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1.0 TECHNICAL PROPSAL AND EVALUATION CRITERIA 


l.A Executive Summary 

FOA: Rl3SF80003: WaterSMART- Water and Energy Efficiency Grants 
Date: January 17, 2013 
Applicant: Weber Basin Water Conservancy District 

2837 East Highway 193 
Layton, UT 84040 

Project Location: A portion of the Willard Canal located in Marriott-Slaterville, in Weber 
County, UT 

The Weber Basin Project (Project), which was aimed at developing and effectively utilizing the 
available water resources within the Weber River Basin Drainage, was constructed by the United 
States Bureau of Reclamation (Reclamation), and is currently administered, operated, and 
maintained by the Weber Basin Water Conservancy District. Through collaborative efforts in 
conducting a System Optimization Review (SOR) of all Project Facilities, the District and 
Reclamation recently identified the Willard Canal as a source of potential significant water loss 
due to canal seepage. Because the District serves one of the fastest growing regions in the 
Western United States, conservation efforts that will extend the capacity of existing supplies are 
a key to the District's success in managing the water resources within the region and avoiding 
water related conflicts. With the canal seepage losses in the upper 5,000 to 7,000 linear-feet 
(LF) of the Willard Canal estimated to be as high as 15,600 acre-feet (AF) per year, mitigating 
these losses is now a top priority. Accordingly, the District is pleased to submit this application 
for the Phase 3 Upper Willard Canal Lining and Water Marketing Project to Reclamation in 
response to Fiscal Year 2013 Funding Opportunity Announcement (FOA) No. Rl3SF80003: 
WaterSMART- Water and Energy Efficiency Grants. The proposed Phase 3 Upper Willard 
Canal Lining and Water Marketing Project, which will result in 2,900 LF of the Willard Canal 
being lined with reinforced concrete, addresses three of the four eligible FOA Project Tasks, 
specifically; Water Conservation, Energy-Water Nexus, and Water Markets. With an 
estimated total cost of$3,182,665 for environmental compliance, design, and construction, and a 
projected water savings of 4,425 AF per year, the cost effectiveness of the proposed Phase 3 
Upper Willard Canal Lining and Water Marketing Project equates to $14.3 8/ AF /yr, which is 
more than 94% less costly than current District rates for irrigation water. If successful, the 
District will complete the project, which generally consists of six tasks, including; Environment 
Compliance, Flow Measurement and Performance Measures, Engineering Design, Bidding 
and Contractor Selection, Construction of the Concrete Liner, and Creation of Water 
Marketing Mechanism, within the three year time frame prescribed in the FOA for projects 
seeking Group II Funding. 

The pages that follow describe the specific details of the proposed Phase 3 Upper Willard Canal 
Lining and Water Marketing Project. 
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l.B Background Data 

l.B.l 	 History: In 1949, the Unites States Congress authorized the Weber Basin Project 
(Project), which was a U.S. Bureau of Reclamation (Reclamation) project aimed at 
developing and effectively utilizing the available water resources within the Weber 
River Basin Drainage. The Weber Basin Water Conservancy District (District) was 
subsequently created in June of 1950 by a decree of the Second District Court of Utah 
and under the guidelines of the Utah Water Conservancy Act. The District was 
established as the legal agency representing the people of the five-county area within 
the Weber River Basin Drainage, including Davis, Morgan, Summit, Weber, and (a 
portion of) Box Elder counties. The District entered into a repayment contract with 
the United States in 1952 to repay all Weber Basin Project costs, and also to 
administer the sale and delivery of Project water and to operate and maintain Project 
facilities, which it continues to do today. 

The Project was planned to conserve and utilize available flows from the natural 
drainage of the Weber River, including those from the Ogden River, its principal 
tributary. Although Reclamation-owned Project water rights also include both 
groundwater rights and surface water rights on many of the smaller streams along the 
Wasatch Front, the vast majority of water made available through Project water rights 
and facilities is from excess flows on the Weber and Ogden Rivers, and the 
subsequent storage of those flows in storage reservoirs. A map depicting the extent 
ofthe District's service area and Weber Basin Drainage can be seen in Figure 1. 

In October of 2008, the District received partial funding through collaboration with 
Reclamation to perform a System Optimization Review (SOR). The scope of the SOR 
entailed examining the District's entire water distribution system for the purpose of 
identifying water distribution efficiency and water marketing opportunities. As a 
result of conducting this SOR, the Willard Canal was identified as a high priority 
project due to the estimated amount of water being lost through seepage in the canal 
each year. 

The estimated water loss was calculated by performing field investigations, sampling, 
and laboratory testing of the Willard Canal to determine the type and condition of the 
existing clay liner, material permeability rates, stratigraphic data, etc., to ultimately 
determine seepage rates. Empirical data from several published sources, including 
Reclamation reports, were then used to estimate water losses based on the observed 
findings of the field investigations. A summary of these analyses is given in 
Attachment A. 

Through these analyses, it was determined that" ...a disproportionate 54-62% of the 
total (water) volume lost is lost within the first 10-14% (5,000-7,000 feet) ofthe canal 
length". Based on these findings, the District has successfully submitted two (2) 
previous applications for funding assistance from Reclamation through the 
WaterSMART Grant Program for the (2011) Phase 1 and (2012) Phase 2 Upper 
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Figure I: Overview of Geographic Extent of the Weber Basin Wate1· Conservancy District 
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Willard Canal Lining and Water Marketing Projects. Phase 1, which will result in the 
uppermost 3,000 LF ofthe Willard Canal being lined, is scheduled to be complete by 
March 1, 2013. Phase 2, which will result in an additional 2,500 LF being lined, is 
currently in design, and will be completed by early March, 2014. With these two 
phases already under way, the District is pleased to submit this proposal for the Phase 
3 Upper Willard Canal Lining and Water Marketing Project. 

l.B.2 Summary of Weber Basin Project Facilities: 

Project facilities include storage reservoirs, diversion dams, canals, tunnels, pipelines, 
power plants, pumping plants, deep groundwater wells, and various other facilities. 
The location of many ofthe principal Project works can be seen in Figure 1, and a 
brief summary description of these facilities and others, including the dates of 
construction, capacity, types, location, etc., can be found in Figure 2. 

Of the principal Project works, the approximately 10-mile long Willard Canal is one 
of the most important. Using the Weber and Ogden Rivers as conveyance facilities, 
excess river flows and/or stored Project water from upstream reservoirs can be 
diverted from the lower Weber River into the Willard Canal at the Slaterville 
Diversion, located in Weber County, Utah. The bi-directional Willard Canal is 
designed to convey excess river flows or water from upstream storage via gravity 
toward Willard Bay Reservoir, where it can be either delivered directly or through 
other Project and/or privately-owned conveyance facilities for irrigation of lands 
adjacent to the Great Salt Lake in northwestern Weber and southwestern Box Elder 
Counties, or it can continue to Willard Bay Reservoir where it can be stored. When 
river flows subside, operation of the Willard Canal can be reversed, and it then serves 
as a conveyance facility to deliver stored water from Willard Bay Reservoir back 
toward the Slaterville Diversion via the Willard No. 1 and No. 2 Pumping Plants, 
continuing deliveries of irrigation water to adjacent lands, continuing down the 
Weber River to other downstream users, or being diverted into the Layton Canal, 
where it serves other irrigation suppliers and users in southwestern Weber County. In 
these ways, the Willard Canal provides the District with a great amount of operational 
flexibility for delivering storage and irrigation water throughout the western portion 
ofthe District's service area. 

The Willard and Layton Canal System will soon take on an additional role for the 
District; that of providing for the conveyance of raw water to a new Water Treatment 
Plant (WTP) facility that is currently in the planning stages. Since its inception, the 
District has continuously been adding new facilities to supplement existing supply 
and extending service into areas that previously had none. Due to the rapid 
development (and the subsequent demand for water) within western Weber County, 
which is one of the last primarily undeveloped areas within the District's service area 
along the Wasatch Front, the District is anticipating building the need for an 
additional water treatment plant in western Weber County with an initial treatment 
capacity of up to 60 million gallons per day (MGD), and a future build-out capacity 
of up to 165 MGD. 
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Usable 
Total District Construction 

Name Type of Dam Ca~adty Capacity Dates 
CmJsey 
East Canyon 
Last Creek 
Pineview 
Smith & Morehouse 
Wanship 
Willard 
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Gateway Tunnel 
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Ogden Volley Conal 
Weber Aqueduct 
Wi!lotd Conal 
M&i oipelines 

Eost Loyfon 
Go!cwoy 
Layton 
Roy Drought Roliof 
SoNJ Ridge cost 
Sand RidHe West 
South Davis 
Uintah Bcl'ch 
VoJV,rdo 
WillordNo. I 
Wilimd No.2 
Antelope Booster 
Old Po>t Rood Boosicr 

Earth & Rock 6,870 962-1964 
Con<:rota Arch 20,100 965-1967 
Entlh & Rock 20.010 964-1966 
Earth & Rock 66,228 955-1957 
E<,.1h & Rock 6,560 984·1988 
Earth & Rock 60,860 954·1957 
f.mth 198,200 957-1963 

Davis 6 
Go:h:;. 150.-woy 
layton Conal 260 
Loylon Conal 150 
Dovi$ Aqued(ft;t 8 
Davis Aqueduct 15 
Davis Aqueduct 18 580 
Weber Aqueduct 18 365 
Davis: Aat;cduct 6 240 
Willard Conal 500 45 
Wi!lord Coool 250 20 
layton 22 
Ogden 6 

~~e~'r.'~~r---------~C~a~p~a7crit~y~(C~F~S~)____________________RP~Ia~n?tn=~---------------~C~a_E?~Y- ~--------------
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Notlh Ogden 1.6 
Orchard Drive 1.0 
Rivcrdolct 6.6 
South Weber 1 10.0 
South Weber 2 10.0 
Faidield 10.0 

lrris;Jotkm Wells 
Farmington # 1 5.0 
Fofmit"'glon #2 5.0 
West Bountiful Golf 2.0 
5th South 3.5 

Davis South 25 CFS (16 MGD) 

Webm So•Jlh 40 CFS (26 MGD) 
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CFS=Cublc Feet per Second • MGD=Mllllons Gallons Per Day 

Figm·e 2: Weber Basin Water Conservancy District System Summary 
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Water savings realized through Phase 3 Upper Willard Canal Lining and Water 
Marketing Project will result directly in additional water storage, capacity, and/or 
available water supply for the new WTP. 

l.B.3 	 District Supply and Demand: Overall, Project works and the subsequent expansion 
of those works by the District serve a geographic area over 2,500 square miles, with 
five principle water uses: 

• 	 Wholesale Irrigation: The District supplies wholesale water to a number of 
irrigation suppliers along the Wasatch Front. These organizations then retail water 
to customers in their respective service areas. This use accounts for 
approximately 35% of the District's water contracts. 

• 	 Groundwater Replacement: The District supplies various drinking water 
purveyors and individuals (either residential or agricultural) with a water contract, 
which is then used in an exchange application to obtain approval from the State 
Engineer to drill a groundwater well to meet water supply needs. This use 
accounts for nearly 11% of District contracts currently. By banking water, a 
potential source of conflict related to ground water rights can be mitigated. 

• 	 Retail Secondary Irrigation: The District delivers economical irrigation water to 
many irrigators and farmers in Box Elder, Davis, Morgan, Summit and Weber 
Counties. The District also provides residential customers with irrigation water in 
Davis and Weber counties via 211 miles of pipelines. This use accounts for 
roughly 26% of water contracts. 

• 	 Treated Municipal Water: The District wholesales culinary water to nearly 50 
cities and water improvement districts in Davis and Weber Counties via 69 miles 
of transmission lines. This use accounts for approximately 22% of the District's 
contracts. 

• 	 Untreated Industrial Water: This use accounts for about 5% of the District's 
Contracts.As noted previously, the District receives its water from the Weber and 
Ogden Rivers and from various deep groundwater wells. Table 2 illustrates a 
breakdown of the District's existing water resources, which include that made 
available through Project facilities as well as additional water that the District has 
acquired and developed over time. 

In 2011, District-administered water contracts totaled 225,449 acre-feet (AF), with 
87,036 AF categorized as municipal and industrial (M&I) water, and the remaining 
138,413 AF categorized as irrigation. 

Available Project and District supply used to meet the above demands consists of 
stored water, deep groundwater wells, water shares acquired from other independent 
water suppliers, and decreed water rights that are above and beyond Project water 
rights. The total and reliable yields of all available supplies are summarized in Table 
1. It is worth noting that in 2011, existing water contracts obligate nearly 84% of all 
reliable yield supply available to the District. 
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Pro· ect Stored Water 

District Stored Water 

Wells District and 

Stock Water 

Decreed Water Ri 

Totals: 

l.B.4 	 Past Projects with Reclamation: The District has collaborated with Reclamation on 
a number of recently completed and ongoing cooperative projects, including: 

• 	 Phase 2 Upper Willard Canal Lining and Water Marketing Project: This 
project, which received partial funding through the 2012 WaterSMART program, 
is currently underway and is in design. Construction will commence in 
approximately October 20 I 3. 

• 	 Phase 1 Upper Willard Canal Lining and Water Marketing Project: This 
project, which received partial funding through the 2011 WaterSMART program, 
is currently underway and is being constructed. Construction is anticipated to be 
completed by February 1, 2013. 

• 	 The Layton Canal Lining and Water Marketing Project: This project, which 
received partial funding through the 2010 WaterSMART program, has been 
completed. 

• 	 The Uintah Bench Retail Secondary Water Meter Project: This project, which 
received partial funding through the 2010 WaterSMART program, has been 
completed. 

• 	 System Optimization Review (SOR): Completed in 2008, this project evaluated 
the efficiencies of the District's entire water storage and distribution system. 

• 	 Weber River Basin Aquifer Recharge Water Bank: This project, which was 
completed in 2009, received partial, funding through the 2007 Water 2025 
program. 

• 	 Gateway Canal Landslide Stabilization Projects: This is an ongoing 
collaboration. 
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l.C Technical Project Description 

The proposed Weber Basin Water Conservancy District Phase 3 Upper Willard Canal 
Lining and Water Marketing Project will include the following six (6) integrated Project 
Tasks: 

l.C.l Environment Compliance Review: 

• 	 Schedule: October 2013 to March 2014 
• 	 Scope: An environmental compliance review will be conducted as required by 

Federal Statute. This will include a Class I Inventory (File Search) and a Class III 
cultural resource inventory of the entire project Area of Potential Effects (APE), 
which will be prepared in accordance with Utah State Historic Preservation Office 
(SHPO). SHPO concurrence with the findings of the cultural resources survey 
will be provided to Reclamation for completion of remaining NEPA 
requirements. 

l.C.2 Flow Measurement and Performance Measures: 

• 	 Schedule: April2014 to April2015 
• 	 Scope: Flow measurements will be collected and recorded by the District at each 

end of the proposed project, both before and after installation of the concrete 
liner. This will be accomplished using a portable Acoustic Doppler Current 
Profile (ADCP) meter as manufactured by Teledyne Instruments for their 
StreamPro Meter (which the District has already acquired for the Phase 1 and 
Phase 2 Upper Willard Canal Lining and Water Marketing Projects). The data 
collected with also include metered flow data collected from the permanent 
ADCP meter installation at the termination of the Phase 2 project. Although the 
use of the permanent meter will not be necessary to accurately measure seepage 
loss, this will provide additional data that will help to validate the accuracy of 
measurement. When complete, the resulting data will allow the District to 
accurately document actual canal leakage for both the current condition and the 
post-lining condition. Flow measurements will also allow a comparison to, and if 
necessary, refinement of the canal leakage estimates (which were based upon 
geotechnical testing of the canal lining and empirical data). In this way, accurate 
measures of water savings will be determined and documented. Actual measured 
water savings will then be available for water marketing. 

l.C.3 Engineering Design: 

• 	 Schedule: March 2014 to August 2014 
• 	 Scope: The District will retain a professional engineering consulting firm to assist 

the District in preparing the final design and construction documents for the 
construction portion of the project. 
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l.C.4 Bidding and Contractor Selection: 

• 	 Schedule: August 2014 to September 2014 
• 	 Scope: The District, with assistance from the Consulting Engineer, will prequalify 

General Contractors, provide only those Contractors that are approved to perform 
the work with bid documents, and solicit bids from them for all construction 
services associated with installation of the concrete liner and ancillary equipment. 

l.C.S Construction of Concrete Liner: 

• 	 Schedule: September 2014 to April 2015 (this schedule includes liner 
construction through January 2015, with two additional months for project 
closeout). 

• 	 Scope: This task will include installation of a new steel reinforced 6" thick 
concrete liner on the Willard Canal from the termination of the Phase 2 Project at 
700 South Street, to 200 South Street in Marriott Slaterville. This segment 
comprises approximately 2,900 LF, or approximately 5% ofthe entire Willard 
Canal. 

l.C.6 Creation of Water Marketing Mechanism: 

• 	 Schedule: Will commence in April2015, and will be ongoing 
• 	 Scope: This will be a continuation of the ongoing effort underway for the Phases 

1 and 2 Upper Willard Canal Lining and Water Marketing Projects. The Phase 3 
Upper Willard Canal Lining and Water Marketing Project will improve 
sustainable water supplies by directly allowing the District to conserve an average 
of 4,425 AF per year, over the 50 year life of the project. This water can be 
stored in the existing upstream reservoirs operated by the District, or in Willard 
Bay Reservoir. Existing petition and water transfer agreement mechanisms will 
be used to market saved water, and thus avoid issues created by using a new water 
allocation method. 

A map depicting the upper Willard Canal can be seen in Figure 3. Relevant Reclamation 
As-Built Drawings of the Phase 3 Upper Willard Canal Lining and Water Marketing 
Project extent can be found in Attachment B. 
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Figure 3: Map of \Villard Canal and Extent of Upper Willard Canal Lining Pro,jects 

12 Funding Opportunity No. Rl3SF80003 
Phase 3 Upper Willard Canal Lining 

and Water Marketing Project 



l.D Evaluation Criteria 

As was the case with previous phases, the Phase 3 Upper Willard Canal Lining and 
Water Marketing Project directly addresses three of the four eligible project tasks; 
specifically Task A- Water Conservation, Task B- Energy-Water Nexus, and Task D­
Water Markets. These tasks and their respective evaluation criteria as listed in the FOA 
are addressed in the following sub-sections: 

l.D.l Evaluation Criterion A: Water Conservation 

• 	 Subcriterion No. A.l(a)- Quantifiable Water Savings: Based on the results of 
a seepage analysis, up to 15,600 AF of water is lost through seepage in the 
uppermost 5,000 to 7,000 LF of the Willard Canal. Through installation of a 6" 
thick steel reinforced concrete liner, the Phase 3 Upper Willard Canal Lining and 
Water Marketing Project will result in a water savings of 4,425 AF/yr. 

FOA Questions for Canal Lining Projects and subsequent District Responses 
are given below: 

How has the estimated average annual water :wFings that will resuflfj·om the 
Pmject been determined? Please provide all relevant calculations, assumptions. 
and supporting data. 

It has been assumed that the average annual water savings resulting from the 
proposed project will be equal to the current canal seepage losses of2.0 AF/LF of 
canal, (refer to calculation in the District's response to the FOA question 
pertaining to how seepage losses are determined below, and suppotiing 
Attachment A), multiplied by the effectiveness of the newly installed concrete 
liner. The proposed project will comprise a total of2,900 LF. Therefore, the 
water loss for this stretch of the canal can be calculated to be 2,900 LF x 2.0 
AF/LF = 5,900 AF per year. Conservatively assuming a liner effectiveness of 
only 75% (refer to the District's response to the FOA question pertaining to post­
project seepage losses below, and supporting Attachment C), the estimated 
average annual water savings resulting from the Phase 3 Upper Willard Canal 
Lining and Water Marketing Project will be: 

5,900 AF/year x 75% liner effectiveness= 4,425 AFper year 

Hmv have average annual canal seepage losses been determined? Have ponding 
and/or injlow/oufflmv tests heen conducted ro determine seepage rates under 
varying conditions? flso. please provide detailed descriptions <?ltesting methods 
and all results. ffnot. please provide an explanation ofthe merhodM used to 
calculate seepage losses. All estimates should he supported with multiple sets ol 
data/measurements.kom representatiFe sections (~fcanals. 
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The District has conducted a detailed seepage analysis of the Willard Canal, 
which can be found in the District's SOR and is enclosed in Attachment A. The 
methods used to estimate canal water losses were as follows: 

i.) Research was conducted to ascertain canal lining techniques used by other 
Districts in the Western United States; 

ii.) Canal system design and maintenance information was reviewed and 
analyzed by a Geotechnical firm with experience in canal design; 

iii.) Borings were placed along the entire alignment of the Willard Canal; 
iv.) Piezometers were installed at aforementioned boring locations to determine 

water table levels and fluctuations with respect to canal water levels; 
v.) Samples of canal lining materials were taken along the entire alignment of 

the canal; 
vi.) Data collected were analyzed and compared to published reports; and 
vii.) Operational measurements from existing system operations records were 

considered. 

From this analysis, it is estimated that anywhere from 12,880 AF to 15,600 AF 
per year is lost to seepage through the southernmost 5,000-7,000 LF of the 
Willard Canal. Using an average value of 14,240 AF per year through 7,000 LF 
of canal, it can be inferred that 

Seepage Loss= 14,240 AF/7,000 LF =2.0 AF/LF ofcanal 

What are the expected post-project seepage/leakage losses and how were these 
e.•;timates determined? (e.g., can data spec{fic to the type qfmaterhJl being used in 
the project he provided)? 

The District has utilized the results of Reclamation Project "R-00-01: CANAL 
LINING DEMONSTRATION PROJECT 2000 SUPPLEMENTAL REPORT" to 
derive post project leakage estimates. A portion of this report up to and including 
the Executive Summary and relative conclucsions, can be found in Attachment 
c. 

This report states for the project area studied that a complete prism concrete lining 
method should be 70% to 85% effective. A conservative value of75% 
effectiveness is used to reduce the water savings estimates in the seepage analysis 
contained in Attachment A. 

FVhat are the anticipated annual transit loss reductions in terms (?lacre-:feer per 
milef(H· the overall pn~jecl andfiJr each section r?lcanal included in the project? 

Transit losses generally consist of seepage, spillage, and evaporation. Seepage 
losses have already been estimated as described above, using a conservative 75% 
effectiveness rating for the new concrete liner. Spillage and evaporation will not 
be greatly impacted by the project, as the original geometry of the existing 
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unlined canal will be utilized. Although the canal may operate at a reduced depth 
due to increased hydraulic efficiency, and the area of atmospheric exposure will 
therefore be reduced slightly, evaporation will not be reduced significantly from 
what it has historically been. Additionally, there are no turnouts or other 
diversions in the stretch proposed to be lined that would be improved substantially 
which would contribute to reduce spillage. Therefore, with the exception of afore 
mentioned reduction in seepage, there will be no significant change in transit 
losses that would translate into additional water loss (or savings). 

Hmv will actual canal loss seepage reductions be ver[fied? 

Actual losses will be measured as outlined in the Technical Project Description 
(Section l.C, paragraph 2). Specifically, flow measurements will be collected and 
recorded by the District at each end of the proposed project, both before and after 
installation of the concrete liner. This will be accomplished using a portable 
ADCP meter as manufactured by Teledyne Instruments for their StreamPro Meter 
(which the District has already acquired for the Phase 1 and Phase 2 Upper 
Willard Canal Lining and Water Marketing Projects). The resulting data will 
allow the District to accurately document actual canal leakage for both the current 
condition and the post-lining condition. In this way, accurate measures of water 
savings will be determined and documented. Actual measured water savings will 
then be available for water marketing. 

- Include a detailed description ofthe materials be in!{ used. 

The project will use materials consistent with previous canal lining projects that 
the District has already completed or are underway, which were partially funded 
through previously received WaterSMART Grants. Specifically: 
i.) The Willard Canal will be thoroughly cleaned and restored to a trapezoidal 

geometry using mostly in-situ material, with some infill possibly needed in 
selected areas; 

ii.) 	 Granular 6" minus material may be used for subgrade stabilization as 
required. Free draining 1" minus drain rock, non-woven filter fabric, and 
perforated HDPE pipe will be used to augment underdrains and prevent pore 
water pressures resulting from natural fluctuations in the groundwater table, 
or resulting ice, from heaving concrete liner; and 

iii.) 	 The canal liner will consist of reinforced concrete, with a thickness of 6" 
along the cross section of the canal prism. Freeboard will be as per 
Reclamation Standards for the design flow. Construction and expansion 
joints will include water stops. Construction cost estimate data can be found 
in Attachment D. Please note that the District used the average of 
construction bids received for the Phase 1 Upper Willard Canal Lining and 
Water Marketing Project, and the most recent cost for Consulting 
Engineering design and construction services, which was received for the 
Phase 2 Upper Willard Canal Lining and Water Marketing Project (2012). 
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• 	 Subcriterion No. A.2 -Percentage of Total Supply: Using the formula found in 
the FOA: 

Percentage ofTotal Supply= 4,425 AF!vr saved = 1.6% 
269,906 AF/yr available 

The water savings achieved by the proposed Phase 3 Upper Willard Canal Lining 
and Water Marketing Project amount to savings of approximately 1.6% of the 
total water supply across the entire five-county area served by the District. 
However, it should also be noted that the water savings is a much greater 
percentage of the total amount of water conveyed by the Willard Canal in an 
average year. 

• 	 Subcriteria No. A.3- Reasonableness of Costs: Using the formula found in the 
FOA: 

Cost Reasonableness= $3,182,665 = $14.38/AF/year 
4,425 AF/yr x 50 years 

Compared to the District's current retail rate for untreated water of $248.11/acre 
foot/year; the proposed Phase 3 Upper Willard Canal Lining and Water 
Marketing Project is extremely cost effective. 

1.D.2 Evaluation Criterion B: Energy-Water Nexus 

o 	 Subcriterion No. B.2- Increased Energy Efficiency in Water Management: 
Analyses performed as a part of the District's SOR allows for projection of 
potential savings in pumping costs as a function of AF of water delivered. The 
proposed Phase 3 Upper Willard Canal Lining and Water Marketing Project will 
result in power savings of up to 40,315 Kilowatt hours (kWh) due to saved 
pumping costs of otherwise lost water. This estimate is based on a canal seepage 
rate of 4,425 AF per year, or approximately 2,741 gpm. Willard Pumping Plant 
No.2 requires 15.66 ft of head (lift), and Willard Canal Pumping Plant No. 1 
requires 20.48 ft of head (lift), for a total head of 36.14 ft. The horsepower 
required to pump (lift) 2,741 gpm 36.14 ft is calculated to be 25 horsepower, or 
18.7 kW (conservatively neglecting motor and pump efficiencies). Since the 
pumping plants are only operated over approximately half the irrigation season 
based on historical records, this equates to approximately 90 days, or 2,160 hrs, 
thus requiring 37.3 kW x 2,160 hrs, or 40,315 kWh.· 

1.D.3 Evaluation Criterion C: Benefits to Endangered Species (Not Used) 
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l.D.4 Evaluation Criterion D: Water Marketing 

• 	 Estimated Amount of Water to be Marketed: Existing petition and water 
transfer agreement mechanisms will be used to market saved water. The District 
is therefore able to market the entire amount of water saved through the Phase 3 
Upper Willard Canal Lining and Water Marketing Project, which is estimated to 
be 4,425 AF/year. 

• 	 Detailed Description of Water Marketing Mechanism: The District will create 
a flexible water marketing legal structure which will allow this conserved water to 
be marketed. All of the water saved by constructing the proposed project can be 
marketed. In this regard, water marketing planning work to be done. as a part of 
the currently underway Phase 1 and Phase 2 Upper Willard Canal Lining and 
Water Marketing Projects will be directly applicable to this current 2013 
WaterSMART application. 

• 	 Number and Types of Users: The proposed approach of storing the saved water 
at any of the District's upstream storage reservoirs (refer to Figure 1) will allow 
the District considerable flexibility in the number and types of users for the 
marketed water. As the demand for water is increasing, with few other sources of 
new water available, the District will have no difficulty in marketing water saved 
through this project. 

• 	 Description of Legal Issues: Based on the results of water marketing 
investigations conducted thus far, as a component of the District's SOR, no 
limitations exist with regard to which types of users the water may be marketed 
to. Water saved as a result of this project will most likely be marketed using the 
existing legal structure in place for many of the District's secondary water 
customers, via water lease petitions. Other mechanisms, such as transfer 
agreements, will also be considered to identify the best approach to achieve water 
conservation objectives in the. District's Water Conservation Plan. 

• 	 Estimated Duration of Water Market: The specific duration of transfer 
agreements will need to be determined during the course of the project. If a water 
transfer agreement (or agreements) is the best approach for water conservation 
and water management, then the District will negotiate these agreements. 
Interested parties will likely consist of the District's larger wholesale customers 
(other canal companies and cities). 

l.D.S Evaluation Criterion E: Other Contributions to Water Supply Sustainability 

Utah is the second driest state in the United States. As such, drought relief planning is 
an essential component of the Weber Basin Water Conservancy District's planning 
efforts. 

All of the water saved through this project may be used to meet rapidly increasing 
demands for water, particularly in western Weber County. This has never been more 
apparent than in 2012, when following one of the driest winters and then the hottest 
summer on record, decreed water rights on the Weber River system were cut to 1862 
and earlier priority in July of2012. This was the second time cuts of this magnitude 
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have been made in the last 10 years, indicating an over-allocation of existing water 
within the basin and/or increased climate variability leading to drought conditions. 

The Phase 3 Upper Willard Canal Lining and Water Marketing Project will address 
several water sustainability issues that have been identified as a high priority in the 
District's Master Plan. Through development of a water marketing mechanism for 
the additional4,425 AF/yr or water to be saved, the District will be able to provide 
more water to wholesale customers in its five-county service area. Many of these 
customers are municipalities that have limited or no ability to develop new water 
sources themselves. 

In addition, the Phase 3 Upper Willard Canal Lining and Water Marketing Project 
will also reduce the potential for water related conflict. The District serves one of the 
fastest growing regions in the Western United States, with the population of the 
region (and thereby the demand for water) expected to increase by 20-30% by 2025. 
Due to this rapid growth, there is an increasingly volatile balance between the 
demand for irrigation water, and the rapidly increasing demand for additional 
municipal and industrial (M&I) water; particularly in years of drought. By 
conserving an additional 4,425 AF per year, the Phase 3 Upper Willard Canal Lining 
and Water Marketing Project will contribute substantially to the District's 
conservation efforts and will help to alleviate potential future conflicts. 

l.D.6 Evaluation Criterion F: Implementation and Results 

• 	 Subcriterion F.l -Project Planning: 
i.) 	 D.istrict Wide Planning that Supports the Project: The District has 

recently completed a District Wide System Optimization Review. This SOR 
has identified canal lining and metering projects as the top two priorities. 
This application addresses the canal lining priority. The approach used in the 
SOR that was used to identify the need for the Upper Willard Canal Lining 
and Water Marketing Projects is shown in Figure 4. 

ii.) 	 Engineering or Design work Performed Specifically in Support of the 
Proposed Project: The District has performed thorough evaluations of the 
condition of the liner in the Willard Canal and used this information to 
estimate canal seepage rates. This information can be found in Attachment 
A. 

iii.) 	 How Project Conforms to and Meets Goals of State or Regional Water 
Plans: The proposed project will assist the District in meeting its 
conservation goal of a 25% reduction by 2050 by saving 4,425 AF of the 
water currently being lost due to canal seepage in the subject portion of the 
Willard Canal. 

• 	 Subcriterion F.2- Readiness to Proceed: The District is prepared to proceed 
with the Phase 3 Upper Willard Canal Lining and Water Marketing Project 
immediately upon funding by Reclamation. The work plan as presented above in 
the Technical Project Description, Section l.C, paragraphs 1 through 6 will be 
implemented. 
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PROPOSAL TASK 

PHASE I 
INITIAL 
SYSTEM 
ASSESSMENT 

PHASE II 
FIELD 
.MEASUREMENT 
AND 
TESTING 

f>HASE III 
WATER 
MARKETING 
ECONOMIC STUDY 
IMPLEMENTATION 
PLAN 

PROJECT FLOW CHART 

Definition of Initial List of 
Conservation Concepts 

Iterati\·ely Test Concepts for 
Overall System Benefit 
Using Water Model 

Compute Benefit/Cost for Concept 

Identity measurements 
m::eckd lo test concept 

Perform field testing or 
measurement 

NO 

NO 

Apply Concept in Refined 
System Model 

Estimate Refined Benefit 
Cost for each Final Project 

Compute Sum of Water 
Saved 

Develop Rugion Wutcr 
Marketing Model 

DELIVERABLES 

Final list of 
Consea·va tion 
Projects 

R<mking by 
Benefit/Cost 
of J?inal 
Projects · 

WATER 
AVAILABLE 

WATER BANK OR 
TO SERVE 
GROWTH NEEDS 

Figure 4: Decision ProC'ess llsed in the Weber Basin Water Conservancy District's SOR to Identify High 
Priority Water Conservation and Water Banking ProjeC't 
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• 	 Subcriterion F.3- Performance Measures: Actual losses will be measured as 
outlined in the Technical Project Description (Section 1.C, paragraph 2). 
Specifically, flow measurements will be collected and recorded by the District at 
each end of the proposed project, both before and after installation of the concrete 
liner. This will be accomplished using a portable ADCP meter, which the District 
has already acquired for previous projects. The resulting data will allow the 
District to accurately document actual canal leakage for both the current condition 
and the post-lining condition. In this way, accurate measures of water savings 
will be determined and documented. Actual measured water savings will then be 
available for water marketing. 

l.D.7 Evaluation Criterion G: Additional Non-Federal Funding 

Using the formula found in the FOA, the total project cost, as itemized in Table 2 of 
the budget proposal is: 

Total Non-Federal Funding =__	.:.$l:.J,:..::;6.:.82::..l,:..::;6.:.65=.~0.:;..0___ =52.9% 
$3,182,665.00 

Ofthe total amount, the District is requesting a Federal share of$1,500,000.00 
(47.1%). 

l.D.S Evaluation Criterion F: Connection to Reclamation Project Activities 

The project is directly connected to Reclamation activities, since the Willard Canal is 
a Reclamation-owned Weber Basin Project facility, and is located entirely upon land 
owned in fee-simple title by Reclamation. All of the water saved as a result of the 
project will serve to augment water supplies in the Weber Basin area, thus reducing 
future conflicts as per Reclamation objectives. 

The Phase 3 Upper Willard Canal Lining and Water Marketing Project will also 
serve to support Reclamation objectives in its desire to raise the height of the A.V. 
Watkins Dam, as the Willard Canal is the sole conveyance facility for supplying 
water to Willard Bay. 

2.0 ENVIRONMENTAL AND CULTURAL RESOURCES COMPLIANCE 

The District understands that in order to allow Reclamation to assess the probable 
environmental impacts and costs associated with each application, all applicants must 
respond to the following list of questions focusing on the requirements of the National 
Environmental Policy Act (NEPA), the Endangered Species Act (ESA), and the National 
Historic Preservation Act (NHPA). The District therefore submits the following responses 
to the questions contained in the FOA, to the best of the District's knowledge: 
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Will the pny·ect impact the surrounding environment (i.e .. soil [dust}. air. >Fater 
[quality and quanti!):/. animal habitat, etc.)? Please briefl.v describe all earth­
disturbing work and any work that will affect the air, water, or animal habitat in 
the project area. Please also explain the impacts ofsuch work on the surrounding 
environment and any steps that could be taken to minimi:::e the impacts. 

The project will require a moderate level of earth work. However, this entire 
earthwork is within the existing canal right of way. Animal habitats will not be 
negatively impacted. 

Are you cnvare (~fany endangered or threatened S]>ecies in the pN~ject area? [lso. 
·would they be qf}ected by any activities associated with the proposed project? 

No endangered species are impacted by this project. 

Are there wetlunds inside the pN4ect boundaries? !lso. please estimare hm.J: many 
acres ofwetlands there are and describe an;v impact the prc~ject >vi!! have on the 
·wetlands. 

No wetlands are in the project boundaries. 

When 1vas the water delive;:v .'>~vstem constructed? 

The original canal was constructed over a several year period in the early 1960's. 

rVillthe project result in m~v mod(tlcation (~lor effects to. individualfearures rd 
an irrigation -~:v·stem (e.g.. headgates, canals, orjlumes)? 

Yes, the primary modifications will be canal lining. No other modifications or 
effects thereof are anticipated. 

Are any buildings, structures, orfeatures in rlze irrigation district listed or eligible 
.fhr listing on the National Register ofHistoric Places! 

No. 

Are there any know archeological sites in the proposedproject area? 

No. 

Will the project limit access to and ceremonial use (?llndian :·wcred sites or result 
in other impacts on tribal lands? 

No. 
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Will the pr<?iect contribute to rhe introduction, continued existence, or spread of 
noxious weeds or non-native invasii•e .species known to occur in the area? 

No. 

3.0 REQUIRED PERMITS OR APPROVALS 

The project will be constructed entirely upon property that is owned in fee-simple title by 
Reclamation, and all improvements will remain in United States ownership. For this 
reason, there are no permits or approvals needed. 

4.0 LETTER OF PROJECT SUPPORT (NOT USED) 

5.0 OFFICIAL RESOLUTION 

An official resolution will be submitted to Reclamation within 30 days of this application 
submittal, as required by the FOA. This resolution will be approved by the District's 
Board of Trustees. 

6.0 PROJECT BUDGET 

6.A Funding Plan and Letters of Commitment 

Information in this section describes how the non-Reclamation share of project costs will 
be obtained. 

The District will fund all non-Federal contributions entirely with Weber Basin Water 
Conservancy District funds. The District provides the following responses to questions 
in the FOA: 

How you ;vill make your contribution to the cost-share requirement. such as 
monetary and/or in-kind contributions and source jimds contributed by the 
applicant (e.g .. reserve account, ta.;; revenue, and/or assessments). 

The District will fund the project through a combination of proceeds from bonds 
and current operating revenues. 

- Describe any in-kind costs incurred before the anticipated project start date that 
.vou seek to include as pn~ject costs. Include: 
i.) fVhat project e.1.penses have been incurred 
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ii.) How the}' benefited the prqject 
iii.) The amount (~ltlze expense 
iv.) The date ofcost incurrence 

The District does not wish to include any in-kind costs incurred prior to the 
project start date as project costs. 

Provide the identity and amount offunding to be provided by jimding partners. as 
'.vel! as the required letters (?fcommitment. 

The District has no other funding partners. 

Describe anyfu!1ding requested or receivedfrom other Federal partners. 

None. 

Describe any pendingfunding requests that have nor yet been apprm•ed, and 
explain how the project will be (4fected ifsuchfunding is denied. 

None. 

Plea..,·e include thej(>lfowing charr to swnnwri:::e your non-Federal and other 
Federalfimding sources. 

The requested chart is included below. Please refer to Table 2. 

Please include thefhllowing chart to summarize your Federalfunding request by 
year. 

The requested chart is included below. Please refer to Table 3. 

Weber Basin Water Conservan District 52.9% 

Other Federal Entities 0% 

Bureau of Reclamation 47.1% 

100% 

$1 .00 

$0.00 

$1 500 000.00 

$3 .00 
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Please note that although all costs will be incurred by the end of Year 2 (FY 
2014), the maximum reimbursement limitations of$750,000 per year as set forth 
in the NOA necessitates that the District carry all remaining costs through Year 2 
and request reimbursement of the final costs in Year 3. This carryover is based on 
the assumption that the District will be successful in its application for Group 1 
Funding under a separate application. 

6.B 	 Budget Proposal 

6.B.l 	 Budget Narrative: The following budget narrative is provided for the specific items 
listed in the FOA. These items, and subsequent District responses, are as follows: 

• 	 Salaries and Wages: The District is not requesting reimbursement for District 
personnel costs. 

• 	 Fringe Benefits: The District's fringe benefit rate is 42%. However, the District 
is not asking for reimbursement of internal project costs. 

• 	 Travel: The District is not requesting any reimbursement of travel. 
• 	 Equipment: There will be no new equipment purchased for the proposed project. 

The District already has acquired or will acquire the necessary equipment through 
previous projects. As such, this equipment is not reimbursable under the currently 
proposed project. 

• 	 Materials and Supplies: Itemizations of construction by major category, unit 
price, quantity, and purpose, such as whether the items are needed for office use, 
research, or construction is provided in Attachment D. The District is not asking 
for reimbursement of any office supplies. 

• 	 Contractual: The total project design and construction budget is $3,151,153. 
• 	 Environmental and Regulatory Compliance Costs: Environmental costs are 

expected to be very minimal, as all work is done in the existing canal right of way 
in the immediate vicinity and/or directly in the location of the existing canal. 
However, as instructed in Paragraph IV.D.4 of the FOA, a cost of no less than 1% 
of the total project budget is allocated for environmental and regulatory 
compliance costs. 
Although this is the amount that will be budgeted for in the financial assistance 
agreement between Reclamation and the District, it is anticipated that if any 
portion of the funds budgeted for environmental and regulatory compliance are 
not required for compliance activities, such funds may be reallocated to the 
project, if appropriate. 
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• 	 Reporting: The District is not requesting reimbursement for any reporting fee 
costs. 

• 	 Other Expenses: The District is not asking for reimbursement of any other costs. 
• 	 Indirect Costs: The District is not asking for reimbursement of any indirect costs. 
• 	 Total Costs: The total project cost is $3, 182,665.00. The proposed District cost 

share is $1,682,665.00 (52.9%); and the proposed federal share is $1,500,000 
(47.1%). All costs associated with the Phase 3 Upper Willard Canal Lining and 
Water Marketing Project are itemized in Table 4 below, and are also given in 
form 424C- Construction programs. 

Reimbursement of District salaries and uested 

Reimbursement of District · benefits is not 

$0 

Reimbursement of District lies and materials is not 

$6 754 LS $68 754 

Construction Services $3 99 LS $3 082 399 

Other 

Environmental and 
Regulatory Compliance 

%of 

Establishing Water Bank 

Total Direct Costs 

Indirect Costs - 0% 

$31,512 LS $31,512 

Reimbursement of District contributions in establishing water bank 
is not sted 
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7.0 	 ATTACHMENTS 

Attachment A: Willard Canal Leakage Analysis 

Attachment B: Selected Original Reclamation Drawings 

Attachment C: Basis for Post-Project Seepage Loss Estimates 

Attachment D: Canal Lining Cost Estimate Basis 
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Attachment A: Willard Canal Leakage Analysis 


Februazy 15, 2011 

Mr. John Masek 
Weber Basin Water Conservatory District 
2837 East Highway 193 
Layton, UT 84040 

Phase 2 Canal Seepage Assessment 
Willard Canal 
Weber and Box Elder Counties, Utah 

Mr. Masek: 

Intermountain GeoEnvironmental Services, Inc. (IGES) has performed additional field 
investigation, sampling, laboratory testing and seepage assessment for the 10 mile stretch 
of the Willard Canal maintained and operated by the Weber Basin Water Conservancy 
District (District). This work was intended to supplement the findings of our 2009 
subsurface investigation and liner sampling of the canal in order to better quantifY the 
performance of the canal liner. Our liner sampling was performed at an additional 12 
locations within the partially empty canal (see Figure A-1). Sample locations were 
selected to fill in gaps between the 10 locations sampled in 2009. The locations were 
spaced along the entire length of open canal starting at the Slaterville Diversion Darn and 
ending near Willard Bay in Box Elder County. Our field services and analysis were 
performed in accordance with our proposal dated Januazy 27, 2010. This letter provides a 
summation of field work, laboratory testing, and seepage modeling. 

CANAL OBSERVATIONS 

Sampling and observation of the canal liner in 2009 was complicated by the presence of 
approximately 7-8 feet of water in the canal during our field investigation. Under the 
circumstances sample quality was relatively good, but an accurate representation of the 
existing channel cross section was not available or easily obtainable. 

For a period of time in early Februazy 2010 flow was not actively diverted into the 
Willard Canal from either the Weber River or Willard Bay. Our field investigation was 
scheduled and performed between February 3rd and 5th, 2010. Due to the relatively flat 
bottom slope of the canal, ponded water (up to 3 feet deep) and some ice (up to 1.5 feet 
thick) was encountered at sampling locations throughout the canal. These conditions 
limited measurement! documentation of canal bottom conditions. For most of the northern 
portions of the canal (10-6 through 10-12) snow was also present (up to 0.5 feet deep) on 
top of ice and on the canal side slopes limiting observation ofliner conditions on the side 
slopes of the channel as well. 
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CROSS-SECTION SURVEY 

In order to document the existing ground surface profile, IGES retained the services of a 
professional laud surveyor. A surveyed cross section (grotmd surface or top of icc) was 
obtained at seven of the twelve sampling locations. 'lllc remaining five were not surveyed 
because of a scheduling conflict which prevented the surveyors from returning to the site 
prior to the canal being charged on February 5th. '!his survey data was combined with 
field measurements of ice thickt1css, water depth, liner thickness, laboratory measured 
penneability rates and previously obtained subsurtace stratigraphic data (IGES, 2009) to 
create seepage models for each canal cross section. '11te estimated water level (7·8 feet) 
for the canal cross section(s) carrying l, 1.50 cf.s corresponded with the liner defotmation 
(sidewall sloughing) observed and m~asured by the surveyors. 

LINER SAMPLING 

Attempts were made to obtain at lclL'>t one undisturbed sampl~ of liner material at each of 
the 12 locations explored in this investigation; additional disturbed samples were 
collected t.br correlation of penueability testing results ha.<;cd on index testing of both 
sample types. '11Je existing liner thickness was probed in th.: vicinity of collected samples 
using rebar. For simplicity in identifying sample locations at each cross section they have 
been identified as Left Bank, Center, and Right Bank. 'I11e following tables provide a 
summary of the estimated liner thickness encountered at each section; additional detail 
and observations about the sections are included in Appendix B. 

Center Bank, 
1.0 

Sampling Location 
Northing (m) I Easting(m) I Approximate Liner Thickness (It) 

4,569,170 I 415,118 I 
I 

Left Bank 
1.0 

I 
I 

Center 
1.17-1.5 

I 
I 

Rioht Bank 
to 

l:llOIIIQES, Inc. 2 L0051S·Oll 
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Sampling Location 

Northinq (m) I Easting(m) I Approximate Liner Thickness (ft) 

4,570,134 I 414,751 l 
I 

Left Bank 
0.67 

I 
I 

Center 
1.5-2.0 

I 
I 

RiahtBank 
0.67 

Sampling Location 

Northing (m) I Easting(m) I Approximate Liner Thickness (ft) 

4,570,431 I 414,302 l 
l 

Left Bank 
1.0 

I 
I 

Center 
2.0 

I 
I 

Riaht Bank 
1.0 

Sampling Location 

Northing (m) I Easting (m) I Approximate Liner Thickness (ft) 

4,571,011 I 413,637 I Left Bank enter I Right Bank 
I 0.5 I 2.0 I 0.67 

Sampling Location 

Northinq (m) I Easting (m) I APProximate Liner Thickness (ft) 

4,569,170 I 415,118 I 
I 

Left Bank 
0.5 

I 
I 

Center 
2.0 

I 
I 

Rioht Bank 
1.0 

Sampling Location 

Northinq (m) I Eastino(m) I Approximate Liner Thickness (ft) 

4,573,337 I 413,427 I 
I 

Left Bank 
0.5-0.67 

I 
l 

Center 
2.0 

I 
I 

Riaht Bank 
0.5-0.67 

Sampling Location 

Northing (m) I Eastina (m) I Approximate Liner Thickness (ft) 

4,574,664 I 413,385 I 
I 

Left Bank 
0.5-0.67 

l 
I 

Center 
2.0-2.5 

I 
I 

Right Bank 
0.67 

"'' 2011 lGiiS. Inc. 3 
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Sampling Location 

Northing (m) I Easting (m) I Approximate Liner Thickness (It) 

4,575,306 I 413,325 I 
! 

Left Bank 
No Sample 

I 
I 

Center 
2.5 

I 
I 

Rioht Bank 
3.0 

Sampling Location 

Northing (m) I Easting (m) I Approximate Liner Thickness (It) 

4,576,184 I 413,275 I 
! 

Left Bank 
Rip Rap" 

I 
I 

Center 
2.0*" 

I 
I 

Right Bank 
Ripr<ap 

"' unable able to probe through gravel/cobbles (np-rap) or excavate through frozen sotls wllh lllmd tools, 

did not reach top of liner. 

*"' pushed through 2' ofsoft material, but could not keep in Shelby tube. 


Sampling Location 

Northing (m} I Easting (m} I Approximate Liner Thickness (ft) 

4,577,228 I 412,331 ! Left Bank I Rioht Bank 
I 1.0 I 2.0 I 1.0 

Photographs of sampling locations and the conditions encountered arc contained in 
Appendix B. 

'l11e photographs show that during our 2010 inwstigation, while the canal was not under 
normal operational water levels, it was also not completely drained. Water. ice and snow 
obscured the canaVliner surface at the majority of our investigation locations. At the two 
southcmmosi locations (1 0-1 & 10-2) most of the canal cross section wa~ visible and 
showed that liner soils were not unifom1ly distributed through the canal in these areas. 
Samples were collected and liner thickness measured from visible liner soils; however, 
streams flowing arotmd liner "islands" indicated that little or no liner soils were present in 
portions ofthe southern reaches of the canal. This corresponds with our 2009 sampling in 
the southern reaches of the canal (locations 09-1 and 09-2) where respective liner 
thickness ofO and 3 inches were measured. 

LABORATORY TEST RESULTS 

As mentioned previously gcneml index and soil permeability tests were performed on 
samples collected during our !ield investigation. 'The following table provides a summary 
ofthe laboratory testing pcrfonned. 
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Detailed results of the individual tests performed are included in Appendix C. 
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SEEPAGE l,OSSES 

A simplistic model was created previously to approximate seepage losses ba~cd largdy 
on the design cross section, utilizing an average head (water level in the eannl) and 
average distance to groundwater (arbitrarily set 2.5 feet below the liner). Because the 
survey performed in Febmary 2010 provided actwtl surface topography for most of the 
cross sections, :md more accurate measurements of the liner thickness were obtained 
seepage losses were approximated using the Finite Element Modeling (FE:M) capabilities 
of SLIDE 5.0 by RocScience instead of the simplistic evaluation perfom1ed ttqing Darcy's 
Law in our previous canal a~scssment (IGES, 2009). Using the FEM method allowed us 
to accurately account for the variation in driving head along sloped sidewalls of the 
trapezoidal canal, it also allowed us to more easily model the impacts of groundwater 
fluctuation on seepage losses. Our 2009 assessment set groundwater 2.5 feet below the 
bottom of the constructed liner (average distance between bottom/side slopes and the 
natural groundwater surface); however, piezometer data indicated the water levels within 
the embankments were above this level. Our revised analysis.attempts to quantify the 
impacts of groundwater fluctuation while also accounting tor the variable distance to the 
water surface, on the side slopes of the canaJ. Assumed values of embankment and native 
soil penneability were still required to complete the modeling. '01e same penneability 
value was assigned to the entire liner thickness at each cross section even though it is 
possible for the penneability to vary within the liner at that location. Because the canal 
tuns near capacity for the entirety of the irrigation season, a c011stant water surface 
elevation (con·esponding to 1,150 cis) was used at each cross section. 

As previously discussed, uneven distribution of liner soils was observed in the southem 
reaches ofthe canal (locations 10-1, 09-1, 10-2 and 09-2). TI1is was particularly noted in 
the '-5,000 feet ofcanal located between the Slaterville Diversion Dam and Willard Pump 
Station No. 2 where low level flows meander.:Jd around liner "ishmds" on the bottom of 
the canal (see Figure B-2). We do not know exactly the causes or exient of liner 
degradation, but have attempted to account for the observed uneven liner distribution in 
our seepage modeling by removing the liner from 50% of the canal length between the 
two stmctures. Combining the removal of liner material with the granular nature of native 
soils in this area results in a seepage loss rate 33-37 times higher than the same section 
where a liner is present. 

The following table provides a summary of the total llllllmd seepage losses modeled for 
the entire length ofthe canal. 

'\'~ 21\!1 JGES. lnc. 6 L00$1S·Oll 
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With the groundwater modeled below the bottom of the liner for the entire length of the 
irrigation season (200 days) our modeling showed a 3.3% increase in approximated 
seepage losses by using the FEM method. Modeling the seepage losses using the May 
2009 groundwater levels shows a 25% reduction in losses as compared to our previous 
modeling. Our modeling results approximate a 4.5-6.5% loss of water to seepage during 
the irrigation season. Further details of seepage modeling are included with this 
document in Appendix D. 

CONCLUSIONS AND RECOMMENDATIONS 

Based on construction drawings provided by WBWCD the canal liner was 
designed/constmcted to be at least 2-feet thick (floor and side slopes) for the m<Uority of 
the canal alignment, and 3 feet thick in the northernmost reach as it approaches Willard 
Bay. 'l11c liner thickness mea.<>ured by IGES typically showed a reduced thickness on the 
side slopes, and sloughing of sidewalls was observed ncar the nonnal canal water surface 
and measured in most surveyed cross sections. Some of the soft material 
encountered/sampled may be comprised of liner material eroded from other areas of the 
canal or sediment transported by the Weber River. Titis hydraulically deposited material 
may be subject to additional movement during canal operation; altering the seepage rates 
as it changes location. Liner thickness on side slopes was typically measured to be less 
than that cncolllltered on the canal "Iloor." Grave I (rip-rap) and frozen soils limited 
probing/measurement and sampling of liner material in some locations. It is also possible 
that the gravel encountered is part of the originally installed "liner" material, depending 
on the material source. Ba.<ocd on our field/laboratory measurements and computer 
modeling the canal loses between 4.5 and 6.5 percent of its total annual flow by seepage 
trom the canal. Actual seepage rates will vary dcp<.'lldiug on surrounding groundwater 
levels and the depth of water in the c;mal; the canal may also receive water from 
surrollllding groundwater during other times of the year. Our approximation of seepage 
from the canal docs not include water lost during the initial charging of the canal and 
filling of void~ in the "dry" liner or other surrounding soils. It is possible that some area.<; 
of the canal have less liner soils and ri1ore free-draining sands and gravels than 
encountered at the points explored. Our seepage modeling has not attempted to account 
for every variation in liner/native soil conditions between and beyond the points explored 
during our investigations. Substantial losses may result from a small area of the canal that 
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has a more free-draining liner/native soil profile. Other losses such as evaporation, or 
gains from precipitation should also be taken in to account when evaluating the overall 
canal perfonnance. 

Groundwater fluctuation is one key variable in accurately estimating the seepage losses 
from the canal. Piezometers have been installed to track the seasonal/operational 
fluctuations but have not been monitored since shortly after their installation in !viay 
2009. Without data we cannot be certain, but because the canal had been full for a time 
prior to piezometer installation we assume that groundwater levels measured at that time 
closely reflect "nonnal" conditions; the stabilized level of groundwater through the 
majority of the irrigation season. We recommend that periodic readings be taken owr the 
course ofthe calendar year in order to better understand the fluctuations. 

From the differences seen when varying the groundwater levels, it can be inferred that 
loss rates will be highest during initial charging of the canal (spring) when sun·otmding 
groundwater levels are likely at or near their se<t~onal lows. The more rapid rate of 
seepage losses associated with low groundwater could be experienced for a larger portion 
of the season depending on weather. In a drought cycle where snowpack:fmnoff and 
rainfall recharge of groundwater is low, a greater percentage of the total canal flow could 
be lost. These losses become increasingly problematic because of i11creased demand 
during dry weather cycles. 

By using a soil liner system in the canal some seepage is inevitable; however, based on 
our observations and measurements of liner variability we conclude the highest rate of 
seepage losses occur in the southernmost reaches of the canal where liner distribution 
was observed to be least unifonn. Depending on groundwater levels we estimate the 
losses in this southern portion to be between 12,880 and 15.600 acre-ft per year. 'l11is 
means that a disproportionate 54-62% ofthc total volume lost is lost within the first 10­
14% (5,000-7,000 feet) of the canal length. Considering the District's proposed Phase I 
lining project, we recommend that rehabilitation efforts be initially focused on the '-5.000 
feet between the Slaterville Diversion Dam and Willard Pump Station No. 2. 'I11e nexi 
priority area should include the 2.000 feet immediately downstream (north) of Pump 
Station No 2. 

i\:'1 201 I JGI:S, Inc. 8 
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We appreciate the opp01tunity to provide you with our services on this project If you 
have any questions. please contact us at your convenience (801-270-9400. 

Respectfully Submitted. 
IGES, Inc. 

Jared Hawes. P.E. 
Projcct Engineer 

Attachments 

Appendix A 
Figure A·l 

Appendix B 
Figures B-1 through B-24 

AppendixC 

Appendix D 

Brett Mickelson, P.E. 
Principal 

Site Investigation Location Map 

Field Investigation Notes and Photogr-.tphs 

Laboratory Test Results 

Seepage Modeling Results 
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2.010 Willard Canal Assessment 

Project#: 00578-011 
Date: 2/2/2010 
Staff: C. Ege. D. Siebach 
location ID WC2010-1 

Proposed Actual 
UlM Coordinates: 415,191.0 mE 415,209.0 mE Install and LabeiT-post 

4,5&5,797. 7 m N 4,555,530.0 m N 

Canal Description: 	 include water/snow depth and Ice thickness, probe linerthlckness(describe location and 
resistance) Describe type and location of samples; describe vegetation (any indication of seepage) 

Right Bank 

Photo; 18 soft for 14", unable to probe beyond 14") no visual indication of seepage. bucket sample-collected 

Center/Bottom 

Photo: 19 1" ice. some water. soft for 14" then stiff to 31 (-3' of fine-grained soils) shelby tube sample 

leftBilnk 

Photo: 20 soft for 14", unable to probe beyond 141 
', novisua! indication of seepage, bucket sample collected 

1~~~-~~u~'------------------------------------------------------------------------------

Sketch any observed differences from design cross section shown below 

Additional Comments: 

Photo 12: Sample Location 

39 Funding Opportunity No. Rl3SF80003 
Phase 3 Upper Willard Cana.l Lining 

and Water Marketing Project 
Attachment A 



Figure 

B-2 
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2.010 WHiard Canal Assessment 

Project#: 00578-011 
Date: 2/2/2010 
Staff: C. Ege, D. Siebach 

location ID WC2010-2 
Proposed Actual 

UlM Coordinates: 415,122.3 m E 415_177.0 mE Install and label T-post 
4,567,808.8 m N 4,657,655.0 m N 

Canal Description: 	 include water/snow depth and ice thickness~ probe linerthickness(descrlbe location and 
resistance) Describe type and location of samples; describe vegetation (any indication of seepage) 

Right Bank 

Photo: 22 Rounded gravel rip-rap on surface - S" thick~ silty sand- black, organlc.liner"'l' thick (bucket sample) 

Center/Bottom 

Photo: 23 12:'' afllner(shelbysam le} 

left Bank 

Photo:24 Rounded gravel rip~rap on surface -s·· thick. silty sand- black,organlc,llner-1' thick (bucket sample) 

}~'ill);f;L"'(.\~.!P.l£02&•---------------------------------------

Sketch any observed differences from design cross section shown below 

Additional Comments: 

Figure 

B-3 
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Figure 

B-4 
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2010 WRiard Canal Assessment 

Project#: 00578-011 
Date: 2/3/2010 
Staff: c. Ege, D. Siebach 

location ID wnoto-3 
Proposed Actual 

UlM Coordinates: 4151113.1 mE 415,11&.0 m E Install and LabeiT-post 

4,5&9,131.9 mN 4,5&9.197.0 m N 

Canal Description: 	 include water/snow depth and lee thickness, probe liner thickness (describe location and 

resistance) Describe type and location of samples; describe vegetation (any indication of seepage) 

Right Bank 

Photo:25 5" gravel over 1' of liner 

Center/Bottom 

Photo:2& 14-18'' of liner (shelby sample) 

left Bank 

Photo: 27 5" r~el over 1' of liner 

~~~~~~~~~·------------------------------------------------------------------------------

Sketch any observed differences from design cross section shown below 

Additional Comments: 

Photos: 30-31: 

Figure 

B-5 
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Figure 

B-6 
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______________________________________ _ 

2010 Willard Canal Assessment 

Project#: 0057&-011 
Date: 2/3/2010 
Stall: C. Ege, D. Siebach 
location ID WC2010-4 

Proposed Actual 

UlM Coordinates: 414,770.7 mE 414,751.0 mE Install and labeiT-post 
4,570,242. 3 mN 4,570,134.0 mN 

Canal Description: 	 include water/snow depth and ice thickness, probe linerthlckness(desulbe location and 

resistance) Describe type and location of samples; describe vegetation {any indication of seepage) 

Right Bank 

Photo: 32 3" gravel rip-rap over S"llner (bucket sample) 

Center/Bottom 

Photo: 33 18-24" of liner (shelby sample) 

Left Bank 

Photo: 34 3" gravel rip-rap over 8" liner (bucket sample) 

.}\.~~~.m,.W!!l21Illi9> 

Sketch any observed differences from design cross section shown below 

Additional Comments: 

Figure 

B-7 
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Figure 

B-8 
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2010 Willard Canal Assessment 

Project#: 00578-011 
Date: 2/3/2010 
Staff: C. Ege~ D. Siebach 
location ID WC2010-5 

Proposed Actual 
UTM Coordinates: 414,196.3 mE 414,302.0 mE Install and LabeiT-post 

4,570,641.8 m N 4,570.431.0 m N 

Canal Description: 	 include water/snow depth and ice thickness, probe linerthlckness(describe location and 

resistance) Describe type and location of samples; describe vegetation (any indication of seepage) 

Right Bank 

Photo:35 3,. rip-rap,12"1iner (bucket) 

Center/Bottom 

Photo: 36 24" soft I shelby sample) 

Left Bank 

Photo:37 _.;:S:...";;;Ic;:.e____________________________________ 

Sketch any-observed differences from design cross section s:hown below 

Additional Comments: 

Figure 
B-9 
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Figure 

B-10 
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2010 Willard Canal Assessrn ent 

Project#: 00578-011 
Date: 2/3/2010 
Staff: C. Ege~ D. Siebach 

l.Dcation ID WC2010-o 
Proposed Actual 

UllVI Coordinates: 413,577.5 mE 413,637.0 mE Install and Label T-post 
4,571,139.9 m N 4,571,011.0 m N 

Canal Description: 	 include water/snow depth and ice thickness. probe liner thickness (describe location and 

resistt~nce) Describe type and location of samples; describe vegetation (any indication of seepage) 

Right Bank 

Photo:38 Ice/snow 12-18" thick, 3" rip-rap. 8" liner- soft (bucket sample} 

Center/Bottom 

Photo: 39 8-10" Ice, 3" rip-rap, 2' soft clay (shelby sample) 

left Bank 

Photo:4() G" Ice, 3" rip-rap, 6'' soft, hard below (bucket sample) 

l~';;nw!Xth.<!!;;:m.g,_______________________________________ 

Sketch any observed differences from design cross section shown below 

Additional Comments: 

Figure 
B-11 
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Figure 

B-12 
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2010 WRiard Canal Assessment 

Project#: 
Date: 
Stoff: 
Location IO 

0057B-011 

2/3/2010 
C. Ege, D. Siebach 
WC2010-7 

U1M Coordinates: 

Proposed 

413,348.1 m E 
4,572,102.5 m N 

Actual 
413,373.0 mE 

4,572,351.0 m N 
Install and Label T-past 

Canal Description: 	 include water/snow depth and ice thickness. probe Unerthlckness(describe location and 
resistance) Describe type and location of samples; describe vegetation (any indication of seepage) 

Right Bank 

Phota:42 Ice-&" thick, soft to 12" unable to probe/sample below (bucket sample) 

Center/Bottom 

Photo:43 Ice S-10"thlck, 3" gravel rip-rap, soft for 2' below (shelby sample) 

Left Bank 

Photo:44 Ice .....6'' thick. 3' rip-rap. soft for 6" unable to probe/sample deeper (bucket S'ample) 

~~~Y.a~~~~~·------------------------------------------------------------------------------

Sketch any observed differences from design cross section shown below 

Additional Comments: 

Photo 45 

Figure 

B-13 
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Figure 

B-14 
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2010 Willard Canal Assessment 

Project#: 00578-011 
Date: 2/3/2010 
Staff: C. Ege, D. Siebach 
location ID WC2010-S 

Proposed Actual 
U1M Coordinates: 413,365.5 mE 413,427.0 mE Install and Label T-post 

4,573,550.5 m N 4,573,337.0 m N 

Canal Description: 	 include water/snow depth and Ice thlckness, probe liner thickness (describe location and 

resistance) Describe type and location of samples; describe vegetation (any indication of seepage) 

Right Bank 

Photo:4S Ice- 2" thick. 2 inches of gravel rip-rap ewer 6-8" soft day (bucket sample} 

Center/Bottom 

Photo:47 ice 12-15" thick, soft dayllner-:t thick unable to probe/sample beyond 2' deep (shelby sample} 

Left Bank 

Photo:4S Ice- 2" thick. 2 inches of gravel rip-rap over &-8'' soft day (bucket sample) 

~m~L~~~·------------------------------------------------------------------------------

Sketch any observed differences from design cross section shown below 

Additional Comments:: 

Photo #49 

""~-~»"~"~" ·~;'-.---------------------------------------------------------------------------- ­
Figure 

B-15 
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Figure 

B-16 
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2010 Willard Canal Assessment 

Project#: 0057&-011 

Date: 2/4/2010 
Staff: C. Ege, D. Siebach 
Location 10 WC2010-9 

Proposed Actual 

lJTM Coordinates: 413,342.8 mE 413,385.0 mE Install and LabeiT-post 

4,574,564.5 m N 4,574,664.0 m N 

Canal Description: 	 include water/snow depth and ice thickness, probe linerthlckness(describe location and 
resistance) Describe type and location of samples; describe vegetation (any indication of seepage) 

Right Bank 

Photo: SO 5" subrounded gravel (rip-rap) S" soft clay- bucket sample 

Center/Bottom 

Photo:Sl 2-2.5' of soft day. -4-&" organics on top (shelby sample) 

Left Bank 

Photo:S2 3 to 61 
' subroun ded gravel rip-rap over &-S" clay (bucket sample) 

~~~~~li~~----------------------------------------------------------------------------

Sketch any observed differences from design cross section shown below 

Additional Comments: 

Figure 
B-17 
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Figure 

B-18 
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2.010 WHiard Canal Assessment 

Project It: 00578-011 
Date: 2/4/2010 
Staff: C. Ege, D. Siebach 

location tO WC2010-10 
Proposed Actual 

UlM Coordinates: 413,244.6 mE 413,325.0 mE Install and Label T -post 

4,575.411.0 m N 4,575,305.0 m N 

Canal Description: 	 include water/snow depth and ice thickness, probe linerthlckness(describe location and 
resistance) Describe type and location of samples; describe vegetation (any indication of seepage) 

Right Bank 

Photo:53 lee -3" thick.. no gravel. very soft organic smell in upper 3',grass on slope, no apparent slumping 

Center/Bottom 

Photo:54 Ice -12'' thick,. some water, very soft to 24-30" below water (shelby sample) 

Left Bank 

Photo: 55 Upper 3' exposed grass. no apparent slumping, no seeps (did not collect sample) 

.}k~~~m~~!'HlJ:rug_______________________________________ 

Sketch any observed differences from design cross section shown below 

Additional Comments: 

Figure 
B-19 
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Figure 

B-20 
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______________________________________ _ 

2010 Willard Canal Assessment 

Project#: 0057ll-011 
Date: 2/4/2010 
Staff: C. Ege, D. Siebach 
location lD WC2010-!1 

Proposed Actual 
U11VI Coordinates: 413,187.4 mE 413,275.0 mE Install and label T-pos:t 

4,575,460.5 m N 4,576,1B4.0 m N 

Canal Description: 	 include water/snfYN depth and ice thickness. probe liner thickness (describe location and 

resistance) Describe type t~nd location of samples; describe vegetation (any indication of seepage) 

Right Bank 

Photo: 55 5" of Ice, gravel (subrounded to rounded) at least 12" thick, unable to locate liner (bucket sample) 

Center/Bottom 

Photo: 57 lee up to 18" thick, soft for 2' below. could not keep sample In shelby tube 

left Bank 

Photo:SS upper 213 feet of slope exposed grass:, snow 3-6" thick,. lee ....6.. thick (no sample) 

>~Y.n:r.-ux':J:!'Sl:l!0'.42, 

Sketch any observed differences from design cross section shown below 

Additional Comments: 

-f"'"'""'~'~""'''"''''-------------------------------------­

Figure ~------------------------------------------------------------­
B-21 
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Figure 

B-22 
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______________________________________ _ 

2010 Willard Canal Assessment 

Project#: 00578-011 
Date: 2/4/2010 
Staff: C. Ege, D. Siebach 
location 10 WC2010-12 

Proposed Actual 
UTM Coordinates: 412,513.6 m E 412,331.0 mE Install and LabeiT-post 

4,577,275.5 m N 4,577,22&.0 m N 

Canal Description: 	 include water/snow depth and ice thickness, probe linerthlckness(de:scribe location and 
resistance) Describe type and location of samples; describe vegetation (any indication of seepage) 

Right Bank 

Photo:59 Exposed face (gravel and cobbles) gravel-3''thick, soft for!' below (liner- bucket sample) 

Center/Bottom 

Photo: 50 ice 12-18'' thick. water-3' deep,llner~2' thick(soft) shelby sample 

Left Bank 

Photo:61 Covered with snow and ice, soft (liner) Is -1' thick (liner- bucket sample) 

.ms:t.o-r~'t::nu.!.'!C!'.t.11Jkt'A.'l. 

Sketch any observed differences from design cross section shown beiO'.'.' 

Additional Comments: 

Figure 

B-23 

61 Funding Opportunity No. Rl3SF80003 
Phase 3 Upper Willard Canal Lining 

and Water Marketing Project 
Attachment A 



' ! 

J 

Figure 

B-24 
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Attachment B: Selected Original Reclamation Drawings 
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Attachment C: Basis for Post-Project Seepage Loss Estimates 
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EXECUTIVE SUMMARY 

Th~ Deschutes Canal-Lining Demonstration Project is a cooperative effort among the Bureau of 
Rt.>clamation, several irrigation districts, and SCVl-Tal gcos:.nthetic lining manulactur<.;'!'S. '!be pmpose of 
the study is to Ul."Velop low-cost canal-lining technologies to reduce seepage ov"T severe rocky subgrade 
conditions. 

Over the lirst 7 years. Reclamation constmcted 27 alternative canal-lining t~:st sections using combinations 
of gcosynlhl-1ics. shotcrctc. roller compacted concrete (RCC), grout-iilled mattfl.-sscs. clastomeric 
coatings, and sprayed-in-place fcJ:un. lhis report docmm:nls the constmdion of two additional h::st 
swtions in :Novcmb<.T 1999. and additional sc<--page studics jl\,'tfonned in D'-"CCrnber 1999. 

The two new test sections include exposed 45·mil EPDM rubber. and exposed 30-mil EPDM rubb~,;·. 
Construction costs ranged limn SO. 78 lo S0.87 per square fbot. 'l11.:se construction costs are at the low 
r.:nd ofall the test sections built to date. 

'11te seepage studies were pertbnncd on the RCC-Shotcrcte test section in the North Unit .Main Canal. 
'l1u! seepage studit:S include both short-term full-scale ponding lt:Sl~ perfonned over a 1,400-ll reach of 
-:anaL and long-tem1 inflow-outllow mcasuremcnts takr.:n over a 25-milc reach of canal over a 3-ycar 
pr.:riod. The 3 years of in!low-ou!flow m~:asur<.m<-"llt~ in~lude 1996 (unlin~l canal), 1998 (canal invert 
lined with RCC), mtd 1999 (cnnal invert lined with RCC, sideslopes lilted with shotcrctc). The intlow­
out!low measurcmenl~ show: 

I. 	 The unlin~:d seep:tgc r:ttc Jbr the North Unit Canal averagt:S l.lil!day which agrees well 
with our earlier c,qtimate of I ft!day (Year 7 Report). Titc first 12~·, miles of canal has a 
high~-r unlim:d seepage rate ( 1.5 11/day), with somc isohth:d areas as high as 20 11/day. 

2. 	 11te cfiectivcncss ofRCC lining of th~: invCJt only is about 30 percent, which agrees well with 
our earlier estimate of 40 percent ell'cetivcncss (Year 7 Report). 

3. 	 11tc fully-linccl seepage rate is 0.38 ftiday, which agrees reasonably well with the 1999 
pomling tc.:st result of 0.6 filday. 

4. 	 The cll'i;ctiv<.."!lcss of RCC lining of the inv<-'11. and shoterele lining of the sideslopes. is about 75 
percent; which agrees o\Vell wiih out' cnrlicr c.~timate ol'70 )lercent tYear 7 Rcpor~J. TI1t'l 
elf<--ctivcncss ;~!so agrees well with the 1999 ponding test which shows effcetivem:ss of 80 to 
85 )lt:rcent; 

All 29 of the test sections will continue to he monitored for maintenance requirement~, durability (life 
cxpcctancy). and r.:iTcctivencss (seepage reduction) to calculate Beneiit-Cosl ratios. 
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Attachment D: Canal Lining Cost Estimate Basis 


PHASE 1 UPPER WILLARD CANAL LINING AND WATER MARKETING PROJECT 
CONSTRUCTION BID SCHEDULE SUMMARY 
WEBER BASIN WATER CONSERVANCY DISTRICT 
August 28, 2012 

BID SCHEDULE Aldut C<lnettuolk>n Bowen Con$tructirm 

ltomNo. Dflcrlptlon Qwmtlty Unit Unlt P1lco Pmount Unit Prlc& Amount 

rtobt!lzaton. demob lizouon. temp«<l!)' flldlrles. 
1 ooc adm1nls1ratve rlems (not lo exceed 10% d 1 lS s 300.COO s 30).000 s 85.000 $ 85,000 s 

Total Boscf:ldl 
2 Construction C<!walf:OOg 1 lS s 3$0.000 s 350.000 s 75.000 $ 75.000 s 

Sut>grll<le Prep..-auon. ~ldudes constructJon 
surveys; excava'Jcn aoc grad ng: spreadng and 
gntJlng of e>~rnaldial:, 'ldlhtn the ONJ'Ie(:J 
norl-of·w•v: 800 all other wOO< ne.:es.wy lo 
pre;>ore 04ti\'e subgrode prior to instll!laton of 

3 ~ole,.le t!bnc. dran rod< base ray<r ll!ld 14.500 CY s 1l s 153.500 s 12 $ 171.970 s 
uncerdroin S'(Stem; dces net indude oddbcr.Ol 
r:Htr e)..Cavaton f« foundatial stabhzatlon 
rr:atcric.l as directed by tlc Eqrne<r, n.:'ld 
tns!allaPon of un~erdroin S)'>lem, bctrr ofWilt<:ll 
are cov«ed iJOder $Operate bid items_ 

Ft)Jnjatlon StabUiztrbon (~ly as di:"ected by 
Engineer)· lnd~es o'erexcavatiOn and 

4 iootoUQ~on o' foun1ation stcblilzotlon mo!crioJ n 1.600 CY s 63 s 7:),600 s 44 $ 65.600 s 
areas requre<J tor proper St.Ograce p<eparatiOO 
dUe to wet and unstable soils 

Lhdefa-ain System Ot~d Crotin Rock a~u- Laye1": 

~ 
lrduoos Installation of ~otextile faonc. cram I lS s 583,(00 s e63.ooo s 574,000 s 574.000 s
rt~d<. laycc Instal ct.icn of unde.rdraln pipirg 
valves, and menhQ:es. complete. 

G concrete Gn1a1 Liner: Jncudesnu tranS~;t0.1S nn:l 
1 LS s 1,600,COO $ 1.500.000 s 1,371.000 s 1,371.000 so<«>SS ramp$. c:omplete a$ Ghc:mn on plans 

c.MI~.....--..........Io<j. 
~ 

+ ~""' ~ 1.$ $ ac coo • II·• coo s 
GQm•Qignai lfe4\Q1i>~g if~~ 
P" "'~tal ;~11 p.:~t'!-ctoli!O! F~~~ ~oll~to:tl;, ~QQ<plA'A 

Bolance o!Wetl<. indudng but not iimiled to 
rrodifi-caticns to existmg undefdrdr.. system. 
canal safety cab:es. miscellaneous con>~u<:lon 

8 GOrvcy, sito groding and doM~ up, tnffic cm~ot. 
1 LS s 83.000 s 83.000 s 34.550 s 34,500 sperm,tung, rrusceuar:eous Site. ccncrete. 

tnx:hamcaJ, and doctrieat wo·k. and ali other 
WOO< necewuyto corople~ tl1e project as 
described in the plans: and spa<:1flcatlons 

9 wa:eoets Tesung S€r\1ces AIIOWanro ....... 1...... LS s 25.COO 5 2$,000 s 25.000 s ??:~ s 

Gerber CoJi!rlructi¢n 

Unit Prlcii Amount 

127.000 s 121.000 s 

110000 $ 110,00) s 

10 s 145.00:> s 

46 s 69,00:> s 

521000 s 521,000 s 

2,041.000 s 2041.00:> s 

•·ooo • l$ CQ~ • 

93000 s 93,00) s 

<.5000 s 2&.00:> s 

Whit~;~J.,~r Conutr~C\iotJ WWCiydo Summ,.ry 
Unll Ptico Amount Unit Price Amount Averll!l& Blrl Prleo 

150.000 s 150.000 s 283.000 s 283.(})0 $ 1se.ooo I 
I 

100.000 $ 100,000 s 63,000 s 63._0)0 $ 141,000 

10 s 141,375 s 7 $ 104.400 $ 144,449 

I 

I 

Ga,41!0 I43 $ 64,600 s 42 s 62.700 $ 

I 
i 

495,000 s 495,000 s tOO.XO S 500.500 $ ~~7001 

2.750,000 s 2.700.000 s I.E2MCO S 1.025.430 $ 1,669,4(10 

l'.OOO $ l2.000 s •o,oco $ 'OOcXl IliA 

145.000 s ,..~.coo s 93,000 $ 93.000 $ 89,110 I 

i 
25.000 s 25.000 s :z~,();<J .. s 2S,O::O -~ .......................... ~~.()i)~j 

131~ Total. . ~ 3,23(),()()0 ,$ 2,403.120 s. 3,166,000 $,. 3,902,675 $ 2,907,00~ $ J,(!SZ,:Ill!l 
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WEBER BASIN WATER CONSERVANCY DISTRICT 
PHASE 2 WILLARD CANAL LINING PRO.JECT 

£NGINEERING Fit£' ESTIMATE 

8UCGE-T ASSUMPTlONS 

1 WB\l.'CO Jo\tti iUOv:de u.t and di3dym~on$.dvnna c:on\1n.c:t~ A'i:>Uil'Mtd !I Mur;. pt!f 

W* for N'!Hb:<S~\. ~Uh)l;t:a! I~'• lOW, And CIY>'-t:Wkn 1.\::il"l'tt'HUtt.ttQ-1 Ql,r _, feu: Jr>,:!n11 'QO~n.IC:lJOO pcY~od 

TOTAL LAl30R OOST $66)17 
EXPENSES $12.037 
TOTAL COST 

EXPENSES 
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