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1.0

INTRODUCTION

1.1

History and Project Background

Located approximately 25 miles east of Worland on U.S. Highway 16 in Washakie County,
Wyoming, the Town of Ten Sleep (Town) is currently served by two, flowing artesian Madison
Aquifer wells that provide adequate supply for the residential population of 454. Based on
original open flow test data, these wells are capable of supplying more than 4,000 gallons per
minute (gpm) of high quality water. While Town residents enjoy an abundant supply of this
water, the average daily water consumption is roughly 493 gallons per capita per day (gpcpd) or
155 gpm. This rate of consumption is roughly twice the average daily system use reported by the
Wyoming Water Development Commission in the 2002 Water System Survey Report. Although
these demands have yet to exceed system capacity, there have been instances where a significant
drop in pressure has been experienced when both the park and cemetery have been irrigated
simultaneously. A map of the Town and water system service area is shown on Figure 1.1.
During the Level I investigation, LA completed a master plan evaluation of the water supply,
transmission, and distribution systems. Based on this review, LA determined that the principal
problems associated with the water system appear to be the lack of sufficient water system
capacity to meet maximum daily demand during the summer months, system leakage estimated
at 50,000 to 66,000 gallons per day, the age of Ten Sleep No. 1, and the lack of sufficient aquifer
test data to estimate sustainable flows from Ten Sleep No. 2. To address these issues, LA
recommended the Town request funding from the Wyoming Water Development Commission
(WWDC) to complete a Level II investigation to further explore these issues and to finalize the
engineering design of the proposed water system alternatives.
1.2

Authorization and Purpose

Based on the Level I recommendation, the Town submitted an application to the Wyoming
Water Development Commission (WWDC) to fund a Level II study for a conceptual design of a
long-term, reliable water system. On June 1, 2003, Lidstone and Associates, Inc., (LA) entered
into a contract with the WWDC to provide professional services on behalf of the Level II Ten
Sleep Water Supply Project (the Project).
The purposes of this investigation have been to document the condition of Ten Sleep No. 1,
determine if possible through aquifer testing the sustainable yield of Ten Sleep No. 2, better
identify areas in the distribution system that require upgrades, develop preliminary designs for
storage, transmission, and treatment upgrades, and finalize the conceptual water system designs
previously completed.
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2.0

SUMMARY OF EXISTING SYSTEM

2.1

Water System Overview

Ten Sleep’s water source is the Madison Aquifer, which is exposed along the western slope and
uplands of the Bighorn Mountains in north central Wyoming. Ground water from this aquifer
flows under artesian pressure to the Town’s system from two wells. Pressure regulators are
required at both wells to reduce the wellhead pressure before entry into the distribution system,
and to prevent damage to home plumbing components. While none of the Town’s water users
are metered, McCrometer transmission line flowmeters were installed at Ten Sleep Nos. 1 and 2
in September 2002 and May 2002, respectively. In addition, there is currently no tank storage in
the system and no provision for disinfection.
Flow from the Madison Aquifer wells is distributed through the water system via a series of
transmission and distribution lines that were installed in the mid-1950s and late 1970s. Much of
the original distribution system from the 1950s appears to have been constructed using small
diameter galvanized iron (GI) pipe. The original system was installed shortly after the
installation of Ten Sleep No. 1. Several sections of the distribution system have been replaced
with polyvinyl chloride (PVC) pipe, but a fair portion of the original system remains and has
exceeded its design life. Figure 2.1 depicts the existing Ten Sleep water system.
Ten Sleep’s water system is operated on an on-demand basis. While pressure relief valves
(PRV’s) are used to reduce wellhead pressure and the flow from each well, artesian flows from
Ten Sleep Nos. 1 and 2 are piped directly to the water system. Transmission lines at the
wellheads are equipped with gate valves to control flow, but are generally left wide open to
provide flow on demand, and to fully pressurize the system at all times. In this scenario, Ten
Sleep uses the Madison Aquifer as its storage reservoir, and relies on well flows and whatever
storage is immediately available in the well bore and water system pipeline to meet existing
demand. Historically, Ten Sleep No. 1 has been used to provide the majority of the Town’s
water supply, despite the higher yield available from Ten Sleep No. 2.
2.2

Madison Aquifer Water Supply Wells

As mentioned previously, Ten Sleep’s water supply is exclusively produced from the Madison
Aquifer through two high capacity, flowing artesian wells. The following sections provide a
brief overview of each well’s as-built construction, yield, wellhead pressure, and water quality.
2.2.1 Ten Sleep No. 1
According to records obtained from the Wyoming State Engineer’s Office (WSEO), Ten Sleep
No. 1 was completed to a depth of 1,050 feet in the Madison Limestone and Darwin Sandstone
Member of the Amsden Formation, as shown on Figure 2.2. At a cost of $15,602.56, this well
was completed on February 2, 1955. The WSEO reports this well was constructed with four
casings that extend to land surface, as shown on Figure 2.2, but no details were provided
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regarding the diameters of boreholes used for each casing, or the types of annular materials used
to seal the well. The Madison Limestone and Darwin Sandstone production zone of this well is
uncased from a depth of 749 to 1,050 feet. The location of the well relative to the Town is
shown on Figure 1.1.
Ten Sleep No. 1 yields flowing artesian ground water from the Madison Aquifer. While roughly
52 gpm is derived from the Darwin Sandstone, the majority of water produced from this well, or
approximately 1,050 gpm, is obtained from the Madison Limestone. The static wellhead
pressure when the well was completed in 1955 was reportedly 135 psi. According to Libra and
others (1981), both the Darwin Sandstone and Madison Limestone in the well were tested on
February 2, 1955. The flow test on the Darwin Sandstone was conducted for an uncertain
duration of time to assess initial productivity. The test yielded 52 gpm with a drawdown of 265
feet for a specific capacity, or gallons per minute per foot of drawdown, of 0.2 gpm/ft. The flow
test on the Madison Limestone was also conducted for an unspecified duration, but yielded 1,100
gpm with a drawdown of 311 feet, for a specific capacity of 3.5 gpm/ft.
A year ago, LA conducted a stepped rate aquifer test of Ten Sleep No. 1 to evaluate the artesian
flow from the well under open discharge conditions, and estimate the current maximum yield.
Aside from the initial flow test conducted by the driller, no other aquifer test data are available.
The stepped-rate flow test of Ten Sleep No. 1 was completed on September 12, 2002, following
the initial recovery period when wellhead pressure rose to an approximate static level of 120 psi,
or roughly 277 feet above land surface. The well was flow tested at successively higher rates of
238, 551, and 725 gpm. The test revealed that the well is still capable of yielding moderate
artesian flows, and also indicated the specific capacity of the well has not diminished since well
construction in 1955. Most significantly, the stepped rate test revealed the sustainable yield of
this well is approximately 500 gpm based on short term testing.
During the Level I investigation, LA discovered information that seemed to indicate Ten Sleep
No. 1 was completed in both the Madison Limestone and Tensleep Sandstone, but only obtained
water from the Madison Limestone. Due to work on the wellhead in September 2002, LA
thought the isolation between the Tensleep and Madison Aquifers had been lost, and that the
inner casing may have fallen downhole to an uncertain depth. For these reasons and considering
its age, LA recommended a video survey of the well be completed to assess the overall condition
of this well.
2.2.2 Ten Sleep No. 2
Ten Sleep No. 2 was completed to a depth of 1,098 feet in the Madison Limestone according to
records obtained from the WSEO. Layne-Western Company (Layne) of Denver, Colorado,
drilled and completed the well between August 29 and September 22, 1978. Layne reportedly
constructed this well with 62 feet of 13.375 inch diameter surface casing and 860 feet of 8.625
inch diameter casing, both of which were cemented in place. The Madison Limestone
production zone of this well is uncased from a depth of 860 to 1,098 feet. The location of the
well relative to the Town is shown on Figure 1.1. The completion diagram for Ten Sleep No. 2
is presented in Figure 2.3.
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As with Ten Sleep No. 1, Ten Sleep No. 2 yields flowing artesian ground water from the
Madison Aquifer. The static wellhead pressure when the well was completed in 1978 was
reportedly 128 psi. Layne conducted a 24-hour open flow test of the well on September 21-22,
1978, to assess initial well yield. At the start of the test, the well yielded 3,900 gpm. However,
flow declined throughout the test and stabilized near 3,046 gpm with a total drawdown of 112
psi, or 258.72 feet, after 24 hours of uncontrolled open flow conditions. The specific capacity of
the well was calculated to be 11.8 gpm/ft.
To evaluate the artesian flow from Ten Sleep No. 2 under open discharge conditions, and
estimate the current maximum yield, LA conducted a stepped rate aquifer test of the well. Aside
from the initial flow test by Layne, no other aquifer tests had previously been completed on this
well. The stepped-rate flow test of Ten Sleep No. 2 was completed on September 12, 2002,
following the initial recovery period when wellhead pressure rose to an approximate static level
of 119 psi, or roughly 275 feet above land surface. The well was flow tested at successively
higher rates of 258, 476, 770, and 1,097 gpm. Stepped-rate flow testing of Ten Sleep No. 2
revealed that the well is still capable of yielding large artesian flows, and also indicated the
specific capacity of the well remains high. Due to the inherent limitations of utilizing the
existing transmission and distribution system, LA could not develop a reliable estimate of the
sustainable yield of this well.
2.3

Transmission and Distribution System

Because the water supply wells are located in such proximity to the distribution system, the
transmission lines for the Town extend only 160 feet from Ten Sleep No. 1 and 90 feet from Ten
Sleep No. 2. The lines tie directly into the distribution system at these distances from the wells.
The Town’s distribution system consists of two, four, six, eight, and ten inch diameter mains that
are connected to individual service connections throughout the water system. These existing
pipelines are made of various materials and are utilized in different lengths as follows:
approximately 2,430 linear feet (LF) are ten inch diameter PVC mains; 11,400 LF are eight inch
diameter PVC mains; 9,900 LF are six inch diameter PVC mains; 1,200 LF are four inch
diameter AC mains; and 6,900 ft are two inch diameter GI mains.
The GI and asbestos concrete (AC) mains appear to be more than 40 years old and were likely
installed shortly after the installation of Ten Sleep No. 1. John W. Donnell & Associates (1977)
estimated at that time that the two inch diameter GI and four inch diameter AC mains were over
20 years old. These lines are highly susceptible to leaks, thereby requiring a fair amount of
maintenance. Most of the PVC mains were installed in 1978 following the drilling and
construction of Ten Sleep No. 2. These pipelines appear to be in relatively good condition.
There are a total of 216 taps from these lines that service Ten Sleep’s residents. Line locations
are depicted on Figure 2.1, which illustrates the existing Ten Sleep water system.
Ten Sleep currently has a total of 236 taps on its water system, 198 of which are in Town taps
and 38 of which are out-of-town taps. Of the out-of-town taps, eight are in the Shriver Park
subdivision, which is located approximately one mile south of Town along Wyoming State
Highway 434, and 30 are located outside the corporate limits. Several residents, who live
outside the corporate limits approximately two miles south of the Shriver Park subdivision along
Highway 434, regularly fill water tanks for drinking water from a spigot at the Town Hall.
Lidstone and Associates, Inc.
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Due to the high artesian pressure of the Madison Aquifer near Ten Sleep, there is generally
sufficient pressure in the transmission and distribution system to satisfy the local residents.
Pressure regulating valves are required at both wells to keep distribution system pressures low
enough to prevent damage to the system and to home related plumbing components. While Ten
Sleep No. 1 wellhead pressures are reduced from 120/140 to 60/70 psi, Ten Sleep No. 2
pressures are reduced from 120/125 to 55/60 psi. During average usage periods, the Barton
Residence at the south end of Chinese Elm Alley frequently experiences low-pressure problems.
Several residents immediately west of Ten Sleep have reported low pressures during peak usage
periods.
Review of the Town’s system revealed there are an adequate number of fire hydrants around the
Town, which are well spaced within the Town’s limits. During the Level I study, the existing
fire hydrants were tested for leaks. No leaks were detected and the fire hydrants were generally
in good condition. For fire protection purposes, the Town has six fire trucks that are staffed by a
volunteer fire department. LA also previously attempted to locate most of the major valves in
the existing water system. Not all the valves that are shown on earlier drawings were found.
Located valves are shown on the drawing of the existing water system presented on Figure 2.1.
2.4

Water System Leakage

During the Level I investigation, LA subcontracted American Leak Detection (ALD) of Billings,
Montana, to conduct a leak detection survey in Ten Sleep during the week of October 21-28,
2002. The survey was performed by electronically testing all accessible valves, hydrants, and
curb stops for vibration indicative of leakage. Many curb stops were electronically located and
excavated for testing. Approximately 5.75 miles of main water lines were also surveyed for
leaks at six foot intervals using a ground vibration survey.
While no leakage was detected on the main lines, valves, or hydrants in Ten Sleep or in route to
the Shriver Subdivision, ALD estimated the total service leakage to be 30-46 gpm or 95-146
gpcpd. Considering the historic average per capita water use of Ten Sleep is 493 gpcpd,
approximately 19-30% of Ten Sleep’s water use may be attributable to system leakage. All 18
leak locations were identified to on site personnel and located on maps of the Town. On a
cumulative basis, ALD reported that 21-35 gpm of these leaks are associated with the customer’s
side of the curb stop.
Prior to ALD’s work, LA tested an isolated portion of the distribution system during the aquifer
testing of Ten Sleep No. 2 by closing valves and curb stops along Cottonwood and Sixth Streets.
The isolated configuration of the well and distribution system during the stepped rate test
revealed no significant leaks in this portion of the distribution system. While LA and Town
personnel closed valves and shut off curb stops, the gate valve on Ten Sleep No. 2 was left wide
open to allow free flow from the well. Once all the appropriate valves and curb stops had been
closed, the flow from the well dropped to zero with the gate valve wide open and no sounds of
flowing water were heard thereafter. Because the flowmeter is only capable of measuring flows
in excess of 90 gpm, it was clear that this portion of the distribution system along Cottonwood
Street from north of Fourth Street to the well is free of any major leaks.
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2.5

Water Quality

Ten Sleep is registered with the U.S. Environmental Protection Agency (EPA) as a community
Public Water System (PWS) serving 311 people. The PWS identification for Ten Sleep’s water
system is 5600203. As such an entity, Ten Sleep has established several sampling or monitoring
points in Town. These points include, but are not limited to, Ten Sleep Nos. 1 (WL01) and 2
(WL02), the Town Hall (SS01, SP01), the Town (DS01), and Kultz (SS02, SP02). Per EPA
requirements, Ten Sleep currently submits monthly samples for total coliform analysis from each
of 12 zones in Town. According to the EPA’s Safe Drinking Water Violation Report, Ten Sleep
has not been cited for any health-based water quality violations since at least 1993 despite the
lack of any treatment or disinfection. General historic water quality data for Ten Sleep Nos. 1
and 2 are shown in Table 2.1.
TABLE 2.1
Ten Sleep Nos. 1 and 2
Water Quality Comparison of Selected Analytes
Well No.
Analyte
Calcium
Magnesium
Sodium
Potassium
Bicarbonate
Carbonate
Sulfate
Chloride
Nitrate
Fluoride
TDS
Hardness
PH (s.u.)
Chromium
Iron
Lead
Copper
Notes:

Ten Sleep No. 1

Ten Sleep No. 2

EPA Drinking
Water
Standards

12/17/73
Water Sample

10/12/77
Water Sample

9/12/02
Water Sample

9/28/78
Water Sample

9/12/02
Water Sample

250
250
10.0
1.4-2.4
500

45
25
2.7
2.1
250
0
19
1.5
0.7
1.0
216
218
7.7
<0.01
0.03
<0.01
0.03

43
24
9.4
3.0
235
0
34
2.0
3.5
0.3
223
210
7.9
<0.1
-<0.1
--

47.0
25.2
3.3
1.9
231
<1.0
18.4
4.3
0.14
0.3
198
221
8.02
<0.05
<0.03
<0.001
<0.01

42
22
4.1
2.6
220
0
18
2.6
0.8
0.3
238
200
8.0
<0.01
-<0.01
--

49.4
26.8
3.4
2.2
244
<1.0
17.6
3.2
0.18
0.3
224
234
8.12
<0.05
<0.03
<0.001
<0.01

6.5-9.0
0.05
0.3
0.05
1.0

Results listed in mg/L unless noted otherwise.
-- Indicates no analysis conducted for analyte.
< Indicates analysis made, but analyte undetectable above concentration shown.

Review of the data presented in Table 2.1 reveals the calcium bicarbonate type water derived
from this well presents no corrosion threat to the well casing and minimal well yield reduction
potential. WATEQ analysis of the water samples collected in September 2002 revealed water
derived from both wells is slightly supersaturated with respect to calcite and dolomite, the
principal mineralogical components of the Madison Limestone. This analysis in combination
with hardness concentrations of 200-234 mg/l indicates water quality conditions in the well are
favorable for some deposition of calcite and dolomite along fractures and other exposed surfaces,
including the well casing and distribution system pipes. This assessment is corroborated by
Lidstone and Associates, Inc.
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Driscoll (1986) who indicated scale generally forms when water hardness is greater than 150
mg/l.
2.6

Land Use

In accordance with the State Land Use Planning Act of 1977 (W.S. 9-856), Washakie County
developed its own land use plan following guidelines established by the State Land Use
Commission. The Town of Ten Sleep lies within both the Ten Sleep Master Plan area and the
Ten Sleep Creek Land Use Advisory Area. The intent of the land use planners was to develop “a
process of defining and protecting natural resources and community values (Washakie County,
1980?).”
At least 16 land use policies related to community values and resources were adopted as part of
the Ten Sleep Creek Land Use Advisory plan. The most salient of these were prohibitions
against any development that would “decrease the present air and water quality [and be located]
in areas of known geologic hazards.” In addition, the plan indicated that “groundwater should be
used for local purposes only.” These are generally consistent with the Ten Sleep Master Plan,
which included at least 11 land use policies related to local development in the area. The most
interesting aspect of these policies is the urban limit line, which “delineated the area in which the
Town can reasonably extend their services.”
2.7

Water Ordinances

A review of water ordinances currently in place in Ten Sleep revealed the need for updates and
revisions to ensure proper maintenance of the system. While the Town’s ordinances pertaining
to water rates and tap fees have been updated, the most recent ordinance concerning operation
and maintenance is dated 1954. A proposed draft set of ordinances for Ten Sleep is presented in
Appendix A.
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3.0

WATER SYSTEM DEMAND

Reports of Ten Sleep’s water usage have widely varied over the last couple years primarily
because no daily or weekly meter records are available from 1994 to 2001, and because the
meters at each of the wells failed within the last eight years. As recently as the 2002 Water
System Survey Report to the WWDC, Ten Sleep reported average usage of 12,800 gallons per
day (gpd) or 32 gpcpd, and maximum usage of 20,000 gpd or 50 gpcpd. However, in a recent
survey completed for the WWDC Wind/Bighorn River Basin planning project, the Town
reported average usage of 200,000 gpd or 500 gpcpd, and maximum usage of 600,000 gpd or
1,500 gpcpd. Ten Sleep currently serves a population of 454 people. During the Level I
investigation, LA gathered all available electronic and paper records, and analyzed these records
accordingly in an effort to establish actual historic usage. The following sections detail the
results of our records review.
3.1

Historical Use

Records of the Town’s water usage are limited and incomplete. Detailed flowmeter records for
both wells are only available from January 1992 through early 1995. Regular flowmeter
readings for Ten Sleep No. 1 were resumed in July 2001, but were halted in August 2001 when
the flowmeter stopped functioning. The flowmeter in Ten Sleep No. 2 failed in December 1994.
Flowmeters in Ten Sleep Nos. 1 and 2 were replaced in September 2002 and May 2002,
respectively.
Available water meter and usage data from 1990, 1992-1995, and 2002-2003 were compiled into
Table 3.1, and revealed the average usage for Ten Sleep has been 223,815 gpd or 493 gpcpd.
Peak usage prior to 2003 was determined to be 519,500 gpd or 1,144 gpcpd. Although Ten
Sleep Nos. 1 and 2 are metered, there are currently no meters on the Town’s 216 taps. Leak
detection is, therefore, not possible as an ongoing process.
3.2

Current Water Demand and Billing Rates

Based on flowmeter data collected between January and June 2003, LA estimated the present
water demand for Ten Sleep averages 214,481 gpd or 472 gpcpd, and peaks at 1,148,400 gpd or
2,530 gpcpd, as shown in Table 3.1. Comparison of current and historic average water usage
reveals current demands are roughly 4.2% lower than the historic average demand despite
virtually no change in the service area population of Ten Sleep. These figures, however, may not
reflect average daily demand for the year, as they were only collected during the first half of the
year. Due to the fact that water consumption varies hourly, daily, and seasonally particularly in
smaller communities, the following long term average water usage values were used to calculate
peak hourly water demand:
 Average daily water usage……………………………223,815 gallons
 Average gallons per person per day………………….493 gallons
 Average gallons per minute…………………………..155 gpm
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TABLE 3.1
Historic Water Usage of Ten Sleep
YEARLY AVERAGE DATA

MAXIMUM DAILY USAGE

Year

Total Gallons
Per Day

Gallons Per
Day Per
Person6

GPM

Total
Gallons Per
Day

Gallons Per
Day Per
Person6

GPM

19901

265,753

585

185

N/A

N/A

N/A

1992

231,260

509

161

486,600

1,072

338

1993

254,989

562

177

504,571

1,111

350

2

1994

219,363

483

152

390,785

861

271

20013

205,374

452

143

N/A

N/A

N/A

20024

175,483

387

122

519,500

1,144

361

5

2003

214,481

472

149

1,148,400

2,530

798

Average for
all
available
data

223,815

493

155

609,9717

1,3437

4247

Notes:

1

Data for 1990 are from WSEO records and are reported as totals for the year. No daily meter records
are available.
2
Daily data only available from January through May 1994 for both wells; next meter readings taken in
December 1994. Ten Sleep No. 2 meter stopped functioning in December 1994.
3
These figures are estimated from the total flow from Ten Sleep No. 1 between December 1994 and
July 2001. No daily meter readings were recorded for that well during that period; in 2001 only one
reading was recorded in July for both wells; Ten Sleep No. 1 meter stopped functioning in August 2001.
4
New meters installed at Ten Sleep No. 2 in May 2002, and at Ten Sleep No. 1 in September 2002.
These data reflect water usage from September 10 through December 20, 2002, when both meters
were in operation.
5
Data reflect water usage between January 3 and June 30, 2003.
6
Based on a service area population of 454 residents. U.S. Census Bureau records indicate population
of Ten sleep was virtually unchanged between 1990 and 2000.
7
Average maximum daily use for years with available data shown in rows above.
N/A – Not available or not applicable.

Comparison of the long term average and average historic maximum daily water usage reveals
the maximum daily use is approximately 2.7 times the average daily use. This difference is
slightly above the Wyoming State average, which ranges from 2.0 to 2.5, for comparably sized
Towns. Assuming peak hourly demand is four times the daily average, Ten Sleep has a peak
hourly demand of 1,972 gpcpd or 621 gpm, well below Ten Sleep’s adjudicated water right of
850 gpm. For comparison, Table 3.2 presents average and peak uses for metered towns in the
Bighorn Basin based on the 2002 WWDC Water System Survey Report.

Lidstone and Associates, Inc.
December 10, 2003
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TABLE 3.2
Water Use For Bighorn Basin
Town

Population

Average
Daily Use
(gpcpd)

Average Daily
Use (gpd)

Peak Daily
Use
(gpcpd)

Peak Daily
Use (gpd)

Basin

1,200

250

300,000

850

1,000,000

Meeteetse

415

136

30,000

1136

250,000

Worland

6050

200

1,500,000

465

3,500,000

Greybull

3,200

450

835,000

1200

1,728,000

Bighorn Basin Averages

259 gallons per person per
day

913 gallons per person per
day

Ten Sleep currently has a total of 236 taps on its water system, 198 of which are in town taps and
38 of which are out-of-town taps. Of the out-of-town taps, eight are in the Shriver Park
subdivision, which is located approximately one mile south of town along Wyoming State
Highway 434, and 30 are located outside the corporate limits. Several residents, who live
outside the corporate limits approximately two miles south of the Shriver Park subdivision along
Highway 434, regularly fill water tanks for drinking water from a spigot at the town hall.
Compared to other water utilities in Wyoming, Ten Sleep’s water rates are very low. Currently,
Ten Sleep charges its consumers the following water rates for unlimited use:
 Residents within the town:
 Commercial facilities within the town
 Out-of-town residents:

$12.00 per month
$15.00 per month
$16.00 per month

For comparison, Cheyenne currently charges a flat rate of $3.40 per month, plus $2.34 per
additional 1,000 gallons. With a population of 600, Byron charges a base rate of $16.00, plus
$2.00 per additional 1,000 gallons. The average bill for 20,000 gallons of water in Wyoming is
$38.67. Given Ten Sleep’s current water use, a family of four would have a monthly water bill
of approximately $114.39 if the Town billed according to the average method in Wyoming.
Historically, lower water costs have resulted in higher consumptive use rates. Table 3.3 below
presents average water bill amounts for Bighorn Basin towns, based on the 2002 WWDC Water
System Survey Report.
TABLE 3.3
2002 Average Water Bills For Bighorn Basin Towns
Town

Average Water Bill

Bill for 20,000
Gallons

Basin

23.50

35.50

Meeteetse

25.00

67.00

Worland1

20.70

33.90

Greybull

26.45

N/A

1

Lidstone and Associates, Inc.
December 10, 2003
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Currently, Ten Sleep sells water on an as needed basis to the Pepsi plant in Worland. The town
charges Pepsi $20.00/1,000 gallons and uses the additional revenue to repair and upgrade the
water system. The recent upgrade of the wellhead plumbing on Ten Sleep No. 1 and installation
of flowmeters at Ten Sleep Nos. 1 and 2 was funded through this revenue.
3.3

Conservation and Future Demand

Based on the ALD survey, between 95 and 146 gpcpd of water is lost due to leakage. If
appropriate repairs were made, Ten Sleep’s average daily use could be reduced to approximately
372 gpcpd. If in addition to repairing known leaks, the Town were to implement conservation
measures by metering the system, average daily use would drop to an estimated 298 gpcpd.
Although this usage is still slightly above the state average, it is much more comparable to other
towns in the Bighorn Basin.
Based on the moderate growth estimate of 3% for a 30-year planning horizon developed during
the Level I study, the projected service area population would be at 496 people in 2032.
Assuming that average daily, maximum, and peak usage will increase proportionately with
population, LA anticipates the future demand will be as shown in Table 3.4. Based on these
projections, the existing wells will likely still be capable of meeting the new demands for the
residential usage.
TABLE 3.4
Future Water Demands For Ten Sleep in 2032
Water Use Profile

Projected Ten Sleep
Water System Usage1

Minimum WDEQ
Requirements

Projected Ten
Sleep Water Usage
with Conservation1

Average Daily Per Capita Use

493 gpcpd2

125 gpcpd

298 gpcpd

Average Daily Water Demand

170 gpm

43 gpm

103 gpm

Average Total Daily Water Use

244,528 gpd

62,000 gpd

147,808 gpd

Maximum Daily Water Use

611,320 gpd3

155,000 gpd3

369,520 gpd3

Maximum Daily Per Capita Use

1,232 gpcpd

340 gpcpd

745 gpcpd

Peak Hourly Demand

679 gpm3

172 gpm3

412 gpm3

Notes:

1

Future demand estimated on the basis of a service area population of 496 people.
Estimates assume current per capita usage continues in the future.
3
Assume maximum daily demand equals 2.5 times average daily and peak hourly averages
4 times average daily demand.
2

Lidstone and Associates, Inc.
December 10, 2003
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4.0

WATER SUPPLY EVALUATION

The preceding sections summarized the findings of our Level I investigation into the existing
water system for Ten Sleep. LA’s review of the water system revealed several existing water
supply issues that required further evaluation under the present study. These issues include:



The age and condition of Ten Sleep No. 1, which was originally completed more
than 48 years ago and has surpassed its original design life.
The lack of aquifer test data on Ten Sleep No. 2 from which a reasonable
sustainable yield from this well could be ascertained.

The purpose of this section is to review the issues with these wells and present the results of our
current investigation.
4.1

Well Video and Evaluation of Ten Sleep No. 1

Due to the age and complex completion of Ten Sleep No. 1 shown on Figure 2.2, LA
recommended in the Level I study that the Town further evaluate this well to assess its current
condition and establish a timeline for its eventual replacement. Ten Sleep No. 1 was originally
completed more than 48 years ago on February 2, 1955 and has surpassed its original design life.
While recent work on the well in September 2002 revealed the near surface well casing was in
reasonably good condition, it also revealed the interior five inch casing slipped downhole during
cutting operations. While the outer 8 5/8 and 6 5/8 inch casings were pinned together at that
time, the five inch casing was not attached to one of the other casings.
To assess the current physical condition of Ten
Sleep No. 1, LA subcontracted Layne Western
(Layne) of Denver, Colorado, to conduct a video
survey of the well. Upon assembly of the wireline
lubricator shown on Figure 4.1, Layne completed
the video survey of the well within two hours on
July 22, 2003. During the survey, the wireline
lubricator permitted very little artesian flow from the
well and effectively shut in the well such that the
video camera could be lowered into the well.

Figure 4.1: Photograph of wireline
lubricator and wireline for video camera set up
on Ten Sleep No. 1 for the well video on July
22, 2003.
Lidstone and Associates, Inc.
December 10, 2003

Comparison of the well video with the as-built well
diagram shown on Figure 2.2 revealed that for its
age, the well casing is in very good condition.
While odd lengths of five-inch diameter threaded
casing were used to complete the well, LA did not
observe any serious breaks, corrosion, or any other
signs of obvious wear that would dictate immediate
replacement of this well. With respect to the
position of the five-inch diameter casing, it was
clear from the video at a depth of approximately five
feet below the top of the blind flange at the wellhead
16
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that it had only negligibly slipped downhole, and appeared to be essentially even with the
exterior 6 5/8 casing which had also been cut. A picture of its current position is shown on
Figure 4.2. The bottom of the five-inch diameter casing was located at a depth of 747.5 feet,
roughly at the position reported on the original 1955 completion report.
The open hole portion of Ten Sleep No. 1 was in similarly good condition and revealed that the
productivity of this well is primarily dependent upon permeable fractures in the Darwin
Sandstone and Madison Limestone. Over the course of the Darwin Sandstone, LA observed
numerous vuggy zones, horizontal and vertical fractures, and several voids that are depicted on
Figure 4.3. Similarly, the Madison Limestone portion of the hole was riddled with horizontal
fractures and vuggy zones. LA observed the large cavity shown in Figure 4.4 at the bottom of
hole at 1,035.5 feet, or roughly 15 feet above the hole bottom depth reported on the original well
completion report. Despite the fill in the hole, this well remains extremely productive.
In addition, LA recommended the Town further evaluate the well to assess the potential for water
from the Madison Aquifer to be lost to the Tensleep Aquifer. Due to conflicting reports over the
completion of this well and the work completed in September 2002, LA speculated in the Level I
report that artesian flow and pressure from the Madison Aquifer could be lost to the Tensleep
Aquifer through this well. Cooley (1986) reported the well was a dual completion in the
Madison Limestone and Tensleep Sandstone prior to the work completed in September 2002.
However, once Municipal Supply installed the gate valve on the 8 5/8 inch diameter casing, the
isolation between the Tensleep and Madison Aquifers that had reportedly been maintained
through the different casings appeared to have been lost. Due to the lack of information
regarding the types of and depths at which annular materials were used to seal the well, it was
impossible to determine the extent of any aquifer interconnection through the well.
To assess whether the recompletion of the wellhead adversely impacted the artesian flow and
pressure from this well, LA obtained data collected by the Town since September 2002. As
shown on Figure 4.5, Ten Sleep No. 1 does not appear to have been negatively impacted as a
result of the reconfiguration of the wellhead. Static wellhead pressure data clearly lie within the
historic range reported for this well since data were first collected from this well in 1972.
Because Ten Sleep No. 1 is in very good physical condition, still yields excellent artesian flows,
and does not appear to be losing water to the overlying Tensleep Aquifer, LA recommends the
Town postpone replacement of this well.
4.2

Aquifer Testing of Ten Sleep No. 2

LA completed a stepped rate aquifer test on Ten Sleep No. 2 during the Level I investigation, but
could not fully assess the yield of this well under open flow conditions due to limitations
associated with the Town’s existing transmission and distribution systems. Utilizing the existing
system, two fire hydrants, and two 2.5 inch diameter fire hoses, LA tested the well at rates up to
1,097 gpm. This discharge, which was attained with the gate valve wide open, represented the
maximum artesian flow of the well under flowing conditions at the time of testing through
existing infrastructure.

Lidstone and Associates, Inc.
December 10, 2003
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Figure 4.2: This picture depicts the
current configuration of three well casings in
Ten Sleep No. 1. Beyond the light probe,
which is centered in the picture, one can
easily identify the sawcuts on the 8 5/8, 6 5/8,
and 5 inch diameter casings in the well.
Observe that they are all present at about the
same depth with little if any offset downward.
Note that the number in the center of the
photograph indicates the depth at which the
picture was taken.

Figure 4.3: This void at 837.4 feet
below the top of the wellhead of Ten Sleep
No. 1 was encountered in the Darwin
Sandstone. Voids similar to this, horizontal
and vertical fractures, and vuggy zones
were encountered in both the Darwin
Sandstone and the Madison Limestone.

Figure 4.4: This picture of the top of the
void encountered at 1,034.7 feet in the
Madison Limestone represents the current
bottom of Ten Sleep No. 1. Below this point
lies approximately 15 feet of fill material. It was
from this depth that the driller reported in 1955
that no more hole could be made due to the
“huge flow of water” from this zone.

Lidstone and Associates, Inc.
December 10, 2003
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Town of Ten Sleep
Measured Wellhead and System Line Pressures
of Well No. 1 and Water Distribution System
160

Figure 4.5:
Wellhead and
distribution system
pressures for Ten
Sleep No. 1 from
1971 through 2003.
Notice that while
wellhead pressures
have fluctuated on a
seasonal and short
term basis, there has
been no appreciable
change in wellhead
pressures since the
reconfiguration of
Ten Sleep No. 1
wellhead piping.
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Static wellhead pressure at time of completion
on April 19, 1955 was reportedly 135 psi.
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4.2.1

Stepped Rate Testing

To finish evaluating the artesian
flow
and
estimate
the
sustainable yield from Ten
Sleep No. 2, LA conducted
stepped and constant rate
aquifer tests of the well in July,
2003. For testing purposes, LA
subcontracted Layne to open
flow test the well in isolation
from the transmission and
distribution system for the
Town. As shown on Figure 4.6,
Layne installed approximately
500 feet of 12 inch diameter
pipeline at the wellhead to
divert ground water discharged
from this well onto Anderson’s
field located north of the well.
Prior to pipe installation, the
Town obtained verbal consent
from Anderson to discharge into
his field.
The discharge
manifold adjacent to the
wellhead, shown on Figure 4.7,
Lidstone and Associates, Inc.
December 10, 2003

Figure 4.6: This picture of Ten Sleep No. 2 was taken during aquifer testing to
illustrate the discharge pipeline configuration. Ground water from this well piped to the
north and discharged into Anderson’s field. Notice the locations of the flowmeter and
gate valve in the pipeline on the left hand side of the photo.
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was comprised of 12 inch diameter
pipeline, a gate valve, an inline
flowmeter, and a ¼ inch diameter
access port for a pressure transducer.
Gate valves at the wellhead and in the
12 inch pipeline outside the wellhouse
were used to control flow from the
well during the test. Discharge rates
were monitored with a 12 inch
diameter,
analog,
totalizing
McCrometer flowmeter. During the
stepped-rate flow test, wellhead
pressures in Ten Sleep No. 2 were
measured with a pressure gauge and a
Hermit 3000 datalogger and
Figure 4.7: For aquifer testing purposes, LA and Layne installed 12 inch
pressure transducer.

diameter discharge pipeline to the wellhead. This pipeline configuration permitted
the completion of the open flow testing of the well up to its maximum discharge.

The stepped-rate flow test of Ten Sleep No. 2 was completed on July 23, 2003, following the
installation of the wellhead piping and wellhead pressure recovery. The well was flow tested at
successively higher rates of 1,050, 1,450, 1,900, 2,350, and 2,730 gpm. No attempt was made to
maintain discharge rates after the first several minutes of each step. The highest discharge,
which was attained with the gate valve wide open, represents the maximum discharge of the well
under uncontrolled flowing conditions. Results of the stepped rate tests from 2002 and 2003 are
summarized numerically in Table 4.1, and time drawdown data for the test are presented
graphically on Figure 4.8. Wellhead pressures for each step were measured and recorded on a
logarithmic time schedule. Drawdown, s, in the well was plotted versus time for each step, and
specific capacities, Sc, at the end of each step were calculated to evaluate the yield of the well.
TABLE 4.1
Ten Sleep No. 2
Stepped-Rate Flow Test Summary
Elapsed Time
(min)

Discharge
(gpm)

30
30
30
60
30
60
30
30
30

258
476
770
1,050
1,097
1,450
1,900
2,350
2,730

Lidstone and Associates, Inc.
December 10, 2003

Wellhead
Pressure
(psi)
117.5
114.5
109
91.26
99
78.11
60.53
32.69
7.0

20

Drawdown
s
(ft)
3.47
10.40
23.10
51.79
46.20
82.95
123.56
187.87
247.21

Sc
(gpm/ft)
74.4
45.8
33.3
20.3
23.7
17.5
15.2
12.5
11.0
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Town of Ten Sleep
Stepped Rate Aquifer Test
Ten Sleep No. 2
September 12, 2002, & July 23, 2003
0

Drawdown (ft)

50
Q = 258 gpm
Q = 476 gpm
Q = 770 gpm
Q = 1,050 gpm
Q = 1,097 gpm
Q = 1,450 gpm
Q = 1,900 gpm
Q = 2,350 gpm
Q = 2,730 gpm

100
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200

250
0.1

1

10

100

Time (min)

Figure 4.8: Time drawdown data for the stepped rate test of Ten Sleep No. 2 conducted on
September 12, 2002, and July 23, 2003. The last step of this test represents the maximum discharge of the
well under uncontrolled open flow conditions.

The first two steps lasted 60 minutes and the last three steps lasted only 30 minutes. While the
second, fourth, and fifth steps immediately followed the previous step such that there was no
recovery of wellhead pressure, the well was shut in ten minutes into the third step when the
flowmeter indicated zero flow. Layne and LA discovered upon disconnecting the pipeline near
the meter that a fist-sized piece of ¼-inch thick limestone had jammed the impellers when it
became lodged against the pipe wall. Upon reconnecting the pipe, LA verified the operation of
the flowmeter by comparing flows and wellhead pressures from a previous step, and then
continued the test. Shorter steps were taken as a means to obtain the data and limit any
disruption to the well. At the end of the final step, the well was shut-in and wellhead pressure
was allowed to recover and monitored overnight via the pressure transducer. Original data for
this aquifer test are included in Appendix B.
Stepped-rate flow testing of Ten Sleep No. 2 conducted in 2002 and 2003 revealed the well is
still capable of yielding large artesian flows, but also indicated the efficiency of this well has
declined slightly since well construction in 1978. As shown on Figure 4.9, the specific capacity
of the well has diminished since construction. This reduction may be partly due to the fact that
this well has not been used to its full capacity since that time. During the test and at rates of
2,000 gpm and more, LA observed carbonate debris emanating from the well as though it were
being redeveloped. Regardless, aquifer testing of this well revealed the sustainable yield of Ten
Sleep No. 2 may be between 1,000 to 1,500 gpm based on short term testing.
Lidstone and Associates, Inc.
December 10, 2003
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Town of Ten Sleep
Ten Sleep No. 2
Specific Capacity Curve Comparison
0

Figure 4.9:
Specific capacity
curve data for Ten
Sleep No. 2 from
1978, 2002, and
2003. Notice that all
discharge points
generally fall along
the same line
suggesting that the
efficiency of this well
has not significantly
declined since 1978.
Based on these
data, it appears the
sustainable yield of
this well is between
1,000 and 1,500
gpm.
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4.2.2

Constant Rate Testing

Following wellhead pressure recovery from the stepped rate test, LA conducted a constant rate
flow test of the well to evaluate the sustainable yield estimated from the stepped rate test. For
this test LA utilized the same pipeline configuration, data collection methods, and discharge area
that were used during the stepped rate test. The test was started at 07:00 on July 24, 2003, and
conducted for 24 hours. Results of the test are summarized in Table 4.2 and original aquifer test
data are included in Appendix B.
TABLE 4.2
Ten Sleep No. 2
Constant Rate Flow Test Summary
Elapsed
Time
(min)
0
10
60
120
540
720
1,020
1,440

Discharge
(gpm)
0
1,600
1,583
1,575
1,534
1,509
1,485
1,460

Lidstone and Associates, Inc.
December 10, 2003

Wellhead
Pressure
(psi)
109.46
75.26
72.61
71.43
70.19
69.46
67.97
66.64

Drawdown
s
(ft)
0
78.86
84.98
87.71
90.57
91.80
95.70
98.77
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Sc
(gpm/ft)
-20.3
18.6
17.9
16.9
16.4
15.5
14.8

Ten Sleep No. 1
Wellhead
Pressure (psi)
64
-64
64
75
60
-55

Ten Sleep No.
1 Discharge
Rate (gpm)
--385
353
355
402
-318
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Based on results summarized in this table, the constant rate testing of Ten Sleep No. 2 revealed
the well will not sustain a continuous flow rate of 1,600 gpm. The test also indicated that rates
of 1,600 +/- 100 gpm could be sustained for periods of up to ten hours with only minor residual
drawdown effects, as shown on Figure 4.10. Such discharges would easily fill the proposed
storage tank within only three to four hours. Perhaps most interesting, the highly variable and
wide ranging wellhead pressure of Ten Sleep No. 1 under relatively constant discharge seems to
suggest Ten Sleep Nos. 1 and 2 operate independently. However, additional testing would need
to be conducted with Ten Sleep No. 1 offline to confirm that phenomenon.
Town of Ten Sleep
Constant Rate Aquifer Test
Ten Sleep No. 2
July 24-25, 2003
0
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Figure 4.10: Time drawdown data for the constant rate test of Ten Sleep No. 2 conducted
on July 24-25, 2003. Notice that the drawdown of this well never stabilized while the well
discharge continually declined during the test. The implication is that this well cannot sustain its
initial open flow rate for more than a few hours at a time.

4.3

Replacement Well Siting

To identify potential suitable replacement well sites for the Town, LA conducted a well siting
investigation of the area. This assessment involved the review of well completion reports on file
with the Wyoming State Engineer’s Office, oil and gas well reports on file with the Wyoming
Oil and Gas Conservation Commission, local property ownership, aerial photographs, geologic
and hydrogeologic reports, seismic geophysical data, potentiometric maps, and water quality
data.
Lidstone and Associates, Inc.
December 10, 2003
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Based on our review of the available data, it appears that replacement wells for both Ten Sleep
Nos. 1 and 2 could be drilled and completed successfully at a location offset close to each
existing well. Figure 4.11 provides details on other high yielding wells in the vicinity of Ten
Sleep and it is obvious from this map that drilling to the Madison Aquifer north of Ten Sleep
Fault is the best option to replace either well. An 1,100-foot deep replacement well completed
with 8 5/8 inch diameter casing grouted into the top of the Madison Limestone would likely yield
a good redundant supply well that would be serviceable for 30 years or more. A conceptual
design of this well would be very similar to that of Ten Sleep No. 2.

Lidstone and Associates, Inc.
December 10, 2003
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5.0

STORAGE AND TRANSMISSION ALTERNATIVES

LA recommends installation of a storage tank to improve Ten Sleep’s existing transmission and
distribution systems. Currently, water from the Madison Aquifer flows under artesian pressure
from two wells directly into the Town’s system. Pressure regulators are required at both wells to
reduce the wellhead pressure before entry into the distribution system, thereby preventing
damage to home plumbing components. Currently, the system does not have provisions for
either storage capacity or disinfection.
The primary incentives for installing a storage tank are to offset well yield requirements during
maximum demand periods, to provide system balance and limited redundancy if a well were to
fail, and to provide fire protection. WDEQ requirements for water systems serving an average
daily demand of 50,000 to 500,000 gallons are to provide storage for the average daily demand
plus fire storage, as established by the local fire agency or Fire Marshall.
In addition to increasing storage capacity, a storage tank will benefit the system in terms of
pressure equalization. While the current system generally has sufficient pressure to satisfy the
local residents, the Barton residence at the south end of Chinese Elm Alley frequently
experiences low pressure problems during average usage periods. In addition, several residents
immediately west of Ten Sleep have reported low pressures during peak usage periods. The
installation of a storage tank will not only aide in achieving system-wide pressure balance, but it
will also eliminate the need for pressure regulators currently in place at both wells.
The WDEQ requires disinfection treatment with the addition of a storage tank per Section 13 (a),
(xi) of Chapter 12. While it is possible to chlorinate at the well site, it is difficult to avoid the
slug effect, whereby residents located closest to the source are served with water having higher
chlorine concentrations than those located farther down the distribution line. The addition of a
storage tank with an isolated transmission line allows for chlorination with proper contact time,
ensuring consistent, high-quality water throughout the system.
5.1

Proposed Storage Tank Size

Based on the review of WDEQ storage requirements presented in the Level I Master Plan, LA
recommends a storage tank capacity of 300,000 gallons. While this tank would not be sized for
fire flows for insurance purposes, it will ensure that the Town has large volumes of water
available in the event of a fire. A 300,000 gallon tank will be capable of containing one day of
storage under the current and projected average daily use. If conservation measures were in
place and an average daily use of 298 gpcpd were achieved, two days supply of water could be
contained in the tank.
The addition of a storage tank will also ensure adequate system pressure during periods of high
demand. This size tank is less costly, and as the Town’s needs grow, an additional 200,000
gallon tank could be added at a later date. The advantage of having two tanks in operation is
redundancy, which would allow one tank to be taken offline for service or repairs, without
causing an interruption to service.

Lidstone and Associates, Inc.
December 10, 2003
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5.2

Storage Tank Material Alternatives

The two primary tank materials to be considered are steel and concrete. Factors involved in
material selection include capital cost, life cycle cost, aesthetics, water quality, and owner
preference. When considering costs, steel has a lower capital cost than concrete. However,
concrete tanks typically have a lower life cycle cost because recoating is unnecessary. Steel
tanks, on the other hand, require repainting approximately every 15 years. Steel tanks are also
more susceptible to damage resulting from vandalism. While steel tanks were researched as part
of this Level II analysis, a concrete tank is recommended due to the lower maintenance issues
and costs. Table 5.1 presents a cost comparison for steel and concrete tanks.
Concrete tanks can either be reinforced or prestressed wire wrapped. Typically for tanks of
300,000 gallons or less, reinforced tanks are less expensive. Based on Ten Sleep’s storage
requirement of 300,000 gallons, either a reinforced or wire wrapped tank may be chosen. If the
Town elects to install a tank, a cost-benefit analysis can be performed as part of a Level III
investigation to determine the appropriate tank material and construction method.
TABLE 5.1
Steel and Concrete Storage Tank Cost Comparison
Above Ground Welded Steel Storage Tank Option
300 gal Tank with Foundation
Tank Maintenance:
Repainting 15 yrs
Repainting 30 yrs
Repainting 45 yrs
Repainting 60 yrs
Repainting 75 yrs

500 gal Tank with Foundation

$195,000
Recoat Totals
$34,400
$34,400
$34,400
$34,400
$34,400

Total Cost

$172,000

Tank Cost
Present Worth Repainting Cost
Total Cost

$195,000
$42,516
$237,516

Present Worth Tank Maintenance:
Repainting 15 yrs
$19,530
Repainting 30 yrs
$11,088
Repainting 45 yrs
$6,295
Repainting 60 yrs
$3,574
Repainting 75 yrs
$2,029

$245,000
Recoat Totals
$47,500
$47,500
$47,500
$47,500
$47,500

Present Worth
$26,967
$15,310
$8,692
$4,935
$2,802

Total Cost

$237,500

$58,706

Tank Cost
Present Worth Repainting Cost
Total Cost

$245,000
$58,706
$303,706

$42,516

Above Ground Pre-stressed Wire Wrapped Concrete Storage Tank Option

300 gal Tank with Foundation

$420,000

500 gal Tank with Foundation

$550,000

Above Ground Reinforced Concrete Storage Tank Option

300 gal Tank with Foundation

$390,000

500 gal Tank with Foundation

$510,000

Assumptions:
Life of Tank is 75 Years
Present Worth Calculations Assumes 8% Annual Interest Rate and 4% Annual Inflation Rate
Site Soils have Adequate Bearing Pressure
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5.3

Storage Tank Location Alternatives

LA is proposing three storage tank location alternatives to provide the Town with increased
overall water system capacity. These tank sites are presented on Figure 5.1. All of these
locations provide sufficient elevation to adequately pressurize the system and facilitate gravity
feed to the distribution system. The northern tank sites allow the opportunity for an isolated
transmission line. This is important advantage due to the proposed treatment requirement
pending enactment of the future EPA Ground Water Rule, and water stagnation concerns. In
addition, a tank in front of the distribution system will allow for “tank turnover.” Tables 5.2, 5.3,
and 5.4 present cost estimates associated with the following tank site locations:
B.

Sutherland Knob (A)

This site is preferred due its proximity to the wells, which would require a shorter and
more economical isolated transmission line. Due to the fact that this site is located on
private land, there will be no federal or state permitting requirements. As discussed
above, an isolated transmission line will allow for chlorination at the storage tank where
proper contact time can be achieved. The landowners, Jim and Martha Sutherland, are
currently not interested in providing an easement and/or allowing the purchase of this
land, however, they have allowed room for negotiation with the Town. For this location
to become a feasible option, the Town will need to discuss this issue with the landowners
and coordinate negotiations accordingly.
Soils at this location consist of Neville Spearfish Rock Outcrop Association, which
typically occur on fans, ridges, hills, and escarpments with slope between one and 45
percent (Iiams, 1983). These soils are moderate to well drained with a moderate to high
hazard of water erosion. Geotechnical hazards associated with these soils include soil
collapse due to the presence of easily dissolvable gypsum. A foundation investigation at
this site is recommended prior to design and construction of the tank.
C.

BLM Location (B)

In the event that an agreement with the Sutherlands cannot be reached, a northern
alternative exists on nearby Bureau of Land Management (BLM) land. This site is
located to the northeast of the Sutherland Knob. It is recommended that a pipeline to this
location follow County Road 54 north and then east to the site as shown on Figure 5.1.
By following this route, the Town will avoid crossing through private property, which
would require additional easement negotiations. While a tank located at this site will
require longer pipe lengths, an isolated transmission line may still be economically
feasible. Therefore, this location has similar advantages to the Sutherland Knob.
If this site is chosen, the Town must contact the BLM and apply for a Special Use Permit.
An Environmental Assessment (EA), which addresses National Environmental Policy
Act (NEPA) Requirements, may be required as part of the Special Use Permit application
process. The Permit must also address the tank location, transmission line, and
permanent access road for tank and line maintenance. A cultural resources survey and
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TABLE 5.2
Cost Estimate for Storage Tank at Site A
Item
Estimated Quantity Unit Price
Unit
Mobilization
LS
1
$50,000.00
New 8 in. Transmission Line
from Well 1 to Well 2
LF
1709
$24.00
New 8 in. Transmission Line
from Well 2 to Tank w/ Return
Line in Same Trench
LF
3073
$35.00
300,000 gal Concrete Tank
1
and Foundation
LS
1
$420,000.00
Fittings
LS
1
$20,000.00
Telemetry Building
LS
1
$20,000.00
Telemetry / Power Supply
LS
1
$20,000.00
Chlorination Equipment
LS
1
$15,000.00
SUBTOTAL (1)
ENGINEERING 10% of SUBTOTAL (1)
SUBTOTAL (2)
CONTINGENCY @ 15% OF SUBTOTAL (2)
TOTAL CONSTRUCTION COSTS
SURVEYING
GEOTECHNICAL
LEGAL COSTS
PRIVATE LAND EASEMENT-TANK LOCATION
PRIVATE LAND EASEMENT-TRANSMISSION LINE WELL 1 TO WELL 2
PERMITTING COSTS
FINAL PLANS/SPECIFICATIONS
TOTAL COST
1
300,000 gal Steel Tank would cost $195,000

Cost
$50,000.00
$41,016.00

$107,555.00
$420,000.00
$20,000.00
$20,000.00
$20,000.00
$15,000.00
$693,571.00
$69,357.10
$762,928.10
$114,439.22
$877,367.32
$6,000.00
$10,000.00
$5,000.00
$20,000.00
$1,725.00
$2,000.00
$30,000.00
$952,092.32

TABLE 5.3
Cost Estimate for Storage Tank at Site B
Item
Estimated Quantity Unit Price
Unit
Mobilization
LS
1
$50,000.00
New Transmission Line from
Well 1 to Well 2
LF
1709
$24.00
New Transmission Line from
Well 2 to Tank w/ Return Line
in Same Trench
LF
9000
$35.00
300,000 gal Concrete Tank
1
and Foundation
LS
1
$420,000.00
Fittings
LS
1
$20,000.00
Telemetry Building
LS
1
$20,000.00
Telemetry / Power Supply
LS
1
$30,000.00
Chlorination Equipment
LS
1
$15,000.00
SUBTOTAL (1)
ENGINEERING 10% of SUBTOTAL (1)
SUBTOTAL (2)
CONTINGENCY @ 15% OF SUBTOTAL (2)
TOTAL CONSTRUCTION COSTS
SURVEYING
GEOTECHNICAL
LEGAL COSTS
PRIVATE LAND EASEMENT-TRANSMISSION LINE WELL 1 TO WELL 2
PERMITTING COSTS
FINAL PLANS/SPECIFICATIONS
TOTAL COST
1
300,000 gal Steel Tank would cost $195,000
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Cost
$50,000.00
$41,016.00

$315,000.00
$420,000.00
$20,000.00
$20,000.00
$30,000.00
$15,000.00
$911,016.00
$91,101.60
$1,002,117.60
$150,317.64
$1,152,435.24
$10,000.00
$10,000.00
$5,000.00
$1,725.00
$15,000.00
$30,000.00
$1,224,160.24
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TABLE 5.4
Cost Estimate for Storage Tank at Site C
Item
Estimated Quantity Unit Price
Unit
Mobilization
LS
1
$50,000.00
8 in. Connection to Existing 10
in. Line w/ Return Line in
Same Trench
LF
2200
$35.00
300,000 gal Concrete Tank
1
and Foundation
LS
1
$420,000.00
Fittings
LS
1
$10,000.00
2
Chlorination Equipment
LS
2
$30,000.00
Telemetry Building
LS
1
$10,000.00
Telemetry / Power Supply
LS
1
$15,000.00
SUBTOTAL (1)
ENGINEERING 10% of SUBTOTAL (1)
SUBTOTAL (2)
CONTINGENCY @ 15% OF SUBTOTAL (2)
TOTAL CONSTRUCTION COSTS
SURVEYING
GEOTECHNICAL
LEGAL
STATE LAND ACCESS EASEMENT
STATE LAND TANK SITE EASEMENT
PERMITTING COSTS
FINAL PLANS/SPECIFICATIONS
TOTAL COST
1
300,000 gal Steel Tank would cost $195,000
2
Chlorination will need to be done at each well house

Cost
$50,000.00

$77,000.00
$420,000.00
$10,000.00
$60,000.00
$10,000.00
$15,000.00
$642,000.00
$64,200.00
$706,200.00
$105,930.00
$812,130.00
$8,000.00
$10,000.00
$5,000.00
$1,650.00
$5,000.00
$6,000.00
$25,000.00
$872,780.00

Threatened and Endangered Species investigation will be required in the area of the
proposed activity. Clearance from the Wyoming State Historical Preservation Office
(SHPO) and the BLM must be obtained prior to the commencement of any site work.
Soils at this location are comparable to those on the Sutherland property. Similar
geotechnical hazards, such as water erosion and soil collapse, will be associated with this
site and a foundation investigation is recommended.
C.

State Land Location (C)

This site is located south of town, approximately 1,500 feet north of Wyoming Highway
434 as shown on Figure 5.1. Due to the increased distance from town, constructing an
isolated line to this site would most likely be cost-prohibitive at this time. Therefore, it is
recommended that a tank at this location be connected to the existing eight inch line
which runs along the highway. Since there will not be an isolated transmission line to
this tank, the only opportunity for disinfection will be at the well house via in line
chlorination. To the extent possible, care will need to be taken to avoid slugging the
closest services with too much chlorine. If this alternative is pursued, the Town will need
to apply for an easement with the Office of State Lands and Investments for both the tank
location and access.

Lidstone and Associates, Inc.
December 10, 2003

31

Final Level II Report
D:\WYWDC105 FINAL Ten Sleep Level II Rpt.doc

Soils at this location consist of both the Neville Spearfish Rock Outcrop Association as
well as the Rekop Gystrum Association (Iiams, 1983). The Rekop Gystrum Association
soils typically occur on ridges and hillsides with average slopes between three and 60
percent. Runoff from these soils is usually moderate to rapid and the hazard of water
erosion is high. Similar geotechnical hazards exit at this site, the most relevant being soil
collapse due to the dissolution of gypsum. Consequently, a foundation investigation at
this site is recommended.
5.4

Ground Water Rule and Provision for Disinfection

WDEQ requires that all ground water systems have the ability to disinfect. Accordingly, WDEQ
will require disinfection treatment with the addition of a storage tank or improvements to the
existing system. Currently, Ten Sleep has no provision for effective chlorination. While it is
possible to chlorinate at the well site, it is difficult to avoid the slug effect, whereby the services
nearest the source receive water with higher chlorine levels than those located farther down the
distribution line. The addition of a storage tank with an isolated transmission line allows for
chlorination with proper contact time. Another alternative would include the construction of
chlorine contact chambers at each well site. These chambers should have the ability to provide
thirty minutes of contact time at each well house.
While Ten Sleep has not been cited for any health-based water quality violations since at least
1993, the EPA is currently developing a Ground Water Rule (GWR) to reduce public health risk
associated with the consumption of waterborne pathogens from fecal contamination. The EPA
initially published the proposed GWR in the Federal Register on May 10, 2000, under 40 CFR
Parts 141 and 142. While only a small percentage of ground water systems are likely
contaminated by fecal coliforms, the EPA believes the number of people and the severity of the
health impacts of water borne disease upon young children, elderly, and others warrants a
regulatory response.
Ten Sleep is likely to be impacted by the GWR to some degree because the community is served
solely by ground water and because the community does not currently disinfect the water supply.
Under the GWR, the EPA would require Ten Sleep to conduct some or all of the following:






A system Sanitary Survey every three years to address the eight elements from
joint EPA and Association of State Drinking Water Administrators guidance
document.
One Hydrogeologic Sensitivity Assessment within six years of the final GWR
date of publication to assess the sensitivity of the Madison Aquifer to fecal
contamination.
Routine monthly Source Water Monitoring. Sampling frequency may be reduced
after 12 negative samples.
Corrective Actions contingent upon fecal coliform detection.
Daily Compliance Monitoring contingent upon disinfection to avoid source water
monitoring.

The overall impact of the GWR is likely to be minimal, but is ultimately still uncertain. At a
minimum, the EPA will require Ten Sleep to conduct a Sanitary Survey every three years and
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one Hydrogeologic Sensitivity Analysis. The rule may necessitate daily monitoring of the
chlorine residual. LA believes the EPA will also require monthly source water monitoring
because the Madison Aquifer is known to be sensitive to fecal contamination due to its fracture
and karst permeability, and high ground water flow rates. Currently, Ten Sleep is required to
perform monthly total coliform monitoring and has been consistently conducting Sanitary
Surveys every three years. Provided Ten Sleep continues to receive analytical reports indicating
there is no fecal coliform in the water system, the only additional requirement appears to be the
one-time Hydrogeologic Sensitivity Analysis. With regard to whether disinfection or treatment
will be required, however, EPA Region 8 personnel in Denver, Colorado, will ultimately make
that decision based on a variety of issues (Personal communication with Phil Burger, EPA).
With regard to disinfection methods and materials, the Town has several options. Chlorine is
available in several forms for addition to a water supply. These include gas, calcium
hypochlorite, and sodium hypochlorite. Both calcium and sodium hypochlorite have concerns
related to storage, shelf life, mixing, injection, and maintenance of the feed equipment. Gas has
concerns mainly related to safety, since chlorine gas is a hazardous chemical. Proper training is
essential with the use of chlorine gas, from technical, safety and regulatory standpoints. Use of
chlorine gas requires a building which meets strict safety and ventilation requirements. To avoid
higher costs associated with the construction of a building that meets this criteria as well as
operator training costs, it is recommended that a sodium hypochlorite method of chlorination be
used.
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6.0

DISTRIBUTION SYSTEM UPGRADES

6.1

System Improvements

Several of Ten Sleep’s major distribution lines were upgraded around 1980. However, there are
still old galvanized iron (GI) lines in operation today that were installed prior to the mid-1950s.
These lines were installed privately to bring water to one or more homes. As with most of the
distribution system, there was very little thought of how the overall system would function, or
how these small two and four inch lines might affect the rest of the system. There are also four
inch diameter asbestos cement (AC) lines that were probably installed in the 1970s when AC
was fairly popular and affordable. Although AC pipes are not subject to corrosion like metallic
pipe, they are very prone to leakage at the joints and connections. A thorough search for
easements revealed only a handful of recorded easements for the line extending south to Shriver
Park Subdivision. No other recorded easements for water lines in town were found. Although
most of the lines in Ten Sleep were installed within dedicated streets and alleys, there are at least
two areas where buildings were constructed over the top of two inch GI lines. These lines are
both still being used today.
The entire system was modeled using WaterCAD V.6.0 and a list of distribution system
improvements was developed. Modeling results are attached in Appendix C. These
recommended improvements were prioritized according to age and condition of materials,
historical problems, and overall benefit to the system. Cost estimates are included for each of the
improvements on Table 6.1. The following distribution system improvements are recommended
and presented on Figure 6.1A and 6.1B.
1.

Replace the two inch GI and four inch AC line between 1st Street and 2nd Street
from Cottonwood to Chinese Elm Alley. This is one area where only part of the
line lies within a dedicated right of way. Also, a building was constructed over
the top of the two inch GI line east of Fir Street. The portion east of Fir was to be
upgraded around 1996, but the project was postponed due to budget constraints.
After talking with the owner of the motel that was built over the two inch GI line,
it was decided that the property could be served by a one and a half inch highdensity polyethylene (HDPE) service line from Fir Street while the existing line
under the building could be abandoned in place. A new six inch PVC line would
be run west from the eight inch PVC line in Chinese Elm Alley. The line would
then turn south before the motel, run down an old abandoned access road, and tie
into the eight inch PVC line in First Street.

2.

Replace the two inch line in Pine Street, south of 3rd Street, with six inch PVC,
bore under 2nd Street (U.S. Highway 16) and connect to the existing six inch PVC
line south of 2nd Street. Abandon the old two inch GI line in Ponderosa Alley and
connect all current customers to existing PVC mains. This two inch GI line also
runs under a building, which is shown on a 1956 town map, indicating the
building is at least 47 years old.

TABLE 6.1
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TABLE 6.1
COST ESTIMATE FOR DISTRIBUTION SYSTEM IMPROVEMENTS
IMPROVEMENT 1

IMPROVEMENT 2

Alley between First Street and Pine Street from south of Second
Street to Third Street and
Second Street from Cottonwood
Ponderosa Alley
Street to Chinese Elm Alley

IMPROVEMENT 3

IMPROVEMENT 4

IMPROVEMENT 5

Pine Street to Fir Street in line
with Sixth Street

Alley between Second Street and
Third Street from Willow Street to
west of Fir Street

East side of Cottonwood Street
south of First Street

Meter All Remaining Service
Connections Ouside Improvement
Areas
ALL IMPROVEMENTS

Replace existing 4" AC and 2"
GI with 6" PVC

BID ITEM
NO.

DESCRIPTION

UNIT

Replace existing 2" PE with 6"
PVC and abandon 2" GI, connect
existing services to mains

Loop existing 6" PVC mains

Replace existing 2" line with 6"
PVC

ESTIMATED ESTIMATED CONSTRUCTION ESTIMATED CONSTRUCTION ESTIMATED CONSTRUCTION ESTIMATED
UNIT COST QUANTITY
ESTIMATE
QUANTITY
ESTIMATE
QUANTITY
ESTIMATE
QUANTITY

CONSTRUCTION
ESTIMATE

1

Mobilization (7%)

LS

-

1

$3,972.85

1

$3,822.35

1

$837.55

1

$4,264.93

2

6" Class 150 PVC Pipe

LF

$20.00

1300

$26,000.00

410

$8,200.00

320

$6,400.00

1150

$23,000.00

3

3" SDR 11 PE Pipe

LF

$12.00

$0.00

$0.00

$0.00

4

2" SDR 11 PE Pipe

LF

$12.00

$0.00

$0.00

$0.00

165

$1,980.00

$1,500.00

6

$4,500.00

6

$4,500.00

1

$750.00

2

$0.00

5

6" Gate Valve

EA

$750.00

6

3" Gate Valve

EA

$550.00

$0.00

$0.00

$0.00

7

2" Gate Valve

EA

$400.00

$0.00

$0.00

$0.00

1

8

2-1/8" Flushing Hydrant

EA

$1,800.00

$0.00

$0.00

$0.00

Connect existing 6" PVC to 10"
PVC with 3" PE under
Cottonwood Street

ESTIMATED CONSTRUCTION
QUANTITY
ESTIMATE
1
60

$328.65

ESTIMATED
QUANTITY
1.00

TOTAL
CONSTRUCTION ESTIMATED
ESTIMATED
ESTIMATE
QUANTITY
COST
1

$24,755.33

$0.00

$11,529.00

3180

$63,600.00

$720.00

60

$720.00

$0.00

165

$1,980.00

$0.00

15

$11,250.00

$550.00

1

$550.00

$400.00

$0.00

1

$400.00

1

$1,800.00

$0.00

1

$1,800.00

$0.00

1

9

Foundation Material

LF

$2.25

840

$1,890.00

320

$720.00

60

$135.00

1150

$2,587.50

$0.00

2370

$5,332.50

10

Select Backfill

LF

$4.50

840

$3,780.00

320

$1,440.00

60

$270.00

1150

$5,175.00

$0.00

2370

$10,665.00

11

Street Repair (Asphalt)

LF

$30.00

150

$4,500.00

320

$9,600.00

$0.00

150

$4,500.00

$0.00

620

$18,600.00

12

1-1/2" HDPE Service Line

LF

$10.00

150

$1,500.00

$0.00

$0.00

$0.00

$0.00

150

$1,500.00

13

1"HDPE Service Line

LF

$8.00

20

$160.00

340

$2,720.00

20

$160.00

120

$960.00

$0.00

500

$4,000.00

14

3/4" HDPE Service Line

LF

$7.50

180

$1,350.00

290

$2,175.00

20

$150.00

120

$900.00

$750.00

710

$5,325.00

15

Bore for 6" Water Line (including casing)

LF

$225.00

$0.00

90

$20,250.00

$0.00

90

$20,250.00

$0.00

100

$0.00

16

Connection to existing system (Including fittings)

EA

$1,000.00

5

$5,000.00

2

$2,000.00

2

$2,000.00

5

$5,000.00

2

$2,000.00

17

3/4" Service Connections with meters and check valves

EA

$675.00

9

$6,075.00

10

$6,750.00

2

$1,350.00

15

$10,125.00

1

$675.00

16

$16,000.00

168.00

$113,400.00

205.00

$138,375.00

18

1" Service Connections with meters and check valves

EA

19

2" Service Connections with meters and check valves

EA

$1,500.00

25.00

$37,500.00

25.00

$37,500.00

$2,300.00

6.00

$13,800.00

6.00

20

Auto Gun to read meters

LS

$2,000.00

$13,800.00

1.00

$2,000.00

1

$2,000.00
SUBTOTAL (1)

Notes:
Touch Read Equipment will be required to read meters.
Amount of different sized service connections was assumed, based on known aspects of the existing system.

$378,402.83

ENGINEERING 10% of SUBTOTAL (1)

$37,840.28

SUBTOTAL (2)

$416,243.11

CONTINGENCY 15% OF SUBTOTAL (2)

$62,436.47

TOTAL CONSTRUCTION COSTS

$478,679.57

SURVEYING

$15,000.00

LS: lump sum

LEGAL COSTS

$5,000.00

LF: linear foot

PERMITTING

$5,000.00

GEOTECHNICAL

$8,000.00

Units:

EA: each

EASEMENTS

$8,000.00

FINAL PLANS / SPECIFICATIONS

$40,000.00

TOTAL COSTS

$559,679.57

According to the as-constructed plans prepared by John W. Donnell & Associates
in June 1978, most of the customers that are still served by the two inch GI
actually have taps that were extended to their property lines during the 1978
project. It is estimated that only two properties do not have taps. The six
customers have presumably remained on the two inch galvanized line because of
the cost of running a new service line, and because the Town has managed to keep
the two inch GI line operable. However, because this line has several
maintenance issues and it is not needed for the distribution system, it should be
abandoned.
The bore under 2nd Street will connect the two north and south dead ends,
enabling the system to flow better and improving water quality. Several of the
main streets in Ten Sleep, such as Pine Street, are constructed with approximately
four feet of base and sub-base on top of foundation fabric. This type of
construction was required due to the poor soils and high water table in the area.
The cost estimate reflects the cost of replacing those materials. The estimate for
the bore under 2nd Street is higher than is typical in this area because significant
boulders under the highway are likely, which may make this bore difficult. Due
to the inherent cost and difficulties related to a bore, a larger diameter bore is
suggested. This will facilitate future growth and expansion without requiring a
second bore to be drilled.
3.

Connect the six inch PVC line in 6th Street to the six inch PVC line in Fir Street.
This eliminates a major dead end on north Fir Street and allows for improved flow
into the system from Well #2. The three houses north of 6th Street that are
currently served through one shutoff valve should have new service lines installed
with individual curb stops.

4.

Replace the two inch line between 2nd Street and 3rd Street from Willow to west of
Fir with six inch PVC. It is uncertain whether the existing undersized line is GI or
old polyethylene. This line runs most of the way across town and currently
provides service to several customers. There are five customers that will be
served with a new two inch HDPE west of Fir Street. Unfortunately, it is not
possible to loop that line west to Pine because of the location of buildings in the
area.

5.

Investigate the crossing under Cottonwood Street south of First Street and
upgrade if necessary. Replace the valve at the west end of the crossing. Plans
show that the old two inch GI line along Cottonwood Street south of First Street,
which used to extend to the County Shop, was upgraded to six inch PVC. It is
unconfirmed whether this upgrade was actually completed.
During an
investigation in this area, a broken valve box was discovered where the plans
show a six inch valve was installed. The east end of the crossing should be
excavated and the valve or valve box should be repaired. The six inch PVC line
should be confirmed, and the condition and material of the crossing determined.
If the pipe and casing under Cottonwood Street are found to be satisfactory, they
can be left in place with just the valve at the west end replaced. If the pipe needs
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replacing, it should be replaced with the largest HDPE pipe that will fit through
the casing (three inch SDR 9 HDPE has an outer diameter of three and a half
inches and should fit through the four inch casing). The cost estimate shows the
approximate cost for replacing the crossing with three inch HDPE and replacing
the valve west of Cottonwood.
Based on the acquisition of additional information on the water system, there were a few
recommended distribution system improvements in the Level I report that have since been
dropped or modified. These include the following:

6.2

1.

The line across Cottonwood to the cemetery is shown as four inch SDR-21 PVC
on the June, 1978 As-Constructed plans, rather than four inch AC. No problems
have been reported on this line.

2.

The loops on the north and south end of the two inch line in Ponderosa Alley are
unnecessary, given the current recommendations.

3.

It appears that the line shown along the east edge of Cottonwood south of First
Street may have been upgraded around 1990, and a broken valve box was
uncovered that may have been installed during that project. Distribution
Improvement 5 above addresses this issue.

4.

The four inch line just north of the school does not appear to serve any customers
and is not needed for any other purpose that would warrant its replacement. This
line, which goes under some school facilities, should be abandoned and shut in.
The distribution system will derive greater benefit from Distribution Improvement
No. 3.

Extension of Service to Users South of Town

Due to the lack of high quality, affordable water on their respective properties, residents south of
the Shriver Park Subdivision along Highway 434 are currently transporting water from Town for
daily use. Should the Town choose to include these residents in their service area via an
extension of the Shriver transmission line, water could be supplied to these residents without
adversely affecting system pressures or the availability of water to in-town residents. While
this alternative has significant costs associated with it, the residents south of Town have
expressed the desire to have this line extended and a willingness to take on the financial
responsibility. The location of the proposed line is shown on Figure 6.2. Costs associated with
this option are presented in Table 6.2.
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TABLE 6.2

Cost Estimate for Service Extension to Residents
South of Shriver Park Subdivision

Item
New 8 in. Transmission
Line from Schriver
Subdivision
Service Bores Across
Hwy 434
Fittings
Gate Valves
Air Relief Valves
Transmission Line Meter
Fire Hydrant

Unit

Estimated
Quantity

Unit Price

Cost

LF

12000

$24.00

$288,000.00

$10.00
$10,000.00
$1,200.00
$4,000.00
$4,000.00
$2,000.00

$5,000.00
$10,000.00
$7,200.00
$16,000.00
$4,000.00
$2,000.00
$332,200.00
$33,220.00
$365,420.00
$51,813.00
$420,233.00
$10,000.00
$10,000.00
$10,000.00
$10,000.00
$6,000.00
$40,000.00
$506,233.00

LF
500
LS
1
EA
6
EA
4
EA
1
LS
1
SUBTOTAL (1)
ENGINEERING 10% of SUBTOTAL (1)
SUBTOTAL (2)
CONTINGENCY @ 15% OF SUBTOTAL (2)
TOTAL CONSTRUCTION COSTS
SURVEYING
GEOTECHNICAL
LEGAL COSTS
PERMITTING COSTS
EASEMENTS
FINAL PLANS/SPECIFICATIONS
TOTAL COST

6.3

Installation of Water Meters, Backflow Prevention Devices

The 2002 WWDC Water System Survey for Wyoming concluded that 47 out of 164 respondents
do not bill by water meter readings. The Town has never had individual water meters on its
system because unlike typical water systems that pump their water to treatment facilities, its
costs are not dependant on how much water is actually delivered. However, without water
meters, it is virtually impossible to determine where the water is going, to detect leaks, and to
entice customers to conserve water. In fact, with a flat monthly charge, many customers are
typically inclined to use more water in order to receive what they feel is the most benefit for their
dollar. Currently, unless a leak on the service side of the curb stop creates a problem for the
customer, they have little incentive to fix it.
Widespread service line leakage can also create problems with the base under streets and alleys,
adding to premature street failures. The additional water in the sub-soils can cause deeper frost
depth in the winter and frost boils in the spring (water-logged soils on top of frozen base or
subgrade), which Ten Sleep has experienced.
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Ongoing water system leakage can also cause infiltration into the sewer lines, which in turn, can
cause hydraulic overloading of the sewage lagoon. When too much extra water runs into the
lagoon, it can cause the treatment system to fail effluent tests due to the decreased detention time
in the ponds.
In addition to the numerous long-term benefits to be derived from installing water meters, many
of the funding agencies now require public water systems to be metered as part of their funding
package. Funding agencies that adhere to this requirement include USDA-RUS and WWDC. In
addition to current water meter requirements, the Wyoming Department of Environmental
Quality (DEQ) Chapter 12 Regulations require all public water systems to install backflow
preventers on all connections in accordance with Table 6.2. This requirement is mandatory for
all public water systems, regardless of whether or not the system is metered.
The backflow prevention devices are generally installed with the water meters in the meter pit so
they can be easily accessed for testing or replacement. Cost estimates provided in this report are
based on the dual-check backflow preventers being installed with the water meters for residential
(and most non-industrial) connections. As Table 6.2 indicates, other types of water users are
required to have different types of backflow preventers, based on the potential hazards a crossconnection may pose.
Remote-read metering systems are becoming more and more popular across the country. These
systems allow operators to acquire meter readings via a handheld unit, creating both time and
cost savings to the owner of the system. Several equipment options exist for these systems,
ranging from a small wand that stores meter readings to a downloadable unit complete with a
computer and software. The software package associated with the latter option facilitates direct
billing from the downloaded meter readings. The meter costs listed in Table 6.1 are for a system
typical for a town such as Ten Sleep. This system consists of a hand held unit. Readings
acquired from this unit must then be viewed and recorded by hand.
6.4

Overall System Operation

Currently, the Ten Sleep system utilizes the aquifer for water storage and reduces the artesian
pressure at the wellheads to control the distribution system pressure. As the demand for water
increases in the summer, the operator must to adjust the pressure reducing valves (PRV) to allow
additional water into the system to compensate for the demand. Addition of a storage tank
would improve water flow in the distribution system by equalizing system-wide pressures and
providing capacity to handle larger short-term demands.
To further improve system control capabilities, a SCADA (supervisory control and data
acquisition) system should be installed to control and monitor the system. There are a number of
SCADA alternatives, which vary based on simplicity and cost. The recommended telemetry
option for Ten Sleep consists of a level indicator at the storage tank that communicates to
controllers at the wells. A controller at each well would consist of an open/close device for the
valve and a wellhead pressure alarm. A local readout at one of the wells will allow system
override and a visual display of the tank level. A more complex alternative to this simplified
system consists of the following: 1) a central SCADA control center (essentially a computer at
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Town Hall), 2) programmable logic controllers (PLC), 3) instrumentation at the tank and both
wells to monitor wellhead and distribution system pressures, artesian flows, and any other
TABLE 6.3
Backflow Prevention Devices, Assemblies and Methods
Degree of Hazard
Low Hazard

Device, Assembly or
Method

BackSiphonage
X

Airgap

High Hazard

BackPressure

BackSiphonage
X

Atmospheric Vacuum
Breaker

X

X

Spill-proof Pressure-type
Vacuum Breaker

X

X

Double Check Valve
Backflow Preventer

X

Pressure Vacuum
Breaker

X

Reduced Pressure
Principle Backflow
Preventer.

X

Dual Check
/

BackPressure

Notes
See Note 1
Not allowed under
continuous pressure
situations

X
X
X

X

X

X

See Note 2
Restricted to residential
and domestic services

Note 1
Minimum Airgap for Water Distribution. For spouts with an effective opening diameter of one-half
inch or less, the minimum airgap when the discharge is not affected by side walls shall be one
inch. The minimum airgap when the discharge is affected by sidewalls shall be one and onehalf
inches. For effective openings greater than one-half inch, the minimum airgap shall be two times
the effective opening diameter when the discharge is not affected by sidewalls. The minimum
airgap when the discharge is affected by sidewalls shall be three times the effective opening
diameter.
Note 2
Extreme Hazards. In the case of any water user's system where, in the opinion of the water
supplier or the administrator, an undue health threat is posed because of the presence of
extremely toxic substances or potential back pressures in excess of the design working pressure
of the device, the water supplier may require an air gap at the water service connection to protect
the public water system.
Table from Wyoming Department of Environmental Quality, Water Quality Rules and Regulations,
Chapter 12, p. 12-64.
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information desired, and 4) communication links between each of the sites, which can be buried
lines, telephone lines, or even two-way radios. A more advanced SCADA system will provide
the Town with the means to constantly monitor the wells and tank, and to generate data trends on
wellhead or distribution system pressures, flows, and other aspects of the system. The SCADA
system could be controlled from the central computer, thereby allowing the operator to control
system pressure remotely from the office. Finally, if designed as such, the SCADA would give
Ten Sleep additional security by monitoring access doors and hatches around the clock. The
latter is becoming a very desirable feature given present security concerns and the passing of the
recent Public Health Security and Bioterrorism Preparedness and Response Act of 2002.
While SCADA can provide a tremendous management tool, it should be noted that this
equipment would supplement and not replace existing flowmeters and wellhead pressure gauges.
LA has found from previous experience with other water systems where SCADA is in use that
periodic recalibration is required to make sure that the electronic information that is monitored,
collected, and archived is accurate. This combination provides the most reliable and useful
information.

7.0

PERMITTING AND ENVIRONMENTAL ISSUES

For this project to proceed with construction, the Town will be required to obtain certain permits,
rights of way, and easements. State, county, and federal agencies must be contacted as part of
the Level III process. In some instances, the initial contacts have already been made. The
following issues for each alternative must be addressed during the final design.
7.1

Permitting and Easements

BLM Easements. If the BLM storage tank location is selected, the Town must contact the BLM
and apply for a Special Use Permit. Any alterations or expansions to the system, once it is in
place, will require an amendment to the Special Use Permit. A cultural resources survey may be
required in the area of the proposed activity. Clearance from the Wyoming State Historical
Preservation Office (SHPO) and the BLM must be obtained prior to the commencement of any
work. The US Fish and Wildlife (USFWS) will most likely require a survey for Threatened and
Endangered Species.
State Lands Easements. If the State Lands storage tank location is selected, the Town will need
to obtain an access easement with the Office of State Lands and Investments. An easement for
the tank site itself must also be obtained.
Private Land Easements. Easements will be required for any portion of the transmission and
distribution systems and storage tank that impact private land. These easements will need to be
obtained from private individuals whose property the pipelines will be placed or the storage tank
is located on. In addition, Washakie County must be contacted to obtain a permit to place the
transmission line within county road right-of-ways.

Lidstone and Associates, Inc.
December 10, 2003

44

Final Level II Report
D:\WYWDC105 FINAL Ten Sleep Level II Rpt.doc

USACE §404 Permit. The transmission lines associated with a tank at locations A or B may
cross the Victoria Ditch and the Fiscus and Vanoni Ditch. National Wetland Inventory (NWI)
mapping has designated both of these features as wetlands. If either of these locations is
selected, the US Army Corps of Engineers (USACE) will be contacted and a wetlands
delineation performed as required. In addition to transmission upgrades, portions of the
distribution system upgrades may potentially lie in a Jurisdictional Wetland. An extension of
service to users south of the Shriver Subdivision will most likely require a §404 Permit.
Activities in an area classified as a Jurisdictional Wetland will require a Nationwide or possibly,
a §404 Permit from the USACE and §401 authorization from the State of Wyoming. Depending
on the projected impact, a wetlands mitigation plan may be required.
WDEQ/WQD Permit to Construct. All system improvements, including the distribution systems
upgrades, will require a Permit to Construct from the WDEQ/WQD.
7.2

Environmental Aspects of Alternatives

An Environmental Report was completed by LA to supplement this Level II Report. The
following is a brief summary of the conclusions of the Environmental Report in reference to the
alternatives outlined herein.
Visual Impact. There will be no major visual impacts as a result of the implementation of any of
the proposed alternatives. The impact caused by the installation of a storage tank is considered
minor considering the nearby activity of the petroleum industry. There will be no long-term
visual impacts associated with distribution system upgrades because all construction will be
completed below ground.
Land Use. No long-term change in land use will occur with the implementation of any of the
proposed alternatives. Under all scenarios, a search for gas and utility lines will be performed
prior to installation of new transmission and distribution lines. Easements necessary for the
proposed water transmission lines and storage tank will be secured from the appropriate
landowner.
Floodplains. There are no consequences associated with the installation of a storage tank at any
of the proposed sites, assuming that there is no isolated transmission line connected with Site C.
There are no consequences associated with distribution system improvements as all line
replacements are within the town boundaries and outside the area defined as a Special Flood
Hazard Area as defined by the Federal Insurance Administration (FIA).
Wetlands. Impacts to wetlands associated with the installation of a storage tank at either Site A
or B include the construction of an isolated transmission line, which could cross both ditches,
from the existing well(s) to the tank. Potential wetland impacts involved with distribution
system improvements would only occur if the line that supplies the cemetery irrigation system
were replaced or if service was extended to users south of the Shriver Park Subdivision. If an
alternative is selected that has the potential to impact a wetland area, formal wetland delineation
will be undertaken and, if necessary, the appropriate permits from the US Army Corps of
Engineers (ACOE) will be obtained. The appropriate ACOE permit will be obtained if any
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alternative is selected in which a transmission line would cross a stream channel with a defined
bed and bank (qualifying it is as a Water of the United States).
Cultural Resources. The Wyoming State Historical Preservation Office (SHPO) and the BLM
have been contacted to perform a records search for the proposed impact areas. A formal survey
will be conducted once an alternative has been selected.
Water Quality. Implementation of any three alternatives associated with improvements to the
water transmission and distribution system will not result in any point source discharges. It is
anticipated that a General Stormwater Permit will not be required for distribution system
improvements as the disturbance associated with pipeline replacement within the city/corporate
boundary should be less than one acre. Activities associated with the installation of a storage
tank will require some degree of land clearing that may exceed the one acre criteria. If either of
these two alternatives is selected, the appropriate discharge permit will be obtained. Upon
completion of pipeline and tank installation, the disturbed area will be regraded, seeded, and
mulched. Roads constructed to provide access to the storage tank location will be constructed
using Best Management Practices to minimize problems associated with drainage and
sedimentation. No degradation of surface or ground water quality is anticipated during or after
the completion of this project.
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8.0

ECONOMIC ANALYSIS AND ABILITY TO PAY

As discussed in Section 5.0, LA recommends Ten Sleep consider adding a 300,000 gallon
concrete storage tank and perform the distribution system upgrades as discussed Section 6.0. For
the basis of comparison, three alternatives were selected for economic analysis purposes. In each
case, LA has assumed a metering cost of $1,200 for a typical ¾ inch connection, which included
the connection, meter, pit, and dual check valve backflow preventer. This can be financed with
SLIB, SRF, or RUS funding. A cost savings can be obtained by installing the meter and required
backflow preventer together. Therefore, for funding purposes, LA has assumed full meter
installation.




Alternative No. 1 – Perform distribution system upgrades and install a storage
tank at Site A.
Alternative No. 2 - Perform distribution system upgrades only.
Alternative No. 3 – Perform distribution system upgrade and install a storage tank
at Site C.

There are several potential sources for funding this project. Nearly all of these funding sources
may require the installation of meters as part of the project. These sources include, but are not
limited to, the following:





Wyoming Water Development Commission: 50% grant, 50% loan at an interest
rate of 6.0% for 30 years. Meters or metering commitment is required.
Rural Utilities Service: Loan or grant/loan package depending on eligibility. Loan
interest rate at 4.75% for 30 years. Meters or metering commitment is required.
Wyoming Drinking Water State Revolving Fund: Of 50% WWDC loan portion;
loan at interest rate of 2.5% for 20 years.
Wyoming State Loan & Investment Board: 50% grant, 50% loan at an interest
rate of 6.0% for 30 years.

For the purposes of this presentation we have incorporated a WWDC grant/loan and a SRF loan
portion of the grant/loan package. Funding from the Wyoming Water Development Commission
can only be secured for the water supply portion of the project. SRF, RUS, or SLIB funding may
be available to finance distribution system improvements, including meters.
Funding from the Wyoming SRF is available at an interest rate of 2.5% for 20 years. This
funding can be used for both the supply and distribution loan portions of the project. To obtain a
SRF loan, an environmental report (ER) must be prepared. Money from this program is made
available based on a “need basis” which is judged on a point system. The previously referenced
ER may be utilized by the Town for this purpose.
Funding from the Wyoming State Lands and Investments Board can be secured for the water
distribution and treatment portion of the project. The money available would be in the form of a
50% grant and 50% loan at an interest rate of 6.0 percent for 30 years.
Funding from the WWDC, SRF, and SLIB could be combined to finance the upgrades as shown
in Tables 8.1A and 8.3A, which present the costs associated with Alternatives 1 and 3,
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respectively. Tables 8.1B and 8.3B present financing for Alternatives 1 and 3 through WWDC
and SLIB only. Table 8.2 presents the costs associated with SLIB funding for distribution
system improvements only. All costs shown below include capital improvements and debt
retirement only, and are in addition to current water system costs, including operation and
maintenance.
TABLE 8.1A
Financing for Distribution Improvements and Storage Tank at Site A
(WWDC/SRF/SLIB Funding)
Item
Financing Amount
Construction cost WWDC eligible
$952,092.32
WWDC 50-percent Grant
$476,046.16
Loan Amount
$476,046.16
SRF Loan @ 2.5% - 20 yr.
Monthly Payment
$2,522.58
Totals
Monthly Cost
$2,522.58
Monthly Tap Cost Increase @
220 Taps

$11.47

Item

Financing Amount

Construction Cost SLIB eligible

$559,679.57

SLIB 50-percent Grant
Loan Amount
SLIB Loan @ 6% - 30 yr. Monthly
Payment
Totals
Monthly Cost

$279,839.79
$279,839.79

Monthly Tap Cost Increase @ 220
Taps
Total Monthly Tap Cost Increase

$1,677.78
$1,677.78
$7.63
$19.10

TABLE 8.1B
Financing for Distribution Improvements and Storage Tank at Site A
(WWDC/SLIB Funding)
Item
Financing Amount
Item
Construction cost WWDC eligible
$952,092.32
Construction Cost SLIB eligible
WWDC 50-percent Grant
$476,046.16
SLIB 50-percent Grant
Loan Amount
Loan Amount
$476,046.16
WWDC Loan @ 6.0% - 30 yr.
Monthly Payment
$2,854.14

Monthly Tap Cost Increase @
220 Taps

$559,679.57
$279,839.79
$279,839.79

SLIB Loan @ 6% - 30 yr. Monthly
Payment
$1,677.78

Totals
Monthly Cost

Financing Amount

Totals
$2,854.14
$12.97

Monthly Cost

$1,677.78

Monthly Tap Cost Increase @ 220
Taps
Total Monthly Tap Cost Increase

$7.63
$20.60
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TABLE 8.2
Financing for Distribution Improvements Only
(SLIB Funding)

Item

Financing Amount

Construction Cost SLIB
eligible

$559,679.57

SLIB 50-percent Grant
Loan Amount

$279,839.79
$279,839.79

SLIB Loan @ 6% - 30
yr. Monthly Payment
Totals

$1,677.78

Monthly Cost

$1,677.78

Monthly Tap Cost
Increase @ 220 Taps

$7.63

TABLE 8.3A
Financing for Distribution Improvements
and Storage Tank at Site C
(WWDC/SRF/SLIB Funding)

Item
Construction cost
WWDC eligible

Financing Amount

Item

Financing Amount

$872,780.00

Construction Cost SLIB
eligible

$559,679.57

WWDC 50-percent
Grant
Loan Amount

$436,390.00

SRF Loan @ 2.5% - 20
yr. Monthly Payment

$436,390.00

SLIB 50-percent Grant
Loan Amount

$2,312.44

SLIB Loan @ 6% - 30
yr. Monthly Payment

Totals
Monthly Cost
Monthly Tap Cost
Increase @ 220 Taps
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$279,839.79
$279,839.79
$1,677.78

Totals
$2,312.44
$10.51

Monthly Cost

$1,677.78

Monthly Tap Cost
Increase @ 220 Taps
Total Monthly Tap
Cost Increase
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TABLE 8.3B
Financing For Distribution Improvements
And Storage Tank At Site C
(WWDC/SLIB Funding)
Item
Financing Amount
Construction cost
WWDC eligible
$872,780.00
WWDC 50-percent
Grant
$436,390.00
Loan Amount
$436,390.00
WDC Loan @ 6.0% - 30
yr. Monthly Payment

Item
Financing Amount
Construction Cost SLIB
eligible
$559,679.57
SLIB 50-percent Grant
Loan Amount
SLIB Loan @ 6% - 30
yr. Monthly Payment

$2,616.38
Totals
Monthly Cost
Monthly Tap Cost
Increase @ 220 Taps
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$2,616.38
$11.89

$279,839.79
$279,839.79

$1,677.78
Totals
Monthly Cost
Monthly Tap Cost
Increase @ 220 Taps
Total Monthly Tap
Cost Increase
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9.0

RECOMMENDATIONS

The following list provides detailed recommendations for the supply, transmission, distribution,
storage, and operation of the Ten Sleep water system.
Water Supply











Depending on response to distribution improvement recommendations, consider
chlorination alternatives within near term planning horizon.
Continue to record meter readings on a weekly basis.
Record wellhead pressures monthly to extend the record of seasonal and longterm changes in artesian pressure. Plot records to assess these variations. These
measurements will also yield valuable information regarding the status of Ten
Sleep Nos. 1 and 2.
Utilize the pressure reducing valves, as necessary, on Ten Sleep Nos. 1 and 2 to
place primary water system demand on Ten Sleep No. 2, the Town’s highest
yielding, most efficient well.
Conduct open flow, stepped rate aquifer testing of each well once every five years
to assess well conditions and aquifer performance. The Town could easily use the
existing distribution system for this purpose, as was done in the Level I
investigation.
Request or file for enlargement of water rights on Ten Sleep Nos. 1 and 2 to
ensure the town has adequate supply for future growth beyond the planning
horizon. The Town must be able to demonstrate a basis for enlargement for
increased yield, annual use, etc.
Reconfigure wellhead transmission lines such that the flowmeters are installed
according to manufacturer’s specifications.

Transmission & Distribution








Address ownership and maintenance issues for 10 inch line to Shriver
Subdivision.
Replace the two inch diameter galvanized iron and four inch diameter AC mains
with six inch diameter PVC mains.
Install a check valve on both supply lines in the well houses to prevent backflow
into the well.
Verify that all residents in the service area or points outside who have water
service taps and any domestic wells do not commingle water between these
systems. At a minimum, backflow preventors shall be installed at these points.
Investigate backflow prevention for the sprinkler at the cemetery, and if
necessary, install a backflow preventor.
Purchase and install flowmeters and dual check valves for taps to meter usage.
Clean valve boxes of debris using valve box clean out tools or alternate methods,
and install operating nut extension rods. The extension rods would allow valve
operation if the valve boxes were damaged. Replace all damaged valves and
exercise all valves on a regular basis.
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Install detectable marker tape over the waterline when any section or part of the
waterline is excavated to accurately locate existing lines. With a magnetic
locator, the waterlines will then be locatable within two feet.

Storage



Install a 300,000 gallon water storage tank to counteract the fluctuations in
demand at peak times. This will also provide flows to allow additional users to
come on line.
With storage, a chlorine facility will need to be installed as per WDEQ
requirements.

Operation















Revise or update municipal water ordinances. Recommended draft ordinances are
presented in Appendix A.
Consider modifying billing rate structure such that residents pay according to
usage.
Establish a fire hydrant flushing program at a minimum of once per year for each
hydrant. This will help prevent biofilm from building on iron pipes that produce
bacteria buildup.
Ensure all fire hydrants are accessible and unobstructed. Open ditches next to
hydrants may also cause problems related to drainage.
Do not sell old hydrants to the public for decorative purposes. An old hydrant
could easily be mistaken for a live hydrant.
Ensure only licensed operators and authorized fire department personnel operate
the fire hydrants.
A town’s ISO (Insurance Services Office) fire protection rating is 40% dependant
upon the water system, 10% on fire alarm facilities and 50% on Fire Department
capabilities. By striving to improve the system, Ten Sleep will achieve a better
fire rating, which will help to lower fire insurance rates. (Source: Art May, Rural
Development Specialist, Midwest Assistance Program).
Exercise all gate valves within the distribution system at least once a year.
Install valves in valve boxes. Manholes and vaults may also be used, but should
be limited to locations that require access for testing or adding chlorine. Consider
installing valve extensions, keeping in mind that extensions make it easier for not
only the operator to turn the valve, but also for unauthorized persons. Therefore,
extensions may not be appropriate for all locations.
Space transmission valves every 2,000 feet, or wherever distribution lines loop in.
Locate valves on maps by measuring to two other features, such as hydrants,
power poles, fence corners, etc. This will ensure less effort to relocate the valves
if they get buried or paved over.
Valves should be slowly exercised one full turn, the box cleaned out and the lid
spray-painted blue every one to two years. Care should be taken not to overtorque valve stems. Identify and mark all valve boxes and manholes prior to
street paving. Valves should be located and referenced to landmarks, covered
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over with heavy paper or other disposable material. After paving, they can be
raised and a new concrete collar poured to match the new street elevation.
A representative from the Town should attend the American Water Works
Association Annual Meeting/Convention at least once every three to four years.
The classes and seminars are the best available and will keep staff abreast of the
changes in technologies and useful products as well as Federal Rules and
Regulations regarding the Safe Drinking Water Act, etc.
Train a second/backup licensed operator to assist in running the system.
Consider instituting a water conservation program to reduce water demands. A
public awareness program for such a program typically addresses issues such as
leak detection (taps, toilets, etc.), hydrant flow restrictors (showers), and lawn
watering.
Consider the identification of pressure zones within the municipal water system.
This will ensure that new development will not necessarily bleed pressures off the
system.
Implement any applicable provisions of the Source Water Protection Plan recently
developed by the Wyoming Department of Environmental Quality.
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