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1.0 INTRODUCTION 

The Bedford Community Pipeline was built in 1948. It 
has served the people of Bedford for 39 years without 
any major changes or improvements. 

In 1986 the current directors of the pipeline made an 
agreement with The Wyoming Water Development Commis- 
sion to help them improve their pipeline. 

The Wyoming Water Development Commission has retained 
Forsgren-Perkins ~ngineering of p van st on, Wyoming to 
perform an investigation and evaluation of Bedford's 
domestic water system i .em The Bedford Community 
Pipeline. 

Funding of projects by the ~yoming Water Development 
Commission is based on a concept of four development 
levels. The determination of need and feasibility is 
made in Level I. Level I1 includes preliminary design 
activities such as water rights, economic analysis, 
and refined cost estimates. Final design activities 
are completed in Level 111 and construction of im- 
provements in Level IV. With smaller, less complex 
projects it is sometimes possible to combine or even 
skip levels in the interest of time and/or funding 
issues. This report documents the activities and 
findings of studies under Level I of the water devel- 
opment program, 

1.1 GENERAL 

The town of Bedford is situated in Western Wyoming 
less than 10 miles from the Idaho - Wyoming border, 
Figure 1.1. Bedford is one of many small farming com- 
munities in the picturesque Star valley. It lies in a 
small secluded valley 12 miles northeast of Afton and 
3 1/2 miles southeast of the town of Thayne as shown 
by figure 1.2. 

The nearest population center to Bedford is ~fton. It 
has a population of approximately 1500 people and pro- 
vides shopping areas and services for the people of 
Bedford . . and the other small towns in Star Valley. 
U.S, ~ighway 89 runs north and south through Star Val- 
ley. It is a major tourist route to and from Jackson, 
~yoming, Teton and Yellowstone National parks. 

There is great potential for growth and development in 
the Star Valley as well as in the town of Bedford. 



In order to assess the need and feasability of im- 
provements to the Bedford Community Water System many 
steps were taken, and many resources tapped. 

The first of these resources were the people of 
~edford. Forsgren-Perkins Engineering assisted the 
pipeline board in the preparation of a questionnaire 
that inquired about the residents current source of 
water, whether pipeline or private wells, their future 
development plans and if they were presently not on 
the Community pipeline if they were interested in be- 
ing connected and having water service and in addi- 
tion, if they were interested in fire protection. The 
questionnaire s were distributed and returned by at 
least 90% of the Bedford population. These question- 
naire s were used for population projections and fu- 
ture population distribution among other things. 

Personal interviews were also conducted by 
Forsgren-perkins personnel. Comments on past problems 
with the water system were documented. These comments 
were used to locate critical areas in the system. 

A house count was conducted to approximate a current 
population of the Bedford area. 

Field data is an important part of any study. Many 
measurements and inspections were made in this study. 
Pressure readings were taken from outside taps on sev- 
eral homes throughout the study period. These 
readings were used to calibrate the computer model of 
the distribution system. In order to investigate cur- 
rent usage rates another field measurement was taken. 
The main line was tapped and flow measurements were 
taken at 4 hour intervals for a 24 hour period. A 
pressure monitor was also placed on the line and a 
continuous reading was taken for the same 24 hour pe- 
riod. 

Stream flow measurements were taken along Strawberry 
Creek to correlate existing stream flow data with 
projected data. It was also necessary to estimate the 
contribution of several springs in the canyon.  his 
was done using v-notch weirs in three small springs 
and an existing broad crested weir at "Big Spring", 
which is the source of Bedfords current culinary water 
supply. The weirs worked fairly well except one of 
the springs was very rocky and the weir could not be 
sealed well. This problem was resolved by estimating 
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the percent of flow going over the weir. Additional 
information about the springs became available by 
talking with the residents of Bedford. They commented 
on an additional spring just downstream of the Big 
Spring and on the seasonal fluctuations of all the 
springs. 

Water quality sampling and testing was completed for 
the measured springs considered possible future 
sources of water. Three separate measurements were 
made throughout the study period. 

The transmission line and distribution lines were 
uncovered and inspected for surface condition and bed- 
ding material. The spring box was also inspected as 
were other valve boxes in the distribution system. 

The last step taken in the study was modeling and 
analysis of the various parts of the system. Computer 
modeling was utilized for hydrologic modeling, water 
rights analysis, transmission line modeling and stor- 
age and distribution modeling. The results of the 
modeling were analyzed and recommendations were made. 

1.3 REPORT OUTLINE 

The report is organized into five chapters. Chapter 
t.wo reviews the existing conditions of the system and 
the water rights situation. Chapter three presents 
the basic design criteria to be used in this project. 
This is followed by an indepth discussion of the vari- 
ous alternatives and costs to improve the system in 
chapter four. Overall recommendations for the best 
course of action with respect to the water system is 
included in chapter five. 



2.0 EXISTING CONDITIONS 

2.1 GENERAL 

2.1.1 WATER SYSTEM HISTORY 

The Bedford Community Pipeline was built in 1948. It has 
59 owners serving 67 connections. The pipeline has not 
been expanded from its original size but a few connections 
have been moved from one location to another to accommodate 
people building new homes and abandoning others. If an 
owner moves out of the area his connection is sold to 
someone waiting for a hookup. Currently there are 
approximately 30 families who want to connect to the 
pipeline. 

The system receives its water from a large spring that sur- 
faces approximately 1.5 miles up Strawberry Creek Canyon as 
seen in Figure 2.1. The spring water is collected in a 
spring box with a 3,500 gallons capacity. From the spring 
box the water is transmitted through a 6-inch steel pipe 
1.7 miles to the distribution system. The distribution 
network is comprised of approximately 15 miles of steel 
pipe. The pipes range in size from 6-inch diameter to 1 
1/4-inch diameter. There are smaller diameter pipes lead- 
ing to private connections. ~ransmission and distribution 
systems, sizes and locations are also shown in figure 2.1. 

The Bedford water system is 40 years old but remains in 
reasonable condition considering its age. The owners of 
the water system have historically provided maintenance to 
the system on an "as needed" basis. Over the years, sever- 
al leaks have been repaired but major line replacement has 
not been necessary. No water auditing or definitive leak 
testing has been done in recent years and there may be sys- 
tem losses which are not apparent from surface examination. 

In the 1950's a hydropower plant was built approximately 
1/2 mile up Strawberry Creek Canyon. The Lower Valley Pow- 
er ~uthor ity currently runs the plant generating 
approximately 1500 KW 4 months a year and as much as pos- 
sible based on available Strawberry Creek flows in the win- 
ter months, some years as little as 500 KW. The power 
generated depends on available water from its diversion 
reservoir 2 1/2 miles upstream from the plant. 





The diversion reservoir directs water into a 36 inch 
penstock carrying 50 cfs during the peak months. The 
diversion for the penstock is approximately 1 1/2 miles 
above the spring intake box used for the Bedford pipeline. 
The penstock goes into the plant and back into Strawberry 
Creek 1 mile below the intake box therefore bypassing the 
spring source. There has been some concern that will be 
discussed later in this report that this diversion may 
cause the source spring to produce less water than it would 
naturally. 

2.1.2 LAND USE 

The Star Valley area is primarily a farming area as can be 
seen in figure 2.2. Bedford is a typical small farming 
community, with only a small store, a nursery and a church 
in the city center. If the community continues to grow, 
additional businesses may be established to serve the basic 
needs of the population but it is believed that the primary 
use of land will continue to be agriculture and residen- 
tial. 

2.1.3 GEOLOGY AND TOPOGRAPHY 

The geology of the Bedford area varies from mountain area 
to the valley. In the canyon slopes are many layers of 
limestone, siltstone and sandstone. There are also talus, 
glacial till and hill wash. The valley floor consists of 
floodplains from the Salt River and Strawberry Creek, which 
are alluvial fan deposits extending several hundred feet 
deep. An overview of the area geology is presented in Fig- 
ure 2.3. 

The topography of the area consists of gently sloping hills 
in the valley setting below Haystack Peak of the Salt ~ i v e r  
~ange. The Strawberry Creek watershed covers approximately 
22,000 acres of steep terrain. The highest point in the 
watershed is 10,100 feet above mean sea level, while the 
mouth of the canyon lies at 6739 . . feet. b lev at ions in the 
valley can be seen in Figure 2.1. 

2.2 WATER SYSTEM 

2.2.1 SOURCE OF SUPPLY 

The Bedford Community Pipeline water system serves a popu- 
lation of 260 people through 67 direct service 



connections and 23 indirect connections. The system, which 
was constructed in 1948, consists of a single spring box 
collector. The spring box is located 5 miles east of the 
town of Bedford in the Strawberry Creek drainage. A con- 
crete spring box with a storage capacity of approximately 
,,503 gallons is used as the spring collector. The spring 
surfaces a b ~ . -  5 V 9 e t  from the b o y ,  a portion of the water 
percolates througn 2 feet of sand and gravei Into perf-.-*-k- 
ed pipes and flows into the spring box through 10 weep 
holes. The spring box is located in a small drainage area 
with an area of about 100 square yards. The drainage area 
is located directly below a forest service road. A 36-inch 
diameter steel hydro-power penstock pipe is located 30 feet 
above the spring box and has a valve and drain to allow 
draining of the penstock into the spring collection area. 

The spring box is equipped with a wood-plank access cover 
and an overflow pipe. (figure 2.4) The area around the 
spring box drainage is heavily vegetated and is not fenced 
or restricted from animal or human access. From the spring 
box, the influent water flows through a 6-inch steel pipe 
to the Bedford Community distribution system. 

The existing conditions of the Bedford Pipeline water sys- 
tem were reviewed for health standards by the ~nvironmental 
Protection Agency. A sanitary survey of the system was 
performed in September 1985 by a consultant.(See Appendix 
2.1) The survey included a review of the system's history, 
operation, and monitoring procedures. It also encompassed 
a particulate analysis, turbidity measurement, and an in- 
spection of the spring intake facility. 

At present, only bacteriological sampling is practiced at 
the Bedford Community pipeline water system, Elno 
~luckdiger, the pipeline company's secretary, collects a 
sample once per month from a tap at his home and sends it 
to the State Health Department Laboratory in Cheyenne for 
analysis. Turbidity is not monitored, however, the 
consultant did sample for turbidity from a hose hydrant lo- 
cated at Mr. Egan's home and measured a value of 0.15 NTU. 

One sample was taken for particulate analysis from the hose 
hydrant located at Mr. Egan's home. This sample filtered 
828 gallons over a period of 6 hours and 16 minutes. The 
results of the particulate analysis are shown in appendix 
2.2. The sample (filter number 98) shows occasional 
amounts of sediment, amorphous debris, algae, and pollen. 
Rare amounts of diatoms, plant debris, and insects were 
also observed. 
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From the filter analysis, it is evident the spring water is 
receiving some direct surface contact because of the algae, 
plant debris, and pieces of insects found in the water. 
There is a strong indication based on this analysis that a 
health hazard exists through potential pathogenic contami- 
nation of the water supply. The system is considered at 
risk for other contamination as well because of its loca- 
tion and construction. The spring box is in a small drain- 
age area where it receives minimal surface runoff; however, 
the hydro-power penstock with drain valve and the gravel 
road located above the spring box pose threats of contami- 
nation. The spring box is also not fenced nor is it well 
protected from human access. The wood-plank cover 
installed on the spring box is also a concern in that it 
may allow contaminants to enter the water. 

Taking into account the above statements, the Bedford Com- 
munity Pipeline Company water system is at risk from sever- 
al pathogens including Giardia. The water system provides 
no protection to its users from these risks, either in the 
form of particulate removal or disinfection. 

It is recommended that steps be taken to minimize the oc- 
currence and potential of surface water contamination of 
the spring source including improvement of drainage, in- 
stalling a protective fence and making the collection box 
water tight. The protective fence has been considered by 
residents in the past but it is said that a large snow 
slide comes down to the spring box nearly every winter and 
any normal fence would be destroyed each winter and would 
have to be replaced every spring. It is also recommended 
that a disinfection system be installed. 

Besides the threat of contamination from human and animal 
access, avalanches also pose a problem. There is a very 
high risk of avalanches in the Strawberry Creek Canyon and 
if one occured just below the spring a temporary 
impoundment could be formed and could back up into the 
spring box area. There is also a chance that an avalanche 
could cover the spring box or damage other parts of the 
system thus interferring with its operation. A backup sys- 
tem might be considered to reduce the risk of system con- 
tamination or service interruption. 

2.2.2 MAIN TRANSMISSION LINE 

From the spring box the Bedford Community pipeline includes 
a 6 inch diameter steel pipe which carries the water 
approximately 3.5 miles to the distribution system. The 



line parallels Strawberry Creek on the north side all the 
way to the mouth of the canyon except where it crosses the 
creek twice at a bend in the creek. At the mouth of the 
canyon, after extending 9000 feet, the pipe goes into a box 
where it goes through a pressure relief valve (PRV) and a 4 
inch pipe tees off in a south westerly direction. The 6 
inch main extends 10,000 more feet to the city center where 
it feeds the distribution system. 

The transmission line is 40 years old. It is a steel pipe 
and is beginning to corrode on the surface. It also has 
minor dents and dings caused by poor bedding material. 
When the pipeline was constructed the practice of surround- 
ing the pipe with quality bedding material was not in use. 
The trenches were filled with whatever fill was taken out 
and in Bedford's case the terrain is very rocky. 

There is a particularly bad area toward the bottom of the 
canyon. It arises because of a road built directly over 
the pipeline. The road was built after the pipeline was 
put in. Since the pipe has little or no bedding material 
the vibrations from the road traffic have caused numerous 
leaks in this 1/2 mile stretch. In one 20 foot stretch 
which was uncovered this summer, there were at least 6 
leaks. They were fingertip size or smaller. These and 
other leaks that are discovered are plugged with hard wood 
dowels and banded with pipe sleaves. 

In summary the main transmission line is in questionable 
condition, There have been several leaks discovered over 
the years and its possible that there are other undetected 
leaks losing valuable water. The losses in the transmis- 
sion line reduce the capacity and compound pressure prob- 
lems. If there were a dry year where pipe line flows were 
not enough to fill the pipe, negative pressures could draw 
contaminated water into the pipe. 

2-2.3 DISTRIBUTION SYSTEM 

A diagram of the distribution system can be seen in figure 
2.1. The system serves 67 direct connections. There are 
also approximately 23 homes that are sharing a connection 
and are therefore indirect connections, resulting in 90 to- 
tal homes on the system which results in an estimated 284 
persons. 

The distribution system consists of approximately 15 miles 
of steel pipe ranging from six inches in diameter to one 
inch in diameter. 



As part of this Level I study a visual inspection was made 
of one of the 4 inch lines. It appeared to be in fair con- 
dition. Thepipes were covered with a tar coat which 
appears to be holding up well. There is also a suitable 
bedding material surrounding the pipe. It consists of 4-6 
inches of fine soil with no rocks. Additional inspections 
were not made at the request of the Pipeline Board due to 
potential damage and deterioration potential to the lines. 

There are seven pressure regulating valves on the distribu- 
tion system. The valves are not equipped with pressure 
gauges and current settings cannot be determined along with 
operational status. In order to verify the operation and 
setting of these PRV1s, pressure gages will have to be 
installed on both sides of each valve. It is recommended 
that this be done so that operational status of the valves 
can be checked. 

Many private outlets also have Water Pressure Reducing 
Valves on line. These valves were put on outlets that have 
t ~ o  much pressure at low use times. 

The distribution system has been in place for 40 years. It 
has served the people of Bedford but historically there 
have been pressure problems. The problems arise during 
peak summer days when usage is high. Over the years the 
problem has worsened as families grow and additional homes 
hook onto the system indirectly. This has made the criti- 
cal areas in the system worse and there is a question of 
safety to all residents because of potential contamination 
due to negative pressures. 

There are a few reasons for the pressure problems. The 
first is the sizing of the distribution system pipeline. 
The line branches are all tapered as they extend beyond the 
main lines and there are places where 2" and 1 1/2" lines 
run for as long as a mile. These small pipes create large 
head losses and reasonable pressures cannot be maintained. 
One other reason the pressures are poor is because of the 
usage habits of the residents. Most residents tend to 
leave their water on constantly either watering their lawns 
in the summer or their stock in the winter. These habits 
have been practiced for many years and it is believed that 
the only way to alter the usage pattern is to meter the 
system. 

Fire protection is also an important use of a distribution 
system. The Bedford Community pipeline has only one fire 
hydrant which sits on the 4 inch line near the church. 
Other than this hydrant there is virtually no fire protec- 
tion for the community. 



2.3 WATER RIGHTS 

The Bedford area appears to be blessed with adequate sup- 
plies of both surface and subsurface water for now and in 
the future. 

The Bedford Community Pipeline currently owns water rights 
of .61 cfs or 395,000 gpd for the spring source they draw 
water from named Big Spring. 

There are approximately 95 other filings of ownership of 
Strawberry Creek water and its tributaries totaling 
approximately 171 cfs. The other 3 springs referred to 
later in this report have no filings on them. 

In October of 1949 a compact was ratified between Idaho and 
Wyoming resolving rights to the water of the Snake River 
and its tributaries. This compact named the Snake River 
Compact allocated to each state for storage or direct 
diversion as follows: 

Idaho 
Wyom i ng 

In Article 111 provision C, the following are hereby 
excluded from the allocation made by the compact. 

1. Existing and future domestic and stock-water uses of 
water. 

. .  . 
2. Established Wyoming rights i.e. rights established 

prior to July 1, 1949 in ~yoming. 

One other article of interest is Article V, this article 
reads: 

ARTICLE V 

Subject to the provisions of this compact, waters 
of the Snake ~iver may be impounded and used for 
the generation of electrical power, but such 
impounding and use shall be subservient to the use 
of such waters for domestic, stock and irrigation 
purposes, and shall not interfere with or prevent 
their use for such preferred purposes. Water 
impounded or diverted in Wyoming exclusively for 
the generation of electrical power shall not be 
charged to the allocation set forth in article 111 
of this compact. 



This article is of interest because of the Strawberry 
Creek Power Plant mentioned earlier. The plant's 
diversion penstock may indeed interfere with the spring 
water intended for domestic use. This will be dis- 
cussed later in this report. 

A water rights tabulation for Strawberry Creek was 
obtained from the Wyoming State Engineer and 
evaluated. The rights were grouped as to priority date 
and original point of diversion. The water rights 
filings are summarized in Table 2.1. priority 1 rights 
are those prior to March 26, 1923, priority 2 rights 
are those filings after March 26, 1923, but before July 
3, 1945, and priority 3 rights are those filed after 
July 3, 1945. 

I t  was found that the town of Bedford has three sepa- 
rate filings. Two of the filings have a priority date 
of March 26, 1923 while the third filing has a priority 
date of July 3, 1945. The 1923 filings have an origi- 
nal point of diversion at the Strawberry North Canal 
and include 1.14 cis for irrigation use and 1.50 cfs 
for municipal use. The 1945 filing of 0.61 cfs has a 
point of diversion at Big Spring located a mile or so 
up the canyon and is for municipal use. The location 
of the 1945 filing is the diversion point for the culi- 
nary pipeline that presently serves the community. 

Because of lack of diversion records it is unclear how 
much water is actually used by each filing. If it is 
decided to obtain more rights for the Bedford Community 
Pipeline a detailed study will have to be completed on 
the water rights of Strawberry Creek. 

The groundwater resources of the entire Star Valley ar- 
ea appear to be good. These groundwater resources can 
currently be tapped at almost any location with varying 
depth required. The required depth and the difficulty 
of drilling the well depend on the geologic formation. 
 he alluvial fan areas yield water much easier than the 
Salt Lake formation. (Fig 2.3) Currently any well can 
have water rights filed upon them and be approved and 
granted. Although there will probably someday be a 
limit on the groundwater resources and the drilling of 
wells in this area, it appears that this may be several 
years into the future and so water rights dealing with 
groundwater resources will not be a limiting factor for 
the foreseeable future. 



There are currently several wells in the Bedford area. 
Many residents who have not been able to connect to the 
Bedford Community Pipeline have drilled wells for culi- 
nary water. According to ~oward Andrew of Andrew 
Drilling in Idaho Falls, Idaho, it would take a 300' 
deep well 8" in diameter to get a flow of 200-300 gpm 
in the alluvial areas, as seen by figure 2.3. He has 
drilled 200' wells that are producing 20-30 gpm and one 
700' well that is producing 400 gpm. 



TABLE 2.1 

STRAWBERRY CREEK WATER RIGHTS TABULATION 

TOTAL PRIORITY 1 Priority 2 priority 3 Bedford 1923 Bedford 1945 
WATER RIGHTS WATER RIGHTS . Water Rights Water Rights Water Rights Water Rights 

Point of Diversion (cfs) ( c f s )  (cf s) (cfs) (cfs) (cf s) 

Strawberry North and South Canal 
Bedford Sprinkler Co. Pipeline 
Strawberry Upper Canal 
Pine Hill Sprinkler Co. Pipeline 
Strawberry North Canal Pipeline 
Hemmer t 
Hardman Brothers 
Alto Canal & Alto Sprinkl~r Pipe 
Bsdford Community Pipeline 
Strawberry Spring 
Strawberry Creek Pipe-Power 

Total with Power 
Total without Power 

FORSGREN-PERKINS ENGINEERING, p a .  / 



3.0 SYSTEM DESIGN CRITERIA 

In order to project needs and analyze the feasability of an 
improved water system certain criteria must be chosen. 
These criteria must encompass future needs, safety, 
economics and efficiency. 

The major design criteria to be considered for recommending 
needed water system facilities for the town of Bedford are 
as follows: 

1. Present and Future Population 

2. Design Period 

3. Water Usage 

4. Water Supply and Storage 

5. Water Distribution 

3.2 PRESENT AND FUTURE POPULATION 

The population of Bedford is not presently documented by 
any official census. The population of Afton, Thayne and 
Lincoln county are documented by a census and that data can 
be seen later in this chapter. 

In order to approximate an existing population a house 
count was taken. The total number of houses in the area 
bordering the Bedford Community pipeline is 126. According 
to the Department of Administration and Fiscal Control 
there are 3.15 people per household on the average in 
Lincoln County. Using that number there are an estimated 
397 people in the town of Bedford presently. 

The future population of Bedford is diffucult to predict. 
The first reason is the lack of census data from the past. 
The second reason is the uncertainty of the future economic 
conditions in the Star Valley area. 

Western Wyoming has experienced explosive growth over the 
last ten years as a result of the oil and gas exploration 
and resulting boomtown growth. But since oil prices have 



plummetted many jobs have been lost and exploration has 
slowed considerably. There is thought to be a direct 
correlation between energy development and small Star Val- 
ley community economic strength. 

Bedford has benefited from energy development, small farms 
need outside income to succeed. Thus outside income has 
traditionally been found in construction, logging, and more 
recently energy. projecting any growth due to energy de- 
velopment is to project the price of oil... It is very dif- 
ficult. 

For use in this report a compromise was made between a 
"boomtown" situation and a normal growth situation. These 
situations are visualized in figure 3.1, tables 3.1 and 
3.2. The Exxon prediction assumes oil prices were high 
($25/barrel). The DAFC prediction assumes no oil activity 
in the area. 

The predictions were made with the assumption that the cur- 
rent population distribution in Lincoln County and Star 
Valley would remain constant. 

One other resource utilized to predict population were the 
questionnaire s filled out by the residents of Bedford. 
According to the beliefs and expectations of the community 
as indicated from the questionnaire s there are 114 new 
homes planned by existing residents. Included in this num- 
ber are 59 homes in a new subdivision named Fertile Acres. 
There are also two other subdivisions, Bridger Forest 
Ranches and Green Valley that currently have homes and are 
expecting more. Although the questionnaire s do not repre- 
sent 100 percent of the community, it is believed that the 
major developments being planned have been identified. The 
questionnaire s indicate a future population for Bedford of 
760 people based on a total 241 homes and assuming the 
estimates of 3.15 persons per household. These growth 
estimates are assumed to represent a long term or ultimate 
utilization of property and should correlate with the long 
term projections of growth. If a 3% growth rate is 
utilized, the 30 year population estimates are almost iden- 
tical to the questionnaire population. 
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TABLE 3.1 
CENSUS DATA AND PROJECTION INFORMATION 

CENSUS DATA FROM LINCOLN COUNTY 

Af ton 1337 1290 1481 

Thayne 214 19 5 256 

Lincoln Co 9018 8640 12177 

EXXON PROJECTION FOR STAR VALLEY 

YEAR POPULATION 

DAFC PROJECTION FOR LINCOLN COUNTY 

YEAR POPULATION 

NOTE 
*Afton is 12.16% of Lincoln County. 
Bedford is 20% of Afton 





3 . 3  DESIGN PERIOD 

All municipal water system improvements should be designed 
with due consideration for future growth. Improvements 
such as pumping facilities, storage facilities, wells, and 
the like which can be designed in units or modules can 
easily be expanded as the population to be served 
increases. It is, therefore, an accepted practice that a 
10 to 20-year design period be used for such improvements. 

Water diversion and treatment facilities can also be de- 
signed to be expanded as the population to be served 
increases, if adequate consideration for expansion is pro- 
vided in the initial design. A 20-year design life should 
be provided in the basic culinary water treatment facili- 
ties with adequate extension piping, etc., to allow for the 
addition of parallel culinary water treatment modules to be 
provided as the need arises. 

When considering improvements such as distribution mains, 
valves, fire hydrants, etc. which are buried under streets 
or paving and where the useful life of such facilities is 
40 to 50 years in most cases, a longer period of design 
should be considered. When this type of improvement is in 
place, it is not cost effective to remove the existing fa- 
cilities in 20 years when these facilities still have a re- 
maining useful life of at least 20 additional years. 
Therefore, rather than wasting the useful life for such 
piping improvements, all piping and similar facilities 
should be designed for the ultimate growth and development 
of the area if at all possible. Therefore, the period of 
design for this type of facility is generally accepted to 
be from 40 to 50 years. Great foresight is needed to de- 
termine the estimated demands on the distribution system 
over a period of 40 to 50 years. 

In the case of Bedford, however, much of the area is still 
undeveloped and remains as raw land. Therefore, the actual 
design period and size of piping is not as critical as it 
might be in other circumstances.  his is because future 
additional main line capacity can be added through the raw 
land area as it develops, thus providing additional 
corridors for main transmission to alleviate perhaps 
undersizing of the main lines which may have occurred dur- 
ing initial phases of the water system development. 



3.4 WATER USAGE 

3.4.1 CULINARY AND LAWN IRRIGATION USAGE 

There is no adequate historic domestic water usage data 
available for the Bedford area. 

A 24 hour flow and pressure test was completed on the main 
transmission line on August 27th, 1986. The results are 
shown in table below. These numbers show that the average 
daily use is 4.6 gpm per connection equaling to 2121 
gallons per day per person. 

24 HOUR FLOW AND PRESSURE RESULTS 

MIN.PRESSURE FLOW RATE MAX. PRESSURE 
(PSI) (GPM) (PSI) 

AND TIME DURING AND TIME 
OF OCCURRANCE MIN.PRESSURE OF OCCURANCE 

FLOW RATE 24-HOUR 24-HOUR TOTAL 
(GPM) PERIOD MAX. PERIOD MIN. CONSUMPTION 

DURING FLOW ~m FLOW RATE FOR 24-HOUR 
MAX. PRESSURE (GPM) (GPM) PERIOD (GAL) 

Tables 3.3 and 3.4 document the past average monthly water 
usage rates for five unmetered communities (four in Eastern 
Idaho and the City of Evanston) as well as the average 
monthly usage rates for seven metered communities (two lo- 
cated in Eastern Idaho and five located in Wyoming). ft 
should be noted that the average monthly water usage rates 
and the average annual water usage rates are significantly 
higher for the unmetered communities than for the metered 
communities. 



METERED COMMUNITIES 

AVERAGE DAILY WATER USAGE COMPARISON * 
(Gallons/~erson/Day) 

St Green 
Anthony Rexburg River Casper Rawlins Kemmerer 

Jan, 178 130 88 123 184 123 

March 249 152 87 139 180 136 

April 253 152 99 152 18 2 162 

June 451 351 265 344 338 211 102 

July 660 428 351 347 329 239 201 

Aug , 680 401 385 326 333 208 235 

Sept. 627 220 361 277 294 158 212 

Nov, 280 147 105 109 218 138 123 

Dec . 170 133 106 109 218 130 113 

Average 338 220 188 194 344 158 138 

* Information presented here is based on studies conducted b 
Forsgren-Perkins and/or direct contact with communities durin 
surveys. 



TABLE 3.4 

UNMETERED COMMUNITIES 

AVERAGE DAILY WATER USAGE COMPARISON * *  
(~allons/~erson/Day) 

Ririe Preston Idaho Falls Rigby *Evanston 

January 210  313 330  554 226 

February 258 350 300 513 206 

March 260 354 316 540 208 

Apr i 1 

May 

June 

July 

July 

August 

September 

October 

November 

December 

Average 448 514 423 660 332 

* Based on population of 8076 
* *  Information presented here is based on data collected by 
Forsgren-Perkins and/or received through direct contact with the 
communities involved. 



Bedford's water consumption is significantly higher than 
other communities of similar size, economic status, and 
land use. Another concern is that the normal daily 
flucuation of water usage which exists in most communities 
did not occur in the flow tests. It is presumed that 
enough lawn irrigation, stock watering, and other uses are 
occurring 24 hours a day. The data also raises some 
questions as to whether there may be water loss due to 
leakage in the distribution system. 

The modeling of the Bedford system must be based on 
estimates of average and peak water consumption. The 
results of the flow tests are utilized (4.6 gallons per 
minute per connection) along with a more conservative rate 
which could be achieved with metering or other conservation 
methods. This usage rate is estimated at 3.0 gallons per 
minute per connection. 

3.4.2 FIRE REQUIREMENTS 

Communities try to provide adequate fire protection for 
their residents by maintaining adequate water systems and 
trained fire departments. 

Communities are rated by insurance service organizations, 
on a scale of one to ten. There are numerous criteria used 
to determine a communities rating, or classification. 
Without any organized fire department the community has a 
class 18 rating. In order to have a Class 9 rating a com- 
munity must have: 

1) Organized Fire Department 

2) Fire Chief and Minimum Fire Equipment approved by 
the ~ational Fire protection Association. 

3) Means of notification. 

To improve the class rating above Class 9 the city must 
have a water supply. Then the rating is based on the fol- 
lowing percentages: 

50% Fire Department 
40% Water Supply 
10% Alarm System 

There are very minimal standards for qualifying as a 
recognized department or water system and most of the re- 
maining criteria determine levels of efficiency in 
suppressing the actual fire. This rating system allows for 
a city to have an excellent water system and mediocre fire 
department or vice versa. 



It is important to realize that although the condition of 
the culinary water system does not have a direct bearing 
upon a city's classification, its condition and 
availability will help to improve and reduce the class 
rating. A rating of Class One is the best, and Class Ten 
is the poorest; Bedford is presently rated in Class 10. 

The ~ational Board of Fire underwriters has recommended 
minimum fire flows and fire reserves for communities using 
population as the determinant. 

The quantity of water necessary for fire protection in or- 
der to get fire insurance considerations is specified by 
the Insurance Services organization. They recommend that a 
system be able to deliver fire flow of 500 - 750 gallons 
per minute over a two hour duration to any residential area 
served by the culinary water system. This would require 
fire storage equivalent to at least 60,000 gallons. 

In addition to providing residential fire protection, a cu- 
linary water system must also provide fire protection for 
commercial business and churches served by the water dis- 
tribution system. 1,000 -2,500 gallons per minute for a 
three-hour duration should be available, depending on the 
buildings and their sizes. 

A residual pressure or minimum positive operating pressure 
of twenty psi is required during any given fire flow. This 
requires that the distribution network lines be of adequate 
size to provide the required positive pressures under maxi- 
mum demand conditions. Maximum demand conditions are con- 
sidered to be during the average peak daily use with the 
appropriate fire demand imposed upon the same area. 

The construction of peaking storage and additional trans- 
mission/distribution capacities will greatly increase the 
systems ability to provide fire protection. The addition 
of fire hydrants, increased line sizing, and additional 
storage could also be completed cost effectively. 

3.5 WATER SUPPLY AND STORAGE 

The water supply system must be designed to meet the peak 
average day usage, peak summer hour usage, and perhaps the 
peak fire flow requirements. The supply system can be de- 
signed to deliver the entire volume of water directly from 
its domestic water supply source at peak capacity or from 
any combination of storage facilities and domestic 



water supply sources such that the peak hour flows can be 
met for the duration required. In the latter case, the ca- 
pacity of the culinary water supply source can be reduced 
to an average daily flow rather than a peak hour flow. 

It is usually most economical to provide the water supply 
from a combination of water supply sources and storage fa- 
cilities. 

If a storage reservoir for fire protection is constructed 
it is quite inexpensive to simply add additional storage 
capacity to ,the fire storage reservoir in order to provide 
additional storage for peak day usage from the reservoir. 

The optimum size of the water supply source should be such 
that the water supply source can supply water continuously 
throughout the day and the night at a constant supply 
rate. Additional water would, therefore, come from the 
storage reservoirs during the high usage periods of each 
day and then the storage reservoir would be refilled at 
night during the low domestic water usage periods. This 
type of storage is called peaking storage. 

3.6 WATER DISTRIBUTION AND MAIN TRANSMISSION LINES 

The design of the water distribution system and main trans- 
mission lines is extremely important since the distribution 
and main lines must deliver water to all parts of the com- 
munity and to future development areas from the supply 
source without significant head loss or pressure drop. 

The minimum pressure delivered to any resident should not 
be less than 30 psi and, if at all possible, 50 psi in the 
main lines since a pressure drop of approximately 10 to 15 
psi can be expected from the main line to the faucet in a 
home during a peak summer day usage period. The maximum 
pressure should not exceed 90 to 100 psi if possible. 
Therefore, the desired pressure range in the main transmis- 
sion line should range from approximately 50 to 55 psi to a 
maximum of 90 to 100 psi. Pressure reducing stations or 
individual pressure reducers would need to be utilized in 
this system to stay within this range because of the eleva- 
tion gradient across the ~istrict. 



If fire protection is provided, the distribution system 
should be able to deliver, in addition to average peak sum- 
mer day culinary water usage, a fire flow of 500 to 750 
gallons per minute to any residential area and 1000 to 2500 
gallons per minute to any commercial, business, school, or 
industrial area with a minimum pressure in any part of the 
distribution system not falling below 20 psi during a fire. 

The minimum waterline size leading to any fire hydrant must 
be six inches in diameter. 

I ,  
The most effective means available to date for evaluating 
any distribution system and main transmission line network 
is through the use of computeraided analysis and design 
techniques such as the linear theory or path method analy- 
sis procedures for pipe networks. 



Previous sections of this report have outlined the present 
condition of the Bedford Water System and the criteria un- 
der which it is to be evaluated and alternatives devel- 
oped. Each component of the water system has been analyzed 
as well as peripheral concerns such as water rights ad- 
dressed. These components include water source and supply, 
raw water transmission, storage, treatment, transmission 
and distribution. 

The results of these analyses are detailed and alternatives 
developed to meet the existing and future needs of the 
Bedford System. The alternatives attempt to respond to an- 
ticipated population needs as well as various levels of 
fire protection and water supply security. The final sec- 
tions of the chapter summarize the estimated costs of al- 
ternatives and recommends "best alternatives" . 
The suggested best alternatives are selected based on the 
consultants view of capital vs operational costs expansion 
capacity/capability, and overall practicality for the 
Red ford area. 

4.1 WATER SUPPLY ANALYSIS 

The source of water for the Bedford water system has been 
the Strawberry Creek drainage. Water right filings on the 
Strawberry Creek date back to the early 1920's and include 
rights for power generation. The water supply analysis fo- 
cuses on the available water coming from the Strawberry 
Creek drainage both from a water rights standpoint and from 
a hydrological view. The hydrology is addressed first in 
this section followed by an overview of the water rights 
for the Bedford area. An analysis of the spring presently 
utilized by the Bedford users is presented along with 3 
other springs which were evaluated as secondary water 
sources. The potential of utilizing new or existing wells 
as a secondary or emergency water source is also considered 
in this evaluation. 

4.1.1 STRAWBERRY CREEK HYDROLOGY 

Strawberry Creek has only 11 years of streamflow record 
available. This record extends from October 1932 to Sep- 
tember 1943. The location of the gage during this period 
was just upstream of the canyon mouth. No records have 
been kept since 1943. 



Since the streamflow record is quite short for adequate de- 
termination of available water for the community of 
Bedford, the record was extended using statistical 
procedures to cover the period of water years 1933 to 1980 
for a total of 48 years of record. The streamflow record 
for Strawberry Creek was correlated with the Swift Creek 
near Afton, Wyoming, Cottonwood Creek near Smoot, Wyoming, 
and Greys River above Reservoir, near Alpine, Wyoming 
streamgage records. Swift Creek and Cottonwood Creek are 
nearby watersheds that are quite similar in area, eleva- 
tion, slope, soils, and vegetative type while the Greys 
River is a large watershed just east of the Strawberry 
Creek drainage. 

Strawberry Creek is a tributary to the Salt River not far 
from the location of the Salt River Above ~eservoir, near 
Etna, Wyoming streamgage. An attempt was made to correlate 
Strawberry Creek Streamflow with this gage record. Howev- 
er, due to the large amount of diversions above the Salt 
River gage, the two streamflow records correlated very 
poorly. 

Swift Creek has a record that extends from October 1942 to 
September 1980; however, winter records are not available 
during the period 1972 through 1980. Cottonwood Creek has 
a record that extends from October 1932 to September 1957 
while the Greys River gage record extends from March 1937 
to March 1939 and from October 1953 to the present. 

The various gage records were correlated using linear re- 
gression. The Swift Creek and Strawberry Creek gage 
records have only one year of concurrent record that could 
be used in the regression analysis, ie. water year 1943. 
The resulting regression equation was as follows: 

where Y = Strawberry Creek average monthly 
flow (cfs) 

X = Swift Creek average monthly flow 
(cfs) 

Although the correlation was found to be excellent (R 
=0 .97 ) ,  it was felt that the concurrent record was too 
short to rely solely upon this regression for estimation of 
Strawberry Creek streamflow. Therefore, a regression anal- 
ysis was performed on the 11 years of concurrent record for 
Strawberry Creek and Cottonwood Creek. The resulting re- 
gression equation was as follows: 



where Y = Strawberry Creek average monthly 
flow (cfs) 

X = Cottonwood Creek average monthly 
flow (cfs) 

 his equation has a correlation coefficient (R ) of 0.95. 

For the period of record 1944 to 1957, Strawberry Creek 
streamflow was estimated using both the Swift Creek and 
Cottonwood Creek regression equations and the results were 
averaged. For the period of record 1958 to 1980, only the 
Swift Creek regression equation was used since the 
Cottonwood Creek record ends in 1957. 

Since the Swift Creek streamflow record is missing winter 
flows during the period 1972 to 1980, it was necessary to 
correlate Strawberry Creek with the Greys River above 
Reservoir record to estimate Strawberry Creek winter flows 
during the period. For the two years of concurrent record, 
the resulting regression equation was as follows: 

where Y = Strawberry Creek average monthly 
flow (cfs) 

X = Cottonwood Creek average monthly 
flow (cf s) 

This equation has a correlation coefficient of 0.78. The 
winter flows 1972 to 1980 for Strawberry Creek were esti- 
mated with the equation. The extended streamflow record 
for Strawberry Creek for the period 1933 to 1980 is given 
in Table 4.1. 

4.1.2 BEDFORD AREA WATER RIGHTS 

A discussion of water rights has been included in previous 
sections of this report. A water rights tabulation for 
Strawberry Creek was obtained from the Wyoming State Engi- 
neer and evaluated. The rights were grouped as to priority 
date and original point of diversion or canal. The water 
rights filings are summarized in Table 2.1. Priority 1 
rights are those prior to March 26, 1923, priority 2 rights 
are those filings after March 26, 1923, but before July 3, 
1945, and priority 3 rights are those filed after July 3, 
1945. 



~t was found that the town of Bedford has three separate 
filings. Two of the filings have a priority date of March 
26, 1923 while the third filing has a priority date of July 
3, 1945. The 1923 filings have an original point of 
diversion at the Strawberry North Canal and include 1.14 
cfs for irrigation use and 1.50 cfs for municipal use. The 
1945 filing of 0.61 cfs has a point of diversion at Big 
Spring located a mile or so up the canyon and is for munic- 
ipal use. The location of the 1945 filing is the diversion 
point for the culinary pipeline that presently serves the 
community. 

4.1.3 STRAWBERRY CREEK OPERATION MODEL 

A water accounting operation computer model was developed 
for Strawberry Creek in order to evaluate the reliability 
of the Bedford water rights filings and to determine the 
availability of additional water supplies for future devel- 
opment. The model was written in IBM BASIC computer lan- 
guage and can be used on any IBM compatible microcomputer. 
It has a monthly time step and allocates the Strawberry 
Creek streamflows to the various uses and interests 
according to priority and right. A description of the de- 
velopment and structure of the model follows. 

4.1.3.1 PREPARATION AND ESTIMATION OF INPUT DATA The 
streamflow analysis described in an earlier section of this 
report provided the basic data upon which the Strawberry 
Creek model is based. s his analysis provided estimates of 
the monthly streamflow at the mouth of the canyon for the 
48-year period 1933 to 1980. 

It was necessary to estimate the contribution of several 
springs a mile or so upstream from the canyon mouth located 
as shown on Figure 4.1. One of these springs, known as Big 
Spring, is the diversion point for the present pipeline 
that serves the community of Bedford. The other springs 
are possible sites for future water supply development. 
During the months of July, August and September 1986, mea- 
surements were taken at these springs using v-notch type 
weirs. The results of these measurements are shown in Ta- 
ble 4.2. From these measurements and a comparison of the 
average monthly flows at the canyon mouth, it was possible 
to estimate the monthly percentages of the contribution of 
these springs to the total flow at the canyon mouth as 
shown in Table 4.3. 

A power diversion is located approximately 2.5 miles 
upstream from the canyon mouth.  his diversion consists of 
a small dam and a 36-inch pipeline that extends down the 
canyon to a power plant located just upstream of the canyon 
mouth. 



Table 4.1 Strawberry Creek Extended Streamflow Recora 
Strawberry Creek near Bedford, Wyoming 1933-1988 
(estimated from regression with Swift Creek and Cottonwood Creek 
Gage record 1933-1943; Average predicted values from both 
regressions for 1944-1988 except Oct. through April 1972 to 1988; 
Oct. through April 1972 to 1980 estimated by regression with Greys 
River Above Reservoir, Near Alpine, Wyoming.) 

YEAR OCT NOV DEC JAN FEB MAR APR MAY JUNE JULY AUG SEPT TOTAL 

- - - - - - -- - 

AVE 49.7 45.2 42.4 48.3 39.5 38.5 47.6 182.1 192.9 138.8 72.7 57.8 857.9 
-- -- - - . - - - --------A- - ----- --- ----- 

FORSGREN-PERKINS ENGINEERING, p.a. 
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In order to include the effects of the power diversion in 
the model of the system, it was necessary to estimate the 
streamflow at the point of the power diversion. The 
watershed area above the power diversion was found to be 
81.3 percent of the total watershed area above the canyon 
mouth. The percentage of the total streamflow at the 
canyon mouth originating above the power diversion should 
be close to this percentage. 

As a check on this percentage, power output records were 
obtained from the power company and converted to the flow 
in cfs that would have been needed to produce the histori- 
cal power output. Power diversions in the fall and winter 
were found to average 72.0 percent of the flow at the 
canyon mouth. Not all available flow was diverted for pow- 
er during this period. If it is assumed that 10 percent of 
the flow was not diverted, then 82 percent of the total 
flow would have been originating from above the power 
diversion. This matches closely the percentage of the con- 
tributing watershed area above the diversion. Therefore, 
it was assumed that 81 percent of the total flow at the 
canyon mouth originated above the power diversion. 

4.1.3.2 MODEL STRUCTURE The Strawberry Creek water 
accounting model allocates stxeamflow at three basic points 
on the creek. These points are at the canyon mouth, at the 
springs located as shown in Figure 4.1, and at the power 
d i v e r s i o n  approximately 2.5 miles upstream from the canyon 
mout 5 .  

Streamflow is allocated to the three priorities of water 
rights described in the water rights section of the report 
and to the Bedford 1923 and Bedford 1945 water rights. It 
was assumed that the Hemmert water rights, which are part 
of the priority 1 rights, can be supplied by irrigation re- 
turn flows since the diversion point for these rights is 
sufficiently downstream to receive significant return 
flows. 

The model allocates flows to priority 1 rights first, then 
to Bedford 1923 rights, next to priority 2 rights, then 
Bedford 1945 rights, and finally to priority 3 rights. 
However, the Bedford 1945 rights are constrained to the 
available flow of Big Springs since that is the diversion 
point for these rights. 

From discussions with the power plant operator, it was 
learned that a relationship exists between the flow of Big 
Springs and the amount of flow allowed to bypass the power 



diversion. The operator indicated that during times of low 
flows, some flow must be allowed to bypass the power 
diverson to feed Big springs. Otherwise, the flow in ~ i g  
Springs would not be sufficient for the needs of Bedford. 
The Bedford water rights are senior to the power diversion 
rights. An attempt was made to determine the relationship 
between the flow bypassed and the flow of Big Springs, but 
no relationships could be found in the limited data that 
could be collected. Therefore, this consideration was not 
included in the model. 

4.1.3.3. DESCRIPTION OF OUTPUT: The model output consists 
of a printing of the input data and a series of tables, one 
for each year simulated and a summary table that gives the 
averages of all values shown in the yearly tables. A line 
by line description of the tables is given below. 

Row - Description 

1 . The total streamflow at the canyon mouth. 

2 . The flow allocated to priority 1 rights. This is 
the total priority 1 rights or Row 1 whichever is 
less. 

3 . The flow allocated to priority 2 rights. This is 
the priority 2 rights that can be satisfied after 
allocation of both priority 1 and Bedford 1923 
rights. 

4 . The flow allocated to priority 3 rights. This is 
the priority 3 rights that can be satisfied after 
all other rights have been allocated. 

5 . The portion of the priority 1,2, and 3 rights that 
could be supplied by power return flows. (Row 2 + 
Row 3 + Row 4 or Row 19 whichever is less) 

6 . The remaining priority 1,2, and 3 demand on 
Strawberry Creek streamflows. (Row 2 + Row 3 + ROW 
4 - ROW 5) 

STRAWBERRY CREEK AT SPRINGS 

7. The flow of Strawberry Creek below the springs. 
(Row 1 - ROW 19) 

8 . The flow of the four measured springs. See Figure 
4.1 for location. (Row 1 * percentage) 

9. The flow of Strawberry Creek just above the 
springs. (Row 7 - Row 8) 



The portion of the remaining demand at the canyon 
mouth that can be supplied by the creek flow above 
the springs. (Row 6 or Row 9 whichever is less) 

The remaining creek flow. (Row 9 - Row 10) 

The priority 1 demand on the springs that was not 
satisfied by the creek flow above the springs. 

The priority 2 demand on the springs that was not 
satisfied by the creek flow above the springs which 
can be met after satisfying Bedford 1923 rights. 

The priority 3 demand on the springs that was not 
satisfied by the creek flow above the springs which 
can be met after satisfying Bedford 1923 and 1945 
rights. 

The spring flow allocated to Bedford 1923 rights 
assuming the point of diversion is moved from the 
Strawberry North Canal to Big Spring. (Bedford 1923 
rights or available spring flow whichever is less) 

The spring flow allocated to Bedford 1945 rights. 
(Bedford 1945 rights or available spring flow 
whichever is less) 

17. The spring flow remaining after satisfying all 
water rights. (Row 8 - Row 12 - Row 13 - Row 14 - 
ROW 15 - ROW 16) 

STRAWBERRY CREEK AT POWER DIVERSION 

18. The total streamflow above the power diversion. 
(Row 1 * percentage) 

19. The flow diverted for power. (Maximum power 
diversion or inflow whichever is less) 

20 . The creek flow remaining after power diversion (Row 
18 - ROW 19) 

21 . The water rights demand on the remaining creek 
flow* 

22. The unappropriated creek flow at the power 
diversion. (Row 18 - Row 19 - Row 21) 



4.1.3.4 RESULTS OF SIMULATION: The Strawberry Creek water 
accounting model was used to simulate how the Strawberry 
Creek streamflows for the period 1933 to 1980 would have 
been allocated if water were distributed based upon right. 
The simulations provided information concerning the 
reliability and worth of the various priorities of water 
rights. 

A simulation was performed where it was assumed that 
irrigation diversions would begin in May and end in Septem- 
ber and that the total rights were diverted throughout this 
period regardless of need. The summary table for this sim- 
ulation is shown in Table 4.4. 

Another simulation was performed where the diversions were 
based upon water needs assuming alfalfa as the irrigated 
crop. Alfalfa was assumed as the irrigated crop since it 
requires greater amounts of water than grass or pasture 
land. The summary table for this simulation is shown in 
Table 4.5. In studying Tables 4.4 and 4.5, it is important 
to bear in mind that the values shown are averages over the 
entire 48 year period. 

Comparisons of the two simulations show that there was lit- 
tle change in the water available to Bedford between the 
two scenarios simply because most available water was allo- 
cated to rights prior to the Bedford rights during July, 
August, and September in both simulations. 

From Table 4.4, it is interesting to note that annual power 
diversions averaged 40.7 cfs while the actual power 
diversions for the period 1975 to 1983 were found to aver- 
age 36.3 cfs from available records. This is approximately 
10-percent less than the average computed in the simula- 
tion. This seems to validate the assumption made in 
estimating the streamflow at the power diversion 10% of the 
flow was assumed to be by passed and not diverted for power 
as discussed earlier in this report. 

A hydrograph of the monthly spring flows available to 
Bedford from the four springs shown in Figure 4.1 for the 
period 1933 through 1980 was prepared by adding the indi- 
vidual monthly values computed for rows 15, 16, and 17 of 
the detailed output for the simulation summarized in Table 
4.4. This hydrograph is shown in Figure 4.2. 

A flow duration curve was prepared from the hydrograph in 
Figure 4.2 and is shown in Figure 4.3. The flow duration 
curve shows that approximately 25 percent of the time there 
was no water available for use by Bedford. Also, 27 per- 
cent of the time the available flow was 3 cfs or less 



T A B L E  4 . 4  

SUMMARY TABLE - FLOW ALLOCATED ACCORDING TO RIGHTS 
STRAWBERRY CREEK WATER ACCOUNTING MODEL 

SUMMARY TABLE (AVERAGE VALUES) FOR YEARS 1933 TO 1980 

DESCRIPTION (Units: cf S )  OCT N OV D EC JAN FEB MAR APRIL MAY JUNE JULY AUG SEPT YEAR 

STRAWBERRY CREEK AT CANYON MOUTH 
1 Flow at Canyon mouth 49.7 45.2 
2 Priority 1 irrigation diversions 0.0 0.0 
3 Priority 2 irrigation diversions 0.0 0.0 
4 Priority 3 irrigation diversions 0.0 0.0 
5 Div. met by power return flow 0.0 0.0 
6 Remaining demand 0.0 0.0 

STRAWBERRY CREEK AT SPRINGS 
7 Strawberry Creek below springs 9.5 8.6 
8 Spring flow 6.2 5.7 
9 Strawberry Creek above springs 3.3 2.9 
10 Demand on creek flow 0.0 0.0 
11 Unappropriated creek flow 3.3 2.9 
12 Priority 1 demand on spring flow 0.0 0 .0 
13 Priority 2 demand on spring flow 0.0 0.0 
14 Priority 3 demand on spring flow 0.0 0.0 
15 1923 Bedford spring flow 1.5 1.5 
16 1945 Bedford spring flow 0.6 0.6 
17 Unappropriated spring flow 4.1 3.5 

STRAWBERRY CREEK AT POWER DIVERSION 
18 Total Flow above diversion 40.2 36.6 
19 Flow diverted for power 40.2 36.6 
20 Flow remaining 0.0 0.0 
21 Demand on remaining flow 0.0 0.0 
22 Unappropriated flow 0.0 0.0 ................................................... 

\ FoRsGREN-PERKINs ENGINEERING, p a .  



T A B L E  4 . 5  

SUMMARY TABLE - FLOW ALL ACCORDING TO NEED 
STRAWBERRY CREEK WATER ACCOUNTING MODEL 

SUMMARY TABLE (AVERAGE VALUES) FOR YEARS 1933 TO 1980 

DESCRIPTION (Uni t8: cf s) OCT NOV D EC JAN FEB MAR APRIL MAY JUNE JULY AUG SEPT YEAR 

STRAWBERRY CREEK AT CANYON MOUTH 
1 Flow at Canyon mouth 49.7 45.2 42.4 40.3 39.5 38.5 47.6 102.1 192.8 130.0 72.7 57.0 
2 Priority 1 irrigation diversions 0.0 0.0 0.0 0.0 O.B 0.0 0.B 37.9 111.9 125.7 72.7 56.2 
3 Priority 2 irrigation diversions 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.4 1.2 0.2 0.0 0.1 
4 Priority 3 irrigation diversions 0.0 0.0 8.0 0.0 0.0 0.8 0.0 2.0 1.8 0.1 0.0 0.1 
5 Div. met by power return flow 0.0 0.0 8. 0 0.0 0.0 0.0 0.4 40.3 50.0 49.8 48.9 45.1 
6 Remaining demand 0.0 0.0 0.0 0. 0 0.a 0.4 0.4 8.09 64.9 76.2 23.8 11.2 

STRAWBERRY CREEK AT SPRINGS 
7 Strawberry Creek below springs 9.5 8.6 8.0 7.6 7.6 7.3 9.6 52.5 142.8 88.3 23.8 11.9 
8 Spring flow 6.2 5.7 5.3 5.0 4.9 4.8 5.5 7.2 8.9 9.0 8.4 7.1 
9 Strawberry Creek above springs 3.3 2.9 2.8 2.6 2.6 2.5 4.1 45.3 134.0 71.3 15.5 4.7 
10 Demand on creek flow 0 .0 0.0 8.0 0.0 0.0 0.0 0.0 0.0 64.6 68.3 15.5 4.7 
11 Unappropriated creek flow 3.3 2.9 2.8 2.6 2.6 2.5 4.1 45.3 69.4 3.0. 0.0 - 0.1 
12 Priority 1 demand on spring flow 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.3 7.7 8.4 6.4 
13 Priority 2 demand on spring flow 0.0 0.0 0.0 0.0 0.0 0.0 d.0 0.0 0.0 0.1 0.0 0.0 
14 Priority 3 demand on spring flow 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0. 0 0.0 0.0 0.2 0.1 
15 1923 Bedford spring flow 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.9 2.5 0.3 0.0 0.2 
16 1945 Bedford spring flow 0.6 0.6 0.6 0.6 0.6 0.6 0.6 0.2 0.6 0.0 0.0 0.1 
17 Unappropriated spring flow 4.1 3.5 3.2 2.9 2.8 2.7 3.4 4.7 5.5 8.8 0.0 0.3 

STRAWBERRY CREEK AT POWER DIVERSION 
18 Total Flow above diversion 40.2 36.6 34.3 32.6 32.0 31.2 38.6 82.7 156.2 105.3 58.9 46.2 
19 Flow diverted for power 40.2 36.6 34.3 32.6 32.0 31.2 38.0 49.5 58.0 49.8 48.9 45.1 
20 Flow remaining 0.0 0. 0 0.0 0.8 0.1 0.0 0.6 33.1 106.2 55.6 10.0 1.0 
21 Demand on remaining flow 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 63.0 54.0 10.0 1.0 
22 Unappropriated flow 0.0 0.0 0.0 0.0 0.1 0.0 0.6 33.1 43.2 1.5 0.0 0.0 ---------------------------.-------------..--------------------------------------.---.--------.--------------------------------- 

FoRsGREN-PERKINS ENGINEERING, p.a. I 
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while 45 percent' of the time the available flow was 5 cfs 
or less. It is quite apparent that Bedford's water rights 
are not adequate for a municipal water supply. Table 4.4 
and the hydrograph in Figure 4.2 show that Bedford would 
not have had any water in August or September if all prior 
rights had been satisfied during the period 1933 through 
1980. This is true for both Bedford's 1923and1945 
rights. 

4.1.4 SPRINGS DEVELOPMENTJPRODUCTION 

Possible sources for additional culinary water are the 
aforementioned springs (Figure 4.1) . There were three 
springs analyzed in additional to the principal spring 
presently used. 

4.1.4.1 FIELD DATA COLLECTION Flow measurements were made 
on these springs by using v-notch weirs. The results can 
be seen in Table 4.2. Photographs of Spring 1 and Spring 2 
can be seen in Figure 4.4. They were also analyzed for 
water quality on 3 seperate occasions. The results are in 
Table 4.6. The indication is that all the springs are 
suited for culinary use. 

4.1.4.2 DATA ANALYSIS The springs seem to be a possible 
source of additional water. Spring 2 appears to be the 
best choice because it kept a constant flow all summer. 
The drawback is that the spring only supplies 76 gallons 
per minute which at present usage rate would only supply 17 
connections. 

The current supply source "Big Spring" was also analyzed. 
The water quality was good and the flow was consistent un- 
til the September reading. The spring is a large one with 
a flow of approximately 20 cfs in the Summer months. The 
Bedford Community Pipeline uses less than 1 cfs of this 
supply. If water rights can be acquired it appears that 
the spring could supply an ample amount of water for any 
reasonable growth projection. The problem is that it is 
not known what the winter flows of the spring are. It is 
said that the spring flow reduces substantially but no mea- 
surements have been taken. The problem may arise because 
in the winter months the power plant diverts a large per- 
centage, possibly all of the stream flow. This may reduce 
the spring flow substantially. In order to make a 
correlation between power diversion water and spring flow, 
measurements must be taken in the winter months. 



If enough water is available at the "Big Spring site a new 
spring box would have to be built that could supply more 
water to the transmission line. 

As stated before, it is also recommended that steps be 
taken to minimize the occurrence and potential of surface 
water contamination of the spring. 

This would include improvement of drainage, installing a 
protective barrier and making the collection box water 
tight. It is also recommended that a disinfection system 
be installed. Any improvements would have to be designed 
to be resistant to avalanche damage. 

4.1.5 WELLS DEVELOPMENT/PRODUCTION 

Another possible source of water is groundwater. There are 
several good quality, excellent production wells in the 
Bedford area. Water Rights for underground water resources 
do not appear to be a difficulty. In ~edfords case a well 
could be used as a source for backup supply. This could be 
ceded if the spring water source got contaminated. A 

backup supply could also be used if fire protection is de- 
sired. 

The cost of a well supplying approximately 400 gpm would be 
$35,000 - $60,000 dollars* 
When utilized there would be a power cost in addition to 
routine operation and maintenance. The location of well 
could be established near the main transmission pipeline 
and the pump sized to fill the storage reservoir. 

4.2 RAW WATER SUPPLY/STORAGE/TREATMENT 

A new raw water supply line is proposed to convey water 
from developed springs down strawberry Creek Canyon and 
into new storage facilities. A treatment process 
consisting of standby disinfection will also be required 
and is proposed at the entrance to the storage reservoir. 
The analysis of these segments of the water system is dis- 
cussed in this section. 

4.2.1 EXISTING SYSTEM CONSTRAINTS 

The present supply line consists of approximately 9,000 
feet of old 6" diameter steel pipe as described in previous 
chapters. It is anticipated that this line will be 
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WATER QUALITY RESULTS 

TEST 

Total Coliform 
Non Coliform 
PH 
Total Suspended 
Solids (TSS) 
~urbidity 
Hardness 

B I G  , S P R I N G  

Total Coliform 
Non Coliform 32 noncol 
PH 
TSS 0.8 
Turbidty 0.27 
Hardness 

Total Coliform 
Non Coliform 
PH 
TSS 
Turbidity 
Hardness 

SPRING .1 

SPRING 2 

SPRING 3 

Less than 1.0 
3.0 
7.8 

0.0 
0.0 

6.5 7.6 
0 . 0 0.8 
0.24 0.18 

10 grains 

Less Than 1 . 0 
5.0 
7.8 
0 . 0 
0.15 

Total Coliform 
Non Coliform 
PH 
TSS 
Turbidity 
Hardness 

Not 
Good 
Test 

Less Than 1.0 
7.0 

' 6.8 7.8 
0 . 03 0 . 0 
1.3 0.28 
9 grains 
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replaced as part of this project. The line will tap into 
one or more of the springs and must be sized based on a 
long term design population. Strawberry Creek Canyon is 
steep sided and has a narrow valley floor. The existing 
roads, stream, power facilities, and vegetation will all 
provide conflicts which must be addressed in the location 
of the new line. The canyon has a severe avalanche problem 
and construction, placement, and operational 
characteristics of the supply line, spring box connections, 
and valve - PRV stations must be considered. The majority 
of the line will be located on US Forest Service lands and 
appropriate approvals and permits will be required. Spe- 
cial construction and design constraints may be necessary 
through National Forest lands. 

4.2.2 RAW WATER SUPPLY LINE ANALYSIS 

The raw water supply must be sized to provide long term 
summer peak flows to the Bedford area. Based on the 
projected chart and long term population estimates 
established in this study, canyon elevations, and general 
assumptions of typical pipeline construction, the projected 
capacities of various supply line diameters have been esti- 
mated. With pipe length of 10,000 feet (upper springs to 
storage tank), ~azen-Williams Coefficient of 100, and an 
overall elevation difference of 220 feet the following 
pipeline capacities are predicted. 

8" diameter - 810 gallons per minute 
10" diameter - 1,450 gallons per rninute 
12" diameter - 2,350 gallons per minute 

The population and fire demand estimates have been dis- 
cussed previously. The measurements and other available 
information with regard to Bedford area water consumption 
are perplexing. The high average summer day flows are per- 
haps expected in the Star Valley area although the average 
4.6 gpm per connection measured is even higher than one 
would predict. The fact that these high flows do not vary 
with the time of day causes the greatest concern. This is 
most certainly continuous use of stock watering and lawn 
and garden irrigation but still some hourly variation 
should be seen. Significant system leakage has not been 
ruled out at this point and further studies are strongly 
recommended. With these issues in mind, the analysis has 
proceeded based on available information. 



Short term vs. long term and present consumption rates vs. 
reduced consumption rates were evaluated to compare average 
demand with estimated pipeline capacity. The following 
flow rates summarize the average demands. 

Number of Present Reduced 
Connections Consumption Consumption 

Short Term 159 731 gpm 477 gpm 

Long Term 235 1,081 gpm 705 gpm 

As is seen, an 8-inch supply line providing 810 gallons per 
minute would meet the average short term demand. In order 
to satisfy long term demands a 10-inch supply line will be 
necessary. The design criteria established for the raw 
supply line based on a long term (40-50 year pipeline life) 
service period would dictate that at least a 10-inch diame- 
ter pipeline be considered for the Bedford raw water supply 
line. 

4.2.3 PEAKING STORAGE ANALYSIS 

The primary purposes of storage reservoirs in a water sys- 
tem are to provide fire demand and peaking storage. The 
amount of fire storage is generally dependent on the type 
of buildings and land use in the area which the water sys- 
tem serves. The higher the intensity of the fire demand 
the greater the storage required. In Wyoming, water 
providers are not required to provide fire protection to 
their customers. The amount of fire flow capacity only 
affects the insurance ratings for the area. 

Peaking storage is the amount of water necessary on a daily 
basis to provide for peak hourly demands on the system. 
The capacity of the raw water supply will not always be 
able to meet the demand such as during summer 
afternoon/early evening irrigation usage. With adequate 
storage, the system can provide for these peak demands and 
then recover during the early morning hours. peaking stor- 
age capacity is determined by evaluating the peak demands 
compared to supply capacity. It is also valuable to look 
at comparable water systems and their storage to demand 
ratios to test the peaking storage analysis. It is also a 
concern particularly for the Bedford system that the abili- 
ties of the water source (springs) to provide supply line 
capacities and the legal implications (water rights) of 
providing supply line capacities are acknowledged and con- 
sidered in evaluating the amount of storage required. 



The short term vs. long term and fire flow vs. no fire flow 
conditions are summarized below in terms of required stor- 
age capacities. 

Short term, no fire demand = 250,000 gallons 
Short term, fire demand = 450,080 gallons 
Long term, fire demand = 700,000 gallons 

The long term storage requirements are not as critical 
since storage capacity can be added as necessary and be 
sized based on the conditions at that time. 

Basic treatment of the Bedford water supply will occur in 
the soils surrounding the springs which are developed. The 
collection boxes, raw water supply lines, and storage tanks 
will also provide safe, uncontaminated zones to both settle 
and isolate the water supply. In the past, water systems 
of this type were approved and periodic testing utilized to 
verify the quality of the water. As long as the water met 
standards; no additional treatment was required. Currently 
all water supplies are required to have at least standby 
disinfection capability. 

There are several different types and kinds of disinfection 
units which could be considered for the Bedford system. 
Chlorination is preferred because of the residual disinfec- 
tion ability it provides. This feature is particularly 
beneficial because of the tremendous amount of pipe in the 
Bedford system compared to the number of services. There 
are different types of chlorination which can be consid- 
ered. The fact that the disinfection unit will be standby 
and not used more than a few months a year if at all, its 
projected location on the supply line near the storage 
tank, and requiring only weekly or monthly flow rate 
modifications indicates that either a liquid chlorine or 
perhaps a gas chlorination system is preferred. 

The unit would be located in its own building near the 
storage reservoir location and should be easily accessible 
even during winter conditions. 

4.2.5 FINISHED WATER TRANSMISSION LINES 

Part of the water supply system will be the main transmis- 
sion lines running from the storage tank to the smaller 
distribution lines. These larger diameter transmission 
lines were modeled with the distribution lines and are dis- 
cussed in Section 4.3. 



4.3 - .TRANSMISSION/DISTRIBUTION SYSTEMS 

The existing Bedford transmission/distribution system serv- 
ing the Bedford area has been previously described and is 
shown in Figure 2.1. There are approximately 15 miles of 
pipe ranging in size from 6-inch diameter down to 1 1/4 
inch. ~nterviews, field testing and other information all 
indicate serious pressure/flow problems in the system at 
peak usage periods. System enhancements will be required 
to eliminate present problems as well as provide for short 
and long term growth. Computer modeling via network analy- 
sis programs was utilized to simulate present conditions, 
analyze system weaknesses, and identify system upgrades for 
projected growth. This chapter will describe the modeling 
process, the analysis of the existing system and the 
results of projected future demand applied to an upgraded 
system. 

The network analysis program utilized for computer modeling 
of the Bedford Water System is called "WATER 11". This 
program developed by Forsgren-Perkins and marketed to many 
other consultants all over the United States analyzes 
steady state flow and pressure characteristics in pipe 
networks. It will analyze any network up to several hun- 
dred pipes and nodes using converging trial and error 
solutions. Head loss in the piping system is estimated us- 
ing Hazen-~illiams equations and given pipe sizes, lengths, 
and the network configuration. The program predicts 
pressures and flows based on external flow conditions 
superimposed on the model. 

In analyzing a water transmission/distribution network, the 
basic strategy is to model the performance or response of a 
pipe network to demands placed upon it. These demands may 
be steady and applied over a large part of the network such 
as summer irrigation demands or intense and applied over a 
short period at a single location in the network such as a 
fire demand or major leak. The computer model when 
calibrated to the actual system allows several demands to 
be placed on the piping system and the system response ana- 
lyzed. The system response in these cases are the 
capacities and pressures of the pipe network during the de- 
mand. 

Thus the transmission/distribution system can be tested for 
all the conditions which may occur and the response checked 
to see if the criteria established for design and other re- 
quirements are met. Growth and additional demands can be 
added and system modifications can be tested to determine 
what size line should be and where new lines may be needed 
to keep the system performing as required. 



4.3.2 ANALYSIS OF PRESENT SYSTEM 

The Bedford system is experiencing low pressures associated 
with high demand periods as previously described in this 
report. The goal in modeling the existing system is to 
further define the system weaknesses, to understand its 
sensitivities, and to predict the external demands under 
which the system fails to meet the accepted design 
criteria. 

The system was coded and calibrated using field data col- 
lected during the study period. The correlation of the 
model was good compared to expectations from field measure- 
ments. 

The present flow and demand characteristics of the existing 
system are not very well defined. Only one 24 hour flow 
measurement has been taken in August of this year. The 
flow was measured in the existing transmission line at the 
mouth of Strawberry Creek Canyon. The flow indicates a 24 
hour average demand of 4.6 gpm per connection. ~nitial 
computer runs were made using this demand to predict the 
response. The low pressure problems being described by 
residents match well with the modeled response so this 
measured flow rate is probably typical of summer flows. 
Pressure contours for the existing system are shown in fig- 
ure 4.5. 

Modeling was also completed with summer peak flows of 3.0 
gpm per connection to determine how the system would re- 
spond and how any new line construction might be impacted 
if present consumption could be reduced. The resulting 
pressure contours are shown in figure 4.6. 

Following calibration the model is stressed by placing 
additional demands at various locations in the system. 
These demands simulate additional growth, leaks, and fire 
flows (if hydrant is available). There are several areas 
that were already critical such as the northeast corner of 
the system. The additional demand simply expands the crit- 
ical zone. 

There is another technique to aid in understanding the ex- 
isting system and its sensitivity. As the demands are in- 
creased to levels approaching fire flows which are normally 
considered critical resonse test levels, the sizes of indi- 
vidual pipes in the system can be increased until it can 
handle the critical demand.  his provides an indication of 
how sensitive the system will be to critical events and how 
much the system must be upgraded for additional growth or 
protection. 



4.3.3 ANALYSIS OF PROPOSED SYSTEMS 

As the projected growth was placed artificially on the 
computer model of the system, it was possible to try trans- 
mission/distribution enhancements to handle growth and fire 
protection. The expected growth came largely from the 
questionnaire s and included where the growth would most 
likely occur. This information was then coded and the 
models ran utilizing these established growth patterns. 

It appears that there are 3 major areas of growth within 
the service area according to local development plans. 
These areas are located along the eastern edge of the area 
and are shown on Figure 4.7. Additional growth is a single 
basis and is distributed throughout the service area. 

As the analysis unfolded, design alternatives were formu- 
lated and tested using the model. In the draft report two 
basic alternatives emerged and these were analyzed with 
short and long term population growth, 2 levels of fire 
protection plus the no fire protection options, and a cur- 
rent consumption rate V.S. a reduced consumption rate. The 
results of these analysis are summarized graphically in Ap- 
pendix 4.1 through 4.12. 

After consideration of many alternatives and input from the 
pipeline directors two alternatives were chosen to focus on 
and develop cost estimates for. 

4.3.3.1 MINIMUM LONG TERM SYSTEM: The first alternative 
will be called a Minimum Long Term System. It provides de- 
sirable pressures for a projected 30-year population assum- 
ing a demand of 3 gpm per connection, which is a reduction 
from the current usage rate of 4.6 gpm per connection. The 
system includes 2 new looping pipes. The first line begins 
from the existing P R V  box at the canyon mouth and goes 
north west connecting with the north branch. This loop 
helps alleviate the pressure problem in the northeast cor- 
ner of the system. The second loop is made between the 
south branch and the south west branch. This relieves 
pressure problems in the area. A new 8" transmission line 
brings water from the canyon mouth (storage tank) to the 
center of town. The existing 6" transmission line present- 
ly in service will be utilized and closely monitored. As 
it is appropriate it will be removed from service and aban- 
doned. 

All the new lines and their sizes are shown in figure 4.8. 
As shown all but 7 lines are set up to be .replaced. The 
new pipes are all six inch except for the new main which 
will be eight inch. This system is adequate for a 
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projected thirty year population, the pressure contours for 
the population are depicted in figure 4.9. These results 
were derived using 3 gpm per connection. This system was 
also ran with a fire placed at critical places in the sys- 
tem. Figure 4.10 shows the results of the worst case resi- 
dential fire . This system will not be adequate to protect 
the community from fires. 

4.3.3.2 FIRE PROTECTED LONG TERM SYSTEM: The second alter- 
native will be called the Fire Protected Long Term System. 
~t provides potential for a 30 year projected population 
and fire protection for a residential fire anywhere in the 
system. The system layout is the same as the first alter- 
natives. This includes two new looping lines and a re- 
placement of the main line. The difference is the sizing 
of the pipes. This system leaves no original lines. The 
minimum pipe size is six inches which is the minimum for 
fire protection. The main line from the canyon mouth to 
the city center is a ten inch line. There are eight inch 
lines extending from the city center north to the north 
east corner and from the canyon mouth south to the south 
east corner of the system. The system is shown in figure 
4.11. In figure 4.12 the pressure contours are shown with 
a demand of 4.6 gpm at every connection. A fire demand is 
depicted in figure 4.13. This is a worst case residential 
fire. 

4.4 DISCUSSION OF ALTERNATIVES - 
4.4.1 ALTERNATIVES OVERVIEW 

Alternatives have been presented and evaluated for each of 
the major project components including springs development, 
raw water supply, storage, disinfection, and transmis- 
sion-distribution. These alternatives represent a wide va- 
riety of choices with respect to the upgrade of the Bedford 
water system as well as a wide range in level of service 
and costs. With the complex interaction among the alterna- 
tives, design criteria, growth projections, regulations, 
and so on, it is easy to get "lost" in the search for the 
best alternative. In this section an attempt is made to 
summarize and simplify the alternatives associated with 
each major component and present basic cost information. 
Following these discussions the overall system costs are 
tabulated and a recommended best alternative is presented 
for consideration. 



4.4.2 SPRINGS DEVELOPMENT ALTERNATIVES 

The development of springs as a primary water source for 
the Bedford Area will focus on the construction of new col- 
lection facilities at the Big Springs site. This is the 
location of the present collection system. There are ample 
water volumes most of the year. There are three other 
springs which could be developed as backup supplies to the 
main spring. The feasibility of utilizing these springs 
will depend greatly on how the State ~ngineer chooses to 
look at water rights issues in Strawberry Creek Canyon. 
The reconstruction of the Big Springs will include new col- 
lection box and piping, protection measures for the spring 
area, and additional capacity/control features. The esti- 
mated cost of these improvements is $55,000. The develop- 
ment of the other springs will cost from $15,000 to $35,000 
each including connection piping to the raw water supply 
line and pressure control devices. A total of $100,000 has 
been estimated for springs development. 

4.4.3 RAW WATER SUPPLY LINE ALTERNATIVES 

The analysis of the raw water supply line included the con- 
sideration of three line sizes: 8 inch, 10 inch, and 12 
inch diameter piping. The difference in line size is 
significant in the overall capacity of the line as seen in 
previous discussions. 

However, the total cost of additional sizing if small com- 
pared to the total cost of the installation and materials. 
The overall costs of each alternative pipe size is shown 
below and include the costs of excavation/backfill, pipe 
and fittings, thrust blocking and necessary valving and 
support structures: 

8 inch diameter piping: $240,000 
10 inch diameter piping: $280,000 
12 inch diameter piping: $320,000 

4.4.4 STORAGE TANK ALTERNATIVES 

Three storage tanks have been considered in the analysis of 
the Bedford system. The sizing is dependent of the size of 
raw water supply lines, on whether fire flows are consid- 
ered, and on a projection of user demands/water 
consumption. The minimum size tank recommended in the 
analysis is a 250,000 gallon tank and will cost about 
$185,000 to construct including a 12 inch diameter feed to 
the transmission/distribution systems. I f  fire protection 
were added to the system, a storage tank with a capacity of 
500,000 gallons would be required. The cost of this tank 
is estimated with connection piping to be $325,000. 
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A standby disinfection system will be added to the inlet 
line to the storage tank. � his system is estimated to cost 
about $25,000 including disinfection unit, building, and 
peripheral equipment. 

Two basic alternatives have been considered in this analy- 
sis. The first of these alternatives is designed to meet 
the demands of a population projection thirty years in the 
future with a demand per connection of 3 gpm. The design 
incorporates 2 new looping lines and a new 8 inch main from 
the canyon mouth to town. Other existing lines would be 
replaced with 6 inch lines as necessary to meet the system 
design criteria. The second alternative is designed to 
meet the requirements of a 30 year population, provide fire 
protection for residential area d o n g  with meeting peak 
system demands. The same looping lines are planned as 
those in the first alternative along with a new 10 inch 
main and upgrades of the main north-south transmission 
lines now 4 inch diameters to 8 inch diameters. All other 
lines are upgraded to 6 inch diameters. ~ a s i c  costs for 
each alternative have been estimated below and include 
costs of piping, excavation/backfill, materials and in- 
stallation. The cost for the first alternative is 
$950,000. The cost for the second fire protected system is 
$1,250,000. These costs are detailed in Section 4.4.7. 

If individual metering is accomplished as part of this 
project then an additional $23,000 must be added to these 
estimates. Because metering will be required by the Farm 
Loan Board, the cost estimates and financial summaries in 
the following sections include the cost of metering for all 
alternatives which have distribution improvements. 

Wells have been discussed previously as well as additional 
springs development to provide backup services to the dis- 
trict as required. The development and improvement of a 
300 to 400 gallon per minute well is estimated to cost be- 
tween $35,000 and $60,000 including building, electrical, 
pressure storage, and disinfection. The advantages of a 
well as a backup system include protection from problems in 
the canyon as well as low flows in the springs. The 
disadvantages are the costs of power and maintenance. A 
cost of $40,000 has been utilized for comparison purposes. 



The individual component costs outlined above are assembled 
in outline form in Table 4.7. Where a range of cost is 
shown for a component such as the small springs development 
the midpoint of the range is generally shown unless another 
estimate seems to fit the estimate better. As has been 
mentioned several times in this report, these costs are 
based on very preliminary information with various 
assumptions made. Costs will definitely be refined as the 
project evolves into final design. 

 ina ally, the alternative costs are included in a few proj- 
ect scenarios to allow comparison and some ideas of the 
scope of the proposed project. The first scenario is what 
is considered a minimum project. It's purpose is to pro- 
vide some additional water through an improved spring sys- 
tem and a larger 10" transmission. It also provides some 
storage and a backup well. The project will not replace 
the small pipes in the distribution system. 



TABLE 4.7 ALTERNATIVE COST SUMMARY 

I. SPRINGS DEVELOPMENT 

A. BIG SPRINGS .....................$ 55,000 
B. SPRINGS #1-3........~.~......~~.$ 25,000 
C. TOTAL FOR BIG SPRINGS PLUS TWO 

ADDITIONAL, ............a.a......$lOO,OOO 

11. RAW WATER SUPPLY LINE 

A. 8 INCH DIAMETER ..,..............$ 240,000 
B. 18 INCH DIAMETER ................$ 280,000 
C. 12 INCH DIAMETER ................$ 320,000 

111. STORAGE TANK/DISINFECTION 

A. 250,000 GALLON ..................$210,000 
B. 500,000 GALLON ..................$350,000 

A ,  MINIMUM LONG TERM SYSTEM ........$ 973,000 
B. FIRE PROTECTED LONG TERM 

SYSTEM ...............e...a....$1,273,000 



MINIMUM PROJECT 

1. ~ i g  Spring De~elopment.........~..~$ 100,000 
2. Raw Water Supply Line ..............$ 280,000 
3. Storage Tank/Di~infection.........~$ 210,000 
4 ,  ~ransmission/~istribution..........$ 300,000 
5. Backup Well... . . . . . . . . . . . . . . . .mmm. .$  40,000 

Total................$ 930,000 

Based on the best information available at this time the 
next scenario is the recommended long term project with no 
fire protection. It meets design criteria assuming a re- 
duced usage rate. It includes the development of Big 
Spring, the 10 inch supply, 250,000 gallon tank, and re- 
placement of much of the present demand transmis- 
sion/distribution system. It also includes a backup well 
system. 

RECOMMENDED PROJECT - MINIMUM LONG TERM SYSTEM 
1. Big Spring Development. ............$ 100,000 
2. Raw Water Supply..............m....$ 280,000 
3 .  Storage ~ank/Disinfection . . . . m . m . . . $  210,000 
4. ~ransmission/~istribution..........$ 973,000 
5. Well Backup System ..............,..$ 40,000 

Total.... ..........$1,603,000 

The final scenario presented is the recommended long term 
project with residential fire protection provided. The 
project includes the development of the springs, the 10 
inch supply, a 500,000 gallon tank and total replacement of 
the existing distribution system. It also includes a 
backup well. 

RECOMMENDED PROJECT - FIRE PROTECTED LONG TERM SYSTEM 
1. ~ i g  Springs De~elopment.........~...$ 100,000 
2. Raw Water Supply ....................$ 280,000 
3. Storage ~ank/~isinfection...........$ 350,000 
4. ~ransmission/~istribution...........$1,273,000 
5. Well Backup System . . . . . . . . . . . . .mm.. .$  40,000 

Total ...............$ 2,043,000 



The previous section presented estimated costs for three 
different project scenarios. If preliminary assumptions 
are made as to participation from the Wyoming Water Devel- 
opment Commission and the Farm Loan Board, some project 
funding proposals can be addressed and anticipated connec- 
tion fees and monthly costs, to the people of Bedford can be 
estimated. It must be remembered that no commitments have 
been made to fund this project at any level or by any agen- 
cy. The information presented here is only for information 
and comparison. 

In the minimum project, it is assumed that the WWDC will 
fund the entire system which includes springs development, 
raw water supply and storage, primary transmission, and 
backup well. The costs of this system are estimated at 
$930,000. With a 75% WWDC Grant, the loan amount would be 
$232,500 and at 4% for 30 years the repayment cost would 
equal $13,450 per year. Adding reserve and operation main- 
tenance of $1,500 and $3,500 respectively, the total would 
be $18,450 or $15.38 per connection per month. This is 
summarized below along with similiar costs for the other 
two recommended projects: 

I- MINIMUM PROJECT - W/TANK W/O TANK 

1- System Costs: $930,000 $720,000 
2- Grant Funding:WWDC $697,500 $540,000 
3- Loan Requirements: $232,500 $180,000 

Annual Payments 
30 years @ 4% $ 13,450 $ 10,410 
Reserve $ 1,500 $ 1,200 
Operation/Maint # 3,500 $ 3,300 
Total Annual Cost $ 18,450 $ 14,910 
Monthly User Cost $ 15.38 $ 12.43 
(100 Connections) 

If - LONG TERM - NO FIRE - W/TANK W/O TANK 

1- System Costs: $1,603,000 $1,393,000 
2- Grant Funding: WWDC $ 743,000 $ 585,000 

: FLB $ 307,000 $ 307,000 
Total Amount $1,050,000 $ 892,000 



3- Loan Requirements 
WWDC $ 247,000 
FLB $ 306,000 
Total Loans: $ 553,000 

Annual Payments 
30 yrs @ 4% $ 14,284 
(247,000, 195,000) 
30 yrs @ 8.5% $ 28,474 
(306,000, 306,000) 
Reserve $ 2,000 
Operation & Maintenance $ 2,500 
Total Annual Cost $ 47,258 
Monthly User Cost $ 32.82 
(120 Connections) 

111 - LONG TERM - LIMITED FIRE: W/TANK W/0 TANK 

1- System Costs: $ 2,043,000 $ 1,693,000 
2- Grant Funding:WWDC $ 868,000 $ 606,000 

: FLB $ 444,000 $ 444,000 
Total Grants $ 1,312,000 $ 1,050,000 

3- Loan ~equirements: 
WWDC $ 289,000 $ 202,000 
FLB $ 442,000 $ 442,000 

Total Loans $ 731,00P $ 644,000 

Annual Payments W/TANK W/0 TANK 

30 yrs @ 4% $ 16,713 $ 11,682 
(289,000, 202,000) 
30 yrs @ 8.5% $41,128 $41,128 
(442,000, 442,000) 
Reserve $ 2,500 $ 2,500 
Operation & Maint. $ 2,500 $ 2,500 
Total Annual Cost $ 62,841 $ 57,810 
Monthly User Cost $ 43.64 $ 40.15 

The monthly cost can be decreased by the as'sessment of a 
one-time connection fee. For example, if a connection fee 
of $500. were established, $60,000 would be raised by 120 
connections. This would reduce the monthly payment about 
$4.00. 

It should be noted that many issues could affect the amount 
individual customers will be required to pay. As mentioned 
previously, the estimates are very preliminary. The costs 
could change as the design is more defined. Interest 
rates, WWDC C FLB participation, service population all 
could significantly change the monthly user cost. Other 
sources of funding might be pursued or loan amounts reduced 
due to values of the existing Bedford system which may be 
eligible for local matching funds. 



5.0 SUMMARY AND RECOMMENDATIONS 

5.1 SUMMARY 

The Bedford community pipeline has served its customers for 
many years. Its condition and capacity are at a point 
where new facilities need to be planned, funded, and con- 
structed to insure continuing reliable service, allow for 
reasonable community growth, and provide the additional 
benefits of expanded service, fire protection, and higher 
levels of capacity and pressure. 

The Wyoming Water Development Commission has funded a Level 
I study to define the issues, determine feasibility, pre- 
liminary costs, and options to satisfy needs. This report 
presents the results of these Level I investigations. A 
combination of field measurements and local contacts as 
well as records research has allowed the definition of cur- 
rent and future project issues, the establishment of design 
criteria, analysis of alternatives and their costs, and the 
formulation of recommended action. 

Perhaps the primary physical problems in the Bedford area 
is the condition and sizes of the present water system. 
The source of water is a large spring located about 1.5 
miles up Strawberry Creek Canyon. Although there is excel- 
lent quality and quantity during most of the year, there 
are needed improvements to insure protection from contami- 
nation and increase capacity. Additional springs in the 
area should also be developed. 

The existing transmission line is 6 inch diameter steel 
pipe over 40 years old. Many leaks have been repaired in 
recent years particularly where the pipe is buried in the 
road leading up the canyon. The problem appears to be 
traffic in conjunction with shallow depths and poor bed- 
ding. The pipe also has limited capacity and should be re- 
placed with larger diameter pipe. 

The distribution system comprises over 15 miles of small 
diameter pipe. Its condition is an issue but the primary 
problem remains the sizes of various branches. Many of the 
higher areas in the community served by small lines have 
less than legal minimum pressures at times during peak sum- 
mer flows. The risk to health and safety is present at 
these times. The consumption in the Bedford area is very 
high compared to other similiar communities. Conservation 
would certainly lessen the impact of peak flow problems but 
still does not provide additional capacity for growth or 
any fire protection. Computer modeling of the system has 
idectified areas where upgraded pipe sizes would increase 
flow and pressure strategically. 



The issue of water rights is addressed in some detail in 
this report. Bedford has the needed quantity of rights and 
with transfers up the canyon would have plenty for their 
long term needs. However, the date of priority of these 
rights is not sufficient to consistantly have a legal sup- 
ply of water in late summer. Additional early priority 
supplies are needed to firm up the Bedford supply. This 
does not appear to be a major problem but the lengthy ap- 
plication/approval process adds to the expense of water 
right acquisition. A backup well has been suggested as one 
alternative to short water supplies. If water rights were 
regulated and use denied, the well could still be pumped to 
provide a backup supply. 

Other facilities will probably be required. These include 
water storage, disinfection, and pressure regulation 
stations. These should be located and designed for ease of 
operation and maintenance and to provide easy expansion and 
upgrade. 

After consideration of many alternatives, a small number 
were cost estimated and presented to the Water Development 
Commission staff, the community as a group and the Board of 
Directors in particular. The selection of various alterna- 
tives and costs involved are summarized in the report. 

5.2 RECOMMENDATIONS - 

1) The residents of Bedford should act together to 
expeditiously form a water and sewer district. The 
available resources of the Water Development Commis- 
sion, Lincoln County, and professional advisors should 
be utilized to accomplish the various tasks reguired 
including petitions, hearings, and election. 

2) The findings of the Level I study (documented in this 
report) should be the basis for seeking Commission ap- 
proval and legislative funding to continue the Bedford 
project into Level 11 or perhaps even moving to Level 
111, Phase I. Level I1 activities should include fur- 
ther work on water rights transfers/£ ilings, 
additional field monitoring of springs, canyon survey- 
ing and location work, more detailed design and cost 
development, and an "ability to pay analysis1' for the 
residents of Bedford. 

3) ~t is the consensus of the community that an alterna- 
tive be pursued which includes adequate capacity to 
serve a long term population of 690 (218 service con- 
nections). This alternative system would supply basic 
residential fire protection to the community and would 
include the following facilities: 



WATER -SUPPLY 

1. Improve Big Spring - Collection Systems 
2. Develop two additional spring sources 
3. Develop groundwater as backup if required 

RAW WATER PIPELINE 

1. New 10" line from springs to town 

DISTRIBUTION SYSTEM 

1. Upgrade existing lines to 6" minimum 
2. Install fire hydrants in developed areas 

STORAGE 

1. provide peaking storage (250,000 gallons) 
2. Provide residential fire storage (250,000 gallons) 
3. Total 500,000 gallons 

4) Long term water system capacities have been projected 
on the basis of a 30 - 35 percent reduction in per 
capita consumption for the Bedford area. Serious con- 
sideration must be given to means of accomplishing 
these reductions including pressure management, re- 
strictive pipe sizing, and probably most effective, 
individual metering. Metering will be a requirement 
of FLB. 

5) The new district must address the issue of water 
rights in the Strawberry Creek  raina age as part of 
this project. Existing rights must be transferred and 
additional early priority water rights be acquired to 
firm up water supplies for year around operation. A 
backup water well may be required for emergency supply 
and to provide additional summer water rights. 

6) ~dditional system monitoring and metering should be 
done throughout the next several months to further un- 
derstand the abnormally high water usage. This work 
may need to be followed up by additional measurements 
including leak detection, pressure gradient, and re- 
cording pitot tube studies. 

7) The existing springs should be monitored for flow and 
periodic quality assessments/tests to assist in design 
and planning for the new system. These measurements 
should be made monthly throughout winter and spring 
runoff. This could be as part of a Level I1 study. 
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APPENDIX 2 .1  

S a n i t a r y  Survey R e s u l t s  

WYOMING WATER TREATMENT SYSTEMS SURVEY 

SAN ITARY SURVEY DATA 

ADMINISTRATIVE 

2. Date o f  Sani t a r y  Survey: q- 1 8  - g S  
3. Person Submit t ing Reports t o  €PA: 

o Name: 5\dr) f I LAC k h h h  H 

o Address: APQgoer\ ~ J \ I  'jt 1 \\7. 
1 

o Phone: 8 3 -  2 7 t S  

4. System Operator Interviewed: 

o Name: m q n  A r t r e  

o Address: n € n e ~  Wq 93 1 1  2 
I I . . 

o Phone: 3 8 3 - 2 7 s ~  
5. Survey Par t i c ipan ts :  ba, &ar-n 

GENERAL DESCRIPTION OF SYSTEM 

6. Source: 

0 Springs: 3, 
\ I 

o Stream: 

o Lake: 

o A l l u v i a l  Wells: 

o Other: 

7. ~ o c a t i o n  o f  Source: 5 mil- eat+ n$ 4 % ~  brN a$ f l d ~ a r d ,  
-- - - 

8. Populat ion Served by System: 300 

9. Number o f  Connections: b +  
10. System Schematics, Well Logs: (a t tach  t o  survey fom) :  

11. System H i s to r y  (year bu i  1 t. repairs,  expansion) : 5 p T r 6  Lou 
4 -  - z n  t 2 n ~ r n ~ r 3 ~ -  \ \PC wss hi\+ ;h \q+l.  



12. B r i e f  Descr ip t ion of General Layout: 
I I \  

o Source: G n ~ c k  Sor ; r r tbw B kf k g  ~ i k  10' 

o Treatment: A,~C 

o Storage: 3 C O O  h d r  & TI$F @&dlq %$ 
# 

o D i s t r i bu t i on :  5-r, TP&M<m,rmd r ~ t c l g  
# 

SOURCE EVAL UATI ON 

13. Springs: 

o Co l l ec t i on  T i l e s  o r  Perforated Pipes: ~ ~ c ~ o ~ m  P,prs 
o Depth o f  T i l es :  8' s p ~ , +  b g  W /  bfl p . m  M C L ~ ~ I J ~ ~ .  

o Determine i f  Spr ing i s  i n  f a c t  a k p r i n g  Source o r  I n t e rm i t t en t  

Surface Source: 5 ? z l ~ h  G u e c f  

o Evaluate Spr ing Encasement f o r  Proper Watert ight  I ns ta l l a t i on :  
I 

(-I& box 'is \ he L Q U L C ~ ~ L  orr%~ so &w; W Z ~  

o Protec t ion From Surface Runoff ?div r s i on  ditches4 : A WZ\\ 

a-,.+A 
o Su i tab le  Water t ight  L i d  on Cover: dG. 

I R d o o h  ~ a 4  Nlm ~~ d 1 ~ -  

o Su i tab le  and Well Protected Overflows, Drains, Vents: &- 
IS L O r 4 f l ~ w m f i .  a ~ s - n ~  P b m t d .  o -- u a T  m B  €5-. 

o Evaluat ion o f  Po ten t i a l  Sources o f  Po l lu t ion :  konoLrau n m c  
I 

o Su i tab ly  Fenced t o  P ro tec t  Area From Entry by L ives tock  o r  
Other Animals: , 

- - 

o P r o t e c t i o n  from Tresspass ( locked) :  Ao 



o Area Free From Deep Rooted vegetation: & . ~ L G E  I r ' - ~ ' m r l .  
o Other Comments/Observations: fi* 5 aid bdAu ,< / I U Z L I J C ( ~  . -  - (9 

k~r(h(?Y%. 3 NU&D m rhEtc /.~*?c f ~ ~ m  w 
14. Wells 06- PrrlsiDck xksr TItr *NM~oY. 

N/A 
o Eva1 ua t ion  o f  We1 1 Character is t ics  

1 4  t h r u  22 A. Well Log o f  Depth, Formations, etc.: 
n o t  applicable. 

6. Casing, Screen, Perforat ions,  Seals, etc. : 

C. Well Capacity Rating: 

o Is Well an A l l u v i a l  Well : 
. . 

o Pro tec t ion  From Floods and Flooding: 

o Pro tec t ion  From Surface Runoff: 
o P ro tec t ion  o f  Well Head: 

A. San i tary  Seal: 

0.  Casing Extended Above Ground: 

C, Protected Vent: 

0. Protect ion From Erosion, Animals, etc.: - 

o Po ten t i  a1 f o r  Cross-Connection w i t h  Nonpotable Sources: 

0 Proper Casing, Curbing, Seal ing and Grouting: 

o Water t ight  I ns ta l  1 a t i o n  o f  Pump and Accessories: 

-- - 

o Sound Condi t i  on o f  a1 1 Construct ion: 

o Other Comments/Observations: 



22. Other Treatment Processes 

MONITORING PROCEDURES 

23. General 

o Who Collects Water Samples f o r  Bac te r io log ica l  Analysis : - 
o How Often are Samples Taken: Mnd-q 

1 

o Sample Locations: OUT o f  OWA 

o Sample Co l l ec t i on  Techniques: o k  

o Where are Samples Mailed From: f i ~ ~  d r o R n  

o Is Mai l  Serv ice a Problem: d, 

o Where are Samples Analyzed: C ~ ~ C Y E C L ~ ~  

o Do You Receive Copies o f  Sample Results: 

o Do You - Have Copies o f  These Results: YES 
o Do You Know How t o  D is in fec t '  New o r  Repaired Watenains: 9- 

GAVE 0 P q  c7 f  A W W ~  f l r $ r r & t S ~ ~ b ~ d  ~ N D ~ I  
f 

o What Do You Do When You Get Back Pos i t i ve  Results From Your 

Samples (emergency d i s i n f ec t i on ,  check samples, imnedi a te  €PA 

n o t i f i c a t i o n ) :  A. D ~ S ~ R F O  p b w c g ~  

24. Tu rb i d i t y  Moni t o r i n g  

o Sample Locations: 

o How Often Are Samples Taken: 



o Discussion o f  Procedural Review: 

25. Chlor ine Residual Monitoring 

o HOW DO YOU Test For Residual: Chlnr;naf;- i s  o f A r a .  
I 

-- 

o A t  What Locations: 

. . o Discussion o f  Procedural Review: 

ASSESSMENT OF OVERALL ABIL ITY OF SYSTEM TO REMOVE PATHOGENS: 
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sm UP B Y M -  
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APPENDIX 2.2  

W A T E R  F I L T E R  A N A L Y S I S  

~ d ~ e s s  : 1777 South Harrison St. Date T h e :  9-20-85 1715 

Denver, CO. 80210 !+ f i l t c s  recei*.red: 7 filters 

They were prxessed immediately in distilled water on Septcmbv 20 , stored at 5%; 
and exa&q4 on September 21, 1985 

~ilter ~ y p e :  Polypropylene 1-Micron 

Condition: OK Cool 
Spring Ef f 

Fil t~' ID+: #98 Operators Home 

Start: 9-18-85 0903 0 
/ ' I  

Stop: 9-18-85 1519 9t18-85 2012 
\ / 

Samplez t Hannon/828 Gallons n/6309 Gallon 
Gal lcns  Filt-ed: 

.IZ 

C d o r  of Filter: 
Light Yellw 

Sedimcqt: (d irt /d&ris  1 rn 
N Fine amaqhous debris: 

Large am-rphous dwris: Rare 

Algae : n] I 

Diatom: Rare 
, 

2lant debris: Rare 

Giardia: . NONE 

Free-living nema t&es/egg s : 0 

?arasitic nematodes/eggs : 0 

Coccidia : 0 0 

Pollen: d/ 
Ciliates: 0 

Crxstcczans/oggs: 0 

Ixec  ts: f e w  pieces of adults 

Flagellates: 0 0 

0 Free- li.;Lnq araejae : 0 
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