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237 NORTH MAIN, SUITE 1 

SHERIDAN, WY 82801 

307-672-1711 

october 30, 1992 

Engineering & Architecture 

Mr. David Engels, Project Manager 
Sheridan Area Water Supply Joint Powers Board 
224 S. Main, suite B1W 
Sheridan, WY 82801 

Gentlemen: 

OFFICES IN: 

GILLETTE, WY 

DOUGLAS, WY 

This Raw Water Supply Pipeline Level II Report presents population 
and water use projections and recommends a new 30-inch diameter 
transmission main. This preferred alternative provides raw water 
conveyance redundancy with an existing 20-inch pipeline, supplies 
raw water to the expanded Sheridan Water Treatment Plant, and 
offers a reliable source of raw water to the Kendrick Golf Course 
and the veterans Administration Medical Center. The recommended 
pipeline is intended to satisfy the need for raw water in the 
Sheridan area during the next 50 years. 

The consulting team concluded that a 30-inch diameter was the 
optimum pipe size considering the projected water use and future 
maintenance problems expected with the existing 20-inch raw water 
main. The west half of the new pipeline route parallels other 
transmission mains in the Big Goose Valley and the east half passes 
through dry pasture land with minimal conflicts with other buried 
utilities. A more southern route also appears cost effective and 
could be selected during Level III design should right-of-way 
acquisition impact the preferred route. 

We thank the Sheridan Area Water supply Joint Powers Board for the 
opportunity to participate in this worthwhile project. We are 
available should questions arise or additional information be 
needed. 

Respectfully Submitted, 

~~ 
Thomas L. Barker, PE 
Principal Engineer 

TLB/mpd 
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1.0 INTRODUCTION 

1.1 Authorization 

The Sheridan Area Water supply Joint Powers Board (JPB) 
retained centennial Engineering & Research, Inc. (CER) to 
prepare a feasibility analysis to determine the need, 
location, routing, size, and appropriate construction 
schedule for a new raw water supply pipeline for the 
Sheridan Area Water Supply System. The Level II 
investigation was financed by the Wyoming Water 
Development Commission (WWOC) through the JPB. 

1.2 Project Description 

Major tasks in the Phase I investigation included 
updating population projections to reflect the 1990 
census; and evaluating the condition of the existing 20-
inch diameter raw water transmission main. Based on 
projected population and peak day water use estimates, 
alternative sizes of new raw water pipes were considered. 

Preliminary concepts derived from Phase I activities were 
presented to JPB and WWDC representatives at two 
coordination meetings. 

Selecting the preferred pipeline size, route, and control 
system concluded Phase I. (Figure 1-1). During Phase II, 
a surge analysis illustrated future critical pressure 
conditions. Project costs were estimated based on the 
preferred conceptual design. The recommended 
construction schedule satisfies the peak day volume of 
raw water needed by the city of Sheridan, JPB service 
area, and the Veterans Administration Medical Center 
between the years 1994 and 2045. 
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2.0 SUMMARY 

2.1 Population Projections 

Population projections previously prepared for the 
Sheridan Area water Project are updated in this report. 
This report forecasts a 2% annual growth rate from a base 
population of 13,900 residents counted by the 1990 census 
in the city of Sheridan. The previous projection was 
derived from an estimated 1987 city population of 15,468 
people. 

At the end of the 50 year planning horizon, the year 
2045, the City of Sheridan's projected population is 
41,000. (Table 3-5) 

The Sheridan Area water Supply Joint Powers Board 
administers water service to five improvement districts 
outside the City of Sheridan. The present service area 
is projected to include all the one square mile sections 
that are now totally or partially within the districts, 
about a 30% enlargement of the present service area. 
Precinct census data indicated that 4,800 people 
presently reside inside the projected service area. 
After 50 years, there will be an estimated 14,000 people 
receiving water from the JPB. 

2.2 water Use Estimates 

Peak day water use in Sheridan has averaged 650 gallons 
per capita per day (GPCD) during the past eight years. 
About 2/3 of the water is consumed by households for 
domestic and lawn watering purposes. Public parks and 
unaccounted-for water consume the remainder. 

Baseline water estimates are 650 GPCD in Sheridan and 500 
GPCD for rural residents on a peak day. In 50 years, 
City and rural residents together will consume an 
estimated 600 GPCD. This peak day rate assumes that 
water conservation measures will slightly reduce peak day 
consumption. 

The Sheridan Water Treatment Plant produced a record peak 
day 12.8 million gallons per day (MGD) in 1979. Between 
1984 and 1991 peak day production averaged 9.5 MGD 
serving an estimated 13,900 people. In 1994, the City 
water Treatment Plant will be capable of providing 14 MGD 
and the new treatment plant, being constructed in the Big 
Goose Valley west of Sheridan, will contribute up to 4.5 
MGD of potable water. By the year 2045, the Veteran's 
Administration Medical Center (VAMC), the Kendrick Golf 
Course, and a projected population of 55,000 residents in 
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the Sheridan area will need an estimated 36.0 MGD on a 
peak day. 

2.3 Condition of Existinq 20" pipeline 

Though most of the existing 20-inch transmission main is 
in good condition, there are pipe segments considered to 
be deteriorated. This conclusion follows a pipeline 
investigation consisting of interpreting information 
produced by previous inspections and from field 
observations by CER personnel. Unfortunately, a limited 
number of total observations constitute the entire data 
base. 

city maintenance records indicate very few leakage 
problems prior to 1983. More recently, the number of 
leaks, particularly leaks caused by corrosion, have 
occurred more often. An even higher frequency of repairs 
is expected in the near future. 

Forecasts of future pipe failures and replacement costs 
may be highly inaccurate because of an extremely low 
number of data points describing leak repairs. Based on 
this small data base, the consulting team projects that 
27% to 39% of the pipeline will be replaced by the year 
2017. After 49 years of service, the accumulated 
maintenance cost is expected to range from $1,000,000 to 
$1,500,000. 

2.4 Raw water Supply Alternatives 

The three raw water supply alternatives evaluated were: 

o Augment capacity of the existing 20-inch 
pipeline 

o Supplement conveyance capacity of the existing 
20-inch pipeline with a new raw water pipeline 

o Replace the 20-inch pipeline with a new raw 
water pipeline 

Augment capacity of existing 20-inch pipeline 

No cost effective way to augment the capacity of the 20-
inch main above 9.5 MGD was found. 

Supplement conveyance capacity of the existing 20-inch 
pipe with a new raw water pipeline 

A new 30-inch diameter raw water transmission main to 
complement the conveyance capacity of the existing 20-
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inch raw water pipe is the recommended alternative. 
Although the remaining useful life of the existing 20-
inch ductile iron pipe remains questionable, after 
observing its condition in a variety of soil and ground 
water conditions, its continued operation is recommended. 
The pipe's presence in a dual raw water supply system 
provides valuable redundancy. until leak repair costs 
for the 20-inch main become intolerable, the two pipes 
will provide a desirable margin of safety against a total 
disruption of raw water delivery. 

with a capacity of 31.5 MGD, the 30-inch main will 
satisfy the projected peak day flow needed by the 
Sheridan water Treatment Plant, Kendrick Golf Course, and 
the Veterans Administration Medical Center during its 50 
year design life. Thus, even a major break causing shut 
down of the 20-inch pipe for several days would not 
curtail delivery of raw water. 

Replace the 20-inch pipe with a new raw water 
transmission main 

A 30-inch diameter pipe can satisfy the 50 year peak day 
demand with a flow velocity of 9.6 feet per second (FPS). 
While this approaches the high end of generally 
recognized design standards, a 30-inch main is still the 
recommended alternative unless a new 36-inch diameter 
pipe would be found to require only a slightly higher 
capital investment. A major benefit of the larger 
conduit would be surplus conveyance capacity at the end 
of the 50-year planning period. The resulting single 
pipe raw water delivery system would lack redundancy 
however, which is the primary reason that replacing the 
20-inch pipeline now is not recommended. 

2.5 Additional project options 

Kendrick Golf Course 

In addition to serving city of Sheridan residents and 
rural JPB customers, the new raw water transmission main 
could supply the Kendrick Golf Course. The 18 hole 
course currently receives water from an old and 
deteriorated 8-inch pipe scheduled to be abandoned in 
1994. The projected peak irrigation rate is 1.5 MGD. 

Veterans Administration Medical CentereVAMC) 

By the year 2045, a peak day use of 1.5 MGD is projected 
at the VAMC. The draft agreement between the JPB and 
VAMC calls for up to 3 cubic feet per second (CFS) - (1.9 
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MG~) maximum delivered by a new raw water transmission 
ma1n. The VAMC has requested that an agreement with the 
JPB allow for deed ownership of the line at the same 
percentage that their financial contribution bears to the 
total capital expenditure. Ownership would be about 16% 
of the new 30-inch pipeline based on the estimated 
project cost of $9.2 million. 

The VAMC has funding approved for their own raw water 
pipeline project for $1.5 million including design and 
construction. Design funds of $146,000 are available 
April, 1993. 

2.6 Costs 

The estimated total project cost for a new 30-inch 
transmission main along the preferred northern route 
(Pipeline Segments 1 and 2) is $9.2 million. 

2.7 Construction Schedule 

This project is recommended for approval by the 1993 
wyoming Legislature with construction scheduled in 1994. 

2.8 Recommendations 

In summary it is recommended that: 

o A new 30-inch diameter transmission main be 
authorized for financial assistance by the 1993 
Wyoming Legislature. 

o The transmission main deliver raw water to the 
Sheridan Water Treatment Plant, the Kendrick Golf 
Course, and the veterans Administration Medical 
Center. 

o The main be routed along pipeline Segments 1 and 2. 

o The pipe material be the lowest cost bid alternate 
among ductile iron, reinforced concrete, and steel. 

o One sleeve valve (PRV) be installed 
Sheridan Water Treatment Plant for 
control. 

near the 
pressure 

o A feasibility analysis during final design compare 
the life cycle cost of installing a hydropower 
turbine in conjunction with the PRV at the Sheridan 
Treatment Plant with a second option of relocating 
the PRV to pipeline Segment 1 to allow the 
possibility of some lower pressure class pipe. 
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3.0 WATER USE PROJECTZONS 

3.1 Zntroduction 

The present project service area includes the city of 
Sheridan plus five JPB Districts when potable water 
service begins in 1994. The future JPB service area also 
includes adjacent areas outside the present district 
boundaries where water service is expected during the 
fifty year planning period. (Figure 1-1) 

The proposed raw water supply alternative will also allow 
delivery of raw water to the VAMC and the Kendrick Golf 
Course without requiring a larger pipe diameter. 

3.2 Historical population 

Area 

Sheridan 

County 
TOTAL 

Estimated 
JPB Water 
Service Area 

The City of Sheridan and smaller communities in the 
county have experienced periods of dramatic population 
growth followed by slower increases and even population 
losses during the 1950's and 1980's. (Table 3-1) 

Coal mining fueled Sheridan County's initial economic 
boom eighty years ago. The past twenty years of growth 
resulted from a second spurt of coal mining as the modern 
strip mine industry developed. During the 1970's, the 
City of Sheridan population increased 40%, equivalent to 
a 3.4% annual growth rate. Declining population between 
1980 and 1990 reduced the annual average growth rate to 
1.4% over the past two decades. Outlying service areas 
west and south of Sheridan have grown at 1.8% annually 
since 1970, a slightly higher population growth rate than 
inside the city. 

1930 1950 

8.536 11.500 

16.875 20.185 

'Annual Growth Rate 

HISTORICAL POPULATION 
TABLE 3-1 

1970 1980 1990 

10.866 16.136 13.900 

17,852 25,025 23,562 

3.300 4.830 4.800 

6 

1970-1980 1970-1990 

Total A.G.R.' Total A.G.R.' 
Increase (%) Increase (%) 

(%) (%) 

40 3.4 28 1.24 

40 3.4 32 1.4 

44 3.7 43 1.8 



3.3 projected Population 

Report Title 

Population projections were developed from the major 
information sources listed in Table 3-2, U.S. Census 
Bureau data, and earlier studies. Five previous reports 
predicted Sheridan's future population to be 32,000 to 
38,437. (Table 3-2) The earliest study (1974) predicted 
that 32,000 would be the ultimate City popUlation. HNTB 
in three subsequent reports recommended that water system 
facilities be sized for a City popUlation of 35,000. 

A 1988 study selected a 2% annual growth rate which 
produced a water service area population of 49,136 in the 
year 2037. This projection included 38,437 City 
residents and 9,211 people in the Little Goose and Big 
Goose valleys. 

PREVIOUS POPULATION PROJECTIONS 
CITY OF SHERIDAN 

TABLE 3-2 

Year Author Sheridan in the Target Projected 
Year Population 

Water and Wastewater Facilities Report Black & Veatch Fully developed service 
1974 area 32,000 

Water Distribution and Storage System Report 1977 HNTB Fully developed service 
area 35,000 

Sheridan Area Water Supply Investigations 
Level II 1985 HNTB 2035 35,000 @ 

1.5%/yr. 

Sheridan Area Water Supply Investigations 
Level II Phase II 1987 HNTB 2035 35,000 

Population Projection for Sheridan Area 
Domestic Water Supply Investigations Level II 1988 TSP Two, Inc. 2037 38,437 

@ 
2.0%/yr. 

This Report updates the 1988 popUlation projection by 
incorporating 1990 census data and extending the target 
year to 2045. (Table 3-3) It projects a 2% annual 
popUlation growth rate to be consistent with planning 
documents relating to other Sheridan Area Water Project 
components. 

Base data in the 1988 study conflicts with the 1990 
census. Census data reported about 1,500 fewer City 
residents but 500 more residents in the JPB service area. 
The higher number of JPB customers is attributed to the 
more accurate census and the use of a larger projected 
service area that includes adjacent lands currently 
outside district boundaries. 
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Sheridan 

JPB Water Service Area 

Total 

POPULATION PROJECTIONS 
TOTAL WATER SERVICE AREA 

TABLE 3-3 

1990 Annual 
Growth Rate 
% 

13,900 2.0 
1.5 

4,800 2.0 
1.5 

18,700 2.0 
1.5 

2037 2037 2045 
HKM CER 

38,437 35,200 41,30031,5 
28,000 00 

10,699 12,200 14,300 
9,700 10,900 

49,136 47,400 55,600 
37,700 42,400 

By the year 2045, the projected service population is 
55,600 based on a 2% annual growth rate. A 1.5% growth 
rate projected to the same year produces 42,400 people. 

Over the next fifty years, whether the water project is 
serving only 40,000 or as many as 55,000 residents, 
growth may depend more on future unpredictable migration 
trends than the development of nearby coal resources. 
The difficulty of forecasting the service population to 
the year 2045 suggests that pipelines, which are 
impossible to enlarge, should be cautiously sized for a 
population at the high side within a reasonable range of 
expectations. Therefore, the recommended capacity of the 
raw water supply alternative should be based on a 
projected service population of 55,000. 

3.4 Historical water Use 

Sheridan Water Treatment Plant records between 1984 and 
1991 revealed that total average and peak day use 
fluctuated widely without a notable upward or downward 
trend. Estimated per capita consumption was sharply 
higher after 1987 because of a lower estimated 
population. 

In 1979, the Sheridan Water Plant produced a record peak 
day of 12.8 MGD. More recently, as Sheridan's population 
declined, maximum day production rates ranged between 8.2 
and 10.4 MGD. (Figure 3-1) The resulting per capita usage 
since 1984 fluctuated from 528 to 673 gallons per capita 
per day and averaged 650 GPCD during the eight year 
period. (Table 3-4) 

Previous studies projected 600 GPCD on a peak day based 
on population estimates that now appear inflated 
considering the 1990 census. The average peak day rate 
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(1984-1987) jumped from 612 to 688 GPCD (1988-1991) 
mostly because total water volumes were divided by a 
lower number of people beginning in 1988. 

Pop. 

Water 
Use- Ave. 
Day 
(MGD) 

Water 
Use- Ave. 
Day 
(GPCD) 

Water 
Use- Peak 
Day 
(MGD) 

Water 
Use- Peak 
Day 
(GPCD) 

Ratio Max. 
Day/Ave. 
Day 

Note: 

1984 1985 

15,468 15,468 

3.93 3.80 

254 248 

10.41 10.06 

673 655 

2.65 2.65 

HISTORICAL WATER USE 
CITY OF SHERIDAN 

TABLE 3-4 

1986 1987 1988 

15,468 15,468 13,900 

4.45 4.13 4.21 

288 267 303 

8.16 9.13 10.13 

528 591 729 

1.83 2.21 2.41 

MGD = Million Gallons per day 
GPCD = Gallons per capita per day 

1989 1990 1991 

13,900 13,900 13,900 

5.19 3.92 4.16 

373 282 299 

9.48 9.96 8.67 

682 717 624 

1.83 2.54 2.09 

Source: Data for 1984-1987, SWIG/Sheridan Area Water Supply Study, Level II - Stage II. 

Data for 1988-1991, City of Sheridan and CER. 

3.5 projected water Use 

Avg 

4.22 

289 

9.S 

650 

2.28 

Peak day water use projections for the year 2045 are 
based on an anticipated 600 GPCD and a population of 
55,000. 

The present raw water conveyance capacity between the Big 
Goose Creek intake and the Sheridan Water Treatment Plant 
must generally satisfy the Plant's peak day demand. This 
is because Sheridan's potable water reservoirs have 
sufficient capacity to satisfy peak hour needs during a 
maximum use day but insufficient storage capacity to 
carry over from one high usage day to the next. 

9 



Raw water transmission capacity in 1994 must satisfy an 
expected 15,000 City residents and an estimated 4,800 
people in the JPB service area. The combined peak day 
demand will be 12.7 MGD based on 690 GPCD in the city and 
a 500 GPCD for rural residents. 

Raw water transmission capacity needed in 50 years will 
have to supply the combined peak day usage of City and 
rural JPB customers. The composite consumption rate per 
person on a peak day in 50 years will be influenced by 
the number of future residents served by lawn irrigation 
systems. 

City and rural residents who water lawns with potable 
water will need substantially higher peak day water 
volumes than rural residents using separate irrigation 
systems. 

The number of future JPB water customers having 
irrigation systems depends in part upon the amount of 
presently irrigated crop land that is converted to 
residential use. Water rights on subdivided lands must 
then be changed from irrigation to lawn watering and 
approved by the state Board of Control. By contrast, 
irrigated lands annexed by the City will tend to raise 
the composite peak day usage rate because City water will 
more likely irrigate lawns. City and County planners may 
be able to reduce peak day consumption by encouraging 
owners of new lots to sprinkle their lawns with 
irrigation not potable water. 

The assumption that separate lawn watering systems will 
be available to at least a portion of future home owners 
suggests a lower future composite peak day consumption 
rate among City and rural customers. Accordingly, peak 
day consumption among existing and future water customers 
is projected to be 600 gallons per person, well below the 
peak day consumption rate of approximately 690 GPCD from 
1988 through 1991. 

Rural water districts elsewhere in Wyoming experience 
peak day consumption less than 400 GPCD where separate 
systems provide raw water for lawn irrigation. A small 
sample of metered taps using dual systems in the Big 
Goose and Soldier Creek District shows similar peak day 
consumption. 

Therefore, the raw water demand for 55,000 people in the 
City and JPB water service areas is projected to be 33.0 
MGD on a peak day in the year 2045. (Table 3-5) In 50 
years the Kendrick Golf Course and the VAMC will each 
need 1.5 MGD.(Figure 3-1) 
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In 1994, when water treatment capacity expands to 18.5 
MGD, the 8-inch and 10-inch raw water lines are scheduled 
to be abandoned, eliminating the water supply to the 
Kendrick Golf Course. That same year, when the rural JPB 
service area begins receiving potable water, the peak day 
raw water demand for the Sheridan area will approximate 
13.7 MGD. with the VAMC requiring an additional 1.2 MGD, 
the capacity of the existing raw water transmission main 
will immediately be inadequate as shown on Figure 3-1. 

I 

PROJECTED PEAK DAY WATER USE ESTIMATES 
TABLE 3-5 

Customer 

I 
1994 

I 
2037 

HKM CER 

Population MG02 MGO' MG03 

Sheridan 15,000 10.3 22.2 21.1 

Joint Powers Board3 4,800 2.4 5.4 7.3 

Subtotal 19,800 12.7 27.6 28.4 

Kendrick Golf Course 1.0 1.5 

Subtotal 19,800 13.7 29.9 

Veteran's Administration 1.2 1.5 
Medical Center 

TOTALS 19,800 14.9 31.4 

I 
2045 

I 
CER 

Population MG03 

41,000 24.6 

14,000 8.4 

55,000 33.0 

1.5 

55,000 34.5 

1.5 

55,000 36.0 

Note: 2.00% Annual population growth rate and peak day of 500 GPCO. Estimated 1987 City 
base population - 15,468. 

2 

3 

2.00% Annual population growth rate and peak day of 690 GPCO. 1990 Census - City 
base population - 13,900. 

Projected water service areas are shown on Figure 1-1. 
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4.0 CONDITION OF EXISTING 20" TRANSMISSION LINE 

4.1 Historical Information 

The city of Sheridan is the owner of the 20-inch diameter 
transmission line installed in 1968. The pipeline 
consists of bell and spigot ductile iron pipe, Pressure 
Class 53, with a cement mortar lining. The exterior was 
not coated, except for a factory applied 1 mil bituminous 
coating. Polyethylene encasement was not provided. The 
overall length of the pipeline from the City of Sheridan 
Water Intake to the Sheridan Water Treatment Plant is 
approximately 64,755 lineal feet (LF) , or 12.3 
miles.(Figure 4-1) pipeline construction occurred 
through a number of areas with differing soil and 
groundwater conditions. 

Observations of the 20-inch line during the past several 
years indicate that bedding gravel was placed under the 
pipe and up to the spring line. The top half of the pipe 
was bedded in native materials. The following sections 
contain more information about past investigations 
relating to pipeline condition. 

4.2 Summary of Past Investigations 

During a 1985 study conducted by HNTB, the 20-inch 
pipeline was excavated and observed at five locations. 
Surface rust and small corrosion pits were typical. The 
majority of the pits were observed where the bedding 
gravel and the native materials met. The majority of 
rust spots were found where the pipe was in contact with 
the native soils. It was reported that most of the pits 
were minor, with the deepest pit being O. 140 inches. 
There was 0.315 inches, approximately 63%, of wall 
thickness remaining at this point. (Table 4-1) 

Additionally, leakage tests were conducted in conjunction 
with the 1985 study in three segments of the pipeline in 
order to determine actual water loss, an indicator of 
pipeline integrity. The west 29,810 LF showed a loss of 
62 gallons per hour (GPH) compared to 105 GPH, the amount 
usually allowed by pressure tests of new pipes. The 
middle 12,300 LF lost 71 GPH compared to 31 GPH allowed. 
150 GPH leaked from the east 29,290 LF, more than the 92 
GPH permitted. The leakage test confirmed the absence of 
significant discrete leaks in the 20-inch line. 
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SUMMARY OF 20-lNCH PIPE INSPECTIONS 
TABLE 4-1 

TABLE4-1A 
Investigation By: HNTB 

1985 Date: 
Purpose: Determine condition of the 20" transmission line 

Location No. Soil Type Avg Wall Thickness Pit Depth 

HNTB 1 
HNTB2 
HNTB3 
HNTB4 
HNTB5 
HNTB6 

Investigation By: 
Date: 

Sand/Gravel 
Clays 
Clays 
Sand/Gravel 
Clays 
Clays 

TABLE4-1B 
CH2M Hill/CER, Inc. 
9/90 

0.360" 0.085" 
0.364" None 
0.426" 0.041" 
0.505" 0.140" 
0.470" 0.025" 
0.466" 0.040" 

Purpose: Evaluate general condition of 20" transmission line 

Location Soil Avg. Wall 
Thickness 

Pit Resistivity Pipe 
No. Type 

CH2MH 1 Silty Sand 
CH2MH 2 Mix Silt/Clay 
CH2MH 3 Blk Silty Clay 
CH2MH 4 Mix Clay/Sand 
CH2MH 5 Mix Clay/Silt 
CH2MH 6 Stiff Clay 

0.5272" 
0.475" 
0.553" 
0.528" 
0.505" 

Depth 

0.063" 
None 
None 
None 
0.125" 

Investigation By: 
Date: 

TABlE 4-1C 
City Utility Department 
7/83-7/91 

Purpose: Repair Leaks in Pipe 

Location No. Date Cause of Leak 

City 1 
City 2 
City 3 
City 4 
City 5 
City 6 

* 
** 

7/83 Hole(unspecified) 
7/88 Split in pipe 
8/89 Hole(corrosion) 
6/90 Hole(corrosion) 
7/90 Hole(corrosion) 
7/91 Hole(corrosion) 

Pipe scheduled for replacement 
150 LF pipe replaced 

Investigation By: 
TABLE 4-1D 

CER, Inc. 
Date: 8/92 
Purpose: Supplement observation data 

Location Soil Type 
No. 

CER 1 
CER 2 Clay/Gravel 
CER 3 Silty Clay/Gravel 
CER 4 Silty Clay/Rocks 
CER 5 Silty Clay 

Pit Pipe 
Depth Condition 

None Good 
0.109" Pitted/Graphitized 
0.188" Pitted 
None Good 
0.188" Pitted/G raphitized 
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ohm/cm Condition 

8590 Good 
2150 Pitted 
2350 Graphitized 
2550 Graphitized 
4600 Graphitized 
1730 Pitted 

Leak Location 

Unspecified * 
Unspecified 
Bottom 
Bottom 
Bottom 
Bottom * * 



Additional investigations of the 20-inch pipeline were 
conducted during the design of the Big Goose Water 
Distribution System. During September and October of 
1990, CH2M Hill, under contract to CER, conducted a 
corrosion investigation of the project area. At the same 
time, the firm evaluated the condition of the 20-inch 
line at several locations, determining areas and degrees 
of soil corrosivity. The pipe was observed at six 
locations. (Figure 4-1) 

Observations showed some pitting and minor graphitization 
on the top portion of the pipe, while the gravel-bedded 
bottom half remained in relatively good condition. (Table 
4-2) 

The corrosion investigation resulted in a map showing the 
general boundaries of soils having similar resistivities, 
that is, soils with the same general range of corrosion 
potential. corrosivity Ratings are: 

Corrosivity 
Zone 

1 
2 
3 
4 
5 

Soil Resistivity Range 
(Ohm-em) 

o - 1,000 
1,001 - 3,000 
3,001 - 5,000 
5,001 - 10,000 
Over 10,000 

corrosivity 
Rating 

Extremely Corrosive 
Very Corrosive 
corrosive 
Moderately Corrosive 
Mildly Corrosive 

These zones, recreated from the 1990 Corrosion 
Investigation Report and depicted on Figure 4-1, are 
approximate, since they were derived from a limited 
number of resistivity tests. The zones indicate where 
future leaks due to corrosion of the metallic pipe might 
first be expected. The estimated pipeline lengths in 
each corrosivity zone are: 

Corrosivity Zone pipe Length Percent of Total 

1 1,800 LF 2.78 % 
1,2 5,600 LF 8.65 % 
2 10,100 LF 15.60 % 
2,3 30,750 LF 47.49 % 
3 8,950 LF 13.82 % 
4 7,555 LF 11.67 % 

64,755 LF 100.00% 
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4.3 Current xnvestiqation 

In order to supplement the limited number of observations 
of the 20-inch pipe, additional locations of corrosion 
potential were determined by City utility maintenance 
personnel and members of the study team. The pipe was 
excavated at five selected locations in August, 1992. 
The study team observed pitting and some graphitization 
on the top half, with the bedded bottom half showing only 
minor corrosion activity. The largest pits were 
approximately 3/16-inch deep and up to 2-inches across. 
(Table 4-10) 

4.4 Maintenance History 

The 20-inch transmission line was placed into service in 
1968. No leaks were detected until 1983. During the 
past nine years, six leaks have been repaired. Their 
locations are shown on Figure 4-1. Leak reports prepared 
by utility maintenance personnel state that holes caused 
by corrosion were found in five of the six incidents. 
The sixth was a split in the pipe. (Table 4-1C) 

Most holes were found in the lower half of the pipe where 
bedding gravel was installed. This seems contrary to 
prior observations reporting the majority of rust spots 
and pitting in the upper half where the pipe was in 
contact with the native soils. However, this apparent 
conflict may be explained by soil contamination of 
bedding rock in the region of the leak, allowing a small 
amount of native soil against the pipe surface while the 
rest of the area was well bedded; or perhaps the bedding 
was so thin in a particular spot that the pipe was 
actually in direct contact with native soil. The soil 
contact could then have created an anodic spot, 
concentrating the corrosive activity. Usually, pipe 
surrounded by similar material develops corrosion leaks 
near its bottom. Another, less likely possibility, is 
that the observed areas were subjected to anaerobic 
conditions, a different corrosion process. 

The most recent leak (1992) in the 20-inch main, near sta 
36+00, resulted from a 1-inch to 1.5-inch diameter hole 
caused by corrosion. When a repair clamp failed due to 
the deteriorated condition of the adjacent pipe material, 
the decision was made to replace about 195 LF of the 
worst section of pipe. Unfortunately additional pipe in 
moderately poor condition could not replaced at the time 
because the depth was approaching 14 feet and 
construction was considered unsafe. This occurred in 
Resistivity Zone 2. 
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A 1983 leak, near Sta 230+00, was in a 1000 LF segment of 
pipe scheduled to be replaced in 1993. This section of 
pipe is in both Resistivity Zone 1 and Zone 2, 3. 

Three leaks in 1989 and 1990, near Sta 120+00, were in 
around 200 feet of pipe. Although these leaks occurred 
in Resistivity Zone 2, 3, this section lies in a low, wet 
area, possessing characteristics conducive to a corrosive 
environment. Future pipe replacement here is likely. 

Available data points are still too limited to predict 
future maintenance by graphing "Leaks per Year" versus 
"Years of Service." Nevertheless, one important message 
is obvious- the era of frequent leaks and higher 
maintenance has begun. 

4.5 Investiqative Approach and Evaluation 

The objective was to evaluate the condition of the 20-
inch ductile iron transmission line. Two questions were: 
(1) what is the present condition of the existing 
pipeline material, and, (2) what is the remaining useful 
life of the pipeline, i.e., how much of the original pipe 
will require replacement through the year 2045? 

The evaluation of the present condition of the pipeline 
as a whole was based on all available data, primarily 
four information sources. They were a 1985 HNTB Level-II 
report, the 1990 CH2M Hill Corrosion Investigation 
report, observations made during a 1992 CER supplemental 
excavation and investigation program, and City of 
Sheridan maintenance records. 

These investigations produced data from 23 locations 
along the 12.3 miles of pipe. Previous investigations 
and inspections during pipe repairs beginning in 1983, 
indicate that a majority of the pipe is presently in good 
or fair condition. The pitting that has been detected 
and measured apparently does not yet restrict pipe 
capaci ty or working pressures. However, there are 
certain regions of accelerated pipe deterioration. These 
areas contain pipe that has been, or soon will be, 
removed and replaced. 

Repeated conversations with City of Sheridan utility 
Department personnel discussed which areas are likely to 
need replacement. At the same time, the pitting data was 
evaluated to forecast the remaining useful life of 
deteriorated pipe material. Comparing the pit depth with 
the wall thickness required to contain the known working 
pressures, and projecting a future rate of corrosion, the 
remaining useful life of particular pipe segments can be 
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estimated. Future corrosion, however, will probably not 
progress at a steady rate. Deterioration may accelerate 
or be retarded by previous corrosive activity. 

Forecasts of remaining useful life at specific locations 
along the pipeline may be inaccurate. But, extending 
these remaining useful life predictions to all pipe 
within an entire corrosivity Zone, has to be even less 
reliable. Nevertheless, this procedure seems the best 
available method of estimating future pipe replacement 
costs. 

Table 4-2 presents the length of pipe in each Corrosivity 
Zone projected to be replaced. These replacement lengths 
are estimated for 5, 10, and 25 years into the future, 
the corresponding years are 1997, 2002, and 2017. All 
available information regarding the present condition of 
the 20-inch pipe and potential future corrosion was 
considered in the estimated values shown in the table. 

Table 4-2 
PROJECTED 20-lNCH PIPE REPLACEMENT 

TOTAL PERCENT OF PIPE REPLACED BY 

Corrosivity Zone Length (LF) 1997 2002 2017 
(5 yrs) (10 yrs) (25 yrs) 

1 1,800 10-20 40-50 60-80 

1,2 5,600 10-20 35-45 60-70 

2 10,100 5-10 30-40 45-65 

2,3 30,750 2-5 10-20 20-30 

3 8,950 2-5 10-15 15-25 

4 7,555 2-5 10-15 15-25 

Total 64,755 

I TOTAL LENGTH OF PIPE REPLACED (LF) 

Corrosivity Zone Length (LF) 

1 1,800 180-360 720-900 1080-1440 

1,2 5,600 560-1120 1960-2520 3360-3920 

2 10,100 505-1010 3030-4040 4545-6565 

2,3 30,750 615-1538 3075-6150 6150-9225 

3 8,950 179-448 895-1343 1343-2238 

4 7,555 151-378 756-1133 1133-1889 

Total 64,755 2190-4854 10436-16086 17619-25277 
3.4%-7.5% 16.1 %-24.8% 27.2%-39.0% 
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Based on city of Sheridan maintenance records, the cost 
of replacing 195 LF of 20-inch pipe in 1992 by city 
personnel was $12,350, or about $63 per lineal foot. 
This particular section of pipe was deeper than the 
average for the entire pipeline, but city labor rates 
applied to the cost estimate were probably lower than 
those typically used in the construction industry. For 
purposes of this report, a unit cost of $60 per lineal 
foot is incorporated into projected costs of future pipe 
replacements. Actual costs will be influenced by the 
amount of pipe replaced per project, among many other 
factors. The estimated costs for pipe projected to be 
replaced through the years 1997, 2002, and 2017 are shown 
below. 

Year 

1997 
2002 
2017 

Replacement Cost @ $60/LF 

cost Range 

$ 131,400 - $ 291,240 
$ 626,160 - $ 965,160 
$1,057,140 - $1,516,620 

Instead of pipe replacement, an alternative maintenance 
procedure would install additional repair clamps and 
sleeves until a given section of pipe is determined in 
need of slip-lining. Slip-lining would place a semi
rigid conduit of smaller diameter within the existing 
pipe that remained in place. As technology improves, 
slip lining may become a less costly option, particularly 
for longer pipe lengths. A disadvantage of slip-lining 
is that the resulting smaller pipe diameter decreases 
conveyance capacity. 
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4.6 Conclusions 

Though most of the existing 20-inch transmission main is 
in good condition, there are pipe segments considered to 
be deteriorated. This conclusion follows a pipeline 
investigation consisting of interpreting information 
produced by previous inspections and from field 
observations by CER personnel. Unfortunately, a limited 
number of total observations constitutes the entire data 
base. 

City maintenance records indicate very few leakage 
problems prior to 1983. More recently, the number of 
leaks, particularly leaks caused by corrosion, have 
occurred more often. An even higher frequency of repairs 
is expected in the near future. 

Forecasts of future pipe failures and replacement costs 
may be highly inaccurate because of an extremely low 
number of data points describing leak repairs. Based on 
this small data base, the consulting team projects that 
27% to 39% of the pipeline will be replaced by the year 
2017. After 49 years of service, the accumulated 
maintenance cost is expected to range from $1,000,000 to 
$1,500,000. 

19 



5.0 RAW WATER SUPPLY ALTERNATIVES 

5.1 Xntroduction 

Three raw water supply alternatives to meet the year 2045 
projected water demand of 36.0 MGD are: 

o Existing 20-inch pipeline alone 

o Existing 20-inch pipeline supplemented with a new 
raw water pipeline 

o Existing 20-inch pipeline replaced by a new raw 
water pipeline 

Flow control for pipeline alternatives is also discussed. 

5.2 Existinq 20-inch Pipeline Alone 

The purpose of this section is to evaluate the 
possibility of augmenting the capacity of the existing 
20-inch pipe so that the construction of a new raw water 
pipeline might be delayed. Unfortunately there is no 
cost-effective method to augment the long-term capacity 
of the 20-inch raw water transmission main. 

Raw water presently flows to the Sheridan water treatment 
plant through four pipelines of 8, 10, 16, and 20-inch 
diameters. The two smaller pipes are considered too old 
and deteriorated for future use and are proposed to be 
abandoned upon completion of the new 4.5 MGD Big Goose 
Water Treatment Plant approximately one mile downstream 
of the City's Raw Water Intake. Then, treated water in 
the 16-inch pipe will serve residents west of Sheridan. 
Available water exceeding this usage will be conveyed 
into the city distribution system. 

Raw water will continue to flow to the Sheridan Water 
Treatment Plant through the single remaining 20-inch 
diameter pipeline. The present capacity of the 20-inch 
pipe is considered to be 9.5 MGD based on operating 
experience by city personnel and previous experience with 
other water transmission systems. In 1985, the line was 
tested by the city Utility Department and HNTB at a peak 
flow rate of 11.2 MGD, but was considered by the 
consultant to have a capacity of 6.8 MGD based a maximum 
flow velocity of 5 FPS. 

Operating pressures are held below the maximum static 
pressure of 750 feet (325 PSI) by throttling existing in
line valves, thus creating sufficient friction losses. 
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Such a manual system requires constant diligence by water 
system operators. 

There is no cost-effective method to augment the long
term operating capacity of the 20-inch main above 9.5 
MGD. Greater flow volumes require higher water 
velocities. A normal operating velocity higher than 
about 7 FPS risks leaks at joints and fittings from 
excessive pressure from changes in momentum and surges 
known as water hammer. Although the 20-inch pipe has 
occasionally conveyed water at higher flow rates, 9.5 MGD 
is the maximum recommended long-term capacity. This 
correlates to a velocity of 6.7 FPS. 

Higher flows (up to about 11.2 MGD is possible) through 
the 20-inch main offer an immediate solution, delaying'a 
new pipeline up to five years if raw water is delivered 
to the VAMC, and nine years without the VAMC. However, 
the potential consequence of excessive flows is premature 
leaks, producing higher maintenance costs for the 
remaining life of the pipeline. 

Flow above 9.5 MGD in the 20-inch pipeline is not 
considered a viable method of augmenting the long-term 
operating capacity of the existing transmission main. 

5.3 Existing 20-inch Pipeline Supplemented By a New Raw water 
Pipeline 

This option continues operation of the existing 20-inch 
pipe and supplements its capacity with a new raw water 
transmission main. Two major benefits of retaining the 
20-inch pipe in service until the year 2045 are its 9.5 
MGD conveyance capacity and the resulting conveyance 
redundancy offered by two raw water pipes. 

By the year 2045, the City of Sheridan and the Joint 
Powers Board service area will need an estimated 19. 0 MGD 
(33.0 less 14.0 MGD) of additional raw water conveyance 
capacity. Serving the Kendrick Golf Course and the VAMC 
would require a new raw water pipe with a capacity of 
22.0 MGD. A 30-inch diameter pipe has that capacity at 
an optimum water velocity of about 7 FPS. 

since the existing 20-inch pipeline would remain a key 
water system element, it should be upgraded with proper 
hydraulic controls. One pressure reducing valve (PRV) to 
reduce maximum pressure is recommended. The PRV reduces 
pressures during low flows, improving long-term pipeline 
performance and reliability. 
Prior to the 50-year planning horizon, the 20-inch pipe 
may require major renovation. Its existing condition 
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suggests· that after thirty years, the cost of repeated 
repairs and pipe replacement may become so onerous that 
its abandonment and replacement with a new raw water pipe 
might become cost effective. Even though it reduces flow 
capacity, sliplining a polyethylene pipe inside, might 
lengthen its remaining useful life for an acceptable 
capital expenditure. 

5.4 Existinq 2o-inch pipeline Replaced By a New Raw water 
Transmission Pipeline 

A 30-inch diameter pipe can satisfy the 50 year peak day 
demand of 31.5 MGD (36.0 less 4.5 MGD) with a flow 
velocity of 9.6 FPS.(Table 5-1) While this approaches 
the high end of generally recognized design standards, a 
30-inch main is still the recommended alternative unless 
a new 36-inch diameter pipe would be found to require 
only a slightly higher capital expenditure. A major 
benefit of the larger conduit would be surplus conveyance 
capacity at the end of the 50-year planning period. The 
resulting single pipe raw water delivery system would 
lack redundancy however, which is the primary reason that 
replacing the 20-inch pipeline now is not recommended. 

TABLE 5-1 
flOW VELOCITIES AND PIPE CAPACITIES 

Pipe Diameter Row Velocity Row Volume 
(inches) (FPS) (MGD) 

20 5 7 
6.7 9.5 
8 11 
10 14 

24 5 10 
8 17 
10 21 
10.4 21.5 

30 5 16 
6.9 22, 
8 25 
9.6 31.5 
10 32 

36 5 23 
6.7 31.52 

8 37 
10 45 

Total Raw Weter Capacity needed to supplement the 20-inch pipeline 

Total Raw Water Capacity needed without the 20-inch pipeline 
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After evaluating the three alternatives, supplementing 
the 20-inch pipeline with a new 30-inch raw water 
transmission main is the recommended alternative. 

5.5 Control Valves 

The raw water transmission system requires a single valve 
or a series of valves, depending on valve selection, to 
control the flow of raw water to the Sheridan Water 
Treatment Plant and reduce excessive system head. For 
the recommended pipeline route, the valve(s) will be 
required to reduce up to 550 feet (240 PSI) of head at 
low flow conditions of approximately 3 MGD, and eliminate 
130 feet (56 PSI) at the anticipated maximum flow of 
approximately 31.5 MGD. Proper valve selection is 
essential for long term reliable operation and low system 
maintenance, and to reduce potential hydraulic transients 
(water hammer) in the transmission system. 

Cavitation is a dangerous phenomenon that occurs when the 
fluid pressure drops substantially below atmospheric 
pressure and forms vapor cavities in the flow. As the 
pressure rises in the downstream direction, these 
cavities collapse and cause excessive noise, vibration 
and erosion damage (pitting) to valve surfaces and 
downstream piping. cavitation can seriously damage 
control valve(s)' and downstream piping, therefore, 
elimination of cavitation must also be a design 
consideration. 

Four types of control valves were evaluated in this 
study: Ball valve, butterfly valve, globe body valve, 
and a pressure reducing sleeve valve. Each valve was 
evaluated for its capability to control a variable flow, 
reduce head with no cavitation throughout the operating 
range, and control hydraulic transients. The advantages 
and disadvantages of each valve type are shown on the 
next page. 

A sleeve valve is the recommended control valve for this 
project. The sleeve valve is designed to control flow 
and reduce excess head without cavitation, is capable of 
controlling hydraulic transients, and is ideally suited 
for this application. 

The proposed 30-inch diameter raw water transmission main 
could ultimately become the single supply line to the 
Sheridan Water Treatment Plant. To improve system 
reliability, a bypass line around the sleeve valve 
containing a ball valve and an orifice plate is 
recommended. 
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Valve Type 
Ball 

Butterfly 

Globe Body 

Sleeve 

CONTROL VALVE SUHMARY 

Advantages 
* Will not cavitate 
* Low Cost 

* Low cost 

* Good flow control 
* Will not cavitate 
* Will shear 

required head 
range 

* Excellent flow 
control 

* Can shear in excess 
of 1,000' of head. 

* A single valve 
* Low maintenance 
* Will not cavitate 
* High reliability 

Disadvantages 
* Poor low flow 

performance 

* High maintenance 

* Poor control 
performance. 

* High maintenance 
* Can cause cavita

tion in down
stream piping. 

* Requires 3 or 4 
valves in series 
and/or parallel 

* High cost 
* High maintenance 

* High cost 

Comments 
* Low flow occurs 

throughout the study 
period especially the 
initial 10 to 20 years. 

* Not recommended for 
long-term use. 

* Not suited for this 
application. 

* Not recommended. 

* Not recommended 

* Recommended 
* Sleeve valve 

was designed for 
this application. 

An la-inch sleeve valve would be located near the 
Sheridan water Treatment Plant for better access to lower 
operation and maintenance costs. This is also an optimum 
location should a hydropower turbine become desirable in 
the future. With or without a hydroturbine, the pressure 
reducing valve would automatically control flows based on 
the water level in the treatment plant settling basins. 
The operator would have the ability to override the 
automatic control and adjust the valve from the control 
room. Other control options are also feasible. 
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6.0 PIPELINE ROUTES 

Three pipeline routes were evaluated on a cost and 
constructability basis. Segment 1 starts at the City Intake 
and terminates at station 317+00. (Figure 6-1) Segments 2, 3, 
and 4 connect Segment 1 to the Sheridan water Treatment Plant 
via different routes. Segment 2 is the northern route and is 
slightly longer than the others. Segment 3 follows 
subdivision road rights-of-way and the foothills north of Big 
Goose Creek. Segment 4 parallels the Big Goose Highway past 
station 500+00, then continues towards the treatment plant. 

The highest elevation pipeline route, Segments 1 and 2, is the 
lowest cost route. The estimated unit price of Segment 2 for 
a 30-inch pipe ($103/LF) is about $10.00 per lineal foot below 
the next lower cost alternative, Pipe Segment 3. 

The use of lower pressure pipe for the higher altitude Segment 
2 saves about $7.00 per foot compared to Segment 3. Open, 
unobstructed trench conditions saves an additional $3.00 per 
foot compared to Segment 3 routed through subdivisions for 
about one third of the distance. (Table 6-1) 

Pipe Segment 1 is the western portion of the three alternative 
routes (Figure 6-1). 

TABLE 6-1 
ALTERNATIVE PIPE ROUTES 

ESTIMATED UNIT COSTS 
30 INCH DIAMETER INSTALLED 

Cost Factors Pipe Segments 

length (IF) 1 2 3 
28,000 33,200 32,800 

Estimate based on 250 psi pressure class 109.25 109.25 109.25 

Average Pressure Class Factor 0 (3.07) 3.66 

Trench Conditions Gravel 
Rural Rural Subd. Rds. 
(8.32) (8.32) (5.55) 

Air Release & Vacuum Valves @ $2,000 ea 0 0.36 0.43 

Trench Repair and Traffic Control 0 0 0.50 

Subtotals 100.93 98.22 108.29 

Isolation Valves & Misc. Fittings @ 5% 5.05 4.91 5.41 

TOTAL PRICE PER FOOT 105.98 103.13 113.70 

Note: Installed unit costs for ductile iron, reinforced concrete, and push-on joint steel. 
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The estimated construction cost for 61,000 feet (11.6 miles) 
of pipe along Route A, composed of Segments 1 and 2, is 
$6,391,000 (Table 6-2). Though slightly shorter, Pipe Routes 
Band C are more expensive primarily because of higher 
pressure classes of pipe material and more difficult 
construction conditions. 

Pipe Routes Segments 

A 1 
2 

B 1 
3 

C 1 
4 

TABLE 6-2 
ALTERNATIVE PIPE ROUTES 

30-INCH DIAMETER 

Length (LF) Unit Cost' ($/lF) 

28,000 105.982 

33.200 103.133 

61,000 

28,000 105.982 

32,800 113.704 

60,800 

28,000 105.982 

32,700 116.036 

60,700 

Totals ($) 

2,967,000 
3,424,000 

2,967,000 
3,729,000 

2,967,000 
3,794,000 

1 Ductile iron, concrete, or push-on joint steel pipe installed + 5% for fittings 

2 Pipe Pressure Classes - Segment 1 
Stations Pressure Class (PSI) 

0+00 - 200 +00 200 
200+00 - 280+00 250 

3 Pipe Pressure Classes - Segment 2 
Stations Pressure Class (PSI) 

280+00 - 310+00 250 
310+00 - 380+00 200 
380+00 - 430+00 250 
430+00 - 580+00 200 
580+00 - 612+00 300 

4 Pipe Pressure Classes - Segment 3 
Stations Pressure Class (PSI) 

280+00 - 310+00 250 
310+00 - 608+00 300 

6 Pipe Pressure Classes - Segment 4 
Stations Pressure Class (PSI) 

280+00 - 310+00 250 
310+00 - 450+00 300 
450 +00 - 502 +00 350 
502+00 - 607 +00 300 

Route Total ($) 

6,391,000 

6,696,000 

6,761,000 

Provided that pipeline easements can be acquired, the northern 
route consisting of Segments 1 and 2 is recommended. 
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7.0 PXPELXNE SXZE 

Raw water transmission line velocities typically range from 1 
FPS at low flow conditions, up to 20 FPS. At high velocities, 
abrasion from solids can increase the roughness of the pipe 
interior, larger thrust blocks are required to account for 
changes in momentum, and head losses are much greater. The 
consulting team believes that the optimum velocity is 7 FPS 
and recommends that pipe velocities be less than 10 FPS. 

The 550 feet of available head for the proposed pipeline is 
the difference between the intake elevation of 4600 and the 
water level at 4050 in the treatment plant settling basins. 

New cement mortar lined pipes have a Hazen-Williams "c" value 
(pipe roughness factor) between 140 and 150. The interiors of 
older pipes become rougher, reducing the "c" value. The 11.2 
MGD produced by the 20-inch pipeline with four butterfly 
valves fully open, represents a "c" value of 138. The 
friction loss imposed by the valves indicates that the pipe 
interior walls are still quite smooth with an actual "c" 
approximating 140. 

For this evaluation, a "c" value of 140 was selected for the 
proposed 30-inch pipe because it allows for a slight increase 
in pipe roughness during the 50-year planning period, and 
appears to be a reasonable value based on flow testing of the 
20-inch pipe and the raw water quality of Big Goose Creek. 

If the existing 20-inch transmission main remains operable 
until the year 2045, a second pipeline must convey 22 MGD. 
with a "c" factor of 140, and a terminal velocity of 8.5 FPS, 
a 24-inch pipe uses the 550 feet of available head and 
produces a flow of about 17.5 MGD. Therefore a larger pipe is 
necessary to satisfy the peak day demand. If the existing 20-
inch pipeline is abandoned during the next 50 years, a new 30-
inch transmission main delivers 31.5 MGD with a friction head 
loss of 550 feet at a terminal velocity of 9.6 FPS. 

Consequently, a 30-inch diameter pipeline is recommended 
because it can satisfy peak day demands in conjunction with 
the existing 20-inch pipe at an optimum velocity of 6.9 FPS, 
and also can serve as the sole means of raw water delivery in 
the event that the 20-inch pipe becomes inoperable due to leak 
repairs or renovation. 
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8.0 COSTS 

The cost of the entire project is estimated to be $9,268,000 
for a 30-inch raw water pipe system. These estimates include 
project design, permitting and environmental mitigation 
studies, construction engineering, and contingency at 
15%. (Table 8-1) 

TABLE 8-1 
PROJECT COST ESTIMATE 

30-lNCH DIAMETER 

Item No Description 

1. Pipe Segment 1 

2. Pipe Segment 2 

3. Sleeve Control Valve 

4 Intake Piping 

5. Highway Crossing 
48" Casing 

6. Creek Crossing 

7. 20" Pipe - PRV 

8. Electrical Work 

Total 

Final Plans and Specifications at 10% 
Permitting & Mitigation 

Cultural Resource Assessment 
Environmental Inventory & Assessment 

Legal Fees 
Right of Way Acquisition @ $1 ,OOO/ac 
Cost of Project Components 
Construction Engineering Costs 

Contingency @ 15% 
Total Construction 
Total Project Cost 

Unit Cost ($) 

105.98 

103.13 

700 

200 

7,000 
33.000 

6,716,000 
672.000 

7,388,000 
1.108.000 
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Quantity 

28,000 LF 

33,200 LF 

LS 

LS 

50 

50 

LS 

LS 

Total ($) 

2,967,000 

3,424,000 

190,000 

30,000 

35,000 

10,000 

40,000 

20,000 

6,716,000 

672,000 

40,000 
20,000 
40,000 

8.496.000 
$9,268,000 



9.0 ADDZTZONAL PROJECT OPTZONS 

9.1 Kendrick Golf course IrrLgation 

The preferred pipeline route can supply the Kendrick Golf 
Course with irrigation water under pressure at the North 
property boundary. (Figure 6-1) 

9.2 veterans Administration Medical center Flows 

Serving the VAMC with up to 1.5 MGD on a peak day in the 
year 2045 does not require the new raw water transmission 
main to be larger than the recommended 30-inch size. The 
VAMC has established a financial contribution of $1.5 
million, which is the estimated cost to replace their 
remaining a-inch pipe with new 10-inch pipe. Therefore, 
a new 30-inch diameter pipe is recommended to supplement 
the existing 20-inch whether or not the VAMC is served. 

9.3 Hydropower 

The new raw water pipe has hydropower potential. It is 
recommended that installation of a turbine near the 
Sheridan water Treatment Plant be investigated during 
final design. 
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10.0 CONSTRUCTION SCHEDULE 

In 1994 when the Sheridan Area Water Supply Project begins 
providing potable water to the five districts and Kendrick 
Golf Course in addition to the City of Sheridan, the projected 
peak day demand is: 

0 JPB Service Area 
4,800 residents @ 500 GPC = 2.4 MGD 

0 Kendrick Golf Course = 1.0 MGD 

0 City of Sheridan = 10.3 MGD 

TOTAL 13.7 MGD 

Based on an annual population growth rate of 2%, peak day use 
by the City of Sheridan, Kendrick Golf Course, and the JPB 
service area will exceed 14.0 MGD in 1996. This is the 
combined capacity of the 16-inch and 20-inch pipes. 

When the 8-inch and 10-inch pipes are abandoned in 1994, a new 
raw water main must be completed in order for the JPB to 
supply peak day demands of the City, the JPB service area, the 
Kendrick Golf Course and deliver up to 1.2 MGD to the 
VAMC.(Figure 3-1) 

Accordingly, a new 30-inch raw water transmission main is 
recommended for funding by the Wyoming Legislature in 1993. 
Construction could start in 1994 with completion expected late 
that year or early 1995. 

Benefits of this proposed schedule are: 

o The Sheridan community would have two raw water 
transmission mains for the Sheridan Water Treatment 
Plant, creating highly desirable redundancy in its raw 
water delivery system. 

o Local funds have already been made available for matching 
purposes by the Joint Powers Board, and project 
administration staff is already in place for other 
components of the Sheridan Area Water Project. 

o The Sheridan Water Treatment Plant, currently being 
expanded from 10 to 14 MGD, will have sufficient raw 
water available to it to operate at full capacity. 

o The 8- and 10-inch cast iron pipes can be abandoned, 
stopping costly repairs. 
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o The Kendrick Golf Course, switched from the a-inch pipe 
to the 20-inch pipe, will no longer be the site of 
wasteful spills that are performed to prevent excessive 
pressure build-up in the 8-inch pipe. 

o The VAMC obtains a long awaited reliable raw water 
delivery system, eliminating the risk of a catastrophic 
interruption .. 
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11.0 RECOMMENDATXONS 

The project consulting team recommends that: 

o A new 30-inch diameter transmission main be authorized 
for financial assistance by the 1993 Wyoming Legislature. 

o The pipeline Segments 1 and 2 be constructed. 

o The pipe material be the lowest cost bid alternate among 
ductile iron, reinforced concrete, and steel. 

o One sleeve valve be installed near the Sheridan water 
Treatment Plant for pressure control. 

o Final design evaluate the feasibility of a hydropower 
turbine. 
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12.0 APPENDICES 

Hydraulic Transient Analysis 

A hydraulic transient analyses of the proposed alignment of 
the 30-inch diameter Sheridan Area Raw Water Supply Pipeline 
was performed to determine pressure and flow responses 
resulting from opening and closing of the proposed 18-inch 
sleeve valve. Results of the analyses are used to determine 
control valve operation criteria and their effect on the 
pipeline. 

The core computer source code used in the hydraulic transient 
analyses is the SURGE3 program (11/23/88 - edition), developed 
by Don J. Wood and James E. Funk, Civil Engineering Software 
Center, University of Kentucky, as modified by Burns & 
McDonnell. Burns & McDonnell modifications include data pre
and post- processor and increased graphic capabilities. 

Transient modeling parameters and assumptions for this gravity 
system are as follows: 

o 

o 

o 

o 

o 

o 

o 

o 

o 

SURGE3/3MTA Node Numbers - No. 10 through No. 132 
Time step - 0.2833 Sec. 
Distance Step - 1000 feet 
30-inch cement mortar lined ductile iron pipe - wave 
celerity = 3530 ft/s 
18-inch sleeve valve. Bailey No. 810. 
Pipe profile as proposed in Segments 1 & 2 (Route A). 
Constant speed valve operation. operation rate - 10 
minutes from fully closed to full open. 
Flow = 31 MGD 
operating sequence as listed below: 

1. start at time = 0 with 0 flow and valve closed. 
The pipeline is full of water. 

2. Open valve at a constant speed, to approximately 
40% open (60% open area) over 4 minutes. 

3. System attains steady state condition (Flow = 31 
MGD) 

4. Close valve at a constant speed (valve requires 4 
minutes to close from a 40% open position). 

The maximum and minimum pressures expected to be experienced 
by the transmission main are a maximum pressure of 364 PSI and 
a minimum pressure of -5.7 PSI. These pressures are well 
within the design capacity of ductile iron, concrete and steel 
pipe. 

The valve operation rate of 10 minutes (to operate the valve 
from a fully-closed position to a fully-open position, or from 
a fully-open position to a fully-closed position) should 
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eliminate damaging pressure surges from any of the proposed 
transmission main alignments. The final pipeline design 
should be reanalyzed in more detail to account for the final 
pipe size, profile and alignment, roughness (friction) factor, 
and the specified control valve. The final analysis should 
also consider the following: 

o 

o 

o 

o 

Non-linear valve operation rates, (characterized 
closure) to reduce the required operation time and 
increase the operation rate for a faster response 
in flow control. 

Emergency operating conditions: 

Greater than peak flows for pipeline segments 
1, 3, and 4. This is a potential scenario 
since the proposed valve allows design peak 
flow at 40% open. 

The ground surface elevation along northern 
route (pipe segment 1 and 2) matches the 
hydraulic gradeline at station 510+00 
(following figure) at the projected peak flow 
of 31.5 MGD. Therefore peak flow is at the 
terminal velocity when the proposed valve is 
100% open. 

Manual valve operation. An analysis was 
performed in which the proposed valve was 
opened to 40% in 1 minute. This analysis 
predicts damaging pressure surges through the 
transmission main. Analyses should be 
performed to determine minimum valve operation 
rates for isolation and bypass valves, 
including the valve's specific hydraulic 
characteristics. 

Exact configuration of the transmission main intake 
and discharge as well as water surface levels. 

The pipeline profile should be designed to prevent 
pressures (working plus surge) below 5 PSI. 
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Pipe Mat'l Mat'l Labor Equip 
Oia. ($) ($) ($) 
(in) 

16 0.1.' 29.07 5.59 3.15 
Conc 31.35 7.89 5.17 

20 Dol.' 36.05 8.63 4.86 
Conc 37.95 11.45 7.52 

24 Dol.' 45.05 10.56 5.94 
Conc 45.70 14.00 9.19 

30 Dol.' 61.66 10.56 6.68 
Conc 67.24 15.75 10.35 

36 Dol.' 78.56 13.57 7.64 
Conc 78.20 18.00 11.82 

Includes cost of polywrap 

Average unit cost is $109.25 

PIPEUNE UNIT COSTS ($/LF) 
250 psi PIPES 

Excavation Bedding 
($) ($) 

5.73 8.86 
5.73 1.10 

6.42 10.74 
6.42 1.18 

7.13 12.75 
7.13 1.26 

8.23 16.11 
8.23 1.38 

9.47 19.83 
9.47 1.51 
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Backfill 
($) 

3.42 
4.77 

3.70 
5.34 

3.95 
5.95 

4.34 
6.87 

4.77 
7.94 

Pipe Sub- Restrain 
Wrap total Joints 
($) ($) ($) 

0.8 56.62 7.38 
N/A 56.01 8.71 

0.9 71.30 10.18 
N/A 69.86 9.47 

1.0 86.38 13.58 
N/A 83.23 10.22 

1.1 108.682 17.10 
N/A 109.822 11.74 

1.2 135.04 21.52 
N/A 126.33 13.25 
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