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PURPOSE 

CHAPTER 1 

INTRODUCTION 

The purpose of this report is to identify and prioritize additional water 
supply alternatives for the Town of Encampment. This report records the 
findings of the Phase 2 portion of the Level II Feasibility Study of the 
Water Supply for the Town of Encampment. The project area is shown on 
Figure 1. 

BACKGROUND AND AUTHORIZATION 

The Forty-Sixth Legislature of the State of Wyoming - 1982 Session, through 
Enrolled Act No. 35, authorized the Wyoming Water Development Commission 
to conduct a Level II feasibility study to determine means of enhancing the 
water supply for the Town of Encampment. 

The Wyoming Department of Administration and Fiscal Control received pro
posals from engineering firms on July 20, 1982. HNTB was selected to per
form the study by the Wyoming Water Development Commission at their regular 
meeting on August 9, 1982. 

A meeting and field investigation was held in Encampment on August 16, 1982. 
Representatives of the Town, Water Development Commission Staff, State Eng
ineer, Attorney General's staff and HNTB were present. Following that meet
ing a scope of work was developed with the study being performed in the fol

lowing phases: 

• Phase 1 Evaluate Existing Water Supply System 
• Phase 2 Identify and Prioritize Additional Water Supply Alternatives 

• Phase 3 Evaluate Alternatives (In Order of Priority) 
• Phase 4 Feasibility Analysis of the One Selected Alternative 
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FIGURE 1 

LOCATION PLAN 
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HNTB with the assistance of Simons, Li and Associates, water resource con
sultants, completed the Phase 1 study on October 25, 1982. A status re
port recording the findings of the Phase 1 study was submitted to the Water 
Development Commission on October 25, 1982. 

OBJECTIVES 

The objective of conducting the study in a phased sequence is to provide 
an orderly, structured analysis that will enable all alternatives to be 
analyzed in sufficient detail to determine their feasibility. This is con
sidered to be the most cost effective means of conducting the study since 
only the most feasible alternative will be studied in detail. A Critical 
Path System (CPS) diagram showing the sequence of work tasks in each phase 
is presented in Appendix A. 

The objectives of the Phase 2 study are to: 

• Identify water supply alternatives utilizing the data base established 
in the Phase 1 study. 

• Evaluate each alternative utilizing parameters developed by senior 
members of HNTB and Simons and Li (SLA). 

• Screen and prioritize the water supply alternatives. 

• Recommend whether the study is to stop or continue. 

• If the study is to continue, develop recommendations for the order in 
which alternatives will be evaluated in Phase 3. 

• Record findings of the Phase 2 study in a status report. 
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PROJECT GOALS 

The goal of the project is to determine the most cost effective means of 
providing the citizens of the Town of Encampment with a potable water sup
ply in sufficient quantity to satisfy their basic needs. 

CONCLUSIONS OF PHASE 1 REPORT 

The Phase 1 report concluded that the Town of Encampment uses more water 
than most Wyoming communities; and, its present system cannot supply ade

quate quantities of treated water to meet the Town's existing water demand. 

There are two primary "bottle necks" in the Town's water supply system. 
In wet years such as 1982 the "bottle neck" is their water treatment plant 

which cannot treat the supply of water through the Encampment Ditch. In 
dry years such as 1977 the "bottle neck" is the inadequate quantity of 

water in the North Fork of the Encampment River. 

There are no historical records of flows in the North Fork or the Encamp
ment Ditch. Records of flows into the Town's distribution system are 
limited to the period after the water treatment plant was placed in ser
vice in December 1981. The flow rates used in the analysis are thus based 
on the limited available information, professional judgement and experience 
from similar projects in Wyoming. 

The study showed that the Town has ample water rights. 

The existing water conditions and future needs developed in Phase 1 are 

presented on Table 1. 
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SUMMARY OF FINDINGS 

Important conclusions which led to the recommendation to analyze selected 
alternatives in greater depth in Phase 3 of this study include: 

• The Phase 1 report established the need for a more dependable water 
supply during periods of low flows in the North Fork of the Encampment 
River. 

• The hydrological frequency analysis, which was developed to simulate 
low flows in the North Fork, confirmed reports that there are times 
when the river does not carry enough water to satisfy the water rights 
of the Town and the senior appropriators. And, that the most severe 
shortages occur in late August and early September. 

• The preliminary analysis indicated that the groundwater alternative 
was the most feasible method of attaining added water supply for 
the Town. 

• Based on a very cursory investigation it is believed that a well sys
tem can supply adequate quantities of water. 

• There appears to be some feasible programs in Alternative 1, Water 
Conservation and Alternative 2, Improve the Existing System. However, 
the yield of the well field must be determined before their feasibi
lity can be evaluated. 

• Alternative 1 and Alternative 2 cannot by themselves satisfy the water 
demand of the Town during periods of low flow. 

RECOMMENDATIONS 

It is recommended that the study continue into Phase 3. And, that ground
water be selected as the alternative to be studied in greater detail in 
Phase 3. It is further recommended that after the yield of the well field 
has been determined that various combinations of Alternatives 1 and 2 be 

evaluated in conjunction with the groundwater alternative. 

1-5 



TABLE 1 

EXISTING WATER CONDITIONS AND FUTURE NEEDS 

TOWN OF ENCAMPMENT 

Gallons Per Capita Per Day Gallons Per Day 
Cubic Feet 

Item Population Ave. Day Peak Day Ave. Day Peak Day Per Second 

Water Rights on 
Encampment Ditch 1000 3900 3900 3,900,000 3,900,000 6.0 

Treatment Plant 
Capacity 1000 550 550 550,000 550,000 0.9 

Existing Water Use 611 383 1135 234,000 693,000 1.1 

Future Demand #1 -
Low Usage 1000 100 200 100,000 200,000 0.3 

Future Demand #2 -
t1edi um Usage 1000 200 500 200,000 500,000 0.8 

Future Demand #3 -
High Usage 1000 380 1135 380,000 1,135,000 1.8 
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CHAPTER 2 

IDENTIFY ALTERNATIVES 

The purpose of this chapter is to identify alternative means by which to 
increase the dependable water supply for the Town of Encampment. In de
fining alternatives, it is necessary to rely on the Phase 1 status report 
which evaluated the existing water supply and system for the Town of 
Encampment. Information from the Phase 1 status report is included in 
the discussion of water supply alternatives. It was also necessary to 
develop preliminary hydrologic information in order to anlayze the depend
ability of the alternative water supply. The alternative water supply 
methods and the results of the preliminary hydrologic analysis are presen
ted. 

WATER SUPPLY ALTERNATIVES 

Water supply alternatives are identified in order to increase the depend
ability of the water supply for the Town of Encampment. The Phase 1 study 
defined the water rights for the Town of Encampment to be 2693 gpm (6 cfs). 
With a population projection for the year 2000 and assuming maximum per 
capita water consumption based on historic water use, the maximum required 
water supply is 808 gpm (1.8 cfs) which is adequately met by the water 
right. However, it may not be reliably supplied during the summer months 
due to a lack of adequate flow in the North Fork. The dependability ques
tion will be discussed in the subsequent section, but for now a descrip
tion of water supply alternatives follows. 

Alternative 1, Conservation 

Based on the Phase 1 status report, conservation measures include means 

by which water consumption would be decreased. This may require the in
stallation of water meters, or the implementation of ordinances. The 
conservation alternative would not increase the supply of water. However, 
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it would have a similar effect by reducing the quantity of water needed to 
satisfy the needs of the Town during the summer months. 

Installation of water meters could reduce peak day flows by 50%. Implemen
tation of an ordinance limiting the hours for irrigation can reduce volumes 
by as much as 20%. 

Alternative 2, Improve Existing System 

Based on the Phase 1 status report, there are numerous alternatives to con
sider. These include combinations of the following measures, improving 
the intake of the Grand Encampment Ditch at the river, providing flow meas
uring devices at the intake, lining or piping the ditch, providing addition
al raw water storage at the treatment facility, providing additional treated 
water storage, providing a separate irrigation system, or enlarging the 
water treatment plant. 

Improving the Intake would allow more efficient operation of the diversion. 
In periods of low flow in the river the Town has trouble intercepting suf
ficient water to satisfy their needs. Further analysis is necessary in 
order to define the flow along the North Fork at which the weir currently 

operates. The weir would have to be designed to protect the downstream 
senior water rights of 5475 gpm (12.2 cfs). 

Installation of Metering Devices on the North Fork and on the Encampment 
Ditch would provide a tool for managing the water rights along the river. 
While it wouldn't increase the water supply it would provide a historical 
record of flows for use in future hydrological studies along the river. 

Lining or Piping the Encampment Ditch is considered in order to reduce 
maintenance and limit seepaqe losses along the ditch. The estimated 

ditch losses of over 1000 gpm (2-3 cfs) is most critical during periods 
of low flow in the river. 
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Increasing the Capacity of the Raw Water Reservoir from .6 million to 2 

million gallons would supplement the water from the Encampment Ditch dur
ing periods of low flows. Two million gallons of water would supply 1000 

people 644 gallons per capita per day (the current average peak season 
consumption rate for 3 days; or, 1000 people 100 gallons per day (average 
day low water use) for 20 days. 

Providing Additional Treated Water Storage would enable treated water to 

be produced at off peak times and then be released during peak periods to 
supplement the water treatment plant capacity. The existing 500,000 gal
lon storage is needed to provide fire protection. An additional 500,000 
gallon tank would provide about 2 million gallons of added water since it 

could be emptied and refilled about 4 times during the peak season. In 
1982 for example, an additional 500,000 storage tank would have enabled 
the Town to meet the water demand with treated water. 

Providing a Separate Irrigation System would use the existing water distri
bution system for treated domestic water used inside the house. A new 
water system would be built to distribute untreated water to the Town for 
use outside the homes or commercial buildings. 

Irrigation is the primary cause of high peak seasonal use of water in 
Encampment. For example, during the summer of 1982 the peak day flow was 
693,000 gallons. Of that amount, it is estimated that about 600,000 gal
lons was used for irrigation. A separate system would eliminate the use 
of treated water for irrigation and would reduce the cost of operating 
the water treatment plant. 

There are two types of irrigation systems which can be used: an open

ditch or a closed conduit. 

An open-ditch system would be less expensive to build. However, this 
system has two major problems. 
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The first problem is it requires a lot of water due to heavy losses in con
veyance. For example, the Town of Basin, Wyoming uses a maximum of 10 cfs 
(6.5 million gallons per day) to serve a population of 1,349. If the 
Encampment system had the same rate of consumption, the Town would need 
7-8 cfs (5 million gallons per day) in the future. This exceeds their 
water rights. 

The second problem with the open-ditch system is maintenance. Ditches 
and culverts must be kept clean. The Town of Cowley, Wyoming encountered 

flooding problems due to poor ditch maintenance. To alleviate this prob
lem they installed a closed conduit system this past summer, utilizing 
Town personnel in order to reduce costs. 

The initial cost of the closed conduit system would be greater; however, 
the long term costs would be lower due to lower annual maintenance costs. 

A closed conduit system requires much less water. 3 cfs would be able to 
meet the future demand even at a high usage rate. For these reasons the 
closed conduit system was selected for evaluation. 

The Town could use their old water reservoir as their point of water sup
ply to a separate closed conduit irrigation system. The overflow from the 
raw water reservoir presently continues down the Encampment Ditch to the 
old water reservoir. The overflow from the reservoir flows in a ditch 
to the North Fork. The Silver Spur Ranch uses this water for irrigation 
purposes. However, we could find no record of a water right authorizing 
this use by the ranch. 

Increase Capacity of Water Treatment Plant by 200 gallons per minute (.44 
cfs) would provide an additional 288,000 gallons of treated water per day. 
This would increase the total treatment capacity of the plant to 864,000 
gallons per day. That is greater than the maximum day demand projected 

for the medium use scenerio and less than the maximum use scenerio, see 

Table 1. 
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Alternative 3, Groundwater Only 

The groundwater alternative considers the development of a well field on 

the north side of Town to avoid the bedrock outcropping on which the Town 
is built. Based on data obtained from the Riverside wells it is believed 
that the well field could produce the total water needs of the Town. How
ever, at this pOint in the study it is being assumed that the well field 
can produce 59 million gallons of water over a 92 day period. This rep

resents a water supply of 644 gallons per capita per day for 1000 people 
during the critical summer months. 

The well field would require a pumping system to pump the water from the 
acquifer to the chlorine contact chamber at the existing treatment faci
lity. At the treatment plant, water would be pumped into the distribu
tion mains or to the water storage tank, utilizing the existing high ser
vice pumps in the water treatment plant. 

The well field could operate independently or in conjunction with the 
water treatment plant. 

For comparative purposes this alternative is designed to provide the same 

quantity of water as Alternative 5. 

Alternative_4, Groundwater Plus Improve Existing System 

A combination of Alternatives 2 and 3 would be developed to meet the 
water demand and develop a dependable water supply for the Town of Encamp
ment. The groundwater would be required to meet demand in excess of the 
streamflow diversion. It would be necessary to pump the groundwater from 
the proposed well location in the north area of Town to the treatment plant. 
At the treatment plant, the groundwater supply would be tied into the ex

isting distribution and storage lines. Improvements to the existing sys
tem would be considered to provide a more dependable water supply system 

that would also increase the capacity of the existing water supply system. 
This alternative would make maximum use of the existing facilities and may 

decrease the size of the well field over that required in Alternative 3. 
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Alternative 5, Off-Stream Storage 

Alternative 5 and 6 considers building a reservoir at one of two potential 
dam sites along Willow Creek (elevation 8400) or Beaver Dam Creek (eleva
tion 8600). These dam sites would be located about 6 miles southwest of 
the Town in the Medicine Bow National Forest. 

The State Engineer considers Alternatives 5 and 6 to be feasible only if 
Alternatives 1 through 4 fail to provide the Town with an acceptable vol

ume of water. 

The Town would be required to obtain a storage right on the North Fork of 
the Grand Encampment River. This permit would have a 1983 priority. The 
three large government reservoirs downstream on the North Platte River 
have senior storage rights that are not being fulfilled. If they would 

place a call for their permitted water the Town would be required to dis
charge all water from their reservoir. This makes the construction of a 
new reservoir with such tenuous storage rights very questionable. 

Even though this alternative may not be feasible we have proceeded with 

its evaluation to comply with the requirements set forth in Enrolled Act 
35 of the 46th State Legislature. 

The desired storage in this alternative is on the order of 117.3 million 
gallons. Considering evaporation losses and losses in the system, 59 
million gallons of water would be deliverable. This represents 92 days 
of water supply for 1000 people at a daily consumption rate of 644 gallons. 
This assumes all releases may be diverted from the North Fork of the En

campment River at the present point of diversion. The existing water 

supply system would operate as it does now. 

The increased cost to provide hydroelectric power and the benefits to be 
derived therefrom have not been addressed at this point in the study. 
Based on past experience it is believed that the economic benefits of hy
droelectric power will be marginal, at best. It should therefore have 
little effect on the evaluation process. 
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Alternative 6, Off-Stream Storage Plus Improvement of Existing System 

This alternative provides a combination of Alternative 2 and 5. Selected 
improvements would be made to the existing system to assist in providing 
a more dependable and effective supply system. 

Combination of Alternatives 

Numerous alternatives can be developed by combining Alternatives 1 and 2 

with Alternatives 3 through 6. For example, implementing conservation 
measures with Alternative 3 or 5 could reduce the size and cost of those 
improvements by 50%. 

Another alternative would be to increase the size of the well field and 
totally eliminate the surface water supply. 

There is insufficient data at this time to evaluate combinations of alter
natives. This will be done in Phase 3 following the more detailed analy
sis of the selected water supply alternative program. 

HYDROLOGIC ANALYSIS 

The quantity of water in the North Fork of the Encampment River is the 
key issue in this study. If the low flow rate is similar to 1982 the Town 
does not have a water supply problem. It has been reported, however, that 
extreme low flows were reported in 1977 and previous to that around 1946. 

In order to verify these reports, a preliminary hydrologic analysis was 

made to estimate expected low flows along the North Fork of the Encampment 
River. A nearby gage record was analyzed and used to extrapolate flows 
for the North Fork. The records used were for the gage listed in Table 2. 
The drainage area and years of record are included in Table 2. 
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TABLE 2 

STREAM GAGE RECORD USED FOR REGIONAL LOW FLOW ANALYSIS 

Drainage Area 
Station Years of Record (Sq. Mi.) 

Encampment River above Hog Park 1965 ... 1981 73.7 
Creek near Encampment 

It should be emphasized that the stream gauge has been in existance a re
latively short period of time, 17 years, and thus does not include the 

severe drought reported in 1946. This does affect the reliability of the 

extreme event analysis. 

A frequency analysis of average monthly flows for the period of record was 
made. The average monthly flows which occurred less than a given percent 
of the time were multiplied by the drainage area ratio for the drainage 
area at the diversion and the gage record. The North Fork of the Encamp

ment River at the point of diversion has a drainage area of 27.3 square 

miles. The average monthly low flows are estimated as shown in Table 3. 

The analysis shows that often the average monthly flow rate is less than 
the downstream senior water rights of 5,475 gpm. The Town's water right 
of 2,693 gprr plus the senior water rights requires minimum flows of 8,168 
gpm. Generally, during the months of May, June and July, all water rights 

for the Town of Encampment will be satisfied. During the month of August, 
10 percent of the time the average monthly flow may be less than the 5,475 
gpm senior water rights. Also, during the month of September, more severe 

shortages may exist if the senior water right uses all available water 
since 50 percent of the time the average monthly flow is less than the 

senior water rights. 
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TABLE 3 

ESTH1ATED AVERAGE HONTHL Y LOW FLOW (GPM) ON THE NORTH FORK 

OF THE ENCAMPMENT RIVER AT THE POINT OF DIVERSION 

Average % Of Time Flow Rate Is 
Monthly Less Than Stated Values 

Consumption 
Month (GPM) 2 5 10 20 50 80 95 

1982 

January 163 1,750 1,980 2,150 2,420 3,050 3,860 4,800 

February 172 1,660 1,890 2,070 2,330 2,960 3,730 4,670 

March 130 1,750 1,980 2.150 2,420 3,050 3,770 4,710 

Apr; 1 120 2,650 3,050 3,460 4,040 5,390 7,180 9,560 

May 149 19,030 22,040 25,270 29,980 41,290 56,280 77,380 

June 217 41,470 49,910 57,360 70,470 101,080 143,400 205,160 

July 304 7,680 10,320 13,150 17,860 32,410 57,090 102,020 

August 298 3,860 4,490 5,020 5,840 7,770 10,190 13,470 

September 149 2,700 3,050 3,410 3,950 5,160 6,690 8,710 

October* 69 2,510 2,870 3,190 3,590 4,670 5,970 7,680 

November* 69 2,200 2,420 2,690 3,010 3,770 4,710 5,880 

December* 108 2,020 2,240 2,470 2,780 3,460 4,260 5,300 

NOTES: 

*Estimated Values for Average Month Consumption. 

Encampment Water Right on the North Fork of the Encampment River is 2,693 gpm. 

Senior Water Rights on the North Fork of the Encampment River are 5,475 gpm. 

Projected Maximum Water Demand for Encampment is 810 gpm. 

~ fl 
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Figure 2 is a graphical representation of Table 3. The % lines illustrate 

the probability that the flow in the river will be equal to or less than 
the value indicated. The boxed regions of the graph illustrate the senior 
water rights plus the Town's future maximum water demand (6285 gpm) and 

senior water rights plus the Town's water right (8168 gpm). The graph il
lustrates, therefore, a potential shortage of water supply when the % of 
time line falls within the boxed regions. For example, there is a 50% 
chance during the months of August and September that the flow in the 
river may be less than that required to supply senior water rights plus 

the Town's demand. 

Generally, senior water rights and the Town's demand will be met. However, 
severe shortages may occur in August and September in the senior water 

rights use all of their allocated water. It also should be noted that 
there is a 10% chance during January, February and March the supply may 
be less than that required to supply senior water rights plus the Town's 
water right. 

The frequency analysis confirms the reports that the most severe problems 
occur in late August and early September. At that time haying has been 

completed and the irrigators are turning the water back into the fields 
to build up the soil moisture. 

The frequency analysis also confirms the Town's need for a more reliable 
water supply in the late summer months. 
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CHAPTER 3 

EVALUATE ALTERNATIVES 

To evaluate the six alternatives presented in Chapter 2 a list of criteria 
was compiled that encompassed the primary objectives or constraints of the 
project. A criteria matrix was then developed to assess the effect of the 
alternatives on the criteria. 

The development of the criteria matrix was performed by senior staff mem
bers of HNTB and Simons, Li and Associates (SLA). Each firm made an in

dependent evaluation and then met in an all-day session to formulate the 
matrix and evaluate the alternatives. As the study progressed the matrix 

was continuously re-evaluat€d to reflect the added knowledge being accumu
lated. 

It should be emphasized that the total numerical rating received by each 
alternative is not an absolute number. Alternatives scoring within 3 or 
4 points of each other should be considered equal at this point in the 
evaluation process. Alternative 2, Improve the Existing System, is the 

most subject to variation in the rating because it has so many independent 

components. At this time it is not known how many, if any, of these com
ponents will prone to be feasible. 

The criteria matrix is shown on Table 4. 

CRITERIA MATRIX 

A criteria matrix was developed in order to compare alternatives. The ma

trix was used to evaluate the six water supply alternatives based on 17 
criteria. Each criterion was assigned a weighting factor between one and 
three, where three was used to represent an important criterion during 
the evaluation process, two a less important factor, and one a least impor
tant factor during the decision process. After the weighting factors were 
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WEIGHTING FACTOR 

ALT AL TERNATIVE MEANS 

NO. OF IMPROVING WATER SUPPLY 

1 WATER CONSERVATION ONL Y 

2 IMPROVE EXISTING SYSTEM 

3 GROUNDWA TER ONL Y 

GROUND WATER PLUS 
4 

IMPROVE EXISTING SYSTEM 

5 OFF-STREAM STORAGE ONLY 

OFF-STREAM STORAGE 
6 

PLUS IMPROVE EXISTING SYSTEM 

TABLE 4 

IMPROVE WATER SUPPLY FOR TOWN OF ENCAMPMENT 

EVALUATION OF ALTERNATIVES 
CRITERIA MATRIX 

1 3 2 2 2 3 2 1 1 2 2 3 
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assigned to each criterion, each alternative was evaluated in relation to 

the criterion. A measure of the consequences of this criterion in relation 
to the potential development of the alternative was then made. A scoring 
of three was used to represent a desirable action or no consequences, two 
moderate or less desirable consequences, and one significant or least de
sirable consequence. Scores were multiplied by weighting factors in order 

to determine the points for each alternative. The higher the number of 
points, the better the alternative based on this evaluation. The criteria 
considered, weighting factors used and how it affects the proposed alter
native, are described next. 

Criterion 1, Ability to Satisfy Present Water Demand 

The Phase 1 status report defined the existing water demand for the Town 

of Encampment. The demand can be compared with supply and water rights 

and used to evaluate the potential of the proposed alternative to meet 
the demand. A weighting factor of one was selected since the criterion 
is generally satisfied by alternatives. Conservation and improving the 
existing system does not adequately meet the existing demand since during 

periods of low flow there isn't adequate storage. These alternatives 

rated 1 and 2 respectively with the remaining alternatives receiving a 

3 for a desirable action or one at no consequence. 

Criterion 2, Ability to Satisfy Future Water Demand 

The Phase 1 status report defined the future water demand for the Town of 
Encampment Lased on projected growth and established water demand. The 
ability of the proposed alternative to meet this demand was deemed very 

important since that is one of the main purposes of this study and a 

weighting factor of 3 was used. Conservation and improving the existing 

system both scored 1 since these alternatives would not meet future water 
demands. Groundwater, Alternative 3, scored 2, since there may be some 
difficulty to meet future demand during extended droughts. The remaining 

alternatives scored 3. 
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Criterion 3, Water Rights 

Water rights is considered to be a relatively important criterion and a 
weighting factor of 2 was used. Water rights relates to the existence 
of the Town's water right and the priority which are both well established. 
Alternatives 1, 2, 5 and 6 received 3, since the surface water right is 
established. Alternatives 3 and 4, which involve the groundwater option, 
received a score of 2, since they may be questionable as whether surface 
water rights must be exchanged to pump the groundwater which may be from 
the alluvium. Water storage rights are evaluated in Criterion 6. 

Criterion 4, Land Acguisition 

The acquisition of land or a right of way for a proposed alternative is 
an important and sometimes costly element in the project. A weighting 
factor of 2 was used since this can often be negotiated. The only alter
native not influenced by this criterion is conservation, Alternative 1. 
Improving the existing system, Alternative 2, rates a 2 since the addi
tion of raw water or treated water storage and ditch improvements may 
be limited by available right of way. Alternatives 5 and 6, which both 
involved surface storage, rated 1, since it may be difficult to obtain 
land or a right of way for a reservoir on Forest Service land. Alterna
tives 3 and 4, which related to groundwater, scored 2 since right of way 
or land would be required for pumping and pipeline from the well to the 
treatment plant. 

Criterion 5, Legal Constraints 

Legal constraints were weighted a 2 and the only alternative affected by 
this criterion is conservation which requires ordinances and the enforce
ment of the ordinances and received a score of 1. All other alternatives 
received a score of 3. 
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Criterion 6, Storage Rights 

Storage right is an important criterion in that the ability to obtain 
storage rights is to be determined by the North Platte decree. Senior 
storage rights on large downstream reservoirs is also an important and 
adverse consideration. An unfavorable ruling could prevent Alternatives 
5 or 6 and they received scores of 1. Alternative 2 received a 2 since 
expansion of the raw water reservoir would require a right for the added 
storage capacity. All other alternatives scored 3, since they are not 
impacted by this ruling. A weighting factor of 3 was used. 

Criterion 7, Physical Constraints 

Physical constraints related to system constraints that may not be solved 
with some reasonable physical improvements. This may be limiting and a 

weighting factor of 2 was used. Alternatives 1 and 2 are both limited 

by the capacity of the existing system and the ldck of storage available 
and received scores of 1. Alternatives 3 and 4, which included ground
water, received scores of 2 since the amount of water to be safely pumped 
may be limited by the groundwater recharge rate. Alternatives 5 and 6 
are related to surface water and both received 3. 

Criterion 8, Data Availability 

The availability of the data required to address each alternative is of 
limited importance at this early stage in the analysis procedure so a 
weighting factor of 1 was used. Alternative 1 for conservation is not 
limited by the available data and received a score of 3. The remaining 
alternatives all received scores of 2. Improving the existing system 
requires more information of the intake hydraulics. The storage alter
natives require more information on the hydrology and the groundwater 

alternatives require more information to be obtained from drilling. 
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Criterion 9, Recreation 

Recreation as an amenity associated with any alternative received a weight
ing factor of 1 since it is a factor of lesser importance in the decision 
process. The alternatives relating to conservation, improving the exist
ing system and groundwater received a score of 1 since there is no recrea
tion associated with these alternatives. Alternatives 3 and 5 related to 

storage received a 2, since they could provide beaches and boating, yet 
at the same time a dam on Willow Creek would eliminate fishing at the exist
ing beaver ponds. The use of a small municipal water reservoir is question
able since it increases the potential for the water to become infected 
with the water borne bacteria Giardia Lambia. 

Criterion 10, Dependability 

Dependability is used to evaluate the ability of the proposed alternative 

to deliver water on demand. A weighting factor of 2 was used for this 
criterion since there is some degree of risk always involved in planning 
due to limited data, assumptions and estimates. Alternatives 1 and 2 
provide the least amount of storage which serves to decrease dependability 
and received scores of 1. The groundwater alternatives provide a reason

able amount of storage and received scores of 2. The surface water stor

age alternatives were given a rating of 1 as the result of the undepend
ability resulting from having a junior storage right. 

Cri teri on 11, vJa ter Qua 1 i ty 

Water quality is a major consideration but since water is treatable at a 

cost, a weighting factor of 2 was used. The groundwater alternatives do 
not require the water to be treated and received scores of 3. All other 
alternatives received a score of 2 since they all are surface water supply 

and require treatment. 
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Criterion 12, Environment 

Environmental concerns received a weighting factor of 3 since the poten
tial to seriously delay or even prevent a project may be the result of 
environmental complaints. The storage alternatives received a score of 
1, since they may eliminate the fishing and alter the existing environ
ment. Improve the existing system and Alternative 4 which was groundwater 
plus improving the existing system both received a score of 2 since im

proving the intake is an instream construction process and may change 
that section of the river channel. Conservation and groundwater, Alter
natives 1 and 3, received scores of 3 since there are no major environ
mental changes associated with either alternative. 

Criterion 13, Social Acceptability 

The desirability of a project is used to define the social acceptability. 
A weighting factor of 2 was used since this is a factor of moderate im
portance. Conservation is most likely the least acceptable since it would 
not meet water demand and require major modification of existing water 
use habits and received a score of 1. Improving the existing system would 
not meet water demand and dependability is limited, so it received a 
score of 2. Groundwater alone received a score of 2 since taking the 
water treatment facility off line is not desirable and the dependability 
may be limited. The other alternatives received scores of 3. The matrix 

is shown in Figure 3. 

Criterion 14, Acceptability to State Engineer 

The weighting of this factor was important and received a value of 3. 
All alternatives except surface water storage received a 3 since they are 
generally acceptable to the State Engineer. The storage alternatives re
ceived a score of 1 since the North Platte Decree, or holders of senior 
storage rights may place a call for the stored water and thus preclude 
this alternative. 
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Criterion 15, Financing 

Financing for a community the size of Encampment is a very important fac
tor in evaluating alternatives and received a weight of 3. The ability 
to receive low-interest loans and bond would be very important. It is 
estimated that financing for the less expensive alternatives would be 

more easily attained and repaid. The Town may be unable to finance a 
more expensive alternative without substantial assistance from the State. 

For this reason, the storage alternatives received scores of 2 and the 

remaining alternatives received scores of 3. 

Criterion 16, Construction Cost 

Cost of the proposed alternative is a major factor in evaluating project 
alternatives and a weighting factor of 3 was used for this criterion. 
Conservation is the least costly alternative and received a score of 3. 

Improving the existing system and the groundwater alternatives received 
a score of 2 for moderate costs. The storage alternatives are most costly 

and received scores of 1. 

Criterion 17, Operation and Maintenance 

Operation and maintenance represent the continuous costs such as power, 

repairs and labor associates with an alternative. The costs are a very 
important factor for a Town the size of Encampment and received a weight
ing factor of 3. Alternative 2, Improve Existing System, received a 
rating of 3 since some improvements would reduce 0 & M costs. All other 

alternatives were considered to have a moderate operation and maintenance 
costs and received scores of 2. 
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ECONOMIC ANALYSIS 

A construction cost estimate was made for each alternative and is presented 
in Table 5. An itemized breakdown of costs is listed in Appendix B. Annual 
operation costs were also generated for each alternative. These costs rep
resent only the capital outlay required by the Town for the particular alter
native. The costs include chemicals and power usage costs for the different 

levels of operation of the existing treatment plant, plus any extra power 
costs incurred with an improvement. Power costs are based on a charge of 
8C/kw-hr. Costs of maintenance items such as cleaning ditches, dredging 
dams or equipment repair was not included as the available personnel could 
conduct the aspects of maintenance equalling under any given alternative. 

Increased water made available by each alternative was also determined. 

The analysis was based on the critical peak season water use of 644 gallons 
per capita per day for a 92 day period, and benefits each alternative could 

supply during that period. 

It should be noted that the costs for each alternative, or items contained 
within an alternative, can not be compared directly. The overall objective 
is to provide a dependable water supply and the objective can not be ob
tained generally with a single element of an alternative. For example, 
improvements to the Encampment Ditch will provide little benefit if the 

treatment plant does not have the capacity to treat the increased flow. 
Or improving the intake structure will serve no purpose if flows in the river 
are not sufficient to satisfy all water rights. The alternatives are, there

fore, interdependent on each other and on the amount of water available. 

A more specific explanation for costing each alternative follows: 

Alternative 1, Conservation 

Installing individual house meters was considered the most effective means 
of correlating costs with water conservation. Conservation of 20% over a 
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TABLE 5 

COST DATA 

Construction 
Description Costs* 

($) 

Water Conservation Only 384,000 

- Install Water Meters 
Improve Existing System 
- Improve Intake of Grand Encampment Ditch 10,000 

- Install Metering Devices on North Fork 
& Encampment Di tch 32,400 

- Improve Encampment Ditch (closed conduit) 283,440 
- Increase Capacity of Raw Water Reservoir 24,000 
- Provide Additional Treated Water Storage 125,000 

- Provide a Separate Irrigation System 120,000 
- Increase Capacity of Water Treatment Plant 312,000 

Groundwater Only 208,800 
Groundwater Plus Improve Existing System -

Same as Alternative 3** 
Off-Stream Storage Only 733,960 

Off-Stream Storage Plus Improve Existing 
System - Same as Alternative 5** 

*Includes 20% increase for engineering and contingencies. 
**Does not include costs to improve existing system. 

Increased 
Operation Water Const. Cost 
Costs/Yr. A va i 1 a b 1 e (~1 G ) 1000 Gal. 

($) ($) 

10,200 7.36 52.17 

15,100 

15,100 
15,100 119.23 2.38 

i 

15,100 1.34 17.91 
15,100 2.00 62.50 
7,500 47.40 2.53 

16,700 26.50 11.77 
17,000 59.25 3.52 

15,100 59.25 12.39 



92 day peak period was used to estimate increased water made available. 
Operation costs are the costs associated with a reduced volume of water 
treated at the existing plant. 

Alternative 2, Improve Existing System 

Alternative 2 includes combinations of the following items: 

Improving the Intake at North Fork would provide more water during periods 

of adequate flow in the river only. Since this improvement is dependent 
on flows in the river, no increased water made available was determined. 

Installing Metering Devices serves only as a tool in management and no addi

tional water is realized. Therefore, construction costs only are presented 
here. 

Improving the Encampment Ditch is costed for a closed conduit system only 
as maintenance problems and costs are far greater in an open channel convey
ance system. The increased water made available by piping is considered 
to be the 2 cfs estimated losses from the existing channel for a 92 day 
period. 

Increasing the Capacity of Raw Water Reservoir is cos ted for enlarging the 

existing r~servoir from 0.6 million gallons to 2.0 million gallons. The 
increased water made available is the increased capacity. 

Providing Additional Treated Water Storage by constructing a 500,000 gallon 
tank is considered here. Increased water available was determined by assum
ing the tank would be drained and filled approximately 4 times during the 
peak season. 
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Providing a Separate Irrigation System was costed for a closed conduit sys
tem for reasons previously discussed. The increased available water was 
estimated to be 80% of the total projected water demand during the 92 day 
peak season. 

Increasing the Capacity of the Water Treatment Plant was costed for improve
ments to provide increased available treated water at 200 gpm for a 92 day 
period. 

Alternative 3, Groundwater Only 

The characteristics of the aquifer below Encampment, Table 6, have been 
estimated from aquifer characteristics observed in nearby Riverside. Two 

well locations have been identified on the north side of Town, Figure 3, 
and the estimated aquifer characteristics of these locations also appear in 
Table 6. 

Aquifer 
Thickness 

Aquifer 
Trans-
missivity 

Specific 
Capacity 

TABLE 6 

ESTIMATED AQUIFER CHARACTERISTICS OF THE 

NORTH PARK FORMATION BELOW ENCAMPMENT, WYOMING 

Maximum Minimum At Well Site Locations 

10 ft 320 ft 

40 gpd/ft = 5 ft2/d 3,000 gpd/ft = 400 2,440 gpd/ft = 300 
ft2/day ft2/day 

0.75 gpm/ft 10 gpm/ft 6 gpm/ft 
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The estimated discharge from one municipal well (l8-inch bore, 12-inch cas
ing, 80-feet of screen) is in the range of 200 gpm to 300 gpm. Two wells 
would then be required to supply the peak season demand of Encampment. 

Included in the operation costs is a power requirement to operate the 2 
wells of 49,056 kw-hrs. per year at 8¢/kw-hr., plus costs for chlorinating 
the groundwater and pumping it to the water storage tank. The 8¢/kw-hr. 
consists of 6-1/3¢ standard rate plus an estimated 1-2/3¢ to cover the pay
back of the power company's capitol cost, prorated over a 5 year period. 

Alternative 4, Groundwater Plus Improve Existing System 

The cost of Alternative 4 without improvements to the existing system was 
considered equal to Alternative 3. A fair cost could not be associated 
with improvements to the existing system as any combination of the items 
could be implemented with the alternative. 

Alternative 5, Off-Stream Storage 

The reservoir is costed for construction of approximately a 117.3 million 

gallons capacity reservoir, as previously discussed. Of this capacity, 

59 million gallons would be deliverable. The cost presented does not in
clude costs or benefits associated with installing hydroelectric power gen
eration units. The feasibility, or lack thereof, of hydroelectric power 
should not significantly alter the rating for Alternative 5. 

Alternative 6, Off-Stream Storage Plus Improvements to Existing System 

Alternative 6, without improvements to the existing system, is considered 
equal to Alternative 5 as the application of different combinations of 
improvements to the existing system can not be fairly appraised. 
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CHAPTER 4 

PRIORITIZE ALTERNATIVES 

The criteria matrix used in the evaluation process ranked the alternatives 
as shown in Table 7. 

Order of Alt. 

TABLE 7 

PRIORITIZED ALTERNATIVES 

Numerical Group 
Priority No. Title Rating Ranking 

1 4 Groundwater Plus Improve Existing System 94 

2 3 Groundwater Only 92 

3 1 Water Conservation Only 83 

4 2 Improve Existing System 81 

5 5 Off-Stream Storage 72 

6 6 Off-Stream Storage Plus Improve Existing 72 
System 

Table 7 shows a grouping of alternatives with Groundwater in the 90's, 

Water Conservation and Improve Existing System in the 80's, and Off-Stream 

Storage in the 70's. Considering the limits of accuracy of the matrix it 
is believed that the IIgrouped ranking" is the most reliable. 

Based on the grouped prioritization, it is recommended that groundwater be 
selected as the alternative to be studied in greater detail in Phase 3. The 

Phase 3 program would thus follo\~ the groundwater alternative path (Node 

14 through 27) on the CPS diagram included in Appendix A. If groundwater 
is still a viable alternative at the conclusion of Node 27, the study would 

progress through the Combination of Alternatives (Nodes 41-44). 
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Alternative 1 - Water Conservation and Alternative 2 - Improve the Existing 
System would be studied in greater detail in evaluating the combination of 

alternatives. At this time the yield of the well field will be known and 
selected programs from Alternatives 1 and 2 can be combined with ground
water to provide the most cost effective and dependable program. 
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CONSTRUCTION COST ITEMIZATION 

Alternative No.1 - Water Conservation Only 

Install Water Meters for 1000 People at 2.5 People/House 
400 Meters @ $200/Meter = $ 80,000 

= 80,000 400 Meter Pits @ $200/Meter Pit 
400 Services, 50 L.F. Ea. @ $8/L.F. = 160,000 

$320,000 
+ 20% Engineering Cont. = 64,000 

Construction Cost = $384,000 

Alternative No.2 - Improve Existing System 

• Improve Intake of Grand Encampment Ditch 
Build New Intake :tructure - $7,000 L.S. 
Lower Ditch for 4,000 L.F. @ $0.33/L.F. 

= $ 7,000 
= $ 1,333 

$ 8,333 
+ 20% Engineering Cont. = 1,667 

Construction Cost = $ 10,000 
• Install Metering Devices on North Fork and Encampment Ditch 

Gage Station on North Fork Encampment - $25,000 L.S. = $ 25,000 
Flume on Ditch - $2,000 L.S. = 2,000 

$ 27,000 
+ 20% Engineering Cont. = 5,400 

Construction Cost = $ 32,400 

• Improve Encampment Ditch (Closed Conduit) 
7,900 L.F. of 18" @ $28/L.F. = $221,200 
Inlet Structure - $15,000 L.S. = 15,000 

$236,200 
+ 20% Engineering Cont. = 47,200 

Construction Cost = $283,400 



Alternative No.2 (Cont.) 

• Increase Capacity of Raw Water Reservoir 
Construct Dike 8,333 Cu. Yds. Fill @ $1.20/Cu. Yd. 
Land - One Acre @ $10,000/Acre 

= $ 10,000 
= 10,000 

$ 20,000 
+ 20% Engin~ering Cont. = 4,000 

Construction Cost = $ 24,000 

• Provide Additional Treated Water Storage 
500,000 Gallon Tank @ $214/Gal. = $105,000 

+ 20% Engineering Cont. = 21,000 
Construction Cost = $125,000 

• Provide a Separate Irrigation System 
Inlet Structure - $2,000 L.S. 
8,000 L.F. of 1211 Irrigation Pipe @ $10/L.F. 
400 Hose Bibs @ $15/Ea. 

= $ 2,000 

= 80,000 
= 6,000 

Road Repair 1,000 Sq. Yds. @ $12/Sq. Yd. = 12,000 
$100,000 

+ 20% Engineering Cont. = 20,000 
Construction Cost = $120,000 

• Increase Capacity of Water Treatment Plant 
Building, Tankage, Relocations, Etc. - $260,000 L.S. = $260,000 

+ 20% Engineering Cont. = 52,000 
Construction Cost = $312,000 

Alternative No.3 - Groundwater Only 

2 Well Pumps @ $Il,OOO/Ea. 
3 Observation Wells @ $3,000/Ea. 
2 Pumps @ $9,500/Ea. 
Well Housing - $14,000 L.S. 
4,400 L.F. of Pipe @ $25/L.F. 

= $ 22,000 
= 9,000 
= 19,000 

= 14,000 

= 110,000 
$174,000 

+ 20% Engineering Cont. = 34,800 
Construction Cost = $208,800 

~lternative No.4 - Groundwater Plus Improve Existing Systems 
See Alternatives 2 and 3 

~--_______________________________________ C i_ 



Alternative No.5 - Off-Stream Storage Only 

Reservoir - Clearing & Stripping 
Fill 
Rip Rap 
Spillway and Stilling Basin 
Drain, Filter, Site Work 

= $ 8,510 
= 285,600 
= 111,260 
= 83,900 
= 122,300 

$611,630 
+ 20% Engineering Cont. = 122,326 

Construction Cost = $733,960 

Alternative No. 6 - Off-Stream Storage Plus Improve Existing System 

See Alternatives 2 and 5 
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