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Introduction 
 
The Green River – Rock Springs – Sweetwater County Joint Powers Water Board (JPWB) 
Treatment Plant is located in Green River, Wyoming.  Treated water from the water treatment 
plant is distributed to the cities of Rock Springs and Green River, along with several other water 
districts throughout Sweetwater County.  The treatment plant was constructed in 1999 with a 
maximum capacity of 32 million gallons per day (mgd).  The plant treats water supplied from the 
Green River which is adjacent to the plant.  The Green River is typically a quality water source 
which can become very turbid during storm water runoff events.  It is during these high turbidity 
events where plant production becomes limited. 
 
It is the JPWB’s goal to develop a more safe and secure water source for the treatment plant.  
This safe and secure source would be used to supply the treatment plant during events in which 
water directly from the Green River cannot be treated to current EPA standards at the plant.   
 
The most common problem in treating water in the Green River is high turbidity events in the 
river.  The turbidity levels in the Green River fluctuate greatly throughout a typical year.  
Turbidity values range from as low as 2 to 3 Nephelometric Turbidity Units (NTU’s) to as high 
as 4500 NTU’s.  The clarifier equipment within the treatment plant was designed to treat a 
maximum influent turbidity of 200 NTU.  During periods in which turbidity levels exceed 200 
NTU’s, production at the treatment plant becomes limited.  During the past several years there 
have been instances in which plant production has been severely limited due to raw water 
quality.  In some cases the plant has been forced to stop water treatment with system storage 
levels compromised.  The worst past case required a 24 hour plant shut down and 3 days of 
limited plant capacity, resulting in system storage capacity below 38%.  As populations continue 
to grow in Sweetwater County, and water demands increase, the negative results of periods of 
limited plant capacity will be compounded.   
 
In addition to the negative effects of high turbidity in the river on the treatment process, the 
JPWB also has concerns of possible river contamination by hazardous materials.  The Green 
River Basin covers a very large area, running from the Wind River Range to the Wyoming 
Range in Western Wyoming.  Currently the Green River Basin is greatly impacted by energy 
development.  The JPWB has an inherit concern that with all the energy development and vast 
amount of associated truck traffic in the basin there is a risk of river contamination.  A source 
water assessment was prepared for the JPWB in 2004.  In the summary of this report, the water 
source and treatment plant scored high in susceptibility for land use, point source, and 
transportation corridor contaminant susceptibility.  The intake structure received a high 
susceptibility rating for transportation corridor contaminant because of the Union Pacific 
Mainline and Interstate 80, both of which cross the Green River just north of the treatment plant.  
Due to the land use in the basin and the location of the intake structure being downstream of 
possible contamination sources, hazardous contamination in the river is a very possible scenario. 
 
In 2007 there were two separate contamination events on the Green River which resulted in fish 
kills.  On August 3, 2007 a fish kill occurred near Daniel, Wyoming.  It was determined that 
malathion from a mosquito abatement program had spilled into the river.  Then on August 14, 
2007 a fish kill occurred on Slate Creek, a direct tributary to the Green River.  There was no 
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known cause for this event.  Neither of these events affected the treatment plant but each serves 
as examples of contaminant possibilities in the Green River Basin.  In a more immediate location 
to the treatment plant there are other contamination concerns.  Approximately 4 miles upstream 
of the treatment plant, Interstate 80 crosses the river.  There is a very large amount of semi truck 
traffic on the interstate.  An accident on or near the bridge crossing the river could result in 
hazardous material entering the river.  Additionally the Union Pacific Railroad (UPRR) Mainline 
Bridge is located 1000 feet directly upstream of the plant intake structure.  A train derailment or 
accident at or near the bridge poses the threat of hazardous material entering the river.  To date 
there has not been a hazardous material event in the river which has disrupted the treatment plant 
process but the possibility of such an event exists. 
 
With treatment plant production limitations due to turbidity events in the Green River and the 
possibility of contamination in the river, the JPWB has determined that a more safe and secure 
water source is of utmost importance to the future operation of the treatment plant.  During 
events in which water quality in the Green River is outside the limits of treatment design 
parameters, an additional source would be used to supply the plant thereby eliminating plant 
production limitations. 
 

In July 2008, the Joint Powers Water Board Water System Raw Water Supply Interim Report 
was finalized by Nelson Engineering and delivered to the Wyoming Water Development 
Commission (WWDC) and the JPWB.  The Interim Report determined that there was a need for 
an additional water source to supply the treatment plant.  This Interim Report studied various 
water source options and determined that a raw water reservoir would be the best option for 
providing water to the treatment plant.  This report indentified several “reconnaissance level” 
locations for the proposed reservoir along with recommending funding for the Level II Study.  
This Level II Study provides a more detailed investigation of the reservoir locations along with a 
site recommendation and conceptual design.  
 
This Executive Summary contains some, but not all, Exhibits, Tables, etc. contained in the Final 
Report.  Identifying numbers, i.e. Exhibit numbers, remain identical to those within the Final 
Report in order to allow for easy cross reference in the main document.  Since, however, not all 
supporting information is replicated in the Summary, Exhibit identification numbers herein are 
not sequential. 
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Chapter 1-Review of Background Information 

1.1 Previous Studies 
In 2006 The Engineering Company (TEC) completed a Water Treatment Plant Pre-
Sedimentation Study for the JPWB.  A pre-sedimentation basin, to facilitate the treatment 
process, was proposed during the plant construction but eliminated due to financial 
considerations.  This report showed possible basin locations along with estimated construction 
costs.  The purpose of the pre-sedimentation basin would be to reduce the sediment loading to 
the treatment plant during high turbidity events.  Ultimately the JPWB decided that the high 
costs of the pre-sediment basins, along with the fact that it would only address the turbidity 
concern, made this option less desired.  The pre-sediment basin would not address hazardous 
contamination of the source water.   
 
Conversations about the possibility of constructing an infiltration gallery in the Green River were 
held with JPWB personnel.  The JPWB had previously discussed the possibility of a gallery with 
the WWDC.  The WWDC had expressed concerns with the infiltration gallery due to limited 
success in the past.  Because of the alluvial deposits in the river bed the gallery would have to be 
constructed with imported aggregate materials.  Due to typical fine soil materials in the river and 
riverbed, it is highly likely the infiltration gallery would require frequent reconstruction.    
 
As stated previously, in July of 2008, Nelson Engineering completed the Joint Powers Water 
Board Water System Raw Water Supply Interim Report.  This report looked at various options 
for providing the water treatment plant a more safe and secure water source.  This report 
determined that using groundwater or another surface water source were not viable options.  This 
report stated that the only other possible option for providing water to the treatment plant 
requires construction of a raw water storage reservoir.  The reservoir would be supplied from the 
Green River.  The water in the reservoir would be used to supply the treatment plant during 
periods in which the source water cannot be treated to current EPA standards.   
 
The Interim Report identified four different reservoir locations.  The four locations were titled as 
follows; Telephone Canyon, Section 9, Upper/Bench Quarry, and Killdeer Wetland.  Ultimately 
the Killdeer Wetland Site was eliminated for various reasons.  Preliminary layouts and 
construction cost estimates were produced for the Telephone Canyon and Upper/Bench Quarry 
Sites.  Due to the limitation of topographical data at the Section 9 Site, preliminary costs were 
not produced.  The result of the Interim Report was the recommendation for this Level II Study.  
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Chapter 2-Raw Water Storage Site Evaluation 

2.1 Site Evaluation Introduction 
 
The site evaluation phase of this project utilized the information provided in the Interim Report 
and expanded upon areas where scope limitations existed.  The proposed reservoir locations 
identified in the Interim Report for further evaluation were the Telephone Canyon Site, Upper 
Bench/Quarry Site, and Section 9 Site.  This phase of the study identified an additional site, the 
Substation Canyon Site.  The vicinity map, Exhibit 2-1, shows the location of all of the reservoir 
sites.  Preliminary designs for reservoirs at each of the sites were prepared and used to compare 
and evaluate each of the locations.  Site evaluation was conducted by evaluating capital costs, 
storage volume, operation and maintenance costs, and construction and operation incidentals of 
the feasibility design level reservoirs for each site.  The result of this site evaluation process was 
a recommendation of sites worthy of further consideration. 
 

2.2 Evaluation Basis of Comparison 
 
To determine which, if any, of the four selected sites were to remain in the study, preliminary 
designs were performed.  Completed preliminary designs were used to determine approximate 
capital costs, storage volume, operation and maintenance costs, and construction and operation 
incidentals.  Preliminary designs completed were detailed enough to estimate construction and 
operation and maintenance costs sufficient for comparison between sites. Sites were then 
evaluated by comparing capital and operational costs, storage volumes, and incidentals. Fatal 
flaw identification was also part of this evaluation.   
 

2.3 Site Evaluation Conclusion 
 
Completion of all preliminary designs and estimated construction costs allowed for a comparison 
amongst all four of the selected reservoir locations.  From cost estimates the Upper 
Bench/Quarry Site had the lowest initial cost and annual cost with Telephone Canyon being 
second in both.  The Substation Canyon Site had the third lowest initial cost but the highest 
annual cost.  The Section 9 Site had the highest construction cost and the highest annual cost.   
 
When comparing each of the sites, the annual cost ranking was assumed to be more critical than 
the initial cost rankings.  When considering the long design life of the reservoir the annual costs 
will far exceed the differences in initial costs.  Due to the fact that the Section 9 Site had the 
highest construction cost and the highest annual cost, along with no obvious advantage to any of 
the other sites, it was recommended by Nelson Engineering that it be removed from further 
consideration.  Because there were no immediate concerns with any of the other locations it was 
recommended that Telephone Canyon, Substation Canyon, and Upper Bench/Quarry Sites 
remain for the geotechnical phase of the project. 
 
 





3-1 
 

Chapter 3-Raw Water Reservoir Site Geotechnical Investigation 
 

3.1 Geotechnical Investigation Introduction 
 
With the completion of the site evaluation process, a geotechnical investigation was conducted 
on each of the three remaining sites.  The remaining reservoir locations are the Telephone 
Canyon Site, Substation Canyon Site, and the Upper Bench/Quarry Site.  Exploratory boring and 
test pit sites and depths, and the locations of seismic profile lines were based on preliminary 
reservoir and embankment layouts developed by the project team in the site evaluation process.  
In each case, reservoir preliminary designs created the required storage capacity by a 
combination of excavation within pool areas and embankment construction utilizing the 
excavated materials.  
 
Goals of the investigation were to determine subsurface conditions at each site, focusing on 
factors influencing reservoir site selection including:  
 
• Bedrock depth and, where applicable, rock rippability within reservoir area cuts and 

borrow areas; 
• Suitability of soil and rock generated in reservoir borrow areas as general embankment fill; 
• Potential for borrow material to be used for low permeability reservoir lining or 

embankment core zones; 
• Groundwater elevations in relation to proposed reservoir locations, and groundwater 

quality; and  
• Soil and bedrock hydraulic conductivity characteristics for seepage assessments. 

 

3.2 Subsurface Investigation 
 
In the late fall and early winter of 2009-2010, a subsurface investigation consisting of advancing 
borings, excavating test pits, performing seismic refraction surveys, and field hydraulic 
conductivity testing  was conducted at the three reservoir alternative sites.  Groundwater was 
encountered during the field investigations at the Telephone Canyon and Upper Bench sites.  
Groundwater is found in Telephone Canyon in alluvial sediments at depths of approximately 18 
to 30 feet at mid-canyon. At the Upper Bench site, groundwater was found in alluvium and 
within the Wilkins Peak member borings nearest the Green River at elevations coincident with 
river elevation.   
 

3.3 Subsurface Description  
 
The subsurface exploration for each of the reservoir sites comprised seismic refraction lines, test 
borings, and test pits.  Chapter 3 in the Final Report contains detailed descriptions of the 
subsurface conditions at each site.  The report also contains detailed recommendations for 
excavation and embankment at each of the sites.   
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3.4 Seepage Analysis and Lining Evaluation 
 
Reservoir seepage losses were estimated at each site to determine if an impermeable liner is 
needed within all or portions of the reservoir areas.  Based on these preliminary analyses it was 
concluded that impermeable linings will be required to reduce reservoir seepage at all three sites.  
In addition to the seepage control function, the existing water quality in the alluvial aquifers is 
known to be poor, and impervious reservoir liners would protect the water quality in the storage 
facilities at times when the ambient groundwater table is high.   
 
The recommendations for both excavation and embankment and lining were utilized in further 
evaluation of the reservoir alternatives.  These recommendations were used to develop more 
detailed reservoir designs and cost estimates discussed in Chapter 4 of the report. 
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Chapter 4-Selection of Preferred Storage Alternative 
 

4.1 Feasibility Level Reservoir Designs 
 
Upon completion of the data collection and analysis performed in the geotechnical investigation, 
feasibility level designs were formulated for the three reservoir alternative locations.  The level 
of design performed for this effort was more detailed than that performed under the site 
evaluation phase.  Design efforts carefully evaluated the constructability of the critical facility 
component at each site and refined cost estimates.  Cost and constructability factors were then 
compared to determine the preferred alternative site.   
 
The result of this effort was a Feasibility Design Report that was presented to the JPWB 
managers and WWDC. This report is included in Appendix A of the report. 
 

4.2 Feasibility Design Report Summary 
 
The Feasibility Design Report detailed the design criteria used to provide the feasibility designs 
of each site.  In addition to the design discussion, the criteria for evaluating each site were 
explained.  The information gathered in the geotechnical investigation was used to perform the 
next level of reservoir analysis.  This analysis resulted in more detailed and finalized 
embankment, impermeable lining, and wave protection designs which were then used to 
formulate and evaluate excavation costs and conceptual embankment and lining designs in 
sufficient detail to compute material quantities and construction costs.  The updated construction 
operation and maintenance costs were estimated and presented in that report.  An in-depth 
discussion of each site’s operation, cost analysis, and project advantages and disadvantages was 
presented in the report.  
 
Common to reservoir designs at all three sites was the determination to utilize soil cement as 
interior wave protection and lining.  Soil cement has the added benefit of providing a very low 
permeability surface on the reservoir side slopes, removing the need for additional membrane 
lining on this surface.  Embankment and reservoir floor designs were refined to account for soil 
cement and impermeable lining installations.  Utilization of on-site low permeability soils at the 
Substation and Telephone Canyon sites was also incorporated into embankment design. Chimney 
and blanket drains were designed to appropriately deal with potential seepage conditions 
primarily to provide a factor of safety against lining leakage. Reservoir cross sections 
incorporating proposed lining, wave protection, and embankment construction were prepared for 
each site.  
 

4.3 Site Comparison and Preferred Site Recommendation 
 
Cost comparisons were made between the sites.  Table 4-2 below was included in the Final 
Report, this table summarizes the cost comparison between the sites.  This table displays the 
initial capital costs and annual operation and maintenance costs and ranks them from one to 
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three.  Ranking of the three sites by initial and annual costs is the same: Telephone Canyon has 
both the lowest initial cost and lowest annual costs.  Table 4-3 was also included in the final 
report.  This table contains some subjective criteria comparing the suitability of the sites in terms 
of constructability and operations. Again, Telephone Canyon is the best choice of site per this 
table.  
 

Table 4-2  Reservoir Cost Comparison 
  Cost (2010 $) 

Site 
Total 
Initial 

Initial 
Cost 
Rank 

Annual 
Capital 

Recovery 
Annual 
O&M 

Total 
Annual 

Annual 
Cost 
Rank 

Telephone 
Canyon 11,361,110 1 538,636 143,107 681,743 1 
Upper Bench 
Quarry 12,073,070 2 569,241 183,024 752,265 2 
Substation 
Canyon 14,661,720 3 694,130 275,692 969,822 3 

 
Due to access concerns which were noted in the report for the Upper Bench/Quarry Site, this site 
was eliminated.  Telephone Canyon and Substation Canyon were then compared.  Primarily 
based on construction and annual costs, Telephone Canyon was recommended as the preferred 
alternative. 
 
 



Table 4-3 - Reservoir Feasibility Design Summary of Pros and Cons

Operational Considerations Site Access Utility Conflicts
Land 

Ownership Army Corps BLM State City of G.R. UPRR
Telephone Canyon 11,361,110 681,743 3.7

1 1
Upper Bench/Quarry 12,073,070 752,265 3.9

2 2
Substation Canyon 14,661,720 969,822 4.1

3 3

1 At average summer day demand with restrictions (24.2 MGD)

Private Permitting

Site

Initial Cost 
and Rank

($)

Annual Cost 
and Rank

($/yr)

Storage 
Volume 
(days)1

Public Permitting

Water rights Easement or 
purchase required

No conflict

Remote from plant with a more 
complicated operation plan.

No permanent access, 
issues with the railroad

Large overhead power 
line to be relocated

BLM Non-jurisdictional, 
low impact

Lease and Right-
of-Way req'd

Water rights

Close to treatment plant with 
simple operation.

Easy, year round Several which need to be 
relocated and addressed.

JPWB Likely jurisdictional Not req'd

No conflict

Pipeline easement 
required

Boring permit 
required

Remote from plant with a simple 
operation plan.

Easy, year round but 
further from the plant

None BLM Likely jurisdictional Lease and Right-
of-Way req'd

Water rights Pipeline easement 
required
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Chapter 5-Research Raw Water Storage 
 

5.1 Research Introduction 
 
One of the scope items included in the Interim Report within the 2009 JPWB Master Plan 
document was a recommendation for research of other water systems which employ the same 
process of storing raw water in a reservoir prior to treatment.  This scope item was added based 
on input from the JPWB.  It was beneficial to discuss with the operators the operation and 
management of these reservoirs.  The goal was to determine some operational advantages and 
disadvantages of their systems, and also to determine what they liked about their current system 
and what they felt was lacking.  The results of these discussions and site visits were incorporated 
into the conceptual design of the facility. 
 

5.2 Conversations with Operators and Site Visits 
 
Phone calls were made to several of the operators to discuss their facilities.  Operation of the 
facility, along with size, algae issues, security, and problems with the reservoirs were discussed.  
Following discussions with several operators, a site visit was organized to see some of the 
facilities.  The site visit trip was organized with JPWB personnel to visit as many facilities as 
possible in a few short days.  It was determined that the Denver, Colorado area had the most 
facilities in a small area so the trip was set up in this area.   
 

5.3 Conclusions 
 
The site visits and discussions with various operators provided several ideas for components to 
be included in the conceptual design of the proposed reservoir.  Although there seemed to be a 
mix of public access allowed to some sites and not to others, any reservoir which was directly 
adjacent to the treatment plant was generally limited to no public access.  At the Parker 
Reservoir the idea of using diffused air to keep ice from forming on or around the inlet gates 
seems to be a very good one.  Also from this reservoir the soil cement slope protection appeared 
to be a very simple and effective method to armor the embankment.  From the construction at 
that site it seems that on anything steeper than 4:1 the soil cement was installed using the stair 
step method as opposed to the plate method.  One very obvious conclusion from the site visits 
and discussions with operators is that the Solar Bee units seem to be a very effective way to 
address algae blooms.  Another interesting note from the trips was the number of facilities which 
operated with grass carp in the reservoir.  The reservoirs which were visited that contained these 
fish were extremely clear with little to no vegetation growing in the reservoir.  This item will 
need to be discussed with Wyoming Game and Fish but seemed to be very effective.  Several of 
these components will be studied in the conceptual design portion of the project and included in 
the design. 
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Chapter 6-Conceptual Design 
 

6.1 Introduction 
 
The conceptual design of a reservoir at the Telephone Canyon site was a refinement of the 
feasibility design work performed previous.  This process resulted in a more preliminary detailed 
design and an operation and maintenance plan for the reservoir. 
 
The level of detailed conceptual design included all components of the work required to 
complete the project.  This included producing preliminary design drawings to assist in 
estimating construction costs on some of the more complex construction components.  Drawings 
included in the Final Report contain the level of detail necessary to determine quantity and cost 
estimates only, and are not intended for construction.  
 
A detailed operating plan was prepared in consultation with the JPWB managers and operators.  
This plan is preliminary, but as with the drawings, contains sufficient detail to compile accurate 
operation and maintenance cost estimates.   
 

6.2 Reservoir Operation 
 
The conceptual design operational plan for the Telephone Canyon Reservoir is a more detailed 
version of the feasibility level plan.  During the warmer (algae growing) months, water 
(circulation flow) from the existing intake at the Green River will be pumped to the reservoir.  
To minimize pumping costs, the circulation flow rate will be the minimum required to limit algae 
blooms.  Circulation flow will then be conveyed by gravity to the treatment plant.  Additional 
demands at the treatment plant greater than the required circulation flow will be supplied directly 
to the plant from the existing intake structure.  During the winter months all plant demands will 
be supplied from the existing intake structure. 
 
When a turbidity or contamination event occurs in the river, the intake structure would be shut 
down.  All flow would then be supplied from the reservoir to the treatment plant for several days.  
Once the water in the Green River can again be supplied to treatable quality levels, the existing 
intake would be activated.   
 
This operating scheme provides the operators with maximum flexibility: water to the plant can 
come from the reservoir, intake structure, or a combination of both.  The purpose of the 
reservoir, to supply demand for a number of days if the source water in the Green River is too 
turbid to treat, is met.   
 

6.3 Conceptual Design 
 
The conceptual design of the reservoir was divided into separate categories.  These categories are 
Permitting, Reservoir Site, Existing Intake Structure Modifications, Transmission Pipelines, and 
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Additional Site Work.  For each of these categories, the work required to construct and operate 
the reservoir has been addressed in the Final Report.  In this Executive Summary the categories 
will be briefly explained.   
 

6.3.1 Project Permitting 
 
The permitting required for the project includes both public and private permitting.  Public 
permitting refers to any permits or easement acquisitions required by federal and state agencies.  
Private permitting includes permits, land acquisition, or easements that may be required to 
construct and operate the reservoir.  Private permitting also addresses any existing or future 
utility easements that may have to be abandoned or relocated. 
 
Public permitting will be required through the State Engineer’s Office and Wyoming Department 
of Environmental Quality (WYDEQ).  Private permitting will included land acquisition from the 
City of Green River and easement abandonment from the Union Pacific Railroad.  In addition to 
these entities there are several private utility conflicts in the area of the reservoir.  These utilities 
have existing easements which will have to be relocated.  Negotiation of all existing easements 
encumbering the property is vital to the success of the project.   
 

6.3.2 Reservoir Site Design 
 
The primary reservoir design goal of the site was to maximize the total water storage volume 
with a normal water surface at a reasonable elevation above the treatment plant.  By maintaining 
a reasonable water elevation, pump size and pumping costs would be minimized. The design 
process utilized the natural topography of the site to the extent possible, while addressing the 
manmade and natural constraints of the Telephone Canyon Site.  Existing petroleum product 
pipelines, a bypass channel to route Telephone Canyon intermittent flood flows around the 
reservoir, and the access road to a power substation at the canyon mouth presented the major 
design constraints for the geometry.  Reservoir embankment location and pool geometry were 
designed iteratively to achieve the storage goal while reducing earthwork costs.  The reservoir 
geometry is displayed on Exhibit 6-2. 
 
Factors influencing the reservoir embankment height were storage capacity, pumping costs 
associated with normal operating water surface level, embankment freeboard, and water depth 
over the emergency spillway.  The normal water surface elevation selection was an iterative 
process.  At various water elevations the storage volume, pumping head, pump size, and 
construction costs were evaluated.  Optimization of water surface elevation was achieved at the 
point where all of these factors were satisfied.  Also because pumping costs are going to be 
incurred to supply the reservoir, the higher the water surface, the greater the pumping costs.  A 
normal water surface elevation of 6145 was selected, which provides for 327 acre-feet of storage.   
 
The top of the embankment was set at an elevation of 6152.5 providing 7.5 feet of freeboard at 
normal operating water surface elevation.  Normal operation freeboard was determined by the 
combination of wind run-up and estimated embankment settlement.  The design freeboard 
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selected is conservative and based on guidance from the USBR Guidelines for Computing 
Freeboard Allowances for Storage Dams.   
 

6.3.2.i Reservoir Lining, Embankment, and Interior Slope Design  
 
Analyses were performed to advance the design of the basic embankment, lining, and slope 
components of the reservoir.   
 
For dam safety as well as water-loss reasons, it was determined that lining the entire reservoir to 
prevent leakage is the prudent design option.  For the bottom of the reservoir a geosynthetic clay 
liner (GCL) was recommended.  The interior embankment and cut-slopes will be lined with soil 
cement.  The soil cement lining will serve dual functions:  as a low permeability liner and as 
wave erosion protection.  
 
Typical dam embankment sections are shown in the Final Report.  The embankment is 
comprised of a 15-ft wide crest; a 4-ft wide vertical chimney filter/drain; a 2-ft thick downstream 
blanket drain and toe drain network, and a soil-cement liner on the upstream slope.  Preliminary 
embankment slopes are set at 3H:1V upstream and 2H:1V downstream.  
 
An emergency spillway will be required at a designated location along the reservoir 
embankment.  This spillway would convey flood flows out of the reservoir so that embankments 
are not compromised and meet the requirement of the Safety of Dams Division of the State 
Engineer’s Office. 
 

6.3.2.ii Reservoir Inlet and Outlet Structures 
 
 Inlet and outlet pipes are located at opposite ends of the reservoir to improve reservoir 
circulation.  The outlet draws from the eastern “deeper” end of the reservoir to maximize usable 
stored water.  The inlet pipe enters into the reservoir on the “shallow” or west side.  Inlet and 
outlet pipes terminate within the reservoir in concrete structures.  Exhibit 6-2 shows the location 
of both the inlet and outlet structures at the reservoir. 
 
The inlet structure was designed such that sediment entering the reservoir will be trapped and 
easily removed.  This structure will be constructed out of concrete so that heavy equipment can 
be operated to remove sediment.  To allow for operation when the sediment is being removed an 
alternate inlet structure was included in the design.   
 
Outlet structure location was selected at the deepest pool location to maximize storage capacity.  
The structure location minimizes the length of outlet pipe to the treatment plant within the 
reservoir site constraints.  The structure will be a concrete vault from the bottom of the reservoir 
to the top of the embankment.  A walkway was designed from the embankment out to the 
structure.  Water will enter the structure through slide gates and be gravity fed to the treatment 
plant.   
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6.3.3 Existing Intake Structure Modifications 
 
Modifications to the existing intake structure and equipment are required to provide inflow from 
the river to the proposed reservoir.  The existing intake works is a concrete block building on top 
of a wet well that accepts inflow from the Green River.  
 
To provide flow to both the new reservoir and the treatment plant the conceptual design calls for 
the installation of four new pumps and motors which will supply the reservoir while using four 
of the existing pumps and motors to supply the plant.  The new motors will be equipped with 
VFD's so the flow to the reservoir can be varied.   
 
Modifications to the existing piping inside the intake structure must be made to separate the 
discharge lines to the plant and reservoir.  The existing combined discharge 30” manifold pipe in 
the intake will be separated by a butterfly valve into two manifolds separating the two discharge 
lines.  The proposed modifications, in combination with exterior piping and valving, provides 
requisite flexibility in system operation.   
 

6.3.4 Transmission Pipelines 
 
To operate the reservoir, two pipelines will be constructed, one pipeline to feed the reservoir and 
one from the reservoir to the treatment plant.  The inlet pipe is the pipe that will supply the 
reservoir with raw water from the intake structure.  The outlet pipe is the pipe by which water 
will flow from the reservoir by gravity to the treatment plant.   
 
The inlet pipe exit terminates at the inlet structure at the west end of the reservoir.  Due to the 
large number of utilities and petroleum product pipelines along the south side of the reservoir, 
the alignment of the pipeline was chosen along the north side of the reservoir.  This pipe was 
sized as a 36” diameter pipe. 
 
The outlet pipe will be connected to the proposed outlet structure in the reservoir and existing 
piping at the treatment plant.  A 42” diameter pipe is required.  A drain pipe and valves will be 
included on the outlet pipeline alignment to allow for complete evacuation of all water from the 
reservoir.  To control the flow to the plant a dual solenoid control valve operated by an electric 
controller, in conjunction with a flow meter was included.  Operators will be able to control the 
flow rate in the pipe.  To maintain operation flexibility several new valves will be required at 
various locations around the treatment plant on both existing pipelines and the new outlet 
pipeline. 
 

6.3.5 Additional Site Work 
 
Several of the components of work include little to no “design” but are important components to 
the project construction and worthy of some discussion in the report.  Most of these elements are 
noted on Exhibit 6-2. 
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Several existing utilities in the area of the reservoir will have to be relocated.  The utilities 
identified which need to be relocated are buried telephone, two different overhead power lines, 
natural gas line, and a fiber optic line.   
 
A diversion channel will be required around the reservoir to convey flash flood flows from 
Telephone Canyon past the reservoir and treatment plant to the river.  This diversion will include 
a large hydraulic energy dissipation structure.  To protect against channel scour, the channel will 
be lined with soil cement. 
 
Some additional components of the reservoir design which are discussed in the Final Report 
include gravel access roads both to the reservoir and through the reservoir site, providing power 
to locations at the reservoir, additional algae management, reservoir security, and site 
reclamation and erosion control.  Also included is an interceptor ditch along the north side of the 
reservoir to convey any storm water runoff away from the reservoir. 
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Chapter 7-Life Cycle Cost Analysis and Cost Estimates 
 
This chapter in the report presents estimates for both initial construction cost and annual life 
cycle costs for the Telephone Canyon Reservoir.   
 

7.1 Opinion of Probable Construction Cost 
 
Table 7-1 provides a detailed Opinion of Probable Construction Cost for the reservoir.  Costs in 
Table 7-1 are given in 2010 dollars, and represent installed cost.   
 
Table 7-2 provides the summary Opinion of Probable Construction Cost, in the format required 
by WWDC.  Utility Relocation costs are presented below Subtotal #3, as the design, engineering, 
and construction are performed by the respective utility owners, and as such are not subject to 
the engineering and contingency costs.   
 
The sum of the Project Permitting, Project Construction, Project Design and Contingency, and 
Utility Relocation is the Total Project Cost of $15,048,417, rounded to $15,100,000.  
 

7.2 Project Costs 
 
The first category, Project Permitting, encompasses those costs of identifying and meeting 
regulatory and land-use constraints.  
 
The Project Construction category represents the bulk of the costs.  This section includes the 
final, installed costs of all construction activities, capital improvements, new or upgraded 
components, and contractor conditions and profit.   
 
Costs for Project Design and Contingency include engineering design and construction 
inspection, as 10% each of the Project Construction total, to include a complete site survey and 
geotechnical investigation.  Finally, a 15% contingency cost was applied to the Project 
Construction total.   
 
For the Utility Relocation category, costs to relocate existing utilities within the project area 
prior to project construction were estimated in concert with the utility owners.   
 

7.3 Comparison with Increased Finished Water Storage 
 
A comparison was performed to determine if a raw water reservoir or finish water storage is 
most cost effective.  From the Masterplan Report, a minimum of 18 million gallons of new finish 
water storage would be needed.  At an estimated cost of $3.25/gallon for finish water storage, 
providing the additional 18 million gallons would cost roughly $58,000,000.  This is well above 
the raw water construction estimate of $15,100,000.  Additionally, this would provide 4 days of 
supply only at the average day 2004 demand (7.4 mgd), with Simplot shut off after 12 hours.  



Table 7-1
Detailed Opinion of Probable Construction Cost

Installed 
Unit Cost Installed Cost

Description Qty Units ($/Unit) ($)
PROJECT PERMITTING

Federal and State Permitting
Public Permitting

State of Wyoming DEQ 1 LS 10,000 10,000
Subtotal 10,000

Water Rights
Enlargement of Type of Use and Reservoir Permit 1 LS 20,000 20,000

Subtotal 20,000
Federal and State Permitting Sub-Total 30,000

Private Permitting
Private Land Easements

Coordination with City of Green River 1 LS 5,000 5,000
UPPR Easement Abandonment 1 LS 15,000 15,000

Subtotal 20,000
Utility Coordination

Telephone 1 LS 2,500 2,500
Electric Power 1 LS 10,000 10,000
Fiber Optic Lines 1 LS 10,000 10,000
Gas Line 1 LS 2,500 2,500

Subtotal 25,000
Private Permitting Sub-Total 45,000

PROJECT PERMITTING TOTAL 75,000

PROJECT CONSTRUCTION
Existing Intake Structure Modifications

Pumping System Improvements
Pumps and Motors 4 EA 25,000 100,000
VFDs 1 LS 60,000 60,000
VFD Installation and Programming 1 LS 12,000 12,000
Electrical Upgrades 1 LS 5,000 5,000
New Conduits and Conductors to Pump Motors 1 LS 4,200 4,200

Subtotal 181,200
Structure Modifications

Remove and Replace Existing Concrete Stairs 1 LS 3,500 3,500
Core through Existing Foundation 1 LS 3,000 3,000
Water Analyzer System 1 LS 25,000 25,000
SCADA Programming 1 LS 25,000 25,000
Miscellaneous Materials 1 LS 5,000 5,000
Miscellaneous Labor 1 LS 10,000 10,000

Subtotal 71,500
Piping Modifications

Piping 1 LS 70,000 70,000
Butterfly Valves 1 LS 45,000 45,000

Subtotal 115,000
Existing Intake Structure Modifications Sub-Total 367,700

Transmission Pipelines
Connection to Existing Intake Structure

Pipe 1 LS 15,000 15,000
Fittings 1 LS 30,000 30,000
Abandon Existing Piping 2 EA 1,000 2,000
Connection to Existing Piping 2 EA 1,000 2,000
Flow Meter Vault 1 EA 10,000 10,000
Flow Meter 1 EA 5,000 5,000
Cathodic Protection on New Steel Piping 1 LS 15,000 15,000

Subtotal 79,000
36" Inlet Pipeline

Pipe - 36" Dia. PVC C905 DR 41 3,300 LF 90 297,000
Pipe Trenching, Bedding, and Backfill 3,300 LF 37 122,100
Fittings and Valves 1 LS 201,000 201,000
Casing Pipe Under Embankment 130 LF 415 53,950
Trench Seeding 2,000 LF 1.00 2,000

Subtotal 676,050
42" Outlet Pipeline

Pipe - 42" Dia. PVC C905 DR 41 900 LF 130 117,000
Pipe Trenching, Bedding, and Backfill 900 LF 42 37,800
Fittings and Valves 1 LS 110,000 110,000
Casing Pipe Under Embankment 280 LF 415 116,200
Asphalt Removal and Replacement 400 SF 2.50 1,000
Curb and Gutter Removal and Replacement 40 LF 34 1,360
Trench Seeding 900 LF 1.00 900
Fence Removal and Replacement 1 LS 1,000 1,000

Subtotal 385,260
Connection to Treatment Plant

Pipe-24" Dia. Steel Pipe 50 LF 180 9,000
Pipe Trenching, Bedding, and Backfill 50 LF 31 1,550
Fittings 1 LS 50,000 50,000
Valving 1 LS 150,000 150,000
Control Valve Vault 1 LS 16,000 16,000
Connection to Existing Piping 3 EA 2,000 6,000
Flow Meter Vault 1 EA 36,000 36,000
Water Analyzer System 1 LS 30,000 30,000

Subtotal 298,550
Reservoir Drain Pipe

Pipe - 24" Dia. PVC C905 DR 41 60 LF 40 2,400
Pipe Trenching, Bedding, and Backfill 60 LF 31 1,860

Subtotal 4,260
Transmission Pipelines Sub-Total 1,443,120

Reservoir Site
Reservoir Construction

Stripping of Surface Vegetation 22 AC 6,000.00 132,000
Reservoir Excavation 287,000 CYD 3.60 1,033,200
Rock Excavation 10,000 CYD 5.50 55,000
Chimney Drain Material Production and Installation 4,500 CYD 25.00 112,500
Toe/Blanket Drain Material Production and Installation 8,800 CYD 24.00 211,200
Liner Foundation Material Production and Installation 9,500 CYD 24.00 228,000
Soil Cement Slope Protection 28,100 CYD 40.00 1,124,000
Common Reservoir Embankment 100,000 CYD 3.75 375,000
Excess Material Embankment 184,150 CYD 3.25 598,488
Reservoir Liner - GCL 56,000 SYD 8.25 462,000
Geotextile Fabric 57,000 SYD 1.95 111,150
Toe Drain Perforated Pipe 1,300 LF 8.00 10,400
Toe Drain Solid Pipe 300 LF 7.00 2,100
Toe Drain Manholes and Cleanouts 7 EA 10,500.00 73,500
Emergency Spillway 250 LF 100.00 25,000

Subtotal 4,553,538



Table 7-1
Detailed Opinion of Probable Construction Cost

Installed 
Unit Cost Installed Cost

Description Qty Units ($/Unit) ($)
Outlet Structure

Structural Components 1 LS 152,000 152,000
Slide Gates 1 LS 65,000 65,000
Trash Rack 1 LS 32,000 32,000
Reservoir Operation and Maintenance Components 1 LS 50,000 50,000

Subtotal 299,000
Inlet Structures

Excavation 1 LS 5,000 5,000
Concrete Work 1 LS 450,000 450,000
Fish Screen 2 EA 2,000 4,000
Crushed Base 292 TON 20 5,840
Connection of Pipe to Structure 1 LS 1,000 1,000
Alternate Inlet Structure 1 LS 50,000 50,000

Subtotal 515,840
Reservoir Site Sub-Total 5,368,378

Additional Site Work
Telephone Canyon Diversion Channel

Excavation and Embankment 24,000 CYD 4.50 108,000
Soil Cement Ditch Protection 3,900 CYD 40 156,000
Box Culvert beneath River View Dr Continuation 1 EA 88,000 88,000
Box Culvert beneath Inlet Access Road 1 EA 24,000 24,000
Energy Dissipation Structure 1 LS 244,000 244,000

Subtotal 620,000
Site Improvements

Overhead Power to Res. Outlet and Cameras 1,750 LF 40.00 70,000
Gravel Parking Area 1 LS 7,500.00 7,500
South Reservoir Gravel Access Road 1,650 LF 18.50 30,525
Main Embankment Gravel Road 850 LF 62.00 52,700
Relocation of Mansface Tank Overflow 1 LS 2,000 2,000
Gravel Surface Top of Embankment 4,000 LF 18.50 74,000
Excavate North Interceptor Ditch 18,500 CYD 4.50 83,250
Soil Cement Line North Interceptor Ditch 550 CYD 40.00 22,000
Culverts on North Interceptor Ditch 70 LF 131.00 9,170

Subtotal 351,145
Site Access Control

Access Gates 3 EA 4,000 12,000
Security Fence - Chain Link w/ Barbed Wire Top 6,100 LF 22.50 137,250
Field Fence - 4 Strand Barbed Wire 7,400 LF 3.00 22,200
Video Surveillance System 1 LS 40,000 40,000
Reservoir Signage 1 LS 2,000 2,000

Subtotal 213,450
Reclamation

Seeding - Newly Disturbed Areas 16 AC 500 8,000
Reclaim and Reseed - Primitive Roads 30 AC 500 15,000
Erosion Control Devices 1 LS 10,000 10,000
Erosion Blankets 50,000 SYD 2.75 137,500

Subtotal 170,500
Algae Management System

Solar Bee Unit 2 EA 42,000 84,000
Subtotal 84,000

Additional Site Work Sub-Total 1,439,095

PROJECT CONSTRUCTION SUBTOTAL 8,618,293

Government and Contractor Conditions
Tax and Contractor Fees

Sales Tax - Materials Only 5 % Mat'ls Subtotal 162,163
Contractor Mobilization and Contract Amenities 1 LS 500,000 500,000
General Contractor Overhead and Profit 15 % Proj Const Subtotal 1,292,744

Subtotal 1,954,907
Government and Contractor Conditions Sub-Total 1,954,907

PROJECT CONSTRUCTION TOTAL 10,573,200

PROJECT DESIGN AND CONTINGENCY
Engineering Services and Construction Contingency

Engineering Services
Design - Incl. Geotech Investigation and Site Survey 10 % Subtotal 1,057,320
Construction Inspection 10 % Subtotal 1,057,320

Subtotal 2,114,640
Construction Contingency

Contingency 15 % Subtotal 1,744,578
Subtotal 1,744,578

Engineering and Contingency Sub-Total 3,859,218

PROJECT DESIGN & CONTINGENCY TOTAL 3,859,218

UTILITY RELOCATION
Work Performed by Utility Companies

Relocate Existing Utilities
Qwest Telephone 1 LS 100,000 100,000
Questar Gas 1 LS 15,000 15,000
Relocate Overhead Power 1 LS 127,000 127,000
Fiber Optic 2,300 LF 130 299,000

Subtotal 541,000
UTILITY RELOCATION TOTAL 541,000

TOTAL PROJECT COST 15,048,417$    
TOTAL PROJECT COST (ROUNDED) 15,100,000$    



Preparation of Final Designs and Specifications 1,057,320$       
Permitting and Mitigation 30,000$            
Legal Fees 45,000$            
Land and Easement Acquisition -$                  
Cost of Project Components

Existing Intake Structure Modifications
Pumping System Improvements 181,200
Structure Modifications 71,500
Piping Modifications 115,000

Transmission Pipelines
Connection to Existing Intake Structure 79,000
36" Inlet Pipeline 676,050
42" Outlet Pipeline 385,260
Connection to Treatment Plant 298,550
Reservoir Drain Pipe 4,260

Reservoir Site
Reservoir Construction 4,553,538
Outlet Structure 299,000
Inlet Structures 515,840

Additional Site Work
Telephone Canyon Diversion Channel 620,000
Site Improvements 351,145
Site Access Control 213,450
Reclamation 170,500
Algae Management System 84,000

Government and Contractor Conditions
Tax and Contractor Fees 1,954,907

Project Component Cost (Subtotal #1) 10,573,200$     

Engineering Costs (Subtotal #1 x 10%) 1,057,320
Subtotal #2 11,630,519$     

Contingency (Subtotal #2 x 15%) 1,744,578
Subtotal #3 13,375,097$     

Utility Relocation 541,000
Subtotal #4 13,916,097$     13,916,097$     

Total Project Cost (Present Cost) 15,048,417$     
Total Project Cost (Rounded Present Cost) 15,100,000$     

Total Project Cost (Future Cost incl. 5.0% Inflation) 15,900,000$     

TABLE 7-2
OPINION OF PROBABLE CONSTRUCTION COST

TELEPHONE CANYON RESERVOIR
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Conversely, the proposed reservoir provides approximately 88.5 million gallons of raw water 
storage, and could provide 24.2 mgd for 3.7 days without depleting any normal finish water 
storage and while maintaining a supply of 1800 gpm to Simplot.   
 

7.4 Life Cycle Cost Estimating 
 
Annual cost estimates were developed for the entire project life cycle.  The total annual cost 
consists of the following components, each on an annual basis: 

• Debt service 
• Depreciation 
• Capital improvements 
• Normal operation and maintenance 
• Power 

These costs are shown over the project life in Figure 7-1, and explained in detail in the report.   
 

7.4.1 Debt Service 
 
For the Debt Service portion of the annual life cycle cost analysis, all project funding is assumed 
to come from the WWDC via a funding package of 67% grant and 33% loan.  The loan portion is 
assumed to be for a period of 30 years, at the current interest rate of 4%.  Table 7-3 shows the 
annual payment for debt service, based on the Total Project Cost discussed above.   
 

Table 7-3  Debt Service with 67/33 Grant/Loan Financing 
Total Project 

Cost 
Grant 
Ratio 

Loan  
Ratio 

Total Grant 
Amount 

Total Loan 
Amount 

Loan 
Period 

Interest 
Rate 

Annual 
Payment 

($) (%) (%) ($) ($) (Years) (%) ($/Yr) 
15,100,000 67% 33% 10,117,000 4,983,000 30 4.0% 288,167 

 

7.4.2 Depreciation Fund 
 
This summary focuses on the Depreciation Fund as required by the WWDC, with the knowledge 
that the JPWB currently accounts for both long- and short-term depreciation of its assets, which 
is discussed in greater detail in Chapter 7.  
 
The JPWB currently maintains two accounts for depreciation of assets.  One is specifically 
designated to meet the contractual requirements of another WWDC-funded job.  This account is 
currently maintained at $1,000,000, by contract.  A second, much larger, account is used for 
general depreciation.   
 
The WWDC will require in the contract with the JPWB an annual contribution of $30,000 per 
year, for 10 years.  When combined with the existing funds in the WWDC-obligated account, 
this will result in an account balance of $1,300,000 at the end of the contract obligation, shown 
in Table 7-4.   
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Table 7-4  WWDC Depreciation Fund 

Current 
Depreciation 
Acct Balance1 

Annual 
Contribution to 

Depreciation Acct 
Length of 
Obligation 

Total 
Depreciation 
Contribution 

Depreciation Acct 
Balance at  

End of Obligation 
($) ($/Yr) (Yr) ($) ($) 

1,000,000 30,000 10 300,000 1,300,000 
1JPWB currently maintains an account dedicated specifically to meet contractually-obligated 
depreciation of WWDC-funded projects. 

 

7.4.3 Capital Improvements 
 
The costs of maintenance, repair, and replacement of project components that are expected to 
occur less frequently than once a year are included in the Capital Improvements category.  The 
Capital Improvements nomenclature was selected to be consistent with current JPWB accounting 
practices.  Table 7-5 shows the Capital Improvement Costs, in 2010 dollars, along with the 
associated component lives and maintenance cycles.   
 
Next, these costs were adjusted to account for inflation, as shown in Table 7-6.  An inflation rate 
of 2.0% per year was applied each year, to provide an annual value for Capital Improvement in 
that year’s dollars.   
 
Finally, this category was treated as a sinking fund specifically to meet scheduled maintenance 
needs, where funds are deposited annually into an interest-bearing account to meet future needs.  
As shown in Table 7-6, the Capital Improvement cost for each year was annualized assuming 
2.5% interest, compounding annually, beginning the first year of the project, and continuing until 
that obligation is met.  The maximum annual amount is $39,200 for the first ten years.   
 

7.4.4 Normal Operation and Maintenance 
 
Typical annual operations and maintenance costs are included in the Normal O&M category, and 
are shown in Table 7-7.  The annual total cost was determined in 2010 dollars, and an inflation 
rate of 2% per year applied over the project life.  The first year annual Normal O&M cost is 
$15,120, after which the annual cost increases based on an assumed inflation rate of 2%. 
 

7.4.5 Power 
 
Power costs were estimated for pumping water from the Green River up to the reservoir, based 
on a hydraulic model of the pipeline and a review of recent power records and rates for the 
existing pumping plant.  A pump and motor efficiency of 72% was used (wire to water).  
Pumping to the reservoir is estimated to subtotal $66,200 per year.  The circulation flow pumped 
to the reservoir by the new pumps will be returned to the treatment plant by gravity.  Today, the 
JPWB spends an estimated $41,100 per year pumping flow to the treatment plant that will, after 



Table 7-5
Recommended Capital Improvement Costs

Installed Cost

End of Life 
Replacement 

Cost

Componen
t Design 

Life

Replacements 
Before End of 
Project Life

Maint. 
Interval

Maint. 
Cost as 
Percent

Maint. 
Cost

Description ($) (2010$) (Years) Maintenance Notes (Years) (%) (2010$) 5 10 15 20 25 30 35 40 45 50
PROJECT PERMITTING

Federal and State Permitting
Public Permitting

State of Wyoming DEQ 10,000 0 50 0 0 0 0 0 0 0 0 0 0
Subtotal 10,000 0

Water Rights
Enlargement of Type of Use and Reservoir Permit 20,000 0 50 0 0 0 0 0 0 0 0 0 0

Subtotal 20,000 0
Federal and State Permitting Sub-Total 30,000 0

Private Permitting
Private Land Easements

Coordination with City of Green River 5,000 0 50 0 0 0 0 0 0 0 0 0 0
UPPR Easement Abandonment 15,000 0 50 0 0 0 0 0 0 0 0 0 0

Subtotal 20,000 0
Utility Coordination

Telephone 2,500 0 50 0 0 0 0 0 0 0 0 0 0
Electric Power 10,000 0 50 0 0 0 0 0 0 0 0 0 0
Fiber Optic Lines 10,000 0 50 0 0 0 0 0 0 0 0 0 0
Gas Line 2,500 0 50 0 0 0 0 0 0 0 0 0 0

Subtotal 25,000 0
Private Permitting Sub-Total 45,000 0

PROJECT PERMITTING TOTAL 75,000 0

PROJECT CONSTRUCTION
Existing Intake Structure Modifications

Pumping System Improvements
Pumps and Motors 100,000 75,000 25 1 0 0 0 0 75,000 0 0 0 0
VFDs 60,000 60,000 15 2 Component replacement 10 10% 6,000 0 6,000 60,000 0 6,000 60,000 0 6,000
VFD Installation and Programming 12,000 0 50 0 0 0 0 0 0 0 0 0 0
Electrical Upgrades 5,000 0 50 0 0 0 0 0 0 0 0 0 0
New Conduits and Conductors to Pump Motors 4,200 0 50 0 0 0 0 0 0 0 0 0 0

Subtotal 181,200 135,000
Structure Modifications

Remove and Replace Existing Concrete Stairs 3,500 0 50 0 0 0 0 0 0 0 0 0 0
Core through Existing Foundation 3,000 0 50 0 0 0 0 0 0 0 0 0 0
Water Analyzer System 25,000 25,000 15 2 0 0 25,000 0 0 25,000 0 0
SCADA Programming 25,000 25,000 20 2 0 0 0 25,000 0 0 0 25,000 0
Miscellaneous Materials 5,000 0 50 0 0 0 0 0 0 0 0 0 0
Miscellaneous Labor 10,000 0 50 0 0 0 0 0 0 0 0 0 0

Subtotal 71,500 50,000
Piping Modifications

Piping 70,000 70,000 50 0 0 0 0 0 0 0 0 0 0
Butterfly Valves 45,000 45,000 50 0 Replace valves 25 25% 11,250 0 0 0 0 11,250 0 0 0 0

Subtotal 115,000 115,000
Existing Intake Structure Modifications Sub-Total 367,700 300,000

Transmission Pipelines
Connection to Existing Intake Structure

Pipe 15,000 15,000 50 0 0 0 0 0 0 0 0 0 0
Fittings 30,000 30,000 50 0 0 0 0 0 0 0 0 0 0
Abandon Existing Piping 2,000 0 50 0 0 0 0 0 0 0 0 0 0
Connection to Existing Piping 2,000 0 50 0 0 0 0 0 0 0 0 0 0
Flow Meter Vault 10,000 10,000 50 0 0 0 0 0 0 0 0 0 0
Flow Meter 5,000 5,000 15 2 0 0 5,000 0 0 5,000 0 0
Cathodic Protection on New Steel Piping 15,000 15,000 50 0 0 0 0 0 0 0 0 0 0

Subtotal 79,000 75,000
36" Inlet Pipeline

Pipe - 36" Dia. PVC C905 DR 41 297,000 297,000 50 0 0 0 0 0 0 0 0 0 0
Pipe Trenching, Bedding, and Backfill 122,100 122,100 50 0 0 0 0 0 0 0 0 0 0
Fittings and Valves 201,000 201,000 50 0 Replace valves 25 10% 20,100 0 0 0 0 20,100 0 0 0 0
Casing Pipe Under Embankment 53,950 0 50 0 0 0 0 0 0 0 0 0 0
Trench Seeding 2,000 0 50 0 0 0 0 0 0 0 0 0 0

Subtotal 676,050 620,100
42" Outlet Pipeline

Pipe - 42" Dia. PVC C905 DR 41 117,000 117,000 50 0 0 0 0 0 0 0 0 0 0
Pipe Trenching, Bedding, and Backfill 37,800 37,800 50 0 0 0 0 0 0 0 0 0 0
Fittings and Valves 110,000 110,000 50 0 Replace valves 25 10% 11,000 0 0 0 0 11,000 0 0 0 0
Casing Pipe Under Embankment 116,200 0 50 0 0 0 0 0 0 0 0 0 0
Asphalt Removal and Replacement 1,000 0 50 0 0 0 0 0 0 0 0 0 0
Curb and Gutter Removal and Replacement 1,360 0 50 0 0 0 0 0 0 0 0 0 0
Trench Seeding 900 900 50 0 0 0 0 0 0 0 0 0 0
Fence Removal and Replacement 1,000 1,000 50 0 0 0 0 0 0 0 0 0 0

Subtotal 385,260 266,700
Connection to Treatment Plant

Pipe-24" Dia. Steel Pipe 9,000 9,000 50 0 0 0 0 0 0 0 0 0 0
Pipe Trenching, Bedding, and Backfill 1,550 1,550 50 0 0 0 0 0 0 0 0 0 0
Fittings 50,000 50,000 50 0 0 0 0 0 0 0 0 0 0
Valving 150,000 150,000 50 0 Replace valves 25 10% 15,000 0 0 0 0 15,000 0 0 0 0
Control Valve Vault 16,000 16,000 50 0 0 0 0 0 0 0 0 0 0
Connection to Existing Piping 6,000 6,000 50 0 0 0 0 0 0 0 0 0 0
Flow Meter Vault 36,000 36,000 50 0 0 0 0 0 0 0 0 0 0
Water Analyzer System 30,000 30,000 15 2 0 0 30,000 0 0 30,000 0 0

Subtotal 298,550 298,550
Reservoir Drain Pipe

Pipe - 24" Dia. PVC C905 DR 41 2,400 2,400 50 0 0 0 0 0 0 0 0 0 0
Pipe Trenching, Bedding, and Backfill 1,860 1,860 50 0 0 0 0 0 0 0 0 0 0

Subtotal 4,260 4,260
Transmission Pipelines Sub-Total 1,443,120 1,264,610

Reservoir Site
Reservoir Construction

Stripping of Surface Vegetation 132,000 0 50 0 0 0 0 0 0 0 0 0 0
Reservoir Excavation 1,033,200 0 50 0 0 0 0 0 0 0 0 0 0
Rock Excavation 55,000 0 50 0 0 0 0 0 0 0 0 0 0
Chimney Drain Material Production and Installation 112,500 84,375 50 0 0 0 0 0 0 0 0 0 0
Toe/Blanket Drain Material Production and Installation 211,200 158,400 50 0 0 0 0 0 0 0 0 0 0
Liner Foundation Material Production and Installation 228,000 171,000 50 0 0 0 0 0 0 0 0 0 0
Soil Cement Slope Protection 1,124,000 281,000 50 0 0 0 0 0 0 0 0 0 0
Common Reservoir Embankment 375,000 0 50 0 0 0 0 0 0 0 0 0 0
Excess Material Embankment 598,488 0 50 0 0 0 0 0 0 0 0 0 0
Reservoir Liner - GCL 462,000 462,000 50 0 0 0 0 0 0 0 0 0 0
Geotextile Fabric 111,150 27,788 50 0 0 0 0 0 0 0 0 0 0
Toe Drain Perforated Pipe 10,400 10,400 50 0 0 0 0 0 0 0 0 0 0
Toe Drain Solid Pipe 2,100 2,100 50 0 0 0 0 0 0 0 0 0 0
Toe Drain Manholes and Cleanouts 73,500 73,500 50 0 0 0 0 0 0 0 0 0 0
Emergency Spillway 25,000 25,000 50 0 0 0 0 0 0 0 0 0 0

Subtotal 4,553,538 1,295,563

Total Capital Improvement Costs by Year (2010$)



Table 7-5
Recommended Capital Improvement Costs

Installed Cost

End of Life 
Replacement 

Cost

Componen
t Design 

Life

Replacements 
Before End of 
Project Life

Maint. 
Interval

Maint. 
Cost as 
Percent

Maint. 
Cost

Description ($) (2010$) (Years) Maintenance Notes (Years) (%) (2010$) 5 10 15 20 25 30 35 40 45 50
Total Capital Improvement Costs by Year (2010$)

Outlet Structure
Structural Components 152,000 45,600 50 0 0 0 0 0 0 0 0 0 0
Slide Gates 65,000 65,000 50 0 0 0 0 0 0 0 0 0 0
Trash Rack 32,000 32,000 50 0 0 0 0 0 0 0 0 0 0
Reservoir Operation and Maintenance Components 50,000 50,000 50 0 0 0 0 0 0 0 0 0 0

Subtotal 299,000 192,600
Inlet Structures

Excavation 5,000 0 50 0 0 0 0 0 0 0 0 0 0
Concrete Work 450,000 135,000 50 0 0 0 0 0 0 0 0 0 0
Fish Screen 4,000 4,000 50 0 0 0 0 0 0 0 0 0 0
Crushed Base 5,840 5,840 50 0 0 0 0 0 0 0 0 0 0
Connection of Pipe to Structure 1,000 1,000 50 0 0 0 0 0 0 0 0 0 0
Alternate Inlet Structure 50,000 50,000 50 0 0 0 0 0 0 0 0 0 0

Subtotal 515,840 195,840
Reservoir Site Sub-Total 5,368,378 1,684,003

Additional Site Work
Telephone Canyon Diversion Channel

Excavation and Embankment 108,000 0 50 0 0 0 0 0 0 0 0 0 0
Soil Cement Ditch Protection 156,000 78,000 50 0 0 0 0 0 0 0 0 0 0
Box Culvert beneath River View Dr Continuation 88,000 88,000 50 0 0 0 0 0 0 0 0 0 0
Box Culvert beneath Inlet Access Road 24,000 24,000 50 0 0 0 0 0 0 0 0 0 0
Energy Dissipation Structure 244,000 73,200 50 0 0 0 0 0 0 0 0 0 0

Subtotal 620,000 263,200
Site Improvements

Overhead Power to Res. Outlet and Cameras 70,000 0 50 0 0 0 0 0 0 0 0 0 0
Gravel Parking Area 7,500 0 50 0 0 0 0 0 0 0 0 0 0
South Reservoir Gravel Access Road 30,525 0 50 0 0 0 0 0 0 0 0 0 0
Main Embankment Gravel Road 52,700 0 50 0 0 0 0 0 0 0 0 0 0
Relocation of Mansface Tank Overflow 2,000 0 50 0 0 0 0 0 0 0 0 0 0
Gravel Surface Top of Embankment 74,000 0 50 0 0 0 0 0 0 0 0 0 0
Excavate North Interceptor Ditch 83,250 0 50 0 0 0 0 0 0 0 0 0 0
Soil Cement Line North Interceptor Ditch 22,000 11,000 50 0 0 0 0 0 0 0 0 0 0
Culverts on North Interceptor Ditch 9,170 9,170 50 0 0 0 0 0 0 0 0 0 0

Subtotal 351,145 20,170
Site Access Control

Access Gates 12,000 12,000 25 1 0 0 0 0 12,000 0 0 0 0
Security Fence - Chain Link w/ Barbed Wire Top 137,250 68,625 50 0 0 0 0 0 0 0 0 0 0
Field Fence - 4 Strand Barbed Wire 22,200 11,100 50 0 0 0 0 0 0 0 0 0 0
Video Surveillance System 40,000 40,000 15 2 0 0 40,000 0 0 40,000 0 0
Reservoir Signage 2,000 2,000 10 4 0 2,000 0 2,000 0 2,000 0 2,000 0

Subtotal 213,450 133,725
Reclamation

Seeding - Newly Disturbed Areas 8,000 0 50 0 0 0 0 0 0 0 0 0 0
Reclaim and Reseed - Primitive Roads 15,000 0 50 0 0 0 0 0 0 0 0 0 0
Erosion Control Devices 10,000 10,000 50 0 0 0 0 0 0 0 0 0 0
Erosion Blankets 137,500 137,500 50 0 0 0 0 0 0 0 0 0 0

Subtotal 170,500 147,500
Algae Management System

Solar Bee Unit 84,000 84,000 15 2 0 0 84,000 0 0 84,000 0 0
Subtotal 84,000 84,000

Additional Site Work Sub-Total 1,439,095 648,595

PROJECT CONSTRUCTION SUBTOTAL 8,618,293 3,897,208

Government and Contractor Conditions
Tax and Contractor Fees

Sales Tax - Materials Only 162,163 73,330 50 0 0 0 0 0 0 0 0 0 0
Contractor Mobilization and Contract Amenities 500,000 500,000 50 0 0 0 0 0 0 0 0 0 0
General Contractor Overhead and Profit 1,292,744 584,581 50 0 0 0 0 0 0 0 0 0 0

Subtotal 1,954,907 1,157,912
Government and Contractor Conditions Sub-Total 1,954,907 1,157,912

PROJECT CONSTRUCTION TOTAL 10,573,200 5,055,119

PROJECT DESIGN AND CONTINGENCY
Engineering Services and Construction Contingency

Engineering Services
Design - Incl. Geotech Investigation and Site Survey 1,057,320 505,512 50 0 0 0 0 0 0 0 0 0 0
Construction Inspection 1,057,320 505,512 50 0 0 0 0 0 0 0 0 0 0

Subtotal 2,114,640 1,011,024
Construction Contingency

Contingency 1,744,578 834,095 50 0 0 0 0 0 0 0 0 0 0
Subtotal 1,744,578 834,095

Engineering and Contingency Sub-Total 3,859,218 1,845,118

PROJECT DESIGN & CONTINGENCY TOTAL 3,859,218 1,845,118

UTILITY RELOCATION
Work Performed by Utility Companies

Relocate Existing Utilities
Qwest Telephone 100,000 0 50 0
Questar Gas 15,000 0 50 0
Relocate Overhead Power 127,000 0 50 0
Fiber Optic 299,000 0 50 0

Subtotal 541,000 0
UTILITY RELOCATION TOTAL 541,000 0

TOTAL PROJECT COST 15,048,417$    6,900,238$     0 8,000 244,000 27,000 150,350 246,000 0 33,000 0
TOTAL PROJECT COST (ROUNDED) 15,100,000$    7,000,000



Table 7-6
Recommended Annual Capital Improvement Costs over Project Life

Inflation Rate Interest Rate
(%/yr) (%/yr)
2.0% 2.5%

Year (2010$) ($) ($/Year) ($/Year)
1 0 0 0 39,206
2 0 0 0 39,206
3 0 0 0 39,206
4 0 0 0 39,206
5 0 0 0 39,206
6 0 0 0 39,206
7 0 0 0 39,206
8 0 0 0 39,206
9 0 0 0 39,206

10 8,000 9,752 870 39,206
11 0 0 0 38,336
12 0 0 0 38,336
13 0 0 0 38,336
14 0 0 0 38,336
15 244,000 328,392 18,313 38,336
16 0 0 0 20,023
17 0 0 0 20,023
18 0 0 0 20,023
19 0 0 0 20,023
20 27,000 40,121 1,571 20,023
21 0 0 0 18,452
22 0 0 0 18,452
23 0 0 0 18,452
24 0 0 0 18,452
25 150,350 246,665 7,221 18,452
26 0 0 0 11,231
27 0 0 0 11,231
28 0 0 0 11,231
29 0 0 0 11,231
30 246,000 445,595 10,150 11,231
31 0 0 0 1,081
32 0 0 0 1,081
33 0 0 0 1,081
34 0 0 0 1,081
35 0 0 0 1,081
36 0 0 0 1,081
37 0 0 0 1,081
38 0 0 0 1,081
39 0 0 0 1,081
40 33,000 72,865 1,081 1,081
41 0 0 0 0
42 0 0 0 0
43 0 0 0 0
44 0 0 0 0
45 0 0 0 0
46 0 0 0 0
47 0 0 0 0
48 0 0 0 0
49 0 0 0 0
50 0 0 0 0

Capital Improvement 
Cost by Year

Capital Improvement 
Cost by Year

Annual Capital Imp. 
Fund Cost for 

All Preceding Years

Total Annual 
Capital Improvement 

Fund Cost



Table 7-7
Normal Annual Operation and Maintenance Costs

Unit Cost Cost
Qty Units ($/Unit) (2010$)

RESERVOIR AND VALVES
Sediment Removal from Inlet

Equipment and Operators 1 LS 5,000 5,000
Subtotal 5,000

Valve Maintenance
Flow Control Valve 1 LS 1,000 1,000

Subtotal 1,000
Reservoir Inspection and Repair

Embankment Soil Cement 1 LS 2,000 2,000
Diversion Channel Soil Cement 1 LS 2,000 2,000

Subtotal 4,000
TOTAL RESERVOIR AND VALVES 10,000

ADDITIONAL SITE WORK
Road Maintenance

Grader w/ Operator 8 hrs/yr 140 1,120
Subtotal 1,120

Weed and Pest Control
Weed and Pest Control 5 hrs/yr 100 500

Subtotal 500
Security

Camera and Fence 1 LS 500 500
Lighting and Power 1 LS 500 500

Subtotal 1,000
TOTAL ADDITIONAL SITE WORK 2,620

RESERVOIR WATER QUALITY
Solar Bee Unit

Maintenance 1 LS 2,500 2,500
Subtotal 2,500

TOTAL RESERVOIR WATER QUALITY 2,500

TOTAL NORMAL ANNUAL MAINTENANCE COSTS 15,120

Description
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reservoir construction, be obtained by gravity flow.  Thus, the net increase in power cost totals 
$25,200 for the first year of operation, when compared with the existing operation.  After the 
first year, the annual cost increases at an assumed inflation rate of 2%.   
 

7.4.6 Total Annual Costs 
 
The annual cost for each year of the project life is shown in Table 7-8.  The values in the Total 
Annual Cost column were plotted in Figure 7-1.   
 
The maximum total annual cost is $405,506 per year and occurs in the tenth year of operation 
(given in that year’s dollars).  Based on the total amount of water sold by the JPWB in 2009 of 
3,500 million gallons, the end result of the total annual cost increase to the customers will be 
$116 per million gallons.   
 

7.5 Funding Options 
 
Funding options for the project may include any number of the following potential funding 
sources: 

• Wyoming Water Development Commission 
• Wyoming State Loan and Investment Board Federal Mineral Royalty Capital 

Construction Account Grants 
• Wyoming State Loan and Investment Board Drinking Water State Revolving Fund Loans  
• U.S. Department of Agriculture, Rural Utilities Service Water and Waste Disposal Grants 

and Direct and Guaranteed Loans 
 

Each program or option is described in more detail in Chapter 7 of the report.   



Table 7-8
Total Annual Project Costs over Life of Project

Inflation Rate
Inflation 

Rate
2.0% 2.0%

Debt Service
Depreciation 

Fund 

Recommended 
Capital 

Improvement 
Fund

Recommended 
Normal O&M

Estimated 
Power

Total Annual 
Cost

Year ($/Year) ($/Year) ($/Year) ($/Year) ($/Year) ($/Year)
1 288,167 30,000 39,206 15,120 25,155 397,649
2 288,167 30,000 39,206 15,422 25,658 398,454
3 288,167 30,000 39,206 15,731 26,171 399,276
4 288,167 30,000 39,206 16,045 26,695 400,114
5 288,167 30,000 39,206 16,366 27,229 400,969
6 288,167 30,000 39,206 16,694 27,773 401,841
7 288,167 30,000 39,206 17,028 28,329 402,730
8 288,167 30,000 39,206 17,368 28,895 403,637
9 288,167 30,000 39,206 17,715 29,473 404,563

10 288,167 30,000 39,206 18,070 30,063 405,506
11 288,167 0 38,336 18,431 30,664 375,599
12 288,167 38,336 18,800 31,277 376,580
13 288,167 38,336 19,176 31,903 377,582
14 288,167 38,336 19,559 32,541 378,604
15 288,167 38,336 19,951 33,192 379,646
16 288,167 20,023 20,350 33,856 362,395
17 288,167 20,023 20,757 34,533 363,479
18 288,167 20,023 21,172 35,223 364,585
19 288,167 20,023 21,595 35,928 365,713
20 288,167 20,023 22,027 36,646 366,863
21 288,167 18,452 22,468 37,379 366,466
22 288,167 18,452 22,917 38,127 367,663
23 288,167 18,452 23,375 38,889 368,884
24 288,167 18,452 23,843 39,667 370,129
25 288,167 18,452 24,320 40,461 371,400
26 288,167 11,231 24,806 41,270 365,474
27 288,167 11,231 25,302 42,095 366,795
28 288,167 11,231 25,808 42,937 368,143
29 288,167 11,231 26,324 43,796 369,518
30 288,167 11,231 26,851 44,672 370,921
31 0 1,081 27,388 45,565 74,034
32 1,081 27,936 46,477 75,493
33 1,081 28,494 47,406 76,981
34 1,081 29,064 48,354 78,499
35 1,081 29,645 49,321 80,048
36 1,081 30,238 50,308 81,627
37 1,081 30,843 51,314 83,238
38 1,081 31,460 52,340 84,881
39 1,081 32,089 53,387 86,557
40 1,081 32,731 54,455 88,267
41 33,386 55,544 88,929
42 34,053 56,655 90,708
43 34,734 57,788 92,522
44 35,429 58,943 94,372
45 36,138 60,122 96,260
46 36,860 61,325 98,185
47 37,598 62,551 100,149
48 38,350 63,802 102,152
49 39,117 65,078 104,195
50 39,899 66,380 106,279
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Chapter 8-Environmental Analysis 
 
Appendix A within the Final Report contains an Environmental Review Report for the Raw 
Water Supply Project structured as specified within the contract scope requirements.  The 
purpose of the report is to present a preliminary determination of environmental studies, 
activities and mitigation which may be necessary prior to or as a condition of future project 
funding and construction activities. Based upon written contact and respective replies from 
appropriate Federal and State regulatory agencies, the report concludes that there should be no 
long term adverse impacts of any environmental parameter, and that acceptable mitigation can be 
accomplished by utilization of standard construction methods. 
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Introduction 
 

Reliance, Wyoming is a small community located 2 ½ miles north of the City of Rock Springs, 
and east of Highway 191 (see Exhibit A, immediately following). For the purposes of this project 
the Reliance community, and its water distribution system, are divided into two separate areas or 
zones: the eastern portion, referred to as Upper Camp and the western portion, referred to as 
Lower Camp. The area between Upper and Lower Camp is mostly undeveloped but still included 
for consideration within this study. 

The water system within Reliance is owned by the Green River-Rock Springs-Sweetwater 
County Joint Powers Water Board (JPWB) and is operated by the City of Rock Springs Water 
Department. The primary components of the existing Reliance water system include a 100,000 
gallon storage tank - located on a hill above Upper Camp (see Exhibit A), eighteen thousand feet 
of 12” transmission line feeding from the west to the east, and the distribution networks, 
separated into the two zones mentioned above, Upper Camp and Lower Camp. Water is 
delivered to Reliance from “the cross” which is located just northeast of the intersection of 
Yellowstone Road and JY road, where an electrically actuated valve opens to replenish Reliance 
Tank from the White Mountain Tank through the connecting 12” transmission line. The White 
Mountain Tank is at a higher elevation than the Reliance Tank allowing gravity to deliver the 
water from west to east. In order to prevent high velocities and excessively high pressures 
between the tanks, a pressure reducing valve is also located at the cross.  

Currently when the actuated valve is closed, all demand east of the cross is supplied by the 
Reliance Tank. Consequently, the existing Reliance Tank Service Area includes all land east of 
the cross adjacent to the 12” transmission line, including along the JY Road, as well as the 
community of Reliance itself.    

In January, 2009, the Final Report-Green River, Rock Springs, Sweetwater County Joint Powers 
Water Board Master Plan Level I Study Phase 2 was finalized by Nelson Engineering and 
delivered to the Wyoming Water Development Commission (WWDC) and the JPWB.  The 
Level I Final Report contained a section describing the following inadequacies of the Reliance 
Water System: 

• Inadequate water storage volume 

• High transmission line velocities under fire flow conditions 

• Inadequate distribution system piping from both a hydraulic and water quality 
standpoint 

The Level I Study made several “reconnaissance level” suggestions for overall system 
improvements and also recommended the funding of a Level II Study to provide a more focused 
investigation of the needs of the Reliance System and associated improvement costs. This 
document is to serve as an Executive Summary to that Level II Study Final Report.  Its purpose 
is to summarize in an abbreviated format the most important aspects of the Level II Final Report 
which lead to the recommendations contained therein.  
This Executive Summary contains some, but not all, Exhibits, Tables, etc. contained in the Final 
Report.  Identifying numbers, i.e. Exhibit numbers, remain identical to those within the Final 
Report in order to allow for easy cross reference in the main document.  Since, however, not all 
supporting information is replicated in the Summary, Exhibit identification numbers herein are 
not sequential. 
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Chapter 9-Review of Background Information 
 
In 2007, hydrant tests of the Reliance system resulted in very low flows and residual pressures.  
Analysis of the system uncovered a blockage in the single 6” pipe utilized as supply to and 
withdrawal from the Reliance Tank which was restricting flow drastically.  The 6” pipe was 
replaced with a 12” pipe in the summer of 2008 (except for a 30 foot segment directly adjacent to 
the tank) thereby increasing the available fire flow and residual pressure to reasonable levels.  
However, as noted in the Level I Study, the existing tank is grossly under-sized and at desired 
fire flow rates high velocities in both the transmission and distribution lines are still experienced.  
Further examination of the Reliance distribution system uncovered several other inadequacies 
such as, unknown waterline locations, older problematic sections of pipe and dead-end 
waterlines causing poor water quality and high velocities. 

The Level I Study recommended several capital improvements to be investigated further under a 
Level II Study in order to solve the aforementioned problems: 

• A new Reliance Storage Tank of Adequate Size 

• Relocation of the electrically actuated valve from the cross to the east side of 
Highway 191.  This action reallocates water supply to the JY Road Area from the 
Reliance Tank to the White Mountain Tank, thereby reducing the Reliance Tank 
Service Area. 

• Reliance Distribution System Improvements 
To more accurately determine the need and cost of the above listed capital improvements and 
any other improvements discovered in the process, the following suggestions for further 
investigation were also made by the Level I Study: 

• Locate components of the existing system and adjust the computer model and any 
drawings of the water system to the new findings with the aerial photo as the 
background. 

• Reassess future development and land use. 

• Analyze the existing system and proposed improvements with the updated computer 
model of the water system. 

• Site the proposed tank through extensive geotechnical analysis. 

• Determine any land acquisition/environmental issues affecting any of the 
recommended improvements. 

Each of these items is addressed in later chapters of this Summary. 
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Chapter 10-Land Use Planning and Demand Projections 
 

10.1 Delineation of Reliance Water System Service Area 

The first step taken to reexamine future growth in Reliance under this Level II Study was a 
meeting with Sweetwater County planning, engineering, and fire department personnel, the Joint 
Powers Water Board staff, and Nelson Engineering personnel.  Reasonable limits and proposed 
uses of future development around Reliance were determined in this meeting.   Reliance is 
surrounded by open country but only a small portion is not owned by either the government or 
by the Union Pacific Railroad, both of which are less likely to choose to develop their land than 
the majority of private owners.  Therefore the extent of future development predictions was 
limited to areas not owned by these two entities.  Exhibit A, within the Introduction to this 
Summary, shows the resulting assumed Future Development Boundary Line, synonymous with 
the proposed boundary of the Reliance Water System Service Area.  All existing and future 
development in the JY Road area was excluded from consideration as it will be outside of the 
proposed service area of the new Reliance Tank, as recommended within the Level I Study. 

10.2 Proposed Fire Flow Requirements 

Fire flow requirements were decided upon in the above-mentioned meeting as well.  Both 
existing and future land use was taken into account to determine the following requirements: 

• Lower Camp (primarily industrial) 
 Existing Development-Maximum of 2500 gpm for a 2-hour duration 
 Future Development-Maximum of 1800 gpm for a 2-hour duration 

• Upper Camp and Between Upper and Lower Camp (primarily residential) 
 Existing and Future Development-Maximum of 1800 gpm for a 2-hour duration 

10.3 Future Land Use/Domestic Demand Projections 

Future land use was decided primarily upon the zoning depicted on the Sweetwater County 
“Land Use Plan Map” dated October, 2003.  The majority of residential development is proposed 
around the existing Upper Camp and on the south side of Reliance Road between Upper and 
Lower Camp.  Industrial development is proposed around Lower Camp, on the north side of 
Reliance Road between Upper and Lower Camp and along Winton Road. (See Exhibit A)  The 
chosen quantities and the resulting demand per future lot have been calculated as follows: 

- Residential => 80 lots at .175 gpm per lot = 14 gpm (Average Annual Daily Demand) 

- Industrial => 320 lots at .25 gpm per lot = 80 gpm (Average Annual Daily Demand) 
- FBO Total Increase in Average Annual Daily Demand = 94 gpm or 135,000 gpd 

Regarding existing domestic demand, historic Reliance meter data from February 2009 to March 
of 2010 was examined.  It was determined that the current Base Average Annual Daily Demand 
of the Reliance Service Area is approximately 81 gpm or 116,000 gpd.  This brings the predicted 
FBO Average Daily Demand to 175 gpm (81+ 94) or 250,000 gpd, over double the existing 
demand.  These estimates of future growth are used in later sections of this report to analyze the 
existing system as well as any recommended improvements. 
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Chapter 11-Inventory and Evaluation of Existing System 
 

11.1 Introduction 

Nelson Engineering and City of Rock Springs Water Department Personnel performed an onsite 
review of the existing Reliance Water System to determine its location, condition and adequacy.  
For the purpose of this section of this Summary, the system is broken into four parts, 
Transmission System, Storage, Upper Camp Distribution System, and Lower Camp Distribution 
System, as referenced on Exhibit A. 

11.2 Existing Transmission System 

The existing Transmission System consists of over 18,000 feet of 12” diameter pipe from the 
cross to Upper Camp, 4,200 feet of 8” diameter pipe bypassing Upper Camp and the recently 
replaced 700 feet of 12” diameter pipe which feeds the Reliance Tank.  Water supply into the 
Transmission System is controlled by an electrically actuated valve/PRV housed in an 
underground vault at the cross location.  The actuated valve opens and closes in response to 
changing water levels in the Reliance Tank. All components of the transmission system are in 
good condition and can be located without difficulty.  All 12” transmission line is of adequate 
size for both existing and future demands with the exception of fire flow, in the manner that the 
system is currently operated.  The maximum required fire flow in Lower Camp is 2500 gpm (for 
existing industrial development-See Chapter 10).  If the actuated valve at the cross is closed, all 
of the fire flow plus domestic demand must be delivered through the transmission system from 
the Reliance Tank to the Lower Camp.  In a single 12” diameter pipe, 2500 gpm equates to 7.5 
(fps), considerably greater than the desired limitation of 6 fps.  When the actuated valve is open 
the fire flow can be delivered from both directions allowing up to 2000 gpm each from the cross 
and the Reliance Tank without exceeding 6 fps.  Therefore the maximum fire flow in Lower 
Camp requires either an increase in pipe size or bidirectional flow capability at all times, even 
when the actuated valve is closed.  The existing actuated control valve and pressure reducing 
valve located at the cross are also in good condition but for several reasons, including the need 
for continuous bidirectional fire flow capability, it is recommended to reconfigure and relocate 
the control equipment to the east side of Highway 191 as described later in Chapter 13. 

11.3 Existing Reliance Tank 

The Reliance Tank itself has many problems caused by the fact that its useful life is nearly over, 
but the primary reason for it to be replaced is inadequate volume.  The recommended tank 
volume from the Level I Study for the current demand is 520,000 gallons and the existing tank is 
only 100,000 gallons.  100,000 gallons is not even enough to meet the requirements for a small 
residential structure fire.  An area reconnaissance in search of a replacement tank site yielded the 
most logical location as being directly west of and adjacent to the existing tank tucked inside an 
existing earthen knob. 

11.4 Existing Distribution System – Upper Camp 

The majority of the existing distribution system in Upper Camp was replaced in 1990 and 
therefore is in good condition with adequate as-built drawings.  Fire hydrants exist 
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approximately every 400 feet, and lines are looped providing good circulation.  Hydraulic 
modeling with the actuated valve at the cross open or closed indicates that line sizes are adequate 
to maintain reasonable velocities during a fire flow scenario.  However, the model-predicted 
minimum pressure experienced at the highest elevation within the service area during a 
maximum fire flow with the actuated valve closed is only 16 psi.    Hydraulic modeling indicates 
that the 16 psi pressure can be restored to above 20 psi if the remaining 30 or 40 feet of existing 
6” piping remaining just outside of the Reliance Tank is replaced with 12” pipe.  (The 
replacement tank is proposed to maintain a continuous 12” diameter pipe the entire length into 
the tank.)  The 16 psi pressure also increases above 20 psi with the actuated valve at the cross 
open, allowing bidirectional fire flow to be supplied to Upper Camp.  Model-predicted system 
performance was confirmed by onsite hydrant flow tests, during which two hydrants in 
combination were able to deliver 1970 gpm without any contribution from White Mountain Tank 
through the cross.  The Upper Camp distribution system is set up with pressure regulating valves 
(PRV’s) feeding it from either direction so that it can be isolated from the transmission system, 
but these valves are currently set inactive, allowing water to be delivered to and from the tank 
through the distribution system as well as the 8” transmission line bypassing Upper Camp.  This 
reduces the velocity in the 8” transmission line, thereby reducing the head-loss and allowing a 
greater flow rate to be provided for fire protection without exceeding the desired 6 foot per 
second limitation even under the 2500 gpm Lower Camp scenario.  The disadvantage is that the 
distribution system experiences the pressure fluctuations due to transmission line head-loss and 
tank level.  The only remedy would be to increase the single 8” transmission line bypassing the 
Upper Camp Distribution System to a 12” line, which is not recommended for economic reasons. 

11.5 Existing Distribution System – Lower Camp 

The distribution system in Lower Camp is considerably older than Upper Camp and the exact 
location, ownership and materials of construction of many of the pipes is unknown.  During the 
onsite review, notation of valve locations and approximations as to the location and 
configuration of the pipes in Lower Camp were made so that the model could be accurately 
configured.  Fire hydrants are few and far between in Lower Camp but the majority of the pipes 
are 6” diameter and configured as dead ends, eliminating effective circulation and increasing 
pipe velocities.  As previously stated, the maximum required fire flow to meet code in Lower 
Camp is 2500 gpm but this is impossible to deliver from the existing dead end distribution 
system.  A 6” waterline can deliver only 550 gpm at a limiting velocity of 6 feet per second when 
supplied from a single direction.  If pressure loss is the limiting factor, deliverable flow may be 
even less.  Due to the above mentioned inadequacies the entire Lower Camp Distribution System 
is recommended for replacement with the exception of the PRV which feeds it as that was 
installed in 1990 and is of acceptable size and condition. 

11.6 Conclusions 

Based on this evaluation, the Reliance Water System has three primary inadequacies, the lack of 
continuous bidirectional fire flow in the Transmission System, the existing Tank, and the Lower 
Camp Distribution System.  The recommended improvements presented later in this Summary 
are designed in an effort to address each of these inadequacies. 
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Chapter 12-Geotechnical Analysis at Reliance Tank 
 

12.1 Introduction 

The need for a replacement water storage facility to serve the Reliance Service Area was 
discussed in Chapter 11 immediately preceding.  An area reconnaissance in search of a 
replacement tank site yielded the most logical location as being directly west of and adjacent to 
the existing tank tucked inside an existing earthen knob.  A preliminary location plan of the 
proposed site is shown on Exhibit 12-1.  The recommended tank type is a precast, prestressed, or 
cast-in-place concrete structure, buried to the extent possible.  We recommend a round 
configuration to eliminate circulation deadspots in square corners.  This design has been 
successfully utilized by the JPWB in other areas throughout the system.  Tank diameter, height 
and volume will be optimized under later chapters.  

12.2 Included Reports 

Chapter 12 in the Final Report covers the geotechnical analyses completed under this study for 
the proposed tank site.  Two geotechnical reports were completed and are included within 
Appendix B of the Final Report, one which investigates the standard engineering properties of 
the shallow soil strata completed by Nelson Engineering, and another completed by Wilbert 
Engineering which examines mine subsidence potential due to past known coal mining activity 
in the Reliance area.  Both reports also include the results of a preliminary drilling program 
conducted at the proposed tank site by the Wyoming DEQ/AML program.  Appreciation is 
expressed to Mr. Bill Locke, Wyoming DEQ/AML and Mr. James E. King, PG, of JFC 
Engineers and Surveyors, for their contributions to the project. 

12.3 Conclusions 

Neither geotechnical report presents any abnormal challenges which would serve to disqualify 
the site for its intended purpose.  The Nelson report should be utilized as the basis for structural 
tank design under the final design process. 
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Chapter 13-Alternative and Conceptual Designs and Selection of Preferred Alternative 

13.1 Introduction 

This chapter of this Summary offers several alternate and final preferred solutions to the three 
areas of inadequacies presented in Chapter 11: 

• The Lower Camp Distribution System 

• Lack of bidirectional fire flow in the Transmission System 

• The overall inadequacy of the Existing Reliance Tank 

Alternate solutions to these problems are evaluated and the preferred alternative for each is 
recommended herein. 

13.2 Upper Camp Distribution System  

The existing Upper Camp Distribution System is adequate as discussed in Chapter 11.  However, 
the design of any new development must meet the following criteria: 

• Supply a maximum of 1800 gpm fire flow to future development 

• Maximum design pipeline velocity of 6 fps during fire flow plus max day FBO demand 
conditions (set by the JPWB) 

• Loop all lines to increase circulation (reducing water quality problems and providing 
bidirectional supply for fire flow) 

• Maximum elevation of new development is set at 6640 feet (to ensure an acceptable 
minimum pressure) 

Based on these requirements a proposed master plan goal is presented in Exhibit 13-1 of the 
Final Report.  The water system should be expanded to meet the line size and connection 
locations noted by the dashed, blue lines.  These water lines are only recommended for 
installation as development occurs and are assumed to be installed at the expense of the 
developer. 

13.3 Lower Camp Distribution System 

The Lower Camp Distribution System is recommended for total replacement due to the 
inadequacies discussed in Chapter 11.  The design of the new system must be able to meet the 
following requirements: 

• Supply 2500 gpm fire flow to existing structures (set by Sweetwater County) 

• Supply 1800 gpm fire flow to future development 
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• Maximum design pipeline velocity of 6 fps during fire flow plus max day FBO demand 
conditions (set by the JPWB) 

• Loop all lines to increase circulation (reducing water quality problems and providing 
bidirectional supply for fire flow) 

The recommended improvement alternative that addresses all of the requirements above is 
presented in Exhibit 13-2, included herein.  The improvements are separated into two groups, 
those which need to be installed as soon as possible (replacing the existing system) and those 
which represent a goal to be achieved as future development occurs.  The immediate 
improvements recommend the reuse of the existing PRV as the primary feed to Lower Camp 
with the largest demand (B&R Trailer Court) at the far end of the system. This draws the water 
through the entire distribution network, maintaining water quality by eliminating any dead ends.  
A second PRV feed to Lower Camp is recommended just before the B&R meter.  This is to be 
used as a secondary feed for fire protection or in the event the primary feed is temporarily out of 
service.  Due to the location of the feeds on either side of the industrial area in Lower Camp, 
both can be used to provide bidirectional fire flow to any location in Lower Camp.  Note that 
several fire hydrants have been recommended within the proposed distribution system as well for 
installation off of the existing 12” transmission line.  Utilizing the bidirectional flow provided 
from the two distribution feeds and/or the new hydrants off of the 12” transmission line, 2500 
gpm of fire flow plus maximum day demand at FBO is available anywhere in the existing Lower 
Camp industrial area without exceeding 6 fps in any pipe. 

Future development in Lower Camp is accommodated by the installation of 8” or 12” loops, or 
extensions, depending on the specifics of the area developed (represented as dashed lines in 
Exhibit 13-2).  This allows for 1800 gpm to be delivered to all new development within the 
assumed Service Area without exceeding 6 fps in any pipe.   

13.4 Transmission System Bidirectional Flow 

The lack of bidirectional flow in the Transmission System results in potentially excessive 
pipeline velocities during large fires.  Excessive velocities cause increased head-loss, reducing 
system residual pressures.  Additionally, they subject the system to potential damage from 
transient pressure conditions (water hammer) if the high velocities are quickly altered.  High 
velocities in the existing Reliance Transmission System only occur when the actuated valve at 
the cross is closed during a large fire flow demand. The actuated valve opens to replenish the 
Reliance Tank when it reaches a low level and closes again after it is filled to its top level.  The 
inflow rate to the Reliance Tank is significantly greater than domestic demand in the Reliance 
System so the time to fill the tank is significantly less than the time it takes to withdraw through 
its normal cycle.  The most economical solution to provide bidirectional fire flow at all times is 
to install a parallel bypass PRV around the existing actuated valve which only opens if the 
pressure in the Reliance Transmission System reduces significantly (the result of fire flow).  This 
would allow the White Mountain Tank to contribute to fire demand through the existing cross 
even if the actuated valve is closed.  The difficult part of this is that the setting on the bypass 
PRV must be low enough that it will not come on during normal domestic demand operation of 
the system, but high enough to allow it to “sense” a true fire condition created by a unique 
decrease in system pressure resulting from a downstream open fire hydrant. This inherent 
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difficulty is eased somewhat as a result of the previous recommendations in the Level I Interim 
Report and within Chapter 10 herein, to eliminate the JY Road area from the Reliance Tank 
Service Area in order to reduce the size of the proposed replacement Reliance Tank.  Because of 
the way the existing system is configured, isolation of the JY Area from Reliance can only be 
accomplished by installation of an inline check valve in the 12” transmission line east of the JY 
Area service point.  If this is done, the existing actuated valve at the cross must also be relocated 
east of the JY Area service point to enable continuous supply to the JY Area from the White 
Mountain Tank. Finally, the parallel bypass PRV must logically follow the relocated actuated 
valve in order to serve its purpose.  It is therefore recommended to relocate the actuated valve 
and to install a series check valve and parallel bypass PRV on the east side of Highway 191, as 
shown in Exhibit 13-2.  Additionally, because this location is 10,000 feet closer to the Reliance 
Service Area than the existing cross, a higher PRV setting is possible due to system hydraulics.  
This allows the fire flow PRV to be set high enough to provide a considerable amount of the fire 
demand and reduce the contribution from the Reliance Tank, thereby reducing transmission line 
velocities, from either direction, below the 6 fps limit.   

13.5 Reliance Tank Sizing 

 13.5.1 Stratification 

The existing 100,000 gallon Reliance Tank is grossly undersized as pointed out previously and 
therefore a replacement tank is required.  The replacement tank was preliminarily sized under the 
Level I Study at 520,000 gallons but ultimate sizing was recommended for re-evaluation under 
this Level II Study.  

In this Level II Study the uniqueness of the Reliance System is taken into account to more 
appropriately size the Reliance Tank based on cycling storage, fire storage and reserve storage.  
Cycling Storage is the volume of water between top of the cycle (supply off) and the bottom of 
the cycle (supply on).  These values vary based on the operation of the system and are presented 
later in this chapter.  Fire Storage is the volume of water required to fight the largest fire within 
the service area.  From Chapter 10 the largest fire flow requirement is 2500 gpm for two hours, 
located in Lower Camp, but with the bypass PRV in place the hydraulic computer model 
indicates that a maximum of 1,100 gpm is supplied from the Reliance Tank.  Therefore, the total 
Fire Storage required is 1,100 gpm for two hours or 132,000 gallons.  Reserve Storage is the 
volume of water required to sustain the Reliance Service Area in the event resupply is not 
available.  This could be caused by a pipeline failure or valve malfunction on the 12” 
transmission line between Reliance and the cross temporarily disconnecting the Reliance Tank 
from the White Mountain Tank.  This volume is generally calculated as a percentage or multiple 
of Average Annual Daily or Seasonal Demand.  Since the desired total tank volume is merely the 
mathematical sum of the individual stratification volumes, this philosophy allows for the tank to 
be at the bottom of the cycle, experience the largest fire possible, then have the transmission 
system fail, isolating Reliance from the rest of the water system and requiring utilization of its 
entire reserve volume, at which point the tank is virtually dry but resupply is restored and the 
tank is allowed to fill.  This is a very unlikely scenario but reasonable enough to be considered 
the worst case event.   
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 13.5.2 Water Quality 

  13.5.2.i Introduction 

Water quality is a potential obstacle for Reliance without an increase in tank size, due to its 
location at the far reaches of the water system.  Currently the water delivered to the Reliance 
Area is re-injected with non-flow paced chlorine multiple times in order to maintain adequate 
disinfection residual.  The chlorine decays over time, consequently the longer the water resides 
within the system, whether it be in a tank, transmission line, or in the distribution system, the 
lower the residual becomes.  The most residence time, and therefore the greatest chlorine decay 
within a typical water system, occurs within storage facilities.  Increasing the size of the Reliance 
Tank from its existing 100,000 gallon size potentially exacerbates this problem.  Due to the 
complexity of the water system between the Water Treatment Plant and Reliance, predicting the 
chlorine residual of the water delivered to Reliance is virtually impossible even with the use of 
the water quality computer model.  Water delivered to Reliance can experience residence time in 
four tanks and be re-injected with chlorine three times, or it can be delivered directly to Reliance 
from the Treatment Plant, bypassing all of the tanks but none of the reinjection stations.  
Therefore in order to simplify the analysis but still allow for optimization of the size and shape 
of the proposed tank, the following assumptions are made: 

• The pre-cross water supply system is excluded from this analysis.  

• A new flow-and-residual paced chlorine reinjection station will be installed at the cross.   

• The 6” dead end service line from the existing Reliance Tank to the east is excluded from 
this water quality analysis because this line is merely a service connection to three 
outlying parcels. 

Excluding the water system upstream of the cross eliminates the complication of the existing 
variation in residual created by the upstream water delivery system and the variable water supply 
path being input into later calculations of the water quality model.  The proposed tank can still be 
optimized for size and shape and compared to the existing tank from which no water quality 
problems have occurred.  The new reinjection station at the cross was a recommendation made in 
the Level I Study under the water quality analysis of the entire system.  This proposed station 
injects a calculated amount of chlorine to bring the chlorine residual exiting the station to a 
constant, desired level regardless of flow rate and incoming residual value.  The 6” dead end 
service line to the east cannot be expected to maintain residual even as it exists currently due to 
the minimal demand (only two trailers) compared to its length.  All of these assumptions have 
been agreed upon by the JPWB, the WWDC and Nelson Engineering to produce the most useful 
and accurate results. 

Using the above assumptions and the previously discussed reserve storage target value as a 
starting point, the size, shape and operation of the new tank can be optimized with the use of the 
computer model to maintain water quality.  There are three primary methods of analyzing water 
quality: 

• Tank Mixing 
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• Water Age 

• Chlorine Residual/Disinfection By Products 

The proposed tank must be designed to achieve acceptable results for each of the three methods.  
A brief analysis of each method results in water age being the dominant factor.  This allows for 
further simplification of the process by optimizing the size, shape and operation of the proposed 
tank using water age, then verifying that the preferred alternative can meet the requirements for 
tank mixing and chlorine residual. 

  13.5.2.ii Water Age 

Water age analysis is performed using the water quality computer model which was calibrated 
under the same Level I Study as the hydraulic computer model.  The computer model is executed 
with the existing tank and operational controls in place, then the height, diameter and cycle depth 
are modified to produce the lowest possible age while increasing the total tank volume.  It is 
important not to alter the existing pressure experienced in the distribution system directly below 
the tank to avoid protest from end users.  This requires the top and bottom of the proposed cycle 
to be within a few feet of the existing settings.  Intuitively, one would think that water age should 
increase with tank volume considering that the more storage there is, the longer it should take for 
demand to use it.  In fact, the Reliance System has an optimum diameter for a given volume and 
cycle depth.  Consultation with water quality expert Walter Grayman PH.D., P.E. verified that 
this is the result of plug flow.  Plug flow is best described as the volume of water contained in 
the pipe from the tank to the majority of the demand, which must be less than the cycling volume 
in order to replenish the tank with new water.  If this is not the case, then water will slosh back 
and forth to and from the tank without being used by demand causing the average age of the 
water in the tank to continually increase.  This is what is happening in the existing Reliance Tank 
as it is currently operated.  Results from extensive modeling of different tank options are 
presented in Table 13-1.  Optimization curves from Table 13-1 are graphed in Exhibit 13-3.  
Exhibit 13-3 shows that a minimum age is evident at a specific diameter and given cycling depth.  
Note that as the cycling depth decreases the optimum diameter increases to compensate for the 
reduction in cycling volume.  The dashed lines indicate the model results for the existing 
100,000 gallon tank (28 foot diameter with an existing cycling depth of 4.5 feet).  Surprisingly, 
the majority of the optimum diameter alternatives produce better age results than the existing 
tank despite the larger total volume of the alternative.   

Due to the drastic variance in demand conditions from 2009 to FBO, multiple operational 
alternatives are recommended with the construction of one proposed tank.  The preferred tank 
dimensions are as follows: 

• Diameter = 70 feet 

• Top of Tank Floor Elevation = 6740  

• Maximum Water Surface Elevation = 6758.5 (18.5 feet above base of tank) 



Table 13-1

Tank Optimization Table

Curve

Tank 

Water 

Depth Floor

Cycle 

Depth

Supply 

on

Supply 

Off Dia

Cycle 

Volume

Fire 

Volume

Reserve 

Volume

Total 

Volume

# (ft) Elev (ft) (ft) Elev (ft) Elev (ft) (ft) (gall) (gall) (gall)* (gall) ADD Winter Summer

Exist 22.5 6733.5 4.5 6751.5 6756.0 28 21,000 49,800 33,200 104,000 455 550 296

1 14 6743.5 2.5 6755 6757.5 92 124,000 132,000 440,000 696,000 364

2 14 6743.5 4.5 6753 6757.5 70 130,000 132,000 141,000 403,000 216

3 14 6743.5 6.5 6751 6757.5 55 116,000 132,000 1,000 249,000 156

4 16 6741.5 2.5 6755 6757.5 92 124,000 132,000 540,000 796,000 412

5 16 6741.5 4.5 6753 6757.5 70 130,000 132,000 199,000 461,000 241

6 16 6741.5 6.5 6751 6757.5 55 116,000 132,000 36,000 284,000 175

7 18 6739.5 4.5 6753 6757.5 70 130,000 132,000 256,000 518,000 268

8 18 6739.5 6.5 6751 6757.5 55 116,000 132,000 72,000 320,000 193

8 18 6739.5 8.5 6749 6757.5 55 151,000 132,000 37,000 320,000 193

9 20 6737.5 4.5 6753 6757.5 70 130,000 132,000 314,000 576,000 293

10 20 6737.5 6.5 6751 6757.5 55 116,000 132,000 107,000 355,000 212

11 22 6735.5 4.5 6753 6757.5 70 130,000 132,000 371,000 633,000 322

12 22 6735.5 6.5 6751 6757.5 55 116,000 132,000 143,000 391,000 230

13 16 6740.5 4.5 6752 6756.5 70 130,000 132,000 199,000 461,000 294

14 16 6740.5 6.5 6750 6756.5 70 187,000 132,000 142,000 461,000 232

15 14.5 6740 6.5 6748 6754.5 70 187,000 132,000 98,000 417,000 216

16 16.5 6740 4.5 6752 6756.5 70 130,000 132,000 213,000 475,000 175
17 16 6740.5 6.5 6750 6756.5 70 187,000 132,000 142,000 461,000 130

18 14 6740.5 6.5 6748 6754.5 70 187,000 132,000 84,000 403,000 116

19 16 6740.5 6.5 6750 6756.5 70 187,000 132,000 142,000 461,000 94 115 72

20 16 6740.5 4.5 6752 6756.5 70 130,000 132,000 199,000 461,000 120 147 91

21 16 6740.5 2.5 6754 6756.5 70 72,000 132,000 257,000 461,000 186

22 18 6740.5 6.5 6752 6758.5 70 187,000 132,000 199,000 518,000 105 128 80

23 18.5 6740 4.5 6754 6758.5 70 130,000 132,000 271,000 533,000 134 171 102

24 18.5 6740 2.5 6756 6758.5 70 72,000 132,000 329,000 533,000 214

Indicates preferred alternative

* Reserve Volume is what is remaining after subtracting the set Fire Storage and the Cycling Storage from the Total Volume.

2009 Demands: AAAD = 117,000 gpd, Avg Smr = 170,000 gpd, Avg Wntr = 91,000 gpd

FBO Demands: AAAD = 252,000 gpd, Avg Smr = 368,000 gpd, Avg Wntr = 197,000 gpd

Note:

2
0
0
9

F
B

O

Age (hrs)

W
in

te
r

S
u
m

m
e
r

A
v
g
, 
W

n
tr

, 
S

m
r

A
A

A
D

S:\Proj2009\072-01 (WWDC Level II JPWB)\Reliance Project\Rel Project Notebook\WQ\Tank Optimizatioin.xls



400

500

600

M
a

x
 A

g
e

 (
h

rs
)

Exhibit 13-3

Tank Optimization Curves
for AAAD 2009

Curve #1

Curve #2

Curve #3

Curve #4

Curve #5

Curve #6

Curve #7

Curve #8

S:\Proj2009\072-01 (WWDC Level II JPWB)\Reliance Project\Rel Project Notebook\WQ\Tank Optimizatioin.xls

100

200

300

40 50 60 70 80 90 100 110 120

M
a

x
 A

g
e

 (
h

rs
)

Diameter (ft)

Curve #8

Curve #9

Curve #10

Curve #11

Curve #12

Exist ADD

Exist Winter

Exist Summer



13-6 
 

These dimensions along with the operational recommendations are presented in Table 13-1, 
highlighted in grey.  The tank is proposed to be constructed to meet the needs of the system at 
FBO but can easily be operated at a reduced volume to maintain reasonable water age with 
current demands, even in the winter months.  Note that the preferred operational alternatives 
have been separated into winter and summer recommendations for both current demands and 
predicted FBO demands.  For example, it is recommended that in winter using 2009 demands, 
the tank be operated with a water depth of 14.5 feet, providing a total volume of 417,000 gallons.  
However, to meet FBO requirements in the summer, the tank is recommended to be operated 
with a water depth of 18.5 feet, providing a total volume of 533,000 gallons.  Over the life of the 
tank the cycling volume is recommended to be modulated between 2.5 feet and 6.5 feet to 
minimize age.  The maximum age (from the cross to the end user) of the recommended 
alternatives predicted by the model is 216 hours, which is significantly younger than the existing 
tank experiences in any season.   

The preferred alternatives have been broken down into the three types of stratifications as shown 
in Table 13-1.  Fire storage has remained at 132,000 gallons or 1,100 gpm for two hours.  
Optimal reserve storage has been established at a single day’s demand in an attempt to reduce 
overall water age but is now based on the specific season in which the reserve event occurs.  The 
ramification of this reserve reduction is that system demand must be accommodated by the other 
two stratifications if resupply cannot be restored in one day or less.  The exact amount of reserve 
storage is the remaining volume after fire storage and cycling storage have been subtracted from 
the total volume.  Cycling storage is the third and final stratification considered under this 
analysis and is determined on a trial and error basis using the computer model to produce an age 
less than 250 hours.  This target maximum age is considerably less than the computer model 
results for the existing tank (the dashed lines in Exhibit 13-3).  Water age within the existing 
Reliance Tank is predicted to be between 295 hours and 550 hours, varying due to the difference 
in demand from winter to summer.  The proposed alternatives have a predicted age ranging 
between 171 hours to 216 hours, all of which are significantly less than the age results of the 
existing tank.  It is reasoned that if no water age related problems have been experienced in the 
existing tank, then none should be present within the proposed tank with significantly younger 
water.  Note that cycling storage varies greatly between the different alternatives.  The reason for 
this is that with varying demand, the water age can be greatly changed due to the cycling 
volume.  For example, during winter the demands are much lower than in summer and require 
the tank to be replenished with more fresh water each cycle, thus the cycling volume must be 
greater.  This works well with the reserve storage as it requires less volume to meet one day of 
winter demand than summer demand.  The exact values of cycling and reserve storage for each 
of the recommended alternatives are presented in Table 13-1.  Note that each alternative provides 
for at least one “seasonal” day of reserve storage (See the Notes, bottom of Table) except for 
#24, FBO summer.  The actual demand of the Reliance System at FBO is a conservative 
prediction but if it does occur, irrigation could be turned off to reduce demand or one of the other 
stratifications could supply the additional volume required to compensate for the deficiency. 

The recommended operational alternatives in Table 13-1 are not set in stone.  One of the 
advantages of the proposed tank is that it has a great amount of flexibility.  The water surface 
elevation and the cycling depth can be manipulated to meet requirements of any demand scenario 
from winter 2009 to summer at FBO and still maintain younger water age than the existing tank. 
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  13.5.2.iii Tank Mixing and Chlorine Residual/Disinfection Byproducts 

Each of the four operational alternatives recommended based on water age are also analyzed for 
tank mixing and chlorine residual/disinfection byproducts formation, the other previously 
mentioned aspects of water quality.  Tank mixing analysis is performed using the same 
calculations used in the Level I Study.  Tank mixing is evaluated based on the total volume 
which is the direct result of the maximum water surface level.  Exhibits 13-5 through 13-7 are 
graphs of inflow rate versus time required to achieve mixing for each of the maximum tank 
levels (14.5 feet, 16.5 feet and 18.5 feet) per the recommended operational alternatives.  Each 
graph is analyzed at multiple cycling depths which are noted in the legend.  The individual points 
represent the duration of a fill cycle for a given scenario (note that the existing tank requirements 
are also displayed for comparison).  The decreasing, nonlinear lines represent the inflow rate 
required to achieve mixing using a specific diameter inlet.  To achieve mixing the individual 
points must be located above the line associated with the preferred inlet.  Each of the 
recommended alternatives are able to achieve mixing with a 12” diameter inlet, except FBO 
summer (curve #24) which only has a 2.5 foot cycle depth and therefore a much smaller volume 
which requires much less time to fill, as shown on Exhibit 13-7.  This is a relatively simple 
obstacle to overcome as the use of an 8” diameter inlet is adequate.  The disadvantage of using 
this reduced size inlet is the potential difficulty in getting the water back out of the tank in the 
event of a fire.  Calculations have been executed to verify that none of the fire flow objectives 
have been compromised due to the use of an 8” diameter inlet/outlet, but to assure no problems 
occur, it is recommended to separate the tank inlet from the outlet in order to enhance circulation 
through the tank.  Under this configuration, the outlet can remain 12” in diameter and the inlet 
nozzle can be reduced to the required 8” diameter, achieving mixing, improving circulation, and 
thereby maintaining the best possible water quality. 

The last aspect of the water quality analysis in this Level II Study is chlorine residual and 
disinfection by products.  Chlorine residual is closely linked to water age as it decays over time 
as continual disinfection is required to prevent bacterial growth.  The assumed installation of the 
new chlorine reinjection station at the cross simplifies the modeling process for chlorine residual.  
Desired levels of chlorine residual are between 0.1 mg/L to 1.5 mg/L, although anything above 
1.0 mg/L can be easily smelled and tasted and therefore less advantageous.  Computer modeling 
of the recommended tank alternatives indicates a minimum residual of 0.15 mg/L anywhere in 
Reliance when the new reinjection station at the cross is set to maintain an output concentration 
of 0.75 mg/L.  This is easily within the target limitations set above but is also advantageous from 
a disinfection byproduct (DBP) standpoint.  As the chlorine disinfects the water, byproducts of 
the process are created, which can prove to be harmful and therefore limitations on the allowable 
levels of the different DBP’s have been set by the EPA.  The two primary contributing factors to 
the creation of DBP’s are water age and the amount of chlorine required to maintain an 
acceptable chlorine residual level.  Both of these factors have been improved from the existing 
system with the recommended improvements.  The water age has been reduced significantly over 
the existing system by the optimization of the size and shape of the proposed tank.  The 
installation of the automated chlorine reinjection station at the cross presumably reduces the 
amount of chlorine which will be introduced into the water system by only adding the required 
amount needed to maintain residual.  Conversely, the existing system adds the same amount of 
chlorine regardless of how much is required, often resulting in the addition of excess.  
Measurements of chlorine residual and DBP’s have been taken periodically in the existing 
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Proposed 16.5' Reliance Tank Mixing Time
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Reliance system without any infractions.  Further testing was performed during this study by the 
City of Rock Springs and the Joint Powers Water Board, at the request of Nelson Engineering, in 
several areas predicted by the model to have potential problems.  Included in this testing were 
various water levels within the existing Reliance Tank.  Testing was performed in March of 
2010, prior to the use of irrigation and therefore assumed to be at approximately 2009 winter 
demand, which is the model-predicted worst case for both chlorine residual and DBP’s.  All of 
the EPA requirements were easily met for each sample.  Therefore, it is assumed that if all of the 
recommended operational alternatives herein can be expected to improve water age, tank mixing, 
and chlorine residual over the existing system, then no problems associated with water quality 
should be experienced with the proposed improvements.  

13.6 Reliance Tank Siting and Sizing 

Exhibit 13-8 shows the recommended location of the replacement tank, along with generalized 
recommendations for site grading, access and piping schematics.  The tank is of concrete 
construction, 70 feet in diameter, with a top of floor elevation of 6740, 18.5 foot maximum water 
column (top elevation 6758.5), and top of vertical wall elevation at 6762, allowing for overflow 
and clearances to the roof structure. Total wall height from floor to bottom of roof is 22 feet.   

As can be seen from Exhibit 13-8, with a finish floor elevation of 6740, the tank will be 
constructed on a partial cut/fill earth foundation, a design and construction technique anticipated 
within the Nelson Geotechnical Report (See Appendix B of Final Report).  Earthen foundation 
preparation assumes removal of a minimum of 6 feet of existing surface material followed by 
installation of imported and compacted structural backfill below the tank footprint.  A synthetic 
liner material and perimeter drain is planned directly beneath the floor to assure that tank 
leakage, if it occurs, does not saturate the foundation material. 

Assumed backfill height around the tank is at elevation 6750, meaning that the tank is about half 
buried, half exposed.  The 6750 elevation is carried out radially 6 feet from the tank exterior to 
allow operator access around the tank.  A 15 foot wide vehicular access road at a 16% grade is 
provided, culminating in a flat parking area adjacent to the tank on the north side.  Exhibit 13-8 
shows the extent of grading and catch points of all the fill slopes within the envisioned design. 

In order to aid in tank mixing and turnover, we recommend separate tank supply and withdrawal 
lines as shown.  The two individual lines will be connected to the single bidirectional 
transmission supply line to/from Reliance in a concrete vault equipped with check valves and 
block valves to insure loop flow through the tank during normal operations.     
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Chapter 14-Life Cycle Cost Analysis and Cost Estimates 
 
 

14.1 Reliance Water Storage Facility - Assumed to be a System Component Eligible for 
WWDC Funding  

 
Table 14-1, immediately following, provides an Opinion of Probable Construction Cost for the 
Reliance Water Storage Facility assuming installation of a prestressed concrete storage tank 
constructed by DYK Incorporated in El Cajon, California.  This construction technique has been 
successfully employed throughout the United States, as well as in Wyoming, and in many cases 
is a superior product to the more traditional “cast-in-place” construction methods.  Of particular 
interest is their concrete “domed” roof which eliminates the need for interior roof supports.  
 
Figure 14-1 provides a time scale schematic of anticipated life cycle costs associated with the 
Storage Facility.  A useful life of 100 years, as recommended by DYK Inc. is shown.  Footnotes 
within the Figure describe the individual cost components.  
 
 

14.2 Relocation of Actuated Valve and Fire Flow PRV - Assumed to be a System 
Component Eligible for WWDC Funding 

 
Table 14-2 provides an Opinion of Probable Construction Cost for Relocation of the actuated 
valve from its existing location at the cross to a new location east of Highway 191. Also included 
is a parallel pressure regulating valve (PRV) around the actuated valve to provide fire supply if 
the actuated valve is closed due to high Reliance Tank level, and an inline check valve to 
prohibit backflow from Reliance to the JY area.  Activation of a fire hydrant anywhere in 
Reliance will lower the normal operating pressure downstream of the PRV to a point where the 
PRV will open.  This enhancement guarantees Reliance fire supply contribution from the White 
Mountain Tank if the actuated valve is not open.  Both valves will be housed in an underground 
concrete vault offset from the existing supply line location. The new facility will include 
SCADA system control. 
 
Figure 14-2 provides a time scale schematic of anticipated life cycle costs associated with the 
proposed Control Facility.  A useful life of 50 years, as recommended from past experience is 
shown.  Footnotes within the Figure describe the individual cost components.  
 
 

14.3 Chlorination Booster Station-White Mountain Tank/Stassinos/Reliance Cross - 
Assumed to be a System Component Eligible for WWDC Funding 

 
Table 14-3 provides an Opinion of Probable Construction Cost for installation of the Booster 
Station.  Cost information was derived by estimated inflation adjustments to the costs included 
within the JPWB Water System Master Plan Level I Phase 2 document dated January, 2009.   
 
Figure 14-3 provides a time scale schematic of anticipated life cycle costs associated with the 
proposed Chlorination Booster Station.  A useful life of 50 years, as recommended from past 
experience is shown.  Footnotes within the Figure describe the individual cost components.  
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Note that the City of Rock Springs is currently performing a system-wide water quality analysis 
project, data from which will be made available for Level III design of the Booster Station. 
 
 

14.4 Reliance Distribution System Improvements - Assumed to be a System Component 
In-Eligible for WWDC Funding 

 
Table 14-4 provides an Opinion of Probable Construction Cost for construction of the 
recommended Lower Camp Distribution System Improvements.  No immediate improvements 
are deemed necessary elsewhere, and are in fact, assumed to be provided by private means when 
additional development occurs.  
 
Figure 14-4 provides a time scale schematic of anticipated life cycle costs associated with the 
proposed Reliance Distribution System Improvements.  A useful life of 75 years, as 
recommended from past experience is shown.  Footnotes within the Figure describe the 
individual cost components. Debt service is not included within the schematic as the City of 
Rock Springs intends to finance the improvements through a SLIB grant and existing local 
match. 



TABLE 14-1

OPINION OF PROBABLE CONSTRUCTION COST 

RELIANCE TANK

----------------- $150,000

----------------- $10,000

----------------- $5,000

----------------- $50,000

$75,000

$25,000

$54,000

$950,000

$37,500
$38,000

$17,250

$25,000

$72,000

$15,000

$16,800

$16,100

$25,000

$15,000

$1,381,650

$138,165

$1,519,815

$227,972

$1,747,787 $1,747,787

$1,962,787

$2,060,927

(1) includes cost of 70' diameter, 22' wall height DYK prestressed concrete storage tank structure with 

either flat or domed roof. Also includes 30 mil liner under tank, peripheral drain, tank wall and floor pipe 

penetrations, roof hatch, vent, interior and exterior ladders, interior overflow, and an interior staff gage.

Total Project Cost (Future Cost incl. 5% inflation)

Project Component Cost (Subtotal #1) ----------------------------------------------

Engineering Costs (Subtotal #1x10%) ----------------------------------------------

Subtotal #2 --------------------------------------------------------------------------------

Contingency = Subtotal #2x15% ------------------------------------------------------

Security Fencing 600 L.F. @ $28/ft ---------------------------------------------

Surface gravel (from Main St-15' wide 6" thick) 700 tons @ $23/ton -

Misc. Operations & Contract Close Out -----------------------------------------

Teardown & Disposal of Old Tank -----------------------------------------------

Subtotal #3 --------------------------------------------------------------------------------

Total Project Cost (Present Cost)

12" Supply/Withdrawal Piping to/from Tank Including Overflow Piping - 

500 L.F. @ $75 -------------------------------------------------------------
Tank Control Vault Incl. Check Valves, Block Valves ------------------------
Misc. Piping Appurtances Incl. Fire Hydrant, Drain & Connection to

Existing --------------------------------------------------------------------------------

SCADA System Upgrade Incl. Power Supply ----------------------------------

Structure Backfill & Misc. Site Grading 8000 yd³ @ $9/yd³ -------------

Hydroseeding, Incl. Temp. Irrigation --------------------------------------------

Tank Construction (1) --------------------------------------------------------------

Cost of Project Components

Mobilization -----------------------------------------------------------------------------

Site Excavation - 2500 c.y. @ $10 ------------------------------------------------

Imported Structural Fill Foundation Backfill - 3000 ton @ $18 --------

Preparation of Final Designs & Specifications -------------------------------------

Permitting & Mitigation -----------------------------------------------------------------

Legal Fees ----------------------------------------------------------------------------------

Land & Easement Acquisition ----------------------------------------------------------

S:\Proj2009\072-01 (WWDC Level II JPWB)\Reliance Project\Report\Table 14-1 Cost Estimate Reliance Tank.xls





TABLE 14-2

OPINION OF PROBABLE CONSTRUCTION COST

RELOCATION OF ACTUATED VALVE AND FIREFLOW PRV

----------------- $15,000

----------------- $1,000

----------------- $1,500

----------------- $10,000

$19,000

$12,000

$6,000

$12,500

$10,000

$9,500

$12,000

$25,000

$106,000

$10,600

$116,600

$17,490

$134,090 $134,090

$161,590

$169,670Total Project Cost (Future Cost incl. 5% inflation)

Project Component Cost (Subtotal #1) ----------------------------------------------

Engineering Costs (Subtotal #1x10%) ----------------------------------------------

Subtotal #2 --------------------------------------------------------------------------------

Contingency = Subtotal #2x15% ------------------------------------------------------

Subtotal #3 --------------------------------------------------------------------------------

Total Project Cost (Present Cost)

Elbows, tees, misc. piping-------------------------------------------------------------

Insertion meter with enclosure, installed----------------------------------------

12" isolation valves, 4 @$3000----------------------------------------------------

SCADA system with commercial power extension and UPS-------------------

12" Butterfly valve with Rotork Actuator, installed-----------------------------

Cost of Project Components

Underground Vault, installed-------------------------------------------------------------------

10" Claval PRV, installed--------------------------------------------------------------

12" Check Valve, installed------------------------------------------------------------

Preparation of Final Designs and Specifications-----------------------------------

Permitting and Mitigation-----------------------------------------------------------------

Legal Fees-------------------------------------------------------------------------------------

Land and Easement Acquisition---------------------------------------------------------

S:\Proj2009\072-01 (WWDC Level II JPWB)\Reliance Project\Report\Table 14-2 Cost Estimate Soleoid Control Vault.xls





TABLE 14-3

OPINION OF PROBABLE CONSTRUCTION COST

CHLORINATION BOOSTER STATION-WHITE MOUNTAIN TANK/STASSINOS/RELIANCE CROSS

----------------- $50,000

----------------- $2,500

----------------- $0

----------------- $5,000

$140,000

$60,000

$50,000

$250,000

$25,000

$275,000

$41,250

$316,250 $316,250

$373,750

$392,438

Installation and Startup--------------------------------------------------------------

Building Structure---------------------------------------------------------------------

Preparation of Final Designs and Specifications-----------------------------------

Permitting and Mitigation-----------------------------------------------------------------

Legal Fees------------------------------------------------------------------------------------- 

Land and Easement Acquisition---------------------------------------------------------

Cost of Project Components

Equipment and Materials Supply--------------------------------------------------

Total Project Cost (Future Cost incl. 5% inflation)

Project Component Cost (Subtotal #1) ----------------------------------------------

Engineering Costs (Subtotal #1x10%) ----------------------------------------------

Subtotal #2 --------------------------------------------------------------------------------

Contingency = Subtotal #2x15% ------------------------------------------------------

Subtotal #3 --------------------------------------------------------------------------------

Total Project Cost (Present Cost)

S:\Proj2009\072-01 (WWDC Level II JPWB)\Reliance Project\Report\Table 14-3 Cost Estimate Chlorination Booster Station.xls





TABLE 14-4

OPINION OF PROBABLE CONSTRUCTION COST

LOWER CAMP DISTRIBUTION SYSTEM IMPROVEMENTS

----------------- $140,000

----------------- $10,000

----------------- $15,000

---------------- $35,000

$17,000

$302,500

$157,500

$26,250

$30,000

$10,000

$3,000

$4,000

$52,500

$62,500

$30,000

$78,000

$100,000

$65,000

$75,000

$25,000

$100,000

$1,138,250

$113,825

$1,252,075

$187,811

$1,439,886 $1,439,886

$1,639,886

$1,721,881

(2) consists of 12" x 6" mainline DI tee, 3' length 6" PVC pipe, 6" gate valve, 20' stick 6" PVC pipe, and 6" DI tapped plug

(1) assumes a 25' wide strip along alignments having either gravel or asphalt surfacing                              

Total Project Cost (Future Cost incl. 5% inflation)

Project Component Cost (Subtotal #1) ----------------------------------------------

Engineering Costs (Subtotal #1x10%) ----------------------------------------------

Subtotal #2 --------------------------------------------------------------------------------

Contingency = Subtotal #2x15% ------------------------------------------------------

Misc. surface repairs--------------------------------------------------------------------------
Contract amenities-mobilization, traffic control, swpp, exploratory 

excavation-------------------------------------------------------------------------------

Subtotal #3 --------------------------------------------------------------------------------

Total Project Cost (Present Cost)

New PRV Station at B&R Trailer Court---------------------------------------------------

Bore and Jack Casings across Cty. Road-200' @ $500/foot-----------------------

6" thick gravel surfacing (or base under asphalt paving)-2600 tons @ 

$25/ton-------------------------------------------------------------------------------

2.5" thick replacement asphalt paving-500 tons @$150/ton--------------------

Fire Hydrant Assys. (including two on 12" Trans. Line) 12 @ $6500

6" check valve with manhole-------------------------------------------------------

2500 feet 1" copper service line, incl. corp and curb stop @ $25/ft---

15 ea. Service line connections to main @$3500 (2)-----------------------

Preparation of Final Designs and Specifications--------------------------------------------

Permitting and Mitigation------------------------------------------------------------------------------

Legal Fees-----------------------------------------------------------------------------------------------------
Land and Easement Acquisition (includes survey and legal description

preparation)--------------------------------------------------------------------

10 ea. 12" gate valves @ $3000 ea.--------------------------------------------------------

Cost of Project Components

5500 feet 12" PVC Waterline incl. fittings @ $55/ft---------------------------------

3500 feet 8" PVC Waterline incl. fittings @ $45/ft------------------------------------

750 feet 6" PVC Waterline incl. fittings @ $35/ft--------------------------------------

8500 sy. roadway asphalt or gravel surfacing removal @ $2/ sy. (1)--------

5 ea. 8" gate valves @  $2000 ea.----------------------------------------------------------

2 ea. 6" gate valves @ $1500 ea.------------------------------------------------------------

S:\Proj2009\072-01 (WWDC Level II JPWB)\Reliance Project\Report\Table 14-4 Cost Estimate Dist.System Imp.xls






