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Executive Summary
Executive Summary
The Douglas Water Supply Rehabilitation Level II Study addresses the assessment and
rehabilitation of the Douglas asbestos cement pipeline from the Little Boxelder Spring into the City
of Douglas, and the Lightning protection at the Sheep Mountain Well. The study also addresses
the geology and protection of the Little Boxelder Spring and its risk of being under the direct
influence of a surface water and therefore subject to treatment. The study was funded by the
Wyoming water Development Commission and sponsored by the City of Douglas.

The general location of the Little Boxelder Spring and pipeline, the Sheep Mountain Well and the
City of Douglas are shown on Figure 1-1. A brief description of the scope of the study is provided
below:

1. Assessment of the Douglas Pipeline No. 1 - This portion of the scope includes the
assessment of the operation of the pipeline and its risk to negative pressures, high velocities
and other hydraulic phenomena which could damage or affect the operation of the pipeline.
The assessment also addresses the pipelines susceptibility to internal or external corrosion.
The inside of the pipeline is susceptible to internal corrosion from an aggressive raw water; the
exterior of the pipeline can be corroded by aggressive soils high in sulfates. Following the
assessment, rehabilitation and replacement options are provided followed by the selected
rehabilitation and replacement options.

2. Little Soxelder Spring Groundwater Assessment - In general, all surface water sources
must be treated prior to being supplied into a public water system. Additionally, groundwater
sources which are under the direct influence of a surface water are subject to filtration
requirements. The assessment and treatment are governed by the amendments to the Safe
Drinking Water Act administered by the United States Environmental Protection Agency
(USEPA). This section of the study identifies the geology of the spring, provides a preliminary
assessment of the water quality of the spring and outlines a testing regiment for the spring
water. A regulatory overview is provided which addresses the potential impacts of the spring
being determined to be groundwater under the direct influence (GWUDI) of a surface water.
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3. Sheep Mountain Well Lightning Suppression System - The Sheep Mountain Well has
been subject to frequent indirect lightning strikes since its development in the early 1990's. The
well and tank site are apparently located in an area which experiences frequent lightning
storms. The lightning has caused one pump motor failure and frequent control and monitoring
equipment damage. This portion of the scope of services includes the assessment of the
existing lightning suppression system and proposed improvements to protect the Sheep
Mountain Well pump, tank and associated control, monitoring and telemetry equipment from
future lightning damage.

A. Background
Spring Pipeline - The Little Boxelder Spring has been a critical water source for the City of
Douglas since the early 1920's. It is as important today as it was when it was first developed and
conveyed into Douglas. The original source of water for the City of Douglas was the North Platte
River. In 1923 "After continued reports from the State Chemist. .. that the river water was not fit for
drinking ... " (L.C. Bishop, '1935) from the upstream refineries, construction was started on a wood
stave pipeline from the Little Boxelder Spring into the City of Douglas. The original pipeline
consisted of 92,000 lineal feet of 14-inch diameter wood stave pipeline. During the 31 years of its
operation the wood stave pipeline experienced numerous failures from the corrosion of the steel
bands that hold the wood staves together on the pipeline. Following a study of the system in 1953
(J.T. Banner and Associates, 1953) a new asbestos cement (AC) pipeline was designed and
installed in 1954. The pipeline consisted of Class 100 and Class 150 AC pipe.
Little Saxe/der Spring - Over the last ten years the spring has reliably flowed in excess of 2.0 mgd
in the spring and early summer. However, following dry winters and/or springs the flows in the late
summer and fall have dropped to as low as 1.5 mgd. The flows from the spring are directly
influenced by the amount of seasonal precipitation. The historical information suggests that the
spring has and will continue to serve as a significant and reliable long term source of excellent
quality drinking water.

B. Analysis of Little Boxelder Spring Pipeline
Hydraulic Analysis - Hydraulic modeling was conducted to evaluate the capacity of the spring

pipeline for the following conditions: 1) Existing condition with the 12-inch diameter AC pipeline, 2)
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Future condition with a new 12-inch diameter pipeline, and 3) Future condition with a new 16-inch
diameter pipeline. The results of the hydraulic modeling for the existing condition and proposed
12-inch and 16-inch diameter pipelines are summarized in Table ES-1 .
Table ES-1
H~draulic Model Results

I

I

Existing 12-inch
Pipeline

Proposed 12-inch
Pipeline

Proposed 16-inch
Pipeline

0.010

0.009

0 .009

Capacity (mgd)

1.81

2.00

4 .1 0

Flowing Full Velocity (ft/sec)

3.56

3.95

4.51

Description
Manning's lin" Value

In general, distribution and transmission waterlines in populated areas are designed to flow full and
under pressure at all times. This reduces the risk of pipe damage from negative pressures which
can occur in the pipeline, and allows the pipe to be tapped and provide pressurized flow to a water
service or a connected distribution pipeline.

However, the spri ng pipeline was originally

constructed and is still operated today as a transmission pipeline designed to convey water from
the spring to Douglas. Portions of the pipeline are under pressure, and at h!gher elevations where
the pipeline crosses ridges the pipe can be partially full.

Pipeline Condition - The analysis of the pipeline materials concluded that both the interior and

exterior surfaces of the pipeline were deteriorated from a chemical attack. The exterior of the
pipeline has experienced a sulfate attack and the interior has experienced a similar attack from the
leaching of the calcium hydroxide in the cementitious matrix by the water. The external attack was
expected based upon the level of sulfates in the adjacent soils. The internal attack was not
anticipated because of the excellent water quality and slightly positive Langlier's index. However,
given the age of the pipeline some level of attack should be expected . Approximately 35 to 55%
of the wall thickness has been attacked or deteriorated. The results of the analysis do not indicate
that the pipeline material is catastrophically deteriorated and in immediate need of replacement.

Air Release Valves - The pipeline is equipped with air release valves (ARV's) which are designed

to prevent negative pressures in the pipeline by allowing air to flow into the pipeline. The valves
also allow trapped air to be released from the pipeline. ARV's are installed at all high points on the
pipeline where air can be trapped and at critical locations where partially full flow can occur. All of
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the ARV's were visually inspected and are in reasonable shape externally. However, the City has
reported that the internal condition of the ARV's is quite poor. The internal surfaces are not coated
and the exposed cast iron is subject to extensive corrosion which can result in the failure of the
valves.

C. Rehabilitation Alternatives and Conceptual Design
Negative Pressure Assessment - In general, if the air release valves (ARV's) are operating
properly the pipeline cannot experience negative pressures. As was identified above, the pipeline
can and does operate in a combination flow manner with some sections flowing under pressure and
other sections flowing partially full. This manner of flow is how the pipeline has been operated for
over 75 years. However, there are two alternatives which were considered to maintain full flow in
the pipeline and eliminate the potential for open channel flow during normal operation: pumping and
downstream control.

First of all, a pump station could be installed at or near the spring house to force water through the
pipeline and maintain full flow. This option received no further consideration for the following
reasons: the pump station would be very costly; the pump station would require significant
additional operation and maintenance costs; and the pump station would increase the pressure in
the 47 year old pipeline and undoubtedly increase line breaks and failures. Secondly, a control
valve could be installed at the downstream end of the pipeline to maintain upstream pressures and
maintain full flow conditions. This alternative received no further consideration for the following
reasons: the capacity of the pipeline would be significantly reduced, and; the control valve would
also increase the pressure in the pipeline and increase line breaks and failures.

Pipeline Rehabilitation - Based upon the age and condition of the pipeline several rehabilitation
and replacement options were considered including a "do nothing" approach. The goal of the
rehabilitation options included: maximizing the capacity of the pipeline or at least maintaining
existing capacity, providing a long term (50 year) solution, providing a low maintenance system,
and providing a cost effective solution. The rehabilitation and replacement options considered are
briefly discussed below.
1. Trenchless Technologies - Numerous different trenchless pipe lining and replacement
techniques were considered for the rehabilitation/replacement of the pipeline. They included:
Cured-in-Place Pipe (CIPP), U-liners, Slipliners and HDPE roll-down liners, and pipe bursting.
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However, all of these options were not considered cost effective for the following reasons:
•

Trenchless replacement techniques have historically only been cost effective in paved or
heavily disturbed or contaminated areas. The spring pipeline is approximately two to three
feet deep and is located across agricultural lands and adjacent to county roadways.
Complete replacement would be more cost effective.

•

Pipe liners do not have a significant track record for use in potable water systems.

•

Pipe liners would result in smaller internal diameters and would reduce the capacity of the
spring pipeline by as much as 40-percent.

2. Complete Replacement - The complete replacement option is quite straight forward; the
existing pipeline would be replaced with a new parallel pipeline. The existing pipeline easement
is apparently 50-feet wide and would be wide enough to allow for the installation of a new
parallel pipeline. The existing pipeline would remain in service while the new line is installed
directly adjacent to it. The new pipeline could be the same size or slightly larger to allow for
increased flows and the potential development of additional water sources in the area. A 12inch diameter pipeline would convey approximately 10-percent more water than the existing
pipeline based upon the smoothness of the material. A 16-inch diameter pipeline could convey
approximately twice what the existing pipeline can convey. Several pipeline materials were
considered including steel, ductile iron, PVC, and HOPE. Based upon the resistance to both
external and internal corrosion, the ease of repairing and installation and cost, PVC was the
recommended material for the proposed pipeline.

3. Minimal Repairs and Continued Maintenance - The final option considered for the
spring pipeline is the "do nothing" approach. This approach would include making some minor
repairs to the pipeline as necessary and continuing with the maintenance of leaks as they
occur. The repair and monitoring recommendations are as follows: 1) monitor the condition of
the DIP installed at the creek crossings and install cathodic protection as needed; 2) repair
leaks and breaks along the pipeline with new PVC pipe as they occur; 3) upgrade all ARV
valves and coat with epoxy coating inside and out, or replace with new ARV valves fitted with
stainless steel components, and; 4) monitor the condition of the AC pipe in saturated soils with
high sulfate concentrations.
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D. Recommended Alternative
It is safe to assume that the maintenance costs of the AC pipeline are going to increase over time.
However, the magnitude and timing of the increase are unknown. The City should plan on
replacing the pipeline in the next 10 to 20 years. The replacement should be timed with the
financial planning for the City and the availability of funds to complete the project. Ultimately the
AC pipeline is going to have to be replaced with a new parallel pipeline if the spring is going to be
used as a long term potable water source for the City of Douglas. The recommended alternative
is to eventually replace the pipeline when the maintenance costs for the AC pipeline exceed the
cost of a new pipeline. In the interim period the improvements recommended in section 3 above
should be performed.

E. Little Boxelder Spring Assessment
The first Safe Drinking Water Act (SOW A) Amendments were signed into law in July of 1986 with
the intention of strengthening the 1974 act. After the 1986 amendments, numerous rules and
regulations were proposed or implemented by EPA to implement the mandates of the SOW A
Amendments. The most significant impact on the spring could be its assessment as a groundwater
under--the direct influence (GWUDI) of a surface water. As part of the study a testing regiment was
started and the risk of the spring being classified as a GWUDI was evaluated.

Microscopic Particulate Analyses were performed on two samples. The samples submitted from
the Little Boxelder Spring were given scores of Zero and 5 points respectively, which indicate low
risk according to the EPA Consensus Method for Determining GWUDI. The samples were also
analyzed by the laboratory for Giardia and Cryptosporidium; neither of these organisms were
detected. Water samples were also tested to date the water using two processes. The processes
yielded very different results. One test concluded that the water was a very modern water less than
five to ten years old, indicating a surface water influence. The second test indicated that the age
of the water is approximately 1,620 years old. Based upon the varying results of the two tests, the
water flowing from the Little Boxelder Spring is probably a blend of old and young waters. The
younger waters being introduced from the local recharge areas and the older waters from the long
term storage in the acquifer.
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On the basis of the available information, the Little Boxelder Spring discharges groundwater that
apparently has sufficient residence time to be considered not under the direct influence of surface
water. However, this assessment should continue to be evaluated concurrently with the refinement
of source water protection areas and a comprehensive wellhead protection program. Additional
microscopic particulate analyses should also be completed during the year to track seasonal
variations.

F. Sheep Mountain Well Lightning Assessment
The Sheep Mountain Well Site has experienced electrical equipment damage, as well as system
down time, due to lightning strikes in the area. In the study, the potential for this type of damage
to the system was evaluated, several different corrective actions were investigated, and
recommendations were made to enhance the electrical systems at the site to protect it from further
damage due to lightning.

Grounding and bonding systems are an integral part of an effective lightning suppression system.
With the appropriate grounding system in place, transient voltage protection surge suppression can
be an..efficient method of protecting the electrical system from the effects of indirect lighting strikes
and voltage fluctuations. Finally, certified lightning protection systems can reduce the chances of
direct lightning strikes and minimize damage in the event of a direct strike.

The grounding and bonding systems at the site are marginal at best, and do not meet current
minimum requirements of either the National Electrical Code or the State of Wyoming Department
of Electrical Safety. Also, soil conditions at this site are not conducive to good grounding, and
these conditions are a contributing factor to the lightning induced damage which has occurred.
Therefore, in addition to upgrading grounding and bonding connections throughout the system, lowresistance (chemical) ground rods are recommended to enhance the grounding system at the site.

The existing secondary electrical systems have been provided with minimal surge protection, with
limited energy handling capacity, making the system susceptible to damage from nearby lightning
strikes. Therefore, a high-energy, transient voltage surge suppressor is recommended for the
secondary electrical service to the well building. Also, control and signal level surge protectors are
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recommended for the analog instrumentation devices in the well building, as well as for the remote
level transducer at the reservoir manhole.

There are no existing provisions for lightning protection at the site. Therefore, air terminal (lightning
rod) and lightning grounding/bonding systems are recommended for both the well building and the
water storage tank. These systems would conform to the Lightning Protection Institute guidelines,
as included in the National Fire Protection Association (NFPA) Codes.

G. Economic Analysis and Project Financing
The estimated cost for the project components are identified below. The table also identifies the
anticipated funding sources. Four project components were addressed:
•

The cost for replacing the spring transmission pipeline with a 12-inch diameter PVC pipeline,

•

The cost for replacing the spring transmission pipeline with a 16-inch diameter PVC pipeline,

•

The cost for repairing the existing AC pipeline including ARV's and cathodic protection, and

•

The cost for the lightning suppression system at the Sheep Mountain Well Site.

TabIEfES-3 addresses the impact of the project financing for the replacement of the spring pipeline
on water rates and the effect per Equivalent Dwelling Unit (EDU). The impacts of the AC pipeline
repairs and the lightning suppression system improvements were not analyzed.

The operational and maintenance costs for the spring transmission line were considered negligible
for the following reasons: 1) the City currently maintains the existing water line; 2) the new pipeline
will be in place of an existing pipeline of the same length and approximate size, and; 3) the newer
system should require less maintenance and fewer repairs.
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I
I Description

Table E5-2
Projected Funding Sources

I
Amount I
$3,990,000

12-inch Little Boxelder Spring Transmission Pipeline
WWDC Grant (50%)

$1 ,995,000

RUS Loan (5.25%, 25 Years)

$1,995,000

RUS Yearly Loan Payments wi 10% Reserve

$159,629

$4,860,000

16-inch Little Boxelder Spring Transmission Pipeline
WWDC Grant (50%)

$2,430,000

RUS Loan (5.25%, 25 Years)

$2,430,000

RUS Yearly Loan Payments wi 10% Reserve

$194,435

$140,000

AC Pipeline Repairs and Improvements
WWDC Grant (50%)

$70 ,000

WWDC Loan (7.25%, 10 Years)

$70,000

-

WWDC Yearly Loan Payment

Lightning Suppression System Improvements

$10,082

$34,280

WWDC Grant (50%)

$17,140

City of Douglas Matching Funds

$17,140
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Table ES-3
Impact of Project Components on Water Rates

Year 2000
(547.5 Million Gallons per Year, 2,857 EDU's)
Water Rate
($ per 1,000 gallons)

Rate Per EDU
($ per EDU per month)

Existing City Water Rate

$1.100

na

12-inch Little Boxelder Spring Transmission Pipeline

$0 .292

$4.656

16-inch Little Boxelder Spring Transmission Pipeline

$0 .355

$5 .671

Description

Year 2010
(605 .9 Million Gallons per Year, 3,156 EDU 's)
Water Rate
($ per 1,000 gallons)

Rate Per EDU
($ per EDU per month)

12-inch Little Boxelder Spring Transmission Pipeline

$0.263

$4 .21 5

16-inch Little Boxelder Spring Transmission Pipeline

$0.321

$5 .1 34

Description

Year 2020
(668.0 Million Gallons per Year, 3,486 EDU's)
Water Rate
($ per 1,000 gallons)

Rate Per EDU
($ per EDU per month)

12-inch Little Boxelder Spring Transmission Pipeline

$0.239

$3.816

16-inch Little Boxelder Spring Transmission Pipeline

$0.291

$4.648

Description

-
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