incorporated into the planning for the Washakie site, or
the overall Bear River Project. This significant deficiency in Project formulation affects the
planning of the Bear River Pipeline, since capacities, operations, and even diversion locations
could change as additional water storage facilities are brought into the Bear River Project. The
current Project planning and formulation (without additional storage) results in an average
shortage of about 22,000 acre-feet and a maximum year shortage of about 98,000 acre-feet. The
annual shortages in the deliverable supply from the Bear River Project (as currently formulated)
are summarized in Figure 4-3.

The following three model simulation scenario summaries incorporate additional/sufficient
storage assumptions to develop the full 220,000 acre-feet of authorized water supply of the
project, with maximum annual shortages of less than 10 to 15 percent. At this time, they are the
most appropriate concepts for use in sizing and planning of the Bear River Pipeline proposed
alignment and appurtenant facilities.

4 Additional information and analysis on this subject is included in Chapter 10.
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Figure 4-2
Bear River Project Demand and Water Availability
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Figure 4-3
Bear River Project Annual Shortages
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Scenario #1 — Additional Downstream Reservoir Scenario. Scenario #1 assumes the
construction of a 160,000 acre-foot off-stream storage reservoir at the Washakie site. It also
assumes the construction of an additional 95,000 acre-feet (of usable capacity, 100,000 acre-feet
of total capacity) in an on-stream or off-stream storage reservoir located downstream of
Washakie. It is assumed Washakie Reservoir is filled by pumping water from below Washakie
Dam, through a 400 cfs capacity pipeline. During certain periods, water is also diverted directly
into the Bear River Pipeline for delivery south to BRWCD, JVWCD, and WBWCD at a flow of
up to 480 cfs. This simultaneous filling of the reservoir and delivery from the river to meet
demands will require careful planning and hydraulic analysis of the diversion and pumping
facilities, as described in Chapter 7. Water is released from storage in Washakie at a maximum
rate of 660 cfs, back through the pipeline to the Bear River and/or the Bear River Canal
Company (BRCC) canals, or to the Bear River Pipeline for delivery to project participants, or
both. Water may also be simultaneously released from Washakie Reservoir for delivery to the
Bear River Pipeline, and pumped out of the Bear River into the Bear River Pipeline. This also
complicates the hydraulic analysis of the pumping facilities at Washakie and at the Bear River
diversion site.

A portion of the Bear River Project water supply for Cache County is developed by delivering
water from Washakie to satisfy BRCC demands in exchange for Cache County diverting water
owned by BRCC upstream of Cutler Dam. The location and capacity of Cache County’s
required diversion(s) from the Bear River and/or its tributaries have been investigated
preliminarily in this study. This study assumes that water is diverted directly from the Bear
River just upstream of or within Cutler Reservoir, but this direct diversion could equally well be
made from one or more of the tributaries to the Bear River within Cache County through a water
rights transfer. Because of the hydropower facilities at Cutler Dam, it is likely that power
interference charges may be assessed on the upstream Cache County diversions that occur
outside of the irrigation season.

The assumed 100,000 acre-foot reservoir downstream of Washakie would fill using surplus
flows of the Bear River and be drawn upon to make deliveries to BRWCD, JVWCD, and
WBWCD as needed. The hydrology model of the operation of the system shows that the
assumed downstream reservoir releases an average of 53,000 acre-feet per year of the Bear River
Project water supply, at a maximum rate of 300 cfs. The full reservoir capacity is utilized to
meet project demands in nine of the 41 years simulated.

Results from the current, most relevant BEARSIM model simulation of this scenario are
summarized in Tables 4-2 and 4-3. The Washakie Reservoir fill rate is compared with the
average reservoir release rate in Figure 4-4.
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Table 4-2

Capacity Requirements from DWRe
Modeling Scenario #1 (Additional Downstream Reservoir Scenario)

Maximum
Average Maximum Annual
Annual Flow Flow Shortage

Project Element (acre-ft/cfs) (cfs) (acre-ft)
Bear River Project total delivery 220,000/ 303 660 22,000
Diversion to fill Washakie Reservoir 116,000/160 400 N/A
Washakie Reservoir delivery to Bear 99,000/ 137 660 N/A
River Pipeline
Direct Diversion from Bear River to 121,000/ 166 480 N/A
Bear River Pipeline
Total Diversion from Bear River to 220,000/ 303 650 N/A
Pipeline and Washakie Reservoir
Diversion to fill downstream reservoir 60,000/ 80 300 N/A
Downstream reservoir release / delivery 50,000/ 75 300 N/A
Delivery to Cache County (from new 60,000/ 83 180 6,000
diversion, at times by exchange with
BRCC)
Delivery to BRWCD (from Bear River 60,000/ 83 180 6,000
Pipeline Northern Segment or released
from Washakie Reservoir)
Delivery to WBWCD (from Bear River 50,000/ 69 150 5,000
Pipeline and from downstream
reservoir)
Delivery to JVWCD (from Bear River 50,000/ 69 150 5,000
Pipeline and from downstream
reservoir)
Additional supply to be developed from 60,000 / 80 450 N/A
additional storage
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Ta

ble 4-3
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Simulation Results for Scenario #1

Month Oct Nov | Dec | Jan | Feb | March | April | May | June | July | Aug | Sept | Annual
Diversions to Cache County by Exchange from Washakie Releases
Maximum 5,400 124 58 - - - 1,211 4,800 8,400 10,800 10,200 7,800 46,101
Average 1,107 10 1 - - - 91 1,032 3,299 8,112 7,572 4,355 25,578
Minimum - - - - - - - - - - - - -
Direct Diversions to Cache County from Bear River
Maximum 5,400 2,400 1,800 1,800 1,800 1,800 3,000 4,800 8,400 10,800 10,200 7,800 60,000
Average 2,925 2,357 1,797 1,798 1,798 1,557 2,638 3,325 4,606 2,446 2,406 2,655 30,309
Minimum - 2,276 1,743 1,800 1,800 1,800 1,790 - - - - - 13,899
Total Diversions to Cache County
Maximum 5,400 2,400 1,800 1,800 1,800 1,800 3,000 4,800 8,400 10,800 10,200 7,800 60,000
Average 4,032 2,366 1,798 1,798 1,798 1,557 2,728 4,356 7,906 10,557 9,979 7,010 55,887
Minimum 505 2,000 1,739 1,742 1,738 290 800 257 4,059 8,643 7,859 3,919 47,384
Direct Diversion from Bear River to BRWCD
Maximum 5,400 2,400 1,800 1,800 1,800 1,800 3,000 4,800 8,400 10,800 10,200 7,800 60,000
Average 3,032 2,385 1,798 1,799 1,800 1,577 2,666 3,331 4,532 2,303 2,442 2,686 30,350
Minimum - 2,179 1,742 1,748 1,793 290 100 - - - - - 8,268
Release from Washakie to BRWCD
Maximum 5,400 221 58 52 7 1,510 2,900 4,800 8,400 10,800 10,200 7,800 51,732
Average 2,283 15 2 1 0 223 334 1,469 3,868 8,497 7,758 5,114 29,565
Minimum - - - - - - - - - - - - -
Combined Diversion to BRWCD
Maximum 5,400 2,400 1,800 1,800 1,800 1,800 3,000 4,800 8,400 10,800 10,200 7,800 60,000
Average 5,315 2,400 1,800 1,800 1,800 1,800 3,000 4,800 8,400 10,800 10,200 7,800 59,915
Minimum 1,916 2,400 1,800 1,800 1,800 1,800 3,000 4,800 8,400 10,800 10,200 7,800 56,516
Direct Diversion from Bear River to WBWCD and JVWCD
Maximum 9,000 4,000 3,000 3,000 3,000 3,000 5,000 8,000 14,000 18,000 17,000 13,000 99,976
Average 4,429 3,938 2,995 2,996 2,997 2,565 4,268 5,417 7,189 3,089 2,760 3,842 46,485
Minimum - 3,333 2,903 2,903 2,897 431 15 - - - - - 13,317
Release from Washakie to WBWCD & JVWCD
Maximum 9,000 667 97 97 103 2,569 4,985 8,000 14,000 18,000 17,000 13,000 82,076
Average 3,396 56 5 4 3 435 732 2,583 6,811 14,568 13,320 8,056 49,967
Minimum - - - - - - - - - - - - 24
Combined Diversion to WBWCD and JVWCD
Maximum 9,000 4,000 3,000 3,000 3,000 3,000 5,000 8,000 14,000 18,000 17,000 13,000 100,000
Average 8,371 4,000 3,000 3,000 3,000 3,000 5,000 8,000 14,000 18,000 17,000 12,798 99,170
Minimum - 4,000 3,000 3,000 3,000 3,000 5,000 8,000 14,000 18,000 17,000 6,473 90,840
Washakie Reservoir Contents
Maximum 160,000 | 160,000 | 160,000 | 160,000 | 160,000 [ 160,000 [ 160,000 | 160,000 | 160,000 | 160,000 | 160,000 [ 160,000 160,000
Average 106,033 | 120,867 | 135,756 | 147,653 | 155,186 | 157,577 | 158,497 | 156,428 | 148,416 | 128,579 | 114,350 [ 105,061 136,200
Minimum 24,691 43,581 67,553 89,488 | 111,395 | 124,036 | 140,145| 132,281 | 119,524 89,760 54,659 29,020 91,432
Combined Diversion from Bear River to Collinston Diversion
Maximum 38,995 30,202 29,395 29,395 27,808 24,967 31,465 27,536 24,994 32,621 31,830 38,765 224,924
Average 13,781 21,190 19,686 16,693 12,330 6,850 8,988 10,769 13,526 6,351 10,394 9,658 150,215
Minimum - 6,347 4,800 4,800 4,697 1,685 115 - - - 4,077 - 74,056
Downstream Reservoir Contents
Maximum 100,000 | 100,000 | 100,000 | 100,000 | 100,000 { 100,000 [ 100,000 | 100,000 | 100,000 | 100,000 | 100,000 [ 100,000 100,000
Average 49,193 60,466 71,197 81,396 87,827 92,862 93,476 91,049 84,384 67,732 53,063 45,891 73,211
Minimum 3,966 4,885 10,956 20,199 26,252 36,628 33,381 28,664 13,736 4,711 4,291 4,062 21,037
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Figure 4-4
Washakie Reservoir Fill and Release Rates
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Scenario #2 — Additional Upstream Reservoir Scenario. Scenario #2 also assumes the
construction of a 160,000 acre-foot off-stream storage reservoir at the Washakie site. Rather
than assuming the construction of 100,000 acre-feet of additional downstream storage (as in
Scenario #1), it assumes that the Bear River Project would construct an upstream reservoir of
approximately 105,000 acre-feet The firm supply generated by the assumed reservoir would
have an inflow and outflow capacity of approximately 250 cfs. Full evaluation of the possible
impacts to water users and the environment of the assumed upstream storage would be required.

A potential upstream storage would store surplus flows in the winter and spring (non-irrigation
season) and release water to meet Bear River Project demand when all of the water flowing
down the Bear River was being allocated to prior water rights. The DWRe’s current operations
modeling of the upstream storage shows that the upstream reservoir yields an average of 67,000
acre-feet per year. The reservoir is drawn down in about 25 out of 41 years.

In this scenario, Washakie Reservoir is operated in the same manner as described under
Scenario 1, although specific inflows and outflows would be different. Also, with an upstream
reservoir, Bear River Project water supply for Cache County would not need to be developed as
frequently by exchanging Washakie releases with BRCC water. The upstream reservoir would
be operated to firm-up a portion of the supplies to all four Project water users.
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Results from the current, most relevant BEARSIM model simulation of this scenario are
summarized in Tables 4-4 and 4-5. There are slightly higher water supply shortages under this
scenario, indicating that the volume of storage assumed in the upstream reservoir may be
somewhat smaller than would actually be required for a firm yield of 220,000 acre-feet.

Table 4-4
Capacity Requirements from DWRe Modeling Scenario #2
(Additional Upstream Storage Scenario)

Maximum
Average Maximum Annual
Annual Flow Flow Shortage
Project Element (acre-ft/cfs) (cfs) (acre-ft)
Bear River Project total delivery 220,000/ 303 660 28,000
Diversion to Washakie Reservoir 116,000/160 400 N/A
Washakie Reservoir delivery to Bear River 99,000/ 137 500 N/A
Pipeline
Diversion from Bear River to Bear River 61,000 / 106 480 N/A
Pipeline
Total diversion from Bear River to Pipeline 220,000/ 303 650 N/A
and Washakie Reservoir
Delivery to Cache County (from new 60,000/ 83 180 6,000
diversion and by exchange with BRCC
supply)
Delivery to BRWCD (from Bear River 60,000/ 83 180 6,000
Pipeline Northern Segment or released from
Washakie Reservoir)
Delivery to WBWCD (from Bear River 50,000/ 69 150 5,000
Pipeline)
Delivery to JVWCD (from Bear River 50,000/ 69 150 5,000
Pipeline)
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Table 4-5
Simulation Results for Scenario #2

BEAR RIVER PIPELINE CONCEPT REPORT - FINAL

Month | Oct Nov Dec | Jan | Feb | March | April | May | June | July | Aug | Sept | Annual
Diversions to Cache County by Exchange from Washakie Releases
Maximum 34 31 - - - 55 189 155 309 395 - 255 547
Average 1 1 - - - 4 14 19 43 49 - 6 136
Minimum - - - - - - - - - - - - -
Direct Diversions to Cache County from Bear River
Maximum 5,400 2,400 1,800 1,800 1,800 1,800 3,000 4,800 8,400 10,800 10,200 7,800 60,000
Average 4,425 2,399 1,800 1,800 1,800 1,796 2,986 4,781 8,357 10,751 10,200 7,398 58,493
Minimum - 2,369 1,800 1,800 1,800 1,745 2,811 4,645 8,091 10,405 10,200 2,973 51,465
Total Diversions to Cache County
Maximum 5,400 2,400 1,800 1,800 1,800 1,800 3,000 4,800 8,400 10,800 10,200 7,800 60,000
Average 4,426 2,400 1,800 1,800 1,800 1,800 3,000 4,800 8,400 10,800 10,200 7,404 58,630
Minimum - 2,400 1,800 1,800 1,800 1,800 3,000 4,800 8,400 10,800 10,200 2,973 51,465
Direct Diversion from Bear River to BRWCD
Maximum 5,400 2,400 1,800 1,800 1,800 1,800 3,000 4,800 8,400 10,800 10,200 7,800 60,000
Average 2,848 2,370 1,798 1,797 1,799 1,576 2,626 3,242 4,451 2,031 6,461 2,563 33,563
Minimum - 2,151 1,758 1,741 1,790 290 62 - - - - - 8,656
Release from Washakie to BRWCD
Maximum 5,400 249 42 59 10 1,510 2,939 4,800 8,400 10,800 10,200 7,800 47,513
Average 2,205 30 2 3 1 224 374 1,558 3,949 8,769 3,739 5,037 25,891
Minimum - - - - - - - - - - - - -
Combined Diversion to BRWCD
Maximum 5,400 2,400 1,800 1,800 1,800 1,800 3,000 4,800 8,400 10,800 10,200 7,800 60,000
Average 5,053 2,400 1,800 1,800 1,800 1,800 3,000 4,800 8,400 10,800 10,200 7,600 59,454
Minimum - 2,400 1,800 1,800 1,800 1,800 3,000 4,800 8,400 10,800 10,200 3,256 54,600
Direct Diversion from Bear River to WBWCD and JVWCD
Maximum 9,000 4,000 3,000 3,000 3,000 3,000 5,000 8,000 14,000 18,000 17,000 13,000 100,000
Average 6,261 3,993 3,000 3,000 3,000 3,000 5,000 8,000 14,000 17,807 15,786 10,309 93,156
Minimum - 3,704 3,000 3,000 3,000 3,000 5,000 8,000 14,000 13,567 - - 56,567
Release from Washakie to WBWCD & JVWCD
Maximum 9,000 296 - - - - - - - 4,433 16,482 13,000 30,537
Average 2,130 7 - - - - - - - 193 1,181 1,945 5,456
Minimum - - - - - - - - - - - - -
Combined Diversion to WBWCD and JVWCD
Maximum 9,000 4,000 3,000 3,000 3,000 3,000 5,000 8,000 14,000 18,000 17,000 13,000 100,000
Average 8,391 4,000 3,000 3,000 3,000 3,000 5,000 8,000 14,000 18,000 16,967 12,254 98,612
Minimum - 4,000 3,000 3,000 3,000 3,000 5,000 8,000 14,000 18,000 16,152 - 86,152
Washakie Reservoir Contents
Maximum 160,000 [ 160,000 | 160,000 [ 160,000 | 160,000 | 160,000 | 160,000 | 160,000 [ 160,000 | 160,000 | 160,000 [ 160,000 160,000
Average 112,077 | 122,024 | 133,225 | 141,340 | 147,299 | 148,987 | 150,874 | 150,130 | 145,579 | 133,230 | 125,340 115,989 135,508
Minimum 23,874 30,896 45,934 58,123 73,289 83,677 93,430 87,375 77,458 63,441 32,588 24,347 64,038
Combined Diversion from Bear River to Collinston Diversion
Maximum 34,152 30,202 29,395 29,395 27,808 20,589 29,187 37,395 37,731 32,621 37,275 28,481 266,254
Average 12,099 16,349 16,001 12,915 10,759 6,580 10,585 13,594 20,404 20,276 23,146 13,590 176,299
Minimum - 6,400 4,800 4,800 4,800 3,397 5,062 8,000 14,000 13,567 5,100 - 132,695
Upstream Reservoir Contents
Maximum 105,000 [ 105,000 | 105,000 [ 105,000 | 105,000 | 105,000 | 105,000 | 105,000 | 105,000 | 105,000 | 105,000 [ 105,000 105,000
Average 45,999 60,054 73,549 84,761 93,868 99,797 | 100,765 97,551 87,734 65,156 45,358 39,196 74,482
Minimum 4,800 14,573 30,721 46,726 59,235 68,251 63,106 49,997 27,098 4,979 4,896 4,844 33,467
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Scenario #3 —New Upstream and Downstream Reservoir Scenario. Scenario #3 does not
assume the construction of an off-stream storage reservoir at the Washakie site. Instead, it
assumes that the Bear River Project would construct an upstream reservoir of approximately
85,000 acre-feet, and a downstream reservoir on the Bear River with a capacity of 117,000 acre-
feet. The firm supply generated by the assumed reservoirs would result in a maximum supply
shortage of about 12 percent. Full evaluation of the possible impacts to water users and the
environment of the assumed upstream and downstream storage reservoirs would be required.

A potential upstream storage system would store surplus flows in the winter and spring (hon-
irrigation season) and release water to meet Bear River Project demand when all of the water
flowing down the Bear River was being allocated to prior water rights. The DWRe’s current
operations modeling of the upstream storage shows that the upstream reservoir yields an average
of 37,000 acre-feet per year, and the downstream reservoir yields an average of 74,000 acre-feet
per year. The upstream reservoir is drawn down in about 5 out of 41 years, and has an average
content of 73,000 acre-feet. The downstream reservoir is drawn down completely in 16 out of 41
years and has an average content of 73,000 acre-feet.

With an upstream reservoir Bear River Project water supply for Cache County would not need to
be developed as frequently by exchanging with Bear River Canal Company water. Instead, the
upstream reservoir would be operated to firm-up a portion of the supplies to all four project
water users.

The downstream reservoir would be operated to firm up deliveries to the other three water
agencies (BRWCD, JVWCD, and WBWCD). This scenario would likely require a different
configuration of the Bear River Pipeline, perhaps with two separate pipelines, one leading to
BRWCD, and one leading to the West Haven WTP site. The total of the two pipeline capacities
would be 480 cfs, 180 cfs to BRWCD, and 300 cfs to JVWCD and WBWCD.

Results from the current, most relevant BEARSIM model simulation of this scenario are
summarized in Tables 4-6 and 4-7. The slightly higher water supply shortages under this
scenario (compared with Scenario #1), indicate that the volume of storage assumed in the
upstream reservoir may be somewhat smaller than would actually be required for a firm yield of
220,000 acre-feet.

4.1.4 Hydrology and Water Availability Conclusions

The conclusion from the modeling runs completed for this project is that for the Project to
deliver the full water supply of 220,000 acre-feet to the water users, storage must either be
planned in addition to Washakie or with multiple reservoirs (not Washakie). Washakie alone
cannot develop the full water supply needed for the Project and storage facilities.

A fourth scenario, using just Washakie Reservoir without additional storage was also
investigated. This scenario did not meet the DWRe’s reliability standard of delivering the
planned water supply with no annual shortage greater than 10 percent or 15 percent of the
average. The three previously described scenarios for developing 220,000 acre-feet per year of
reliable water supply from the Bear River and the Washakie Only scenario are summarized in
Table 4-8.
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Table 4-6

Capacity Requirements from DWRe Modeling (BEARSIM)

Scenario #3
(New Upstream and Downstream Storage Scenario)

Maximum
Average Maximum Annual
Annual Flow Flow Shortage
Project Element (acre-ft/cfs) (cfs) (acre-ft)
Bear River Project total delivery 220,000/ 303 660 26,000
Diversion from Bear River to Bear River Pipeline | 110,000 / 220 480 N/A
Delivery to Cache County (from new diversion 60,000/ 83 180 6,000
and by exchange with BRCC supply)
Delivery to BRWCD (from Bear River Pipeline 60,000/ 83 180 6,000
Northern Segment or released from downstream
reservoir)
Delivery to WBWCD (from Bear River Pipeline) 50,000/ 69 150 5,000
Delivery to JVWCD (from Bear River Pipeline) 50,000/ 69 150 5,000
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Table 4-7
Simulation Results for Scenario #3
New 85,000 acre-feet Upstream On-stream Reservoir plus New 117,000 acre-feet
Downstream On-stream Reservoir (all values in acre-feet)

Month Oct Nov Dec | Jan | Feb | March | April | May | June | July | Aug Sept Annual
Diversions to Cache County by Exchange from Washakie Releases
Maximum 5,400 672 61 58 62 1,510 2,900 4,800 8,400 10,800 10,200 7,800 59,945
Average 2,307 57 3 2 2 243 362 1,475 3,794 8,354 7,794 4,936 32,974
Minimum - - - - - - - - - - - - 0
Direct Diversions to Cache County from Bear River
Maximum 5,400 2,400 1,800 1,800 1,800 1,800 3,000 4,800 8,400 10,800 10,200 7,800 60,000
Average 2,779 2,341 1,796 1,797 1,798 1,545 2,617 3,314 4,537 2,332 2,332 2,565 26,106
Minimum - 1,728 1,739 1,742 1,738 290 100 - - - - - -
Total Diversions to Cache County
Maximum 5,400 2,400 1,800 1,800 1,800 1,800 3,000 4,800 8,400 10,800 10,200 7,800 60,000
Average 5,086 2,398 1,799 1,799 1,799 1,788 2,979 4,790 8,331 10,686 10,126 7,500 59,081
Minimum - 2,334 1,746 1,768 1,778 1,669 2,761 4,618 7,733 9,915 8,766 977 53,177
Direct Diversion from Bear River to BRWCD
Maximum 5,400 2,400 1,800 1,800 1,800 1,800 3,000 4,800 8,400 10,800 10,200 7,800 60,000
Average 4,193 2,376 1,798 1,797 1,800 1,576 2,656 3,288 4,518 2,394 7,100 3,735 37,231
Minimum - 2,151 1,758 1,741 1,793 290 62 - - - 5,100 178 21,635
Release from Downstream Reservoir to BRWCD
Maximum 4,183 249 42 59 7 1,510 2,939 4,800 8,400 10,800 5,100 7,622 38,365
Average 906 24 2 3 0 224 344 1,512 3,882 8,406 3,100 3,799 22,201
Minimum - - - - - - - - - - - - -
Combined Diversion to BRWCD
Maximum 5,400 2,400 1,800 1,800 1,800 1,800 3,000 4,800 8,400 10,800 10,200 7,800 60,000
Average 5,098 2,400 1,800 1,800 1,800 1,800 3,000 4,800 8,400 10,800 10,200 7,534 59,432
Minimum - 2,400 1,800 1,800 1,800 1,800 3,000 4,800 8,400 10,800 10,200 780 52,980
Direct Diversion from Bear River to WBWCD and JVWCD
Maximum 9,000 4,000 3,000 3,000 3,000 3,000 5,000 8,000 14,000 18,000 17,000 13,000 99,958
Average 5,777 3,696 2,888 2,973 2,988 2,467 4,180 5,300 7,109 2,912 3,104 4,460 47,854
Minimum - 2,349 1,340 2,658 2,727 122 - - - - - - 23,153
Release from Downstream to WBWCD & JVWCD
Maximum 9,000 1,651 1,660 342 273 2,878 5,000 8,000 14,000 18,000 17,000 13,000 76,847
Average 2,707 304 112 27 12 533 820 2,700 6,891 15,088 13,896 8,096 51,186
Minimum - - - - - - - - - - - - 42
Combined Diversion to WBWCD and JVWCD
Maximum 9,000 4,000 3,000 3,000 3,000 3,000 5,000 8,000 14,000 18,000 17,000 13,000 100,000
Average 8,484 4,000 3,000 3,000 3,000 3,000 5,000 8,000 14,000 18,000 17,000 12,556 99,040
Minimum - 4,000 3,000 3,000 3,000 3,000 5,000 8,000 14,000 18,000 17,000 1,300 88,300
Upstream Reservoir Contents
Maximum 85,000 85,000 85,000 85,000 85,000 85,000 85,000 85,000 85,000 85,000 85,000 85,000 85,000
Average 55,404 65,375 73,357 79,266 82,596 84,481 84,563 83,387 79,702 71,469 63,104 57,440 73,345
Minimum 4,909 19,255 33,625 47,404 59,913 74,866 80,172 74,932 66,071 40,739 8,065 4,954 48,418
Combined Diversion from Bear River to Bear River Pipeline
Maximum 14,400 6,400 4,800 4,800 4,800 4,800 8,000 12,800 22,400 28,800 27,200 20,800 160,000
Average 13,582 6,400 4,800 4,800 4,800 4,800 8,000 12,800 22,400 28,800 27,200 20,090 158,472
Minimum - 6,400 4,800 4,800 4,800 4,800 8,000 12,800 22,400 28,800 27,200 2,080 141,280
Downstream Reservoir Contents
Maximum 117,000 [ 117,000 | 117,000 | 117,000 ( 117,000 | 117,000 | 117,000 ( 117,000 | 117,000 | 117,000 ( 117,000 | 117,000 117,000
Average 50,287 66,185 83,031 97,771 | 107,497 | 111,861 [ 111,869 | 108,212 97,836 72,287 54,140 44,824 83,817
Minimum 8,154 10,000 12,159 25,891 61,324 63,770 57,818 48,965 25,289 9,532 8,773 8,341 35,679
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Table 4-8
Summary of Simulation Results for Bear River Water Development Scenarios
(all values in acre-feet)

Average Maximum

Annual Annual
# [Name Storage 1 Storage 2 Shortage Shortage
1 |Washakie with Downstream (onstream) [160,000 (Washakie) 100,000 (near Beeton) 4,900 22,000
2 |Washakie with Upstream (onstream) 160,000 (Washakie) 105,000 (near Oneida) 3,300 28,000
3 |Without Washakie (two new onstream) |85,000 (near Oneida) |117,000 (near Beeton) 2,000 26,000
4 [Just Washakie 160,000 (Washakie) 22,000 98,000

4.1.5 Water Quality

The quality of the water along the lower Bear River varies significantly by location and by flow.
Of particular concern are high total dissolved solids (TDS) and hardness levels in the
downstream reaches of the river, both of which tend to be higher during periods of low flow.
These water quality differences may strongly influence the selection of a preferred diversion
location (and thus the alignment for the Bear River Pipeline), as well as the water treatment
processes required to use the water for M&I supply. Recognizing this fact, DWRe has been
monitoring the Bear River for more than a decade. Five water-quality sampling locations are
shown on Figure 4-1. Sampling schedule and protocols are generally summarized in Table 4-9.

Water Quality Monitoring Program and Results. Monitoring has generally focused on the
acceptability and treatability of the lower Bear River as a drinking water supply, and the
documentation of baseline conditions for environmental impact analysis and water conveyance
and treatment facility planning. Within this focus, eight parameters have emerged as being of
primary concern. These parameters are TDS, turbidity, hardness, iron, manganese, mercury,
algae, Giardia and Cryptosporidium, and Trihalomethane Formation Potential (THMFP).
Concerns and qualitative monitoring results are summarized in Table 4-10. This table also
provides guidance concerning the possible choice of a diversion location.

One of the primary purposes of DWRe water quality monitoring has been to characterize the
variation in Bear River water quality by potential diversion location. Based upon findings, this
monitoring has evolved over time to focus on five primary monitoring sites that help distinguish
four general diversion locations: Bear River upstream of Cache Valley, within Cutler Reservoir
(both upstream and downstream of the Bear River), Bear River above the Malad River and Salt
Creek, and the Bear River near Corinne. These general locations cover the range of potential
Bear River Pipeline diversion locations®.

5 For the purposes of this study, water quality immediately downstream of Cutler Dam is assumed to be most like that of
monitoring site 590099-Cutler Reservoir near Clay Slough.
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Table 4-9

Typical Frequency and Protocol of Bear River Sampling

Bi-weekly Samples

Monthly Samples

Quarterly Samples

Chemistry Group —
All Sites

Chemistry Group — All Sites

Chemistry Group — All Sites

Bacteriology Group
— All Sites

Bacteriology Group — All Sites

Bacteriology Group — All Sites

Total Organic Carbon -4
Sites, Not 590100, 490272,
490146

Total Organic Carbon — 4 Sites,
Not 590100, 490272, 490146

Heterotrophic Plate Count — 4
Sites, Not 590100, 490272,
490146

Heterotrophic Plate Count — 4
Sites, Not 590100, 490272,
490146

Algae Counts & Chlorophyll A -
4 Sites, Not 590100, 490272,
490146

Metals (Silica and Selenium) —
4 Sites, Not 590100, 490272,
490146

Metals Group (Arsenic, Barium,
Iron, Manganese, Fluoride,
Strontium, Silica and Selenium)
— 4 Sites, Not 590100, 490272,
490146

THMFP and Bromide — Only
590099, 490145

Giardia & Cryptosporidium —
Only 590099, 490145
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Table 4-10

Bear River Monitoring Parameters and Findings

Parameter of
Concern

Basis of Concern

Findings and Conclusions

TDS (Total
Dissolved Solids)

JVWCD & WBWCD have established target range of 250
mg/L to 375 mg/L Reducing TDS levels requires
expensive treatment and disposal of solids and brine.

Average TDS below Malad
confluence far exceeds District
standards. TDS above Malad and
within and below Cutler frequently
exceeds District standards.

Turbidity Turbidity interferes with disinfection and is regulated under | Median turbidity levels in the lower
the Surface Water Rule to <0.3 NTU for 95% of the time, Bear River are around 40 NTU,
with a maximum. instantaneous limit of 1 NTU. Turbidity regardless of sampling location.
is lowered in the treatment process, but highly turbid waters
requires large filtration systems and disposal of a large
volume of removed solids.

Hardness High hardness causes scale build-up on pipes and Hardness levels are relatively
appliances, which ultimately causes reduction in pipe constant across the potential
capacities and the permanent cementing of valves. diversion sites. High levels of
Consumers will notice higher soap and detergent use, calcium hardness will require
occasional water color, and long-term damage to water softening. High hardness levels
heaters and lawn irrigation equipment. Softening requires need to be reduced prior to TDS
disposal of a large volume of solids. removal.

Iron Iron is a secondary standard in the State of Utah and is Iron levels from 0.4 to 2.0 mg/L are
regulated to 0.30 mg/L based on water color, staining of relatively constant across sites. Iron
dishes and laundry, and taste considerations. removal will be required in the

treatment process prior to TDS
removal.

Manganese Manganese is regulated in the State of Utah to the Manganese levels from 8 to 150
secondary standard of 50 pg/L based on water color, ug/L are relatively constant across
staining of dishes and laundry, and taste considerations. sites. Removal will be required in
Many studies have shown that effective, consistent removal | the treatment process prior to TDS
of aesthetic issues requires treatment down to 30 pg/L. removal.

Algae Algae is a concern due to taste and odor, as well as exerting | Diversion location and monitoring
a strong negative influence on TDS removal, turbidity results less important than reservoir
removal, and THMFP. Algae growth in storage reservoirs | storage. May require special
may be a problem. treatment for taste and odor.

THMFP THMs are formed by the disinfection of various organic Levels above Malad range from 130

(Trihalomethane compounds, including algae, Consumption of high THM to 500 pg/L for THMFP. No

Formation water increases the chronic risk of cancer, reproductive THMFP sampling below Malad and

Potential) system problems, and liver/kidney/ nervous system no HAA5 sampling was conducted
problems. There are several regulated THMs, with the above or below Malad.
crucial often being the MCL for all THMs combined of 80
Mg/L and the 5-haloacetic acids (HAADS) of 60 ug/L both on
a long-term annual average.

Giardia and Dangerous intestinal pathogens. Federal and state drinking | Above the Malad, Giardia counts

Cryptosporidium

water standards require that a minimum of 99.9% be
filtered out during treatment.

range from zero to 3. Crypto-
sporidium counts range from zero to
0.3. No sampling below Malad.
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TDS Variation across Potential Diversion Sites. With regard to water treatment cost and
suitability as a water supply source, one of the driving parameters is TDS. TDS in the lower
Bear River increases as the river flows from north to south. Some of the sources of this TDS
loading are the numerous mineral springs throughout the watershed, and particularly along the
river. The flow from these mineral springs tends to be fairly constant throughout the year. Most
mineral spring inflows are quite small. However, as the flow of the Bear River from upstream
drops during the summer, the impact of these inflows dramatically increases. Downstream of
Honeyville, there are two main tributaries that have large impacts on the quality (and particularly
the TDS) of the Bear River. These are the Malad River and Salt Creek.

Malad River Water Quality Concerns. The Malad River has a typical flow of around 20 cfs, and
drains a watershed of about 4,000 square miles. As a result of mineral springs and agricultural
return flows, it has high TDS levels. During the summer months, quite a bit of agricultural
irrigation return water flows into the Malad. Table 4-11 summarizes Malad River TDS levels.
Note that winter flows have a fairly constant 2,000 mg/L concentration along the reach from near
Nucor Steel to the confluence with the Bear River. During the summer, and farther downstream,
snowmelt flows and irrigation return flows from Bear River water dilute the more saline Malad
River water from around 4,500 mg/L to just under 1,000 mg/L. In addition, due to the numerous
communities with non-disinfected lagoon systems discharging into the Malad, very high E-coli
counts (exceeding 10,000 per 100 mL) have been measured.

Table 4-11
Malad River TDS Variation by Location
Malad River February 6, 2006 | August 21, 2006
Site ID-Description TDS (mg/L) TDS (mg/L)
490291 (by Nucor Steel) 1,904 4,472
490272 (East of Garland, UT) 2,024 2,976
490146 (South of Bear River City) 1,992 968

Salt Creek Water Quality Concerns. Salt Creek originates on the western flank of the Wellsville
Mountains near the location of Crystal Hot Springs Resort. The effluent from this resort, and
flow from numerous other springs in the immediate area combine to form a fairly constant flow
into the Bear River of about 17 cfs. TDS levels are in the 25,000 to 35,000 mg/L range. This is
similar to or higher than the salinity of seawater. When Salt Creek reaches the Bear River, it has
a large impact on the TDS levels downstream, particularly during low flow periods. Combined
with the nearby inflow from the Malad River, this increases TDS in the Bear River from the
confluence point all the way to the Great Salt Lake.

Table 4-12 shows the combined effect of Malad River and Salt Creek on the Bear River near
Corinne. During higher winter flow, the dissolved solids load is diluted, with the TDS level
increasing about 150 to 250 mg/L. In August, the small flow in the Bear River is insufficient to
dilute the high dissolved solids load, and TDS is increased by 500 to 1,500 mg/L, or more.
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Table 4-12
Typical Effect of Malad River and Salt Creek Inflow on Lower Bear River TDS
February 6, Long-term
2006 August 21, 2006 Average
Site ID and Description TDS (mg/L) TDS (mg/L) (mg/L)
590100 (Cutler near Benson Marina) 302 310 325
590099 (Cutler near Clay Slough) 492 438 432
490145-Bear River above Malad 448 636 500
490142-Bear River near Corinne 544 2,184 905

Comparative Summary of Water Quality Concerns. The five general diversion locations
(Bear River upstream of Cache Valley, Cutler Reservoir above the Bear, Collinston diversion
site, 1-15 diversion site, and near Corinne) show significant variation in TDS as well as other
water quality parameters. Critical differences are highlighted in Table 4-13, which shows the
average and maximum monitored level at the five primary sampling locations, for seven of the
eight primary constituents of concern®. The following sections highlight the differences at the
three potential Bear River Pipeline diversion locations. In considering water quality at the
potential diversion sites, it is apparent that both the diversion location and the time of year when
the diversions occur are critical.

Within Cutler Reservoir or Downstream of Cutler Dam (Collinston diversion site). Water
quality immediately downstream of Cutler Dam would be most like that of sampling site
590099-Cutler Reservoir near Clay Slough. Average TDS level is 432 mg/L, with a maximum
observed level of 582 mg/L. During the period of November through May, this diversion site
would produce a supply with TDS in the 400-500 mg/L range. If this water was stored, released
back into the Bear River, and re-diverted upstream of the Malad-Salt Creek inflows, this would
add some TDS, but most likely less than 100 mg/L, producing a raw water with a TDS in the
500-600 mg/L range. Modeling would be required to produce numbers that are more accurate.

Turbidity at this location averages 32 NTU, with a maximum monitored level of 146 NTU.
Hardness varies from the low 200s to nearly 400 mg/L. Reduction of 150 to 300 mg/L of
hardness by the use of lime softening in the treatment process would leave water with a TDS
concentration averaging below 300 mg/L.

Above Malad River (I-15 diversion site). Water diverted above the confluence of the Malad
River would be very similar to water diverted just below Cutler Dam, although TDS, turbidity,
and hardness would all be about 10 to 20 percent higher, with higher variability. During very
low river flows, TDS may be twice as high as the average level. This observed variation may be
reduced somewhat by dilution with water released from Washakie Reservoir. Iron and
manganese concentrations appear to be significantly higher at the above the Malad location,

6 Sampling for THMFP is insufficient to draw conclusions about the relative advantages of one diversion site versus another.
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compared to the quality of the water monitored in Cutler Reservoir. This may be due to the
higher suspended sediment load of flowing river water, compared to the more settled reservoir
water. Giardia and cryptosporidium counts above the Malad also appear to be significantly
higher than in Cutler Reservoir. Hardness levels are 30 percent or more above those observed
within Cutler Reservoir, presumably due to contributions from agricultural return flow.
Reduction of 200 to 400 mg/L of hardness by lime softening would produce water with an
average TDS around 300 mg/L.

Near Corinne. Downstream of the Malad River, TDS levels are typically much higher than at the
upstream locations. During low summer flows, Bear River water typically exceeds 2,500 mg/L.
This water would require removal of about 90 percent of the dissolved solids to approach the
WBWCD and JVWCD goals for drinking water. This can only be accomplished by reverse
osmosis, or a similar desalination technique. Softening to remove hardness would be required
prior to desalination to avoid membrane fouling. For water diverted at this location during the
November to May period, only about 60% salt removal would be required to achieve a TDS near
300 mg/L. In this period, treatment by lime softening to remove 250 to 300 mg/L might be
sufficient to meet JVWCD and WBWCD TDS goals. The levels of water quality parameters
other than TDS appear similar to levels found at the site above the Malad or in Cutler Reservoir.
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Table 4-13
Bear River Water Quality Difference by Diversion Location
Potential Diversion Maximum
Parameter of Concern Location Average Level Level Critical Conditions

TDS Upstream Cache Valley 420 590 Area of Concern
(mg/L) Cutler Reservoir 325 536 Area of Concern
State of Utah Collinston Diversion 432 582 Area of Concern
standard 500 mg/L, | Above Malad River 500 1,146 Area of Concern

;]mvx\égr%/ ‘é\é'gvn\igci Near Corinne 905 3600  |JFiGHEOHCETI
Turbidity Upstream Cache Valley 8.2 61 Area of Concern
(NTU) Cutler Reservoir 35 172 Area of Concern
Treated water Collinston Diversion 32 146 Area of Concern
standard <0.3 NTU, | Above Malad River 38 210 Area of Concern
95% of time Near Corinne 45 134 Area of Concern
Hardness Upstream Cache Valley 304 381 Area of Concern
(mg/L) Cutler Reservoir 253 391 Area of Concern
Collinston Diversion 216 363 Area of Concern
Above Malad River 280 659 Area of Concern
Near Corinne 305 435 Area of Concern
Iron Upstream Cache Valley 0.27 11 Possible Concern
(mg/L) Cutler Reservoir No data No data Possible Concern
State of Utah Collinston Diversion 0.60 12 Area of Concern
standard 0.3 mg/L | Above Malad River 11 35 Area of Concern
Near Corinne 1.0 2.3 Area of Concern
Manganese Upstream Cache Valley 30 71 Area of Concern
(Mg/L) Cutler Reservoir No data No data Area of Concern
State of Utah Collinston Diversion 50 86 Area of Concern
standard 30 pg/L Above Malad River 71 170 Area of Concern
Near Corinne 66 66 Area of Concern
THMFP Upstream Cache Valley No data No data Possible Concern
(Mg/L, Chloroform) "¢ ytjer Reservoir No data No data Possible Concern
MCL 80 pg/L Collinston Diversion 200 380 Area of Concern
Above Malad River 264 617 Area of Concern
Near Corinne No data No data Area of Concern
Giardia and Upstream Cache Valley No data No data Possible Concern
Crypttz;i)t))r idium " cytler Reservoir No data No data Possible Concern
99.9% filtration Collinston Diversion 0.11/0.24 04/0.6 Possible Concern
Above Malad River 0.9/0.13 39/0.3 Possible Concern
Near Corinne No data No data Possible Concern
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42  SUMMARY OF PROJECT ASSUMPTIONS

The Bear River Pipeline Concept Study uses the following assumptions in developing,
estimating and refining potential pipeline diversion locations and alignments.

4.2.1 Study Area
The study area for the Bear River Pipeline Concept Study is as shown on Figure 3-1 (Volume I1).
4.2.2 Points of Diversion, Termination, and Delivery

The Bear River Pipeline may withdraw or divert water from the Bear River below Cutler Dam,
from the Bear River near Collinston, and/or from the Bear River near the I-15 crossing.

The Bear River Pipeline will terminate at the location of the proposed West Haven WTP. Other
potential points of delivery from the Bear River Pipeline include the following:

e To BRCC Canals (Westside or Corinne Canals)
e« To BRWCD (Northern) near Honeyville
e« To BRWCD (Southern) near Willard

4.2.3 Pipeline Capacities and Diversion, Delivery, Pumping, and Other Facility
Requirements

The Bear River Pipeline is shown schematically on Figure 4-1, including preliminary capacities
for each reach. Figure 4-1 also shows potential diversion and turnout locations and estimated
capacity requirements. The Collinston diversion would have a capacity of approximately 880 cfs
to meet Washakie Reservoir fill requirements simultaneously with pipeline delivery
requirements. The Bear River Pipeline below Washakie may carry up to 660 cfs for a portion of
its length, to supply the maximum monthly delivery associated with 220,000 acre-feet of annual
supply. This maximum capacity is only required for pipe segments that carry exchange water to
allow upstream diversion of Cache County’s supply, as well as each of the other participating
agencies’ water. It is assumed that exchange water is to be delivered into the Westside Canal
where the Bear River Pipeline crosses it. Downstream of this exchange delivery point, the Bear
River Pipeline may carry up to 480 cfs to supply the maximum monthly delivery associated with
BRWCD, WBWCD, and JVWCD supplies. This capacity is only required for pipe segments
upstream of BRWCD point(s) of delivery. Downstream of BRWCD point(s) of delivery, the
Bear River Pipeline may carry up to 300 cfs for delivery to WBWCD and JVWCD.

4.2.4 Water Quality

The water users require a minimum water quality to allow for affordable treatment of the water
for culinary purposes. For the alternative evaluation of diversion locations from the Bear River,
locations below the confluence of the Bear River and Salt Creek/Malad River should not be
considered due to the deteriorating water quality in the river below those confluences.
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4.3 PREVIOUS WATER DEMAND STUDIES
431 JVWCD Water Demand Studies

The JVWCD Demand, Supply and Major Conveyance Study was completed in 2005 by BC&A.
The study identified the need for Bear River Project water between 2030 and 2040, depending on
progression of secondary water development in JVWCD service area. A subsequent report
entitled Salt Lake County Demand and Supply Study looked at water demand and supply for Salt
Lake County as a whole (BC&A, 2007). This study included additional county sources that may
or may not be available to JVWCD and projected the Salt Lake County need for Bear River
Project water to be around 2040 or later. For planning purposes, 2035 is assumed to be the year
when Bear River Project water will be needed in JVWCD service area.

4.3.2 WBWCD Water Demand Studies

A WBWCD Supply and Demand Study was completed in November 2008 by BC&A. This study
was updated in January 2010 by BC&A. These studies identified the need for additional water
between 2035 and 2040 in WBWCD service area. The studies were based heavily on
assumptions that existing agricultural water sources would be converted to M&I sources. Most
existing agricultural sources are not owned by WBWCD and conversion to other uses is largely
outside of WBWCD control. Due to the uncertainty associated with converting water sources,
2035 will be used for planning purposes as the year when Bear River Project water will be
needed in WBWCD service area.

4.3.3 Box Elder County Water Demand Study

A Box Elder County Ultimate Development Water Demand Study was completed in June 2010
by BC&A and is included in Volume I Appendix of this report. This study provided estimates of
the build-out water demands in Box Elder County, and within the BRWCD service area. The
study estimated an ultimate water demand within BRWCD service area of 417,200 acre-ft/year.
An estimated timeframe for the development and resulting water demand was not part of the
study. A study is underway to estimate the timeframe when Bear River Project water will be
needed in Box Elder County and BRWCD service area.

4.3.4 Cache County Water Demand Study

A Cache County Ultimate Development Water Demand Study was completed in July 2010 by
BC&A and is included in Volume I Appendix of this report. This study provided an estimate of
the build-out water demand in Cache County. The study estimated an ultimate water demand
within Cache County of 423,000 acre-ft/year. An estimated timeframe for the development and
resulting water demand was not part of the study. A study is underway to estimate the timeframe
when Bear River Project water will be needed in Cache County.

4.3.5 Summary of Project Water Needs for Major Participants

Based on the JVWCD and WBWCD water demand studies, Project water is expected to be
needed by 2035. BRWCD and Cache County have not yet completed their studies to the point of
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determining timing, but BRWCD, because of a lack of water supplies in Box Elder County will
most likely require water from the Project before 2035.
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50 AGENCY/STAKEHOLDER COORDINATION

5.1 BEARRIVER PROJECT WORK GROUP

In developing assumptions and criteria for potential alignments of the Bear River Pipeline, input
was solicited from a core group of project participants. The Bear River Project Work Group
(Work Group) Participants included those entities that will receive water through the Bear River
Development Act in the future:

« Bear River Water Conservancy District (BRWCD)

o Jordan Valley Water Conservancy District (JVWCD)

e Weber Basin Water Conservancy District (WBWCD)

e Cache County
5.2 POTENTIALLY AFFECTED PUBLIC AGENCIES

Input was also solicited from potentially affected public agencies that included the elected
officials representing the cities/towns and counties that could be impacted by the alignment of
the Bear River Pipeline:

e Cache County Commission

e Weber County Commission

e Box Elder County Commission

e Mayors and Public Works Directors

o See Volume | Appendix — Stakeholders and Affected Agencies Contact List, for a
complete list of potentially affected public agencies and stakeholders.

Additionally, a general press release was issued at the beginning of the study (June 2009) to
announce the project to the general public.

5.3 COORDINATION SUMMARY

Monthly progress meetings were held with the BC&A/HDR project team, DWRe staff, and the
Bear River Work Group (Volume I Appendix Part 6 Stakeholder List and Meeting Notes). In
addition, DWRe and the project team met with the Cache, Box Elder, and Weber County Boards
of Supervisors, and with the mayors of potentially impacted communities in Box Elder County.
Also, in May 2009 BRWCD sent out a separate letter to mayors, county commissioners, and
other stakeholders in Box Elder County announcing the project.

The purpose of these initial communications and meetings with agencies and stakeholders was to
provide advance notice concerning the study and to ask about their project concerns and their
unique issues, specifically environmental and planned land uses within the study area.
Participating in these meetings helped the project team gain an understanding of what issues and
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decision making criteria are most important to the potentially impacted communities. Table 5.1
lists these meetings and the general outcomes.

Table 5-1
Stakeholder Meetings

Date City/Town/Agency Participants Outcome

May 26, 2009 Cache County Council DWRe, Project Team, | Project announcement
and exchange of
information

May 26, 2009 BRWCD Board DWRe, Project Team, | Second meeting held
05/26/10

July 16, 2009 Watershed DWRe Project announcement
and exchange of
information

Aug. 19, 2009 Mayors from Box Elder | DWRe, Project Team, | Exchange of information

County
Aug. 25, 2009 Weber County DWRe, Project Team | Individual meetings

Commissioners

Sept. 24, 2009

Bear River Canal
Company

DWRe, Project Team

Exchange of information

Sept. 24, 2009,
Various
meetings 2013
2013

Bear River Bird Refuge

DWRe, Project Team

Exchange of information

Various
meetings2011-
2013

Utah Department of
Transportation

DWRe, Project Team

Discussion of rights of
way, common interests

Various
meetings 2102-
2013

Utah Division of Wildlife
Resources

DWRe, Project Team

Exchange of information

Oct. 5, 2009

Weber County Council

DWRe, Project Team,

Exchange of information

Once a recommended alignment is identified it will be essential to meet with potentially affected
agencies and stakeholders to generate discussion about combining corridors with utilities,
transportation facilities, and planned trails.

Moving forward the BC&A/HDR project team will work closely with the DWRe to create a
Public Involvement Plan that will engage the public in a manner approved by the DWRe and
coordinated with stakeholders and affected agencies. The draft Public Involvement Plan
Document has been included in Volume | Appendix Part 4 of this report.
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6.0 PIPELINE ROUTE SELECTION
6.1 INTRODUCTION

The use of a clear process to select an optimum pipeline alignment between two points is not
new. A number of previous route selection studies have been conducted for large transmission
pipelines similar to the Bear River Pipelinel2. While there are some differences between the
ways the studies are conducted, the same basic issues are always addressed. These issues
include cost, availability of land, and public concerns and desires in the communities through
which the pipelines are proposed.

This chapter describes the pipeline route selection process that was conducted to establish the
recommended corridor for the Bear River Pipeline. A glossary of terms is provided below to
define the specific terms that are used throughout the discussion of the route selection process

6.1.1 Glossary of Terms

GLOSSARY OF TERMS

ACTUAL LENGTH The physical length of a pipeline measured along the centerline
of the pipe alignment.

ALIGNMENT The actual pipeline location, or proposed centerline, as
established by a survey?.

CORRIDOR A wide strip (in miles) of land that could accommodate a
pipeline. A corridor runs the entire pipeline length from the
beginning point to the termination point?.

EQUIVALENT LENGTH The theoretical length of a pipeline required to normalize
length with respect to a given variable, such as cost. In this
study, equivalent length is used to normalize cost of
construction in differing site conditions. For example, if the
cost of a pipeline in a congested ROW were 10 times the cost
of a pipeline in an open field, then the equivalent length of the
congested ROW would be 10 times the length of pipe in the
open field.

FATAL FLAW An alternative or concept that is eliminated from further
consideration because of a fundamental problem or issue that
violates the basic objectives of the project (i.e. it would be cost
prohibitive to construct a 10-ft diameter pipeline within a 50
feet wide restricted right-of-way).

1 “A Versatile Route Selection Process”, Phillip K. Ryan, CH2M Hill, presented at the 2001 ASCE Pipelines Conference.
2 “Pipeline Route Selection for Rural and Cross-Country Pipelines:, ASCE Manuals and Reports on Engineering Practice No. 46, 1998.
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GLOSSARY OF TERMS (continued)

FAULT ZONE

GIS

LONG LIST

REACH

ROUTE

SEGMENT

SHORT LIST

STAKEHOLDER

STUDY AREA

A fault is a fracture of the earth’s crust along which the
opposite sides have been relatively displaced. A fault zone is a
region that is adjacent to or immediately surrounding a known
fault.

Acronym for Geographic Information System. GIS computer
software technology is used to merge graphic information with
a database. For this study, GIS was used to manage the large
amount of mapping data associated with the pipeline route
selection process (roads, wetland areas, surface conditions,
etc).

A list of top rated (by cost) alignment options identified for the
project prior to the detailed engineering evaluation.

A major division of the pipeline that is based upon changes in
diameter, flow rate, political boundary, or any other logical
reason.

A narrow strip (in 100’s of feet) of land that could
accommodate a pipeline. A route is a specific pipeline section
within a corridor length or a sub-set of a corridor?.

A section of pipeline with common physical features (i.e.
within a road, crossing, open area, etc). Segments may be as
short as a railroad crossing or as long as a stretch of pipeline
along a canal. The final alignment will be made up of
numerous segments.

A list of alignment options capable of meeting the primary
objectives of the project, which have been narrowed down
from a larger group of potential options.

Any entity that will be affected by the project. Stakeholders
may include state agencies, cities, counties, general public,
neighborhood associations, clubs, committees, etc. (See
Chapter 5 for specific stakeholder information for this project.)

The established limits of the pipeline route selection process.
The study area is defined by physical features of the project
area.
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6.1.2 Route Selection Process Summary

The construction of a large diameter transmission pipeline through developed, undeveloped, and
environmentally sensitive areas will create many challenges. There will be many engineering
obstacles, environmental issues, construction issues, and general public concerns related to the
construction of a pipeline of this size and length. The fundamental objective of the route
selection process was to provide a rational basis that could be used to establish the final
alignment corridor. The process must be justifiable to all stakeholders that may be impacted by
the proposed pipeline, both during construction and into the future of its operation.

A route selection process was established for the Bear River Pipeline based upon the following
fundamental concepts:

1. A study area must be defined to encompass the entire region through which the pipeline
may be located. No reasonable area should be eliminated based upon preconceived ideas.

2. All possible alignments for the pipeline must be considered before eliminating alignment
options.

3. Ajustifiable method must be used to provide a basis for eliminating options from further
consideration. This method must establish a logical process for moving from a large
number of potential options to the final recommended corridor.

The route selection process was organized into three levels of analysis, starting with all possible
options and narrowing them down to a recommended final pipeline corridor. Figure 6-1
(Volume I1) illustrates the entire route selection process in the form of a flow chart. The three
levels of analysis with their associated descriptions are summarized in Table 6-1.
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Table 6-1
Pipeline Route Selection Process

Level Description Remarks
1 Pipeline Segment Included the definition of a study area to contain all possible
Analysis pipeline routes from the proposed Washakie Reservoir to the

future West Haven Water Treatment Plant (including supply
pipeline from the existing Cutler Reservoir to Washakie). All
streets and corridors in the study area were considered as
possible options. Each segment was evaluated based upon its
estimated degree of construction difficulty. The result of this
analysis was the establishment of the long list of pipeline
corridor options.

The least cost “long list” alignments were evaluated and
adjusted to create a viable short list of alignment options.
Other options were added to the short list to provide
variability in the short list.

2 Short List Analysis | Included a conceptual level hydraulic analysis, real estate
analysis, environmental evaluation for each option. A non-
cost analysis of issues affecting project stakeholders was also
performed. All the analyses were combined into a final
ranking of the short list options. The result of this analysis
was the selection of the highest overall ranked option as the
recommended final alignment. Coordination with project
stakeholders allowed input on the recommended final
alignment selection.

3 Final Alignment Included the conceptual level engineering evaluation and
Analysis (see hydraulic sizing of the pipeline, real estate evaluation,
Figure 6-1, in environmental evaluation, and project cost estimation.
Volume II) Optional pipeline routes within the recommended final

alignment corridor were developed to form a recommended
final alignment corridor.

6.1.3 GIS as a Route Selection Tool

In general, GIS technology can be thought of as a way to attach information to graphics. A GIS
figure may contain the same lines and symbols as a simple CAD drawing, but GIS allows data to
be referenced to each graphical entity. This data is stored in a database, allowing the GIS user to
sort and analyze this information in an infinite number of ways. GIS technology is ideally suited
for a pipeline route selection study because of the extremely large amount of data that must be
managed for a project of this size.

In GIS, each graphical feature is related to information contained in tables in a database. For
example, a line representing a water pipe can have a table linked to it describing pipe size,
material, and installation date. The collection of GIS data for the Bear River Pipeline route
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selection process involved a large amount of digital mapping of physical, political, and
topological features. Examples of the type of data that was collected in GIS format include:

o Physical features such as roads, utilities, and canals.

o Political and demographic features such as city boundaries and land ownership parcels.
o Topologic or elevation data.

o Other data such as digital aerial photographs and seismic zones.

GIS was used as an engineering tool in this process by allowing the combination of various
features in order to evaluate how one feature interacts with the others. For example, the GIS
zoning map was utilized to assign estimated unit land costs to each pipeline segment that would
require a right-of-way (ROW) acquisition.

Additional features of the GIS software were used to analyze of the entire network of possible
segments and quickly determine the optimum route between two points based upon a
combination of cost and length (equivalent length). After each of the alignment options were
established, the GIS software was used to compare the length and associated costs of each route
to allow a logical ranking of the options, and ultimately narrow the study down to one
recommended final alignment.

6.1.4 GIS Data Collection

The GIS data used for the analysis of pipeline alignments and to create background layers for
figures, were acquired from a variety of sources. The State of Utah, various counties and cities
and private entities use GIS components to catalogue items that they own or maintain such as
utility alignments or property boundaries. The GIS data used for this project that were supplied
by these entities were obtained by downloading information from databases found on the internet
or directly contacting the specific governing agencies. A general list of the types of data
collected from various agencies is as follows:

o State of Utah — Municipality boundaries, roads and highways, rivers, canals, railroads,
wetlands, historical sites, water body boundaries, fault lines, digital elevation models,
aerial photography

o Box Elder and Weber Counties — Parcels, zoning and land use boundaries

e Tremonton, Brigham City — Water, sewer, power, gas and other utility alignments, and
road ROWs

e Questar Gas, Rocky Mountain Power, Chevron Pipelines, and other private corporations
— Major pipeline or transmission line alignments

o U.S. Fish and Wildlife Service — Bear River Migratory Bird Refuge boundary

A detailed list of GIS data acquired with information regarding source, data type, date obtained,
description, and other notes can be found in the Appendix.
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6.2 LEVEL I: PIPELINE SEGMENT COST ANALYSIS

The first level of the pipeline route selection process involved the establishment of a study area
and the analysis of all reasonable pipeline segments within this area. The pipeline segment
analysis included the following tasks:
Define the boundaries of the project study area.
2. Identify all reasonable pipeline segments within this area.

3. Rate the segments with respect to cost, difficulty of construction, utility congestion,
wetland mitigation, and other factors that would impact a decision to locate the pipeline
within each segment.

4. Develop a long list of pipeline route options from this network of segments.

The following sections describe each of the tasks involved in the first level of the pipeline route
selection process, ending with the establishment of a long list of pipeline route options.

6.2.1 Project Study Area

The first task in the pipeline route selection process was to define a study area that would
establish the geographic boundaries of the project. The study area was defined as follows:

South Boundary West Haven Water Treatment Plant,

North Boundary Proposed Washakie Reservoir Outlet,

East Boundary East bench of the Wasatch Mountains,

West Boundary Great Salt Lake or West Railroad/I-15 Corridor.

Figure 3-1 (Volume I1) provides an illustration of the study area boundaries that were established
for the project and the route selection process. Figures 6-2A and 6-2B (Volume II) provide a
more detailed map of the study area boundaries. The study area covers about 324 square miles.
The straight-line distance from Washakie Reservoir to West Haven WTP is 48 miles. Within
Box Elder County the land is mostly undeveloped agricultural land, with the only major cities
being Brigham City and Tremonton. The study area land in Weber County is more developed,
but still mostly rural.

Significant physical features that exist within this area include:

1. Wasatch Mountain Range to the east of the study area. The west boundary of the
mountain range is formed by the Wasatch Fault.

2. Bear River Valley extends from the outlet of Cutler Reservoir to the Bear River
Migratory Bird Refuge, then into the Great Salt Lake.

3. Malad River flows from the north to the south into the Bear River just south of Bear
River City.
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10.

Salt Creek is a minor drainage flowing from Crystal Springs near Honeyville into the
Bear River, just south of Bear River City.

West Side Canal is a major canal originating from Cutler Reservoir and flowing east to
west in the vicinity of Fielding, then south near Garland.

Corinne Canal is a distributary canal from the West Side Canal, flowing south towards
Bear River City.

Bear River Migratory Bird Refuge is at the delta of the Bear River and the Great Salt
Lake. Extends from I-15 just north of Willard Bay and west to the Great Salt Lake.

Willard Bay receives water from the Willard Canal in Weber County. The reservoir
system is owned by the USBR and operated recreational facilities by WBWCD.

Willard Canal receives water from the Weber River at the Slaterville Diversion, near
West Haven in Weber County. The canal system is operated by the USBR.

Weber River flows from east to west into the Great Salt Lake in Weber County.

The municipalities (with their approximate 2009 population) within the Box Elder County
portion of the study area include:

© © N o g s~ w Db E

e
— O

12.

Plymouth 330
Fielding City 440
Tremonton 6,200
Garland 1,980
Elwood 720
Deweyville 310

Honeyville City 1,270
Bear River City 800

Corinne City 650
. Brigham City 17,150
. Perry City 2,920
Willard City 1,650

The municipalities (with their approximate 2009 population) within the Weber County portion of
the study area include:

1. Pleasant View 6,050
2. Plain City 4,160
3. Farr West City 4,260
4. Marriott-Slaterville City 1,420
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5. Harrisville 4,780
6. North Ogden City 16,330
7. Ogden City 78,520
8. West Haven 5,240

The elevation gradient of the study area, illustrated in Figure 6-3 (Volume II) ranges from 5,000
feet near the east bench of the mountains down to 4,200 feet at the average water surface
elevation (WSE) of the Great Salt Lake. The proposed high water surface (HWS) elevation of
Washakie Reservoir is approximately 4,406 feet, while the approximate elevation of the West
Haven WTP is 4,258 feet, a difference of 260 feet. The existing Cutler Reservoir HWS elevation
is 4,407 feet, and has minimal fluctuations.

6.2.2 ldentify Potential Pipeline Segments

Pipeline segments considered reasonable for the future Bear River Pipeline alignment were
identified within the study area described above. In general, segments included all possible
pipeline alignments, both public and private, that were free of significant development. Pipeline
segments that were identified for the project included public streets, open public and private
ROW, railroad corridors, canals, and future road corridors. The pipeline segments were
identified and input into the GIS database. Figure 6-4 (Volume I1) illustrates the entire GIS
network of pipeline segments used in the cost analysis portion of the route selection process.

The segments were divided to reflect lengths of pipe with similar features to allow each of the
segments to be rated properly. Segments were divided each time a change occurred in surface
condition or pipeline construction method. For example, a jack and bore tunnel beneath a
railroad was considered separate from the adjacent street segment to reflect the differing costs
associated with each construction method. A total of 2,055 segments were created for the Bear
River Pipeline route selection process. These pipeline segments included more than 840 miles of
streets and open ROWSs through the study area.

6.2.3 Field Investigation

A field investigation was conducted to collect additional information for each of the 2,055
segments. The objective of the field investigation was to identify the physical features that may
influence decisions to locate the pipeline within each segment. Information gathered for each
segment included the following:

1. Street Rating and ROW Width: A rating of the general surface type and size of street
along the segment. Seven rating factors were established, including:

a. Open Field or Farm Road
b. Collector Street — 35 mph
c. Arterial — Rural Area

BOWEN COLLINS & ASSOCIATES/ 6-8 JuLy 2014
HDR ENGINEERING



BEAR RIVER PIPELINE CONCEPT REPORT - FINAL

d. Arterial — Residential Zone
e. Arterial — Commercial Zone.

2. Utility Factor: A subjective field rating of the general congestion of utilities that were
observed within the segment. Three rating factors were established including:

a. None
b. Average
c. Excessive.

3. Special Conditions: A rating factor to identify the segment as a type of crossing. The
categories included:

Embankment Crossing or Steep Slope
Small Canal or Ditch Crossing Open Cut
Large Canal Crossing Open Cut

Large Canal Crossing Tunneled

River Crossing Open Cut

River Crossing Tunneled

Railroad or Freeway Crossing Tunneled

S e ™o o o0 o

Above Ground Buried Pipe
i. Other.

4. Photo Documentation: A photo was taken of each of the pipeline segments for
reference and documentation of existing conditions.

Additional information documented for each segment included general observations, potential
public and private disruptions, high ground water, and environmentally sensitive areas. The
collection of field data was aided by GIS coverages of physical features, parcel data, and recent
aerial photographs. The field investigation work covered most corridors in the study area, as
illustrated in Figure 6-5 (Volume I1).

6.2.4 ldentify Fatal Flaws

Fatal flaws were identified to eliminate segments that were located in areas determined to be
unacceptable for the Bear River Pipeline alignment. The project team identified fatal flaws
following review of the physical features of the study area. A summary of the fatal flaws that
were established for the project is provided below:

Narrow ROW. It is estimated that the Bear River Pipeline size will be between 8 feet and 11
feet in diameter. A pipeline of this size requires special construction methods and large
equipment that requires adequate ROW space for construction activities. Figure 6-6 (Volume II)
includes a drawing of the conceptual pipeline cross section for an 11 feet diameter steel pipeline
under average open terrain construction conditions. The width required for standard large
diameter pipeline construction was determined to be 100 feet. It is possible to construct a large
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diameter pipeline within a smaller width, but it significantly affects the pipeline construction
methods, type of equipment used, length of time to construct, and cost.

It is understood that the Bear River Pipeline could encounter less than ideal construction width
conditions, conditions within which it would be impossible to construct a pipeline without
tunneling. Based on field experience and input from pipeline experts, the minimum ROW width
for large diameter pipeline construction was determined to be no less than 60 feet. Figures 6-7
and 6-8 (Volume II) include concept drawings of the 70-feet and 60-feet wide ROW pipeline
construction cross sections, respectively. It was also determined that ROW widths equal to or
less than 60 feet could be constructed by tunneling, but segments longer than a few hundred feet
become cost prohibitive.

The segments that were eliminated for narrow ROW were those less than 60 feet (physically
limited by existing development) and longer than a few hundred feet. Shorter narrow segments
were kept, but assigned a tunneling cost factor.

Wasatch Fault. Multiple crossings of the Wasatch Fault Zone were established as a fatal flaw.
All segments that had multiple crossings of the fault or that were east of the fault were
eliminated from further consideration.

Figure 6-9 A & B (Volume Il) identifies the segments, shown in yellow and red, which were
eliminated from further evaluation because of either of the two fatal flaws listed above.

6.2.5 Develop Range of Construction Cost Factors

Cost information was used for comparison purposes rather than for budgetary numbers in this
first level of the route selection process. The objective of this analysis was to provide a method
to rank various pipeline routes relative to cost. A more detailed cost estimate for the Bear River
Pipeline was completed later in the conceptual design.

Average Pipeline Cost. Cost factors were developed for the various pipeline installation
conditions that were observed during the field investigation. The cost factors were based upon
an average pipe installation condition which established the factor of 1.0. The unit cost
associated with this average condition was estimated using recent bid tabulations from large
diameter pipeline projects, verified with detailed construction cost estimates.

Figure 6-6 (Volume II) shows the typical trench section which illustrates the average pipeline
construction assumptions for this project, with the following additional surface and subsurface
condition assumptions:

1. 132-inch (11-ft) pipe size, material, trenching, and construction conditions as shown.
2. No underground utilities.
3. No groundwater conditions.
4. No hard surface restoration.
5. No easement or ROW acquisition required.
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Figure 6-10 provides a graphical summary of large steel pipeline costs normalized for the
average pipeline installation condition, as described above. A technical memorandum was
developed to summarize the details of how the average pipeline cost was estimated from past
projects, for various large pipe diameters (included in the Appendix as Pipeline Cost Technical
Memorandum). Figure 6-10 was developed as part of the technical memorandum on cost.

Figure 6-10
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Construction Cost Factors. The construction cost factors were developed based on large
diameter pipeline projects and the development of detailed engineer’s cost estimates for various
pipeline installation and construction conditions. Table 6-2 provides a summary of the
construction cost factors utilized in the cost analysis.
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Table 6-2
Summary of Anticipated Construction Conditions and Associated Cost Factors

Urban Rating

Open field or farm road 1.00
Collector Street 1.07
Arterial - Rural Zone 1.08
Arterial - Residential Zone 1.10
Arterial - Commercial Zone 1.20
Utility Factors
No utilities 0.00
Average to above average utilities 0.15
Excessive utilities 0.30
Narrow ROW Factor
100' or greater 1.00
Between 70" and 100’ 1.16
Between 60' and 70' 1.30
Groundwater Condition
No groundwater 1.00
Stagnant groundwater in clays 1.20
Flowing groundwater 1.80
Steepness Factor
Grades less than 25% 1.00
Grades 25% or more 1.40
Special Conditions
No special conditions 1.00
Ditch crossing (Crossing, plus 50 feet) 1.10
Above ground buried pipe (West of Willard Bay) 1.75
Small canal crossing (Crossing, plus 50 feet) 1.30
Large canal - Open cut (Crossing, plus 100 feet) 1.80
River crossing - Open cut (Crossing, plus 100 feet) 2.00
Large canal - Tunneled (Crossing, plus 100 feet) 2.80
River crossing - Tunneled (Crossing, plus 100 feet) 2.90
Freeway crossing - Tunneled (ROW lines, plus 100 feet) | 3.00
Railroad crossing - Tunneled (ROW lines, plus 100 feet) | 3.00

In addition to construction costs, other associated costs were applied to the pipeline segments.
These included wetland mitigation costs and land acquisition costs.

Wetland Mitigation Cost Factor. The wetland mitigation cost was applied to the pipeline
segments that were passing through undeveloped wetlands, as identified by the statewide
wetlands polygon GIS coverage, recently updated by HDR. An assumed cost of wetland
mitigation of $70,000 per acre ($1.61 per square foot) was established for this analysis, based on
recent experience from the HDR Environmental Group. The cost was converted to actual cost
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based on segment length and available ROW area to be disturbed through the wetland area. The
wetland mitigation cost for the pipeline segment was added into the total cost factor.

Land Acquisition Cost Factor. The land acquisition cost was estimated by using general land
costs, developed by the HDR Real Estate Group, based on county land use maps. The estimated
land costs were first developed by selecting all parcels contained within each of the major zoning
categories and taking the market value and dividing it by the area. The 10 percent high and low
outliers were removed for each category and a 50 percent cost contingency was added to develop
the average cost per square foot (SQFT) by zoning category. Table 6-3 provides a summary of
the zoning categories and their estimated land costs per SQFT. The land acquisition cost was
included in each pipeline segment based on the calculated area required for ROW acquisition.
The land acquisition cost for the pipeline segment was added into the total cost factor.

Table 6-3
Land Acquisition Cost Assumptions
Zoning Category Total
(Land Use) $/SQFT
Commercial, Industrial, or Manufacturing 4.25
Forest or Open Space 0.02
Multiple Use 0.05
Residential 7.44
Rural or Residential Agricultural 2.33
Unrestricted 0.72

Total Cost Factor. These cost factors were used in the GIS model to assign equivalent lengths
to each of the pipeline segments. The equivalent length is a cost-weighted length of pipe
normalized to the average installation condition. For example, 100 feet of pipe tunneled under
the railroad (difficult conditions = cost factor of 3.00) may be equivalent in cost to 300 feet of
pipe installed in average, open terrain conditions (cost factor of 1.00). Equivalent lengths were
used to classify each segment according to cost of installation. The combination of segments
between two points that generate the shortest equivalent length was considered the least cost
alternative for the pipeline route.

The total cost factor for each segment was calculated by combining each of the categories in
Table 6-2. Factors were either added or multiplied together depending upon their relationship to
the total cost of the installed pipe. The utility congestion and urban rating factors were
developed as additive factors to create an adjusted urban rating that reflected the general pipeline
construction costs. The ROW width, crossings, and groundwater factors were all developed as
percentage increases to the general pipeline construction costs.

Formula 6-1 was used to calculate the total cost factor for each segment.
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Formula 6-1
Calculation of Total Cost Factors

Urban Rating
+ Utility Rating
=  Adjusted Urban Rating >> Adjusted Urban Rating
Groundwater Condition Factor
Narrow ROW Factor
Special Conditions Factor
Steepness Factor
Construction Cost Factor
Land Acquisition Cost
Wetlands Mitigation Cost
TOTAL COST FACTOR

N1+ + npx x x x

An equivalent length for each segment was calculated by multiplying the Total Cost Factor by
the actual length of the segment. Figures 6-11A through 6-11D (Volume Il) graphically
summarizes the range of Total Cost Factors calculated for each of the pipeline route segments in
the study area.

6.2.6 Perform Cost Analysis

Pipeline corridor options were developed following the assignment of equivalent lengths and
elimination of fatal flaw segments from the study area. The challenge of creating various options
from the limitless number of segment combinations required a logical process. It was
understood that the list of options were required to represent all reasonable corridors available
for the Bear River Pipeline within the study area. To accomplish this, the study area was divided
into six separate regions. These regions are illustrated in Figure 6-12 (Volume II), and are
summarized below from north to south:

1. Fielding Region — From the proposed Washakie Reservoir site to the vicinity of Fielding,
generally representing the location of the northern diversion off the Bear River
downstream of Cutler Dam.

2. Honeyville Region — From Fielding Region south, encompassing Tremonton and Elwood
down to Honeyville.

3. Corinne Region — From Honeyville Region south, encompassing Bear River City down
to Corinne and the north boundary of Brigham City.

4. Willard Bay Region - From Corinne Region south, encompassing Brigham City, Perry,
and Willard and part of Willard Bay.

5. Plain City Region - From Willard Bay Region south, encompassing south of Willard Bay
to Harrisville, Pleasant View, Farr West, and Plain City.

6. West Haven Region — From Plain City Region south, encompassing Marriott-Slaterville,
west side of Ogden, and into West Haven to the proposed Water Treatment Plant.
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Develop Routing Points. To have a variety of potential pipeline alignment options in all regions
of the study area, routing points were developed. The routing points were located at major
north/south pipeline routes passing between region boundaries. The locations of the routing
points are illustrated in Figure 6-12 (Volume II).

The routing points between each region were connected with straight lines to establish the
combinations of alignment corridors that were available for the pipeline. A total of 89
combinations were identified. These combinations are illustrated graphically in Figure 6-12
(Volume I1). Combinations that deviated significantly from a logical north to south path
between the West Haven WTP site and Washakie Reservoir site were not considered (zigzag
pattern or long runs of east/west direction). The routing points allowed the evaluation of each of
the shorter pipeline reaches between points rather than an evaluation of the full-length pipeline
corridor.

Cost Analysis. The first portion of the route selection process schematically identified the
combinations of pipeline corridors that were possible. These combinations were defined by
straight-line connections between the routing points. The next step of the cost analysis required
that these straight-line combinations be converted into actual pipeline alignments. These
alignments were developed using a network analysis software package in the GIS system.

The network analysis software was used to identify the least cost path between each of the
routing points based on the sum of the equivalent lengths from each individual pipeline segment.
The least cost corridors between each of the routing points were then joined together in all
reasonable combinations to create a list of 1,139 complete pipeline alignment options from
Washakie Reservoir site to the West Haven WTP site.

Long List of Pipeline Alignment Options. The complete list was ranked based on cost
(equivalent length) and a list of the top 15 pipeline alignments (long list) was developed for
evaluation. It should be noted that no engineering analysis of the alignments had been
considered to this point. Detailed figures illustrating the long list of alternatives are included in
the Appendix (Volume II).

Many of the long list alignment options followed similar paths for a majority of the distance with
only minor variations from the highest ranked option. The top 15 alignments from the cost
analysis are illustrated in Figure 6-13 (Volume Il) as a function of alignment variability
represented in percentage. The higher percentage routes represent routes that more options
followed — representing a highly preferred route in terms of cost.

Figure 6-14 illustrates the equivalent and actual lengths of each of the long list alignment
options. Table 6-4 provides a summary of the top 15 least cost alignment options.
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Figure 6-14: Long List of Pipeline Alignment Options
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Table 6-4
Top 15 Least Cost Alignment Options
Actual Equivalent % Greater than
Option Length Length Shortest
Rank (miles) (miles) Equivalent Length
1 52.7 68.3 0.0%
2 53.9 68.5 0.3%
3 53.0 68.7 0.5%
4 52.9 68.7 0.6%
5 53.0 68.8 0.7%
6 53.2 68.9 0.9%
7 54.2 69.0 1.0%
8 52.7 69.0 1.1%
9 53.3 69.1 1.2%
10 53.2 69.2 1.3%
11 53.6 69.4 1.6%
12 54.6 69.4 1.7%
13 53.0 69.5 1.8%
14 52.1 69.6 1.9%
15 53.4 69.7 2.0%
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Differences in equivalent length do not vary significantly in the top 15 alignment options,
representing a 2 percent increase from the highest ranked option to the option ranked fifteenth.

Only for comparison purposes, the estimated cost of one mile of 11-feet diameter pipeline could
range from $8 million to $11 million ($1,500 to $2,100 per foot), depending heavily on
installation conditions. This would put the entire pipeline cost difference between the highest
ranked option and the option ranked fifteenth between $11 million and $15 million.

6.2.7 Develop Short List

An evaluation was performed on the ranked long list of pipeline options. The goal of the
evaluation was to develop a short list of approximately six alignments that would satisfy the
objectives of the project. The evaluation included only a general review of pipeline cost
(equivalent length rating), compatibility with overall project objectives, and engineering related
issues, all of which would be further refined during the short list evaluation portion of this study.

Significant points that were considered in developing the short list of pipeline alignment options
are summarized below:

e The evaluation of the long list showed that many of the minor variations in the alignment
options could be considered to be within the pipeline corridor space of a few base options
and did not represent adequate variability to justify an additional option.

e Major options that were considered to provide alignment variability included options
ranked number 1, 2, and 6.

e These three options, however, only provide variability north of Corinne. To the south all
alignment options follow generally the same corridor along 1-15, Highway 89, and 1900
West Street to the proposed West Haven WTP. None of these three options provided an
optional alignment on the east side of the study area north of Brigham City. In order to
provide additional options to those listed above, three additional options were added.
These options are summarized below:

1. Collinston Diversion Option. An option was developed to represent an alignment
that passes through the area where an initial diversion from the Bear River is
anticipated to be located. Initially this option was located just downstream of Cutler
Dam, but was then relocated to the Collinston Diversion further downstream in a
more feasible location for a diversion and pumping station along the river.

2. West of Willard Bay Option. An option was developed that represented an
alignment passing along the west side of Willard Bay. This option provides an
alternative alignment to the alignment east of Willard Bay and along 1900 West into
West Haven.

3. 1-15 and Bear River Diversion Option. An option was developed to allow for a
potential phasing approach to the project construction. This option utilizes the Bear
River for flow conveyance from the Collinston Diversion to a potential river
diversion, pump station, and conveyance pipeline located near the I1-15 crossing of the
Bear River to deliver water to the south.
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Recommended Short List Alignment Options. Based on the evaluation of the long list of
alignment options, a short list of six options was developed as follows:

1. Option No. 1 — Shortest length and lowest pipeline cost. Follows Highway 13 a
majority of alignment in the north. This alignment option is illustrated in Figure 6-15
(Volume I1).

2. Option No. 2 — Longer length but second lowest pipeline cost. Follows West Side
Canal north of Tremonton. This alignment option is illustrated in Figure 6-16
(Volume I1)..

3. Option No. 6 — Provides variability to the other Highway 13 or West Side Canal
options. Follows Union Pacific Railroad (UPRR) north of Corinne on the west side
of the study area. This alignment option is illustrated in Figure 6-17 (Volume II)..

4. 1-15/Bear River Diversion Option — Provides an alignment option that follows the I-
15 corridor. This alignment option is illustrated in Figure 6-18 (Volume II).. This
option would be the highest ranked option in the overall long list ranking since it has
about 10 miles less pipe.

5. Collinston Diversion Option — Provides an option on the east side of the study area.
Follows open space, the UPRR, and the West Branch Canal for a majority of the
alignment and passes directly through the Collinston Diversion location on the Bear
River. This alignment option is illustrated in Figure 6-19 (Volume I1).. This option is
ranked number 47" in the overall long list ranking by equivalent length.

6. West of Willard Bay Option — Provides a more costly alignment option to the west
of Willard Bay, passing through the Bear River Migratory Bird Refuge south of
Corinne. This alignment option is illustrated in Figure 6-20 (\Volume I1).. This option
is ranked number 957" in the overall long list ranking by equivalent length.

The draft short list of alignment options was presented to the Bear River Project Work Group for
review. Based on the discussions they felt that the short list adequately represented a good
variety of alignment candidates for the Bear River Pipeline. All of the six options appear to meet
the basic project objectives of delivering water from Washakie Reservoir to West Haven Water
Treatment Plant.

The remaining un-selected options in the long-list were each reserved in case flaws were
discovered with any of the six short-listed options following the further analysis. The following
section summarizes the detailed evaluations of the short list alignment options.

6.3 SHORT LIST ANALYSIS

The purpose of the Short List Analysis was to evaluate each of the alignment options with
respect to hydraulic performance, overall cost, non-cost issues, and general compatibility with
the requirements of the project. The Short List Analysis involved the following tasks:

1. Perform a hydraulic and engineering cost analysis on each of the options.
2. Evaluate the options according to land acquisition issues.
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3. Evaluate the options according to environmental issues.
4. Evaluate the options according to general non-cost issues.
5. Present a recommended final alignment corridor for the Bear River Pipeline.

Figures 6-15 through 6-20 (Volume II), illustrate each of the short list alignment options for the
Bear River Pipeline. The short list options in these figures were divided up into “Sections”
where general common surface features existed, such as the 1-15 corridor versus the railroad
corridor or highway ROW. These pipeline “Sections” will be referred to and used throughout
the following short list analyses. Figure 6-21 (Volume I1) shows all of the short list alignments
combined in one map for reference and comparison.

6.3.1 Hydraulic and Engineering Cost Analysis

A general hydraulic analysis was performed for each of the six short list alignments. The
purpose for the hydraulic analysis was to identify the hydraulic differences between the short list
options, and to identify any potentially negative hydraulic aspects of each of the alignments. The
hydraulic analysis was also used to develop preliminary pipe sizes, pipe pressure classes, and
pumping station sizes for the pipeline. This data was used to rank each of the options relative to
pipeline and pumping facilities capital cost.

NOTE: The hydraulic layouts represented in the short list analysis portion of the study are
presented only for comparison purposes and do not represent final hydraulic layout of the final
Bear River Pipeline Project.

At this stage in the study, the project was divided into general hydraulic reaches defined by the
peak flow rate to be conveyed by the reach pipeline as illustrated in Figure 6-22 and tabulated in
Table 6-5. The reaches were defined by the assumed delivery points along the pipeline. The
locations of the delivery points along the pipeline have been assumed at this point in the study
and are for comparison purposes only.

Figure 6-22 provides a schematic summary of the hydraulic reaches, including project delivery
locations, pump stations, and conveyance pipelines with their associated peak flow rates and
diameters.
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Table 6-5

Hydraulic Reach Descriptions

Peak Flow
Hydraulic & Direction Diameter
Reach Reach Description * (cfs) (inches)
Supply Reach o Supply pipeline to Washakie Reservoir 700 (north) 132
(north flow)
 Delivery pipeline back to the Main 660 (south)
Pipeline (south flow)
Collinston Supply pipeline from Collinston Diversion 950 (north) 144
Reach to the Main Pipeline (north flow)
(south flow for 1-15/Bear River Option) 660 (south)
North Box Delivery pipeline from Collinston Reach to 480 (south) 114
Elder Reach I-15/Bear River Diversion
South Box Elder | Delivery from I-15/Bear River Diversion to 480 (south) 114
Reach south boundary of Box Elder County
Weber County | From north Weber County boundary to the 300 (south) 90
Reach West Haven Water Treatment Plant

* NOTE: The hydraulic reaches represented in this table are presented only for comparison purposes and do not

represent final hydraulic layout of the final Bear River Pipeline Project.

BOWEN COLLINS & ASSOCIATES/ 6-20

HDR ENGINEERING

JuLy 2014



BEAR RIVER PIPELINE CONCEPT REPORT - FINAL

Figure 6-22
Assumed Hydraulic Reach Schematic for the Short List Analysis
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It should be noted that the hydraulic assumptions, pump station locations, pipeline diameters,
pump station sizes, reservoir/diversion elevations, and delivery points listed in the hydraulic
profiles were developed for preliminary comparison purposes at this level of the analysis. They
do not reflect any final recommendations and will be revised during the final analysis portion of
this report.

Hydraulic profiles were developed to evaluate the hydraulic characteristics of each of the short
list options. These profiles are illustrated in Figures 6-23 to 6-28 (Volume I1). The profiles
include the supply and delivery operational scenario flow rates, calculated pipeline sizes for each
hydraulic reach, calculated pump sizes, hydraulic grade lines, and ground surface profiles with
major surface features and assumed delivery points.

Based on initial hydraulic evaluations, minor modifications were made to following alignment
options:

e Option No. 6 was slightly modified to avoid a high elevation just downstream of
Washakie before the Malad River crossing. A slight shift of the alignment to the west
was able to avoid an elevation spike at I-15 and the resulting larger than necessary
pumping horsepower.

e Collinston Option — Diversion Location. The initial alignment passed near Cutler Dam
and was routed from there north and into high elevation areas on the northeast side of the
study area. These high elevation areas would cause unnecessarily high pumping costs so
the assumed diversion location for this option was located near Collinston on the Bear
River. The combination of these changes made the revised Collinston Option much more
feasible and cost effective.

e Collinston Option — Alignment Modification. The initial Collinston Option alignment
passed through Brigham City downtown area along US Highway 89, rising to a peak
alignment elevation through this area. This portion of the alignment would cause
significant disruption of a narrow historical district. There were also concerns that this
portion of the option could face significant difficulty, if not an overall option elimination
from further consideration. In order to avoid these challenges and the high elevation
stretch, the alignment was modified to pass along the 1-15 corridor west of Brigham City.
The minor pipeline cost increase of the change was more than offset by the reduced
pumping costs, so the Work Group agreed to adjust the alignment through this stretch,
while keeping the original alignment as an alternative. This change made the revised
Collinston Option much more favorable for further evaluation.

The pump stations included the pumps at the Collinston Diversion to supply water from the Bear
River to Washakie Reservoir, and at Washakie Reservoir to pump water into the Bear River
Pipeline to the anticipated delivery points. The I-15/Bear River Option included an additional
pump station at the 1-15/Bear River Diversion, pumping to delivery points to the south.

Each option was evaluated for pipe and pumping size requirements. The supply reach
pipeline/pumping from the Bear River was added to each option’s total pipeline and pumping
costs. Table 6-6 summarizes the total equivalent (cost-based) length of each hydraulic reach of
the alignment and also includes the actual lengths for comparison. Table 6-7 summarizes the
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pump size requirements for the options, based on the hydraulic flow assumptions and pipe sizing.
Figure 6-29 provides a graphical summary of the pipeline and pumping totals for each option.

Summary of Pipeline Lengths for the Short List Alignment Option

Table 6-6

(Ranked by Equivalent Length)

Total Equivalent Length (ft)
(Total Actual Length) Option Totals
Rank Pipe Diameter 144" 132" 114" 90" (miles)
1 I-1