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I. SUMMARY 

A. System Deficiencies 

An analysis of the available records and engineering drawings in combination with several on-site 
inspections of the existing facilities revealed a number of deficiencies in the Upper Little Warm 
Springs Water System as summarized below: 

• Although excess water is generally available during the spring and early summer, the 
existing water supply spring (Clear Spring) does not currently provide an adequate volume 
for present or long term needs in the winter months when adjacent surface water flows 
diminish. 

• General observations of turbidity and fine sediment throughout the water system during 
the spring and early summer indicate that Clear Spring is likely under the direct influence 
of surface water from Grandy Creek. Continued use of this facility would require the 
installation of a filtration system and extensive water quality testing in accordance with 
provisions of the Safe Drinking Water Act. 

• The existing buried steel storage tanks are inadequately sized to meet current Wyoming 
Department of Environmental Quality standards for the future needs within the existing 
service area for a system served by a single supply source. Although the two metal tanks 
are presently in satisfactory condition, they will experience corrosion and structural 
deterioration over time, and ultimately will need to be replaced. 

• The existing water distribution system consists of three-inch and four-inch pressure rated 
PVC pipe which is not adequately networked to insure long term reliable service to all 
properties within the service area. In addition, the entire distribution system would need 
to be replaced with larger mains to provide fire protection. 

B. Hydrogeological Investigations 

Investigations of the alluvial, surficial, and bedrock aquifers in the vicinity of the Upper Little Warm 
Springs Subdivision (ULWSS) provide the following conclusions: 

• The alluvial aquifer along Little Warm Spring Creek is generally well-drained. 
Accumulations of developable quantities of water are likely to be localized and closely tied 
to short-term stream recharge. Shallow wells along the creek in the SE 1/4, SE 1/4 of 
Section 9 and the SW 1/4 of Section 10 may yield up to 10 gallons per minute (gpm) 
during and following periods of abundant stream flow, but yields are likely to decline 
substantially during sustained periods of below-normal stream flow. 

• The alluvial aquifer along Grandy Creek, in which the existing spring collection system is 
developed, is saturated to the approximate level of the adjacent creek. Cursory testing 
indicates a permeability of approximately 100 ft/day. While it appears that the quantity 
and quality of flow from the existing collection system could be increased, the availability 
of recharging flows in Grandy Creek is likely a limiting factor on development. 
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• Shallow wells developed in surficial materials and shallow-bedrock elsewhere in the 
subdivision are generally unproductive, with local, seasonal exceptions due to recharge 
from adjacent irrigation ditches. 

• Small (10-20 gpm) groundwater supplies have been developed from surficial deposits and 
shallow bedrock on the lower terrace north of the subdivision, but success has been 
scattered and well owners note the importance of irrigation supplied recharge. Drilling 
experience and geologic conditions indicate development of large, secure yields is 
unlikely. 

• Bedrock aquifers likely to have substantial permeability and large recharge areas are 
present beneath the subdivision, although depths-to-water may be in excess of 600 feet. 
Exploratory drilling is recommended in areas where potential production aquifers are likely 
to be fully saturated and located along permeability-enhancing fracture zones. 

C. Recommended Improvements 

The following is a summary of the principal improvements recommended to provide a more 
reliable water supply system and address the identified deficiencies: 

• A deep well is recommended to be drilled at one of the designated locations adjacent to 
or within the Water District as the most reliable and cost effective alternative that can be 
accomplished in a reasonable time period. The well should be designed for a minimum 
depth of 1,000 feet, penetrating the underlying Madison Limestone bedrock formation. If 
successful, the well would become the principal supply source for the Upper Little Warm 
Springs Water District, eliminating the need for the existing "springll system. 

• A 200,000 gallon buried concrete storage reservoir is recommended at the site of the 
existing upper storage tank to comply with minimum DEO standards and satisfy the long 
term needs of the Water District. This type of facility is expected to have a longer life, 
require less maintenance, and be aesthetically more acceptable to the adjacent property 
owners than an above-ground steel tank. 

• Several additional water distribution line extensions are recommended to insure adequate 
access to all the lots within the service area and to provide better internal looping for 
improved system reliability. The new lines should be muniCipal grade PVC or ductile iron 
pipe and a minimum of six-inch diameter to allow for future expansions. 

D. General Recommendations 

In addition to the principal facility improvements, the Upper Little Warm Springs Water District 
should also address the following issues in conjunction with future efforts to improve the water 
supply system. 

• While plans are currently underway to investigate future water sources, the Upper Little 
Warm Springs Water District should determine their ultimate service area and the likely 
number of residential properties to be connected to their public water system, particularly 
in light of the existing pressures for growth in this area. These decisions will directly 
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impact the size of the water system facilities and the monthly fees charged to the users 
for the improvements. Decisions concerning the service area should be made within the 
next 12 months. 

• Residents of the Upper Little Warm Springs Water District should also determine whether 
they wish,at the present time or in the future, to fund the necessary improvements to 
provide fire protection since this will affect the size of a future water storage reservoir and 
the extent of any distribution system improvements. 

• The District should consider installing a temporary filtration system and reconnecting the 
existing chlorination system to provide protection from potential surface water 
contamination. Under the most favorable conditions, the District will need to rely on the 
existing spring, which is at risk, through the summer of 1995. 

• A part-time operator should be employed by the District (with proper certifications) to 
perform regular system maintenance, keep flow records and insure compliance with 
mandatory testing requirements. 

• Short term efforts to obtain supplemental water supply should be focused on alluvial 
deposits adjacent to the existing spring area (Clear Spring) where test excavations 
performed in August of 1993 indicated potential to develop additional flow. These efforts 
should coincide with attempts to maintain a year round flow in Grandy Creek which 
provides recharge to the spring. 
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II. INTRODUCTION 

A. General. 

The Wyoming Water Development Commission has authorized Jorgensen Engineering 
and Land Surveying, P.C. to conduct a Level II Feasibility Study of the water supply 
system serving the Upper Little Warm Springs Water District. The District is located 
approximately two miles due west of the Town of Dubois in the foothills of the Wind River 
Mountains adjacent to the Shoshone National Forest at elevations ranging from 7,800 to 
8,400 feet (See Figure 1). The current system serves an area of about 450 acres with 
96 residential lots. There is also potential to nearly double the number of properties 
served based upon existing platted lots and private lands adjacent to the service area. 
A listing of the current property owners of record appears in Appendix A. 

The primary purpose of the study is to identify alternatives to increase the quantity of the 
water supply source available to the District in a manner that will satisfy State Department 
of Environmental Quality Regulations and comply with all provisions of the Federal Safe 
Drinking Water Act. The existing system obtains its water from a single shallow spring 
located in the Grandy Creek drainage on Forest Service land approximately one quarter 
mile south of the District and is inadequate to meet the current and future needs. The 
study will also evaluate the condition of the existing distribution system and storage 
facilities and determine improvements necessary to comply with minimum State and 
Federal standards and insure a long term efficient operation. 

The principal participants in this study include Jorgensen Engineering and Land 
Surveying, P .C. of Jackson, Wyoming as the prime consultant; Bern S. Hinckley 
Consulting of Laramie, Wyoming as the principal geologist; and Hydrokinetics, Inc. of 
Golden, Colorado as consulting geologists and well construction specialists. 

B. Background. 

The existing water system services the Little Warm Springs Creek No. 1 Subdivision and 
parts of the Upper Little Warm Springs Subdivision, both of which were filed in 1974. 
Attempts made during the development of the property to obtain a reliable groundwater 
source failed as several dry holes (seven, according to a January 1986 report by 
Inberg-Miller Engineers) were drilled within the subdivision. However, because most of 
the wells were abandoned, specific records regarding their location, formations 
encountered and depth are sketchy. More information concerning the abandoned wells 
appears in Section 5 of this report. 

Consequently, efforts were made by the original subdivider to develop "Clear SpringA, 
located approximately one quarter mile south of the south boundary of the Upper Little 
Warm Springs Subdivision on the Shoshone National Forest. An initial water right for 
92 lots was filed in July of 1975 for 230 gallons per minute, however the actual spring 
yield was reported to be 20 gallons per minute or less. The water right was "enlarged
to service an additional 34 lots (no additional capacity) in March of 1978 for a total of 
126 lots. However, current records kept by the Water District indicate that only 96 lots 
(not including lot splits and boundary adjustments) are within the existing distribution 
system service area. 
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A Special Use Permit was first obtained on July 6, 1976 from the Forest Service for the 
spring collection system and transmission pipeline. This permit was updated and 
extended until the end of the year 2002 in March of 1993 by the current Upper Little Warm 
Springs Water District. 

Plans for the original water system were prepared by Nelson, Haley, Patterson and Quirk 
of Riverton, Wyoming in October of 1975 with DEQ Permit (75-137) issued in March of 
1976. This included the spring intake facility, miscellaneous distribution lines, a 16,000 
gallon buried concrete storage tank in the vicinity of Lot 43, and a hypochlorinator facility 
adjacent to the tank. 

In October of 19n, Wind River Engineers of Riverton, Wyoming prepared an "As-Built· 
plan based upon the original Nelson, Haley, Patterson and Quirk drawings showing 
construction completed through May of 1978. The n As-BuiltH plan included a number of 
minor additions and noted portions of the system not constructed including the 16,000 
gallon concrete storage tank and portions of the distribution system. 

A water system enlargement plan was completed by Wind River Engineers in June 
of 1978 with plans for several new facilities. It appears from the plans that a number of 
improvements in addition to those authorized by DEQ Permit 75-137 were made to the 
system between 1975 and 1977. The 1978 plans presented details on two 15,000 gallon 
buried metal storage tanks (one existing, one proposed), a concrete wet well, submersible 
booster pump, chlorination system and pressure tank (existing within an A-frame building) 
and miscellaneous distribution system lines. The existing pressure tank was apparently 
used to service portions of the subdivision located at or above the elevation of the A-frame 
building prior to the construction of the upper storage tank. DEQ Permit 78-304 was 
issued for these improvements. 

Two additional DEQ permits (Nos. 80-399 and 80-400) were obtained by Wind River 
Engineers in August of 1980. One was for additional distribution line construction and the 
other was for a booster pump and storage tank constructed prior to May 1, 1978. Wind 
River Engineers also prepared a one sheet electrical schematic of the system in July 
of 1984. 

It appears from a review of the engineering plans and the piecemeal fashion in which 
permits were issued -- several retroactively -- that much of the construction was completed 
without DEQ authorization or proper supervision. In addition, a number of "repairs·, some 
of which were extensive, have been made to the system over time resulting in 
modifications to the existing approved plans. This leaves some question as to what was 
actually installed as in the case of the lower storage tank which is 20,000 gallons rather 
than 15,000 gallons as shown on the plans. 

In what appears to be an effort to encourage the developers to make improvements and 
transfer the water system responsibility to the homeowners, Inberg-Miller Engineers was 
contracted to perform an inspection and system evaluation in October of 1985. A final 
report summarizing their findings was prepared in January of 1986. The deficiencies 
identified in the report included: 

1. Inadequate depth of bury for the water distribution system at three of five 
points inspected, 
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2. A need to extend the manway at the spring box to avoid potential surface 
contamination, 

3. An inoperable valve on the spring box overflow line in addition to ice 
plugging the overflow line, 

4. An inoperable drain line at the meter vault, 

5. Lack of chlorination, and 

6. No qualified operator. 

Although the January 1986 report noted that flow from the Clear Spring during February 
of 1985 dropped to 1.3 gallons per minute, the lack of adequate water was not listed as 
a system deficiency. 

In May of 1987, Inberg-Miller made another visit to the Upper Little Warm Springs 
Subdivision and, as noted in a subsequent correspondence, observed leaks and flooding 
in the meter vault near Lot 40. Also noted was evidence of a new collection line at the 
spring. The inspection notes indicated that there were 18 homes constructed in the 
subdivision at this date. 

Since 1987, the Upper Little Warm Springs residents have continued to experience water 
shortages as additional homes were added and winter occupancy (the time when the 
spring is the least productive) increased. As mentioned during public meetings held this 
past year (See Appendix B), measurements taken by members of the District in February 
of 1993 indicated a spring flow of less than two gallons per minute at a time when there 
were 36 existing homes on the system. Consequently, the Upper Little Warm Springs 
Water District made applications to the Wyoming Water Development Commission and 
received funding for a 1993 Level II Water Supply Feasibility Study. 

BACKGROUND REFERENCES 

(1) Water System Plans, Nelson, Haley, Patterson and Quirk, October, 1975.6 Sheets 

(2) Water System Enlargement Plans Wind River Engineers, June, 1978. 4 Sheets. 

(3) Electrical Schematic by Wind River Engineers, July, 1984. 1 Sheet. 

(4) Preliminary Inspection Report by Inberg-Miller Engineers, October, 1985. 

(5) Final Inspection Report by Inberg-Miller Engineers, January, 1986. 

(6) State Engineer's Office Water Rights Pennit Numbers 24818 (original) and 6635 
(enlargement) for the Warm Springs Pipeline. 

(7) Forest Service Special Use Permit signed March 3, 1993. 

(8) Forest Service Environmental Analysis Report, 1975. 
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III. EXISTING SYSTEM EVALUATION 

A. Existing System Inventory and Operation. 

Figure 2 shows in schematic fonn, the principal components of the Upper Little Wann 
Springs Water System. These include: 

the spring collection system (on Forest Service land) 

gravity flow transmission line from the spring to an A-frame building 

A-frame building housing the intake wet well, submersible booster pump, 
chlorination system, and pump controls 

lower storage tank (20,000 gallon) located adjacent to the A-frame 

upper storage tank (15,000 gallon) 

upper and lower distribution systems 

A plan of the principal existing system components based on the subdivision plat maps 
for the area is shown in Figure 3. 

Water flows by gravity from the spring through a 2,900 foot four-inch PVC transmission 
line to the wet well located in the A-frame building. A 25 gallon-per-minute submersible 
booster pump, which operates by means of float controls in the upper storage tank, 
supplies water to the upper distribution system. The submersible booster pump 
discharges from the wet well through a 250-gallon storage tank which appears to be a part 
of an abandoned hydro-pneumatic system used prior to the installation of the upper 
storage tank. The water also flows by gravity from the wet well through a float valve to 
the lower storage tank. When the water reaches a specified level in the wet well 
(approximately 1.5 feet below the top of the lower storage), the float valve closes causing 
the excess water to discharge through the existing overflow line to an irrigation ditch 
located approximately 400 feet south of the A-frame. A hypochlorinator system, which is 
currently disconnected, discharges directly to the wet well. It is not clear from the plans 
how the chlorination system is controlled. 

With this arrangement, there are essentially two independent distribution systems: 1) the 
upper system, fed by the 15,000 gallon storage tank serving 33 lots with approximately 
9,200 feet of distribution main and 2) the lower system fed by the 20,000 gallon storage 
tank serving 63 lots with approximately 11,000 feet of distribution main. The distribution 
system for both upper and lower areas is a combination of three-inch and four-inch PVC 
with a total length in excess of 20,000 feet as summarized in Table 1. 
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TABLE 1 
SUMMARY OF EXISTING DISTRIBUTION SYSTEM PIPING 

Location Size Length 
(Inch) (LF) 

Upper Reservoir 

1) Force Main 4- 2,400 

2) Upper Reservoir to #6 4A 1,700 

3) #6 to West 3- 1,900 

4) #6 to #4 (East) 3- 700 

5) #6 to #7 (North) 4A 700 

6) #7 to West 4- 1,100 

7) #7 to East 4- 700 

Totals (Upper Reservoir) 3" 2,600 

4- 6,600 

9,200 

Lower Reservoir 

1) Lower Reservoir to #3 4- 500 

2) #3 to South 4- 700 

3) #3 to #2 4- 2,700 

4) #2 to #1 4- 1,700 

5) #2 to North 3- 1,500 

6) #2 to #9 4A 1,800 

7) #1 to Drain 4- 600 

8) #9 to Drain 4· 1,100 

9) #9 to Southwest 4- 400 

Totals (Lower Reservoir) 3- 1,500 

4- 9,500 

11,000 

Total System 3- 4,100 

4- 16,100 

20,200 

NOTE: Numbers refer to test pits. See Figure 3 for location. 
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B. Field Investigations. 

Field investigations were conducted during the first week of August, 1993 to determine the 
condition of the distribution system and storage tank and to estimate leakage and water 
usage during a peak period· of occupancy. This included excavations with a backhoe at 
selected locations to determine the type, depth and condition of the water distribution pipe 
lines. A summary of the procedures and findings is presented in Table 2. The test hole 
locations are shown on Figure 3. 

During this time, an inspection was also performed on the inside of the two water storage 
tanks. The primary purpose was to visually observe the condition of the tanks and 
determine their dimensions and capacity. Table 3 summarizes the results. 

Field surveys were performed to verify elevations of the key facilities in the system 
including the upper and lower storage tanks, spring, and drain line from the lower system. 
The measurements were taken with a theodolite and electronic distance meter from a hill 
northeast of the Hart Reservoir and are estimated to have an accuracy of about plus or 
minus two feet. These rough measurements were used to verify information available 
from the as-built plans and elevations presented on the U.S.G.S Quad Map. A summary 
of the measurements appears in Table 4. 

In order to estimate water usage within the system, flow from the spring into the tanks was 
closed off at approximately 9:20 P.M. on Tuesday, August 3, 1993. The water levels in 
each of the two tanks was measured periodically for the next 43 hours (until 6:00 P.M. on 
Thursday, August 5, 1993) to determine both night time and day time use. Residents were 
also asked to refrain from using water between the hours of midnight and 5:00 A.M .. The 
results of these measurements appears in Tables 5 A and B. 

The results show that existing leakage, based upon night time flow measurements, is 
significant as a percentage of the total water used (approximately 5,000 gallons per day 
out of 15,000 gallons per day) but is small relative to the length of water lines and service 
lines installed (approximately 4.0 gallons per minute for over 20,000 feet of water main). 
Based upon these figures, no attempts were subsequently made to locate or repair leaks. 

Five additional test pits were excavated on Forest Service land immediately south of the 
water district to determine the feasibility of drilling a shallow well for use as a short term 
supplemental water source. The location and results of these test pits are discussed in 
Section V concerning the groundwater hydrology. 

c. System Deficiencies. 

Supply. The existing spring supply facility represents the major overall concern for the 
Upper Little Warm Springs Water System with regard to both quality and quantity. Quality 
is a significant concern, especially during the spring runoff, as very fine sediments and 
turbidity appear throughout the system. Some form of controlled filtration will, as a 
minimum, be required to satisfy water quality standards and reduce risks from water borne 
disease if this spring facility is to be used in the future. 

Quantity is also an issue as incoming flows of less than 2.0 gallons per minute have been 
measured during winter months in parallel with a reduced stream flow from Grandy 

12 



Reservoir. Although demands are much lower during the winter due to a reduction in 
occupancy and water usage in general, the available flow has not kept pace with basic 
needs and has caused homeowners to import water by tanker truck during the 1992-1993 
winter season. Some temporary relief may be obtained by maintaining winter time flows 
out of Grandy Reservoir. 

The existing chlorination system is disconnected. The lack of a chemical disinfectant 
represents an added health threat due to the source and quality of the spring water. A 
flow switch or similar control should be installed to pace the chlorine feed system with the 
flow of raw water from the spring into the wet well to maintain a consistent concentration. 

Storage. The existing storage tank volumes should be increased to 200,000 gallons to 
satisfy current minimum DEQ standards at full buildout of the 96 lots where the system 
relies on a single water supply source. Although some relaxation of the standard may be 
allowed by the State since this is a pre-existing system, the increased storage is highly 
recommended for a small water system to insure reliability, minimize pumping costs, and 
provide for future needs. Recommended tank sizes are discussed in Section VI. 

Both existing tanks are steel and buried below grade. Because of corrosion problems, 
buried steel tanks have a limited life and are not favored by the DEQ. Consequently, 
replacement with a buried concrete or fiberglass tank of adequate size should be included 
in future long term plans for the water system. 

All vents, drains, and overflows should have a noncorrosive, 24-mesh screen installed 
within the pipes to prevent vandalism. Drains should be a minimum of three pipe 
diameters above the ground level at the point of discharge. Most all drains and overflows 
on the system will need to be upgraded. 

Transmission/Distribution. Based upon test borings and observations within manholes, 
most of the water line appears to be four-inch Class 200 or three-inch Class 160 PVC with 
rigid solvent weld joints and cast iron angle fittings. In contrast, DEQ standards require 
flexible or gasket type joints for all water mains to allow for settlement and 
expansion/contraction of the pipeline. 

No thrust blocks were observed, as required, where isolation valves were uncovered 
during the test excavations. Similarly, no thrust block was observed on a 90° bend of the 
upper storage tank. However, additional excavation at angle points on the mains should 
be performed to determine if adequate thrust blocks were installed throughout the system. 

No leakage measurements were made on the four-inch PVC transmission line from the 
spring to the A-frame building. Standing water was however observed in several access 
manholes located on the transmission line. This line has also been reported to freeze 
during the winter months when flows diminish. 

Freezing has been reported along sections of the distribution system. Although bury 
depths were observed to be 6.5 feet or greater (See Table 2), most water lines were 
located within roadways where frost penetration is the greatest. This situation together 
with limited use, dead end lines, a cold raw water source and dense, rocky soil conditions 
can increase the potential for freezing problems. 
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TABLE 2 

SUMMARY OF WATER LINE EXPLORATORY EXCAVATIONS 

GENERAL: Exploratory excavations were performed on August 4 and 5, 1993 to assess the 
condition of the existing water line. The pipelines where exposed near existing valve 
boxes to verify size and type of pipe, depth of cover, and to detect possible leakage. 

PERSONNEL: 

Matt Ostdiek 
Hans Johnstone 
Bill Leseberg 

Jorgensen Engineering and Land Surveying, P .C. 
Jorgensen Engineering and Land Surveying, P .C. 
Leseberg Ditching 

EQUIPMENT: A John Deere 310 backhoe, provided and operated by Leseberg Ditching, 
Dubois, Wyoming, was utilized to perform the exploratory excavations. Excavations at the 
pipelines utilized hand shovelling methods. All excavations were backfilled with the same 
soil that was removed and no compaction methods were utilized. Excavation sites were 
purposely located adjacent to valves and main intersections off of the travelled roadway. 

SOILS: The soils excavated varied greatly from rocky-clay mixed material to sand. The 
soils had been disturbed from previous excavations and thus were not logged. No 
imported granular bedding was encountered. 

DEPTH OF COVER: Soil cover over the top of the pipe varied from six feet to eight feet. 

PIPE: All water lines located were constructed with PVC pipe of various types and pressure 
ratings. Most of the water system is made up of four-inch diameter PVC but some of the 
laterals were three-inch diameter PVC. The exterior surface of the pipelines appeared to 
be in good condition. The few joints that were encountered were solvent weld, typical for 
the type of pipe utilized. Angle bends were cast iron. 

LEAKAGE: No indications of leakage were observed at any of the pipeline locations 
excavated. 

THRUST BLOCKS: Only one 90· bend at the upper storage tank and one valve were uncovered 
during the exploratory excavations. Thrust blocks were not observed at either location. 
Additional excavations should be performed to determine if thrust blocks were installed 
in the system. 

SERVICE CONNECTIONS: No service connections were uncovered during the exploratory 
excavations to determine compliance with the design plans. 
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TABLE 2 (continued) 

SUMMARY OF WATER LINE EXPLORATORY EXCAVATIONS 

EXPLORATION FINDINGS: Information obtained from the exploratory pipeline excavations is 
presented in the following table: 

Pit Vicinity Pipeline Pipe Depth of 
No. Lot Nos. Directions Diameter - Pipe Cover (FT) 

1 106-107 South 4" - PVC 9.0 

2 110-34 East 4" - PVC 6.5 
South 411 - PVC 6.5 

3 27-41 West 4" - PVC, Class 200 6.5 

4 62-46 North 3" - PVC, ASTM 2668 8.0 
East 4" - PVC, ASTM 2241 - Class 200 8.0 

5 C-54 North 4" - PVC, 900 Cast Iron Fitting 7.3 
with no thrust block 

6 60-61 North 4" - PVC 6.5 
East 3" - PVC, 160 psi 6.5 
South 4" - PVC 7.5 

7 70-71 East 4" PVC (Blue) 1190, ASTM 2241 6.5 
West 4" PVC (Blue) 1190, ASTM 2241 6.5 

8 68 No excavation - upper system drain 

9 15-14 Southwest 411 PVC 7.5 
Northeast 411 PVC 6.0 

10 106 East Lower System Drain - 411 PVC 8.0 

NOTE: See Figure 3 for location of test pits. 
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TABLE 3 

WATER STORAGE TANK INSPECTION SUMMARY 

GENERAL. The water storage tanks for the Upper Little Warm Springs Subdivision were 
inspected on August 5, 1993 to verify the steel tank dimensions and inspect the condition 
of the protective paint coating the inside tank surfaces. 

PERSONNEL. 

Matt Ostdiek, Jorgensen Engineering and Land Surveying, P .C. 

FINDINGS. 

LOWER RESERVOIR. Water depth inside the lower reservoir was 49 inches at the 
time of inspection. A Clorox bottle and a piece of white styrofoam board found floating 
in the reservoir were removed. The reservoir had a fine layer of silt at the bottom. The 
protective paint coating the inside of the reservoir was white in color and appeared to be 
in good condition. Access into the reservoir is hazardous. 

UPPER RESERVOIR. Water depth inside the upper reservoir was 48 inches at the 
time of the inspection. The upper reservoir had a fine layer of silt at the bottom. The 
protective paint coating the inside of the tank appeared to be in good condition. There 
were many small patches that appeared to be clay and rust occurring on the tank surface. 
These patches were easily removed by hand rubbing the tank surface. Access into the 
reservoir is hazardous. 

DIMENSION MEASUREMENTS. 

LOWER RESERVOIR. 
Inside Diameter: 10' -11" 
Length: 28'-4" 
Longitudinal Elevation Drop: 4" 
Manway Access Diameter: 2' -a" 
Manway Access Depth: 6'-0" 

Tank Volume Full: 19,830 gallons 

RECOMMENDATIONS. 

UPPER RESERVOIR. 
I nside Diameter: 10' -10" 
Length: 21'-10" 
Longitudinal Elevation Drop: 2.5" 
Manway Access Diameter: 2' -a" 
Manway Access Depth: 4' -6" 

Tank Volume Full: 15,050 gallons 

Recommend that both reservoirs be cleaned and inspected on an annual basis. Cleaning 
efforts should involve rubbing tank surfaces with a light chlorine solution and flushing out 
the silt accumulation. Inspections should look for indications of surface rust which might 
indicate the protective paint membrane is being penetrated or is scaling from the steel 
surface. A non-corrosive aluminum or fiberglass ladder should be installed within each 
reservoir or made available to facilitate access for cleaning and future inspections. 

16 



..... 
~ 

TABLE 4 - SUMMARY OF FIELD SURVEY MEASUREMENTS 

SET UP 
POINT 

PROJECT: WWDCI Upper little Warm Springs 
Job No.: 93056.00 

SUBJECT: Survey Information 
DATE: 09/07/93 

BY:MFO 

TARGET SLOPE HORIZONTAL 
POINT DISTANCE ANGLE 

(FT) (DEGREE~ 

VERTICAL 
ANGLE 
(DEGREE~ 

ELEVATION 
PRISM HORIZONTAL VERTICAL DIFFERENCE 

HEIGHT DISTANCE DISTANCE FROM UPPER 
(FT) (FT) (FT) RESERVOIR 

---------------------------------------------------------------------------------------------------------------------............ _-----_ ...... _-----------------------_ ... ----------------------... -... _-------------------------
TP1 UPPER TANK 

LOWER TANK 
#8 
#7 

BLOW-OFF 
#6 
#3 
#2 
#9 

LOT B SERVICE 
TP2 

ABOVE SPRING TP2 

TP3 

SPRING 

#10 
#1 
#2 
#9 

3,169.15 
1,051.65 
2,274.07 
1,632.58 

924.07 
1,864.72 

787.16 
2,546.28 
4,144.38 
2,743.52 
3,389.73 

355.99 

1,059.58 
1,560.43 
1,884.75 

171.99 

Survey Instrument Set-up Locations: 
TP-l: Lot 86, High Point 
TP-2: South of Spring 
TP-3: Lot 120, Ridge line 

0 

34 
33 
29 
12 

310 
277 
239 
205 
336 

272.4133 
265.6367 
264.4767 
263.4533 
261.5733 
268.3967 
260.8133 
264.5183 
265.5283 
266.0467 
268.0650 

263.3817 

262.8283 
267.5033 
271.5900 
260.2800 

11.23 
11.23 
14.50 
15.50 
14.50 
14.50 
11.50 
11.50 
11.00 
11.50 

5.00 

5.00 

13.00 
14.00 
11.50 
11.00 

3,166.34 
1,048.60 
2,263.51 
1,621.93 

914.09 
1,863.99 

777.06 
2,534.64 
4,131.76 
2,736.99 
3,387.80 

353.62 

1,051.29 
1,558.95 
1,884.02 

169.52 

122.22 
(91.24) 

(233.38) 
(201.64) 
(149.92) 

(66.67) 
(137.17) 
(254.74) 
(334.12~ 

(200.65) 
(119.46) 

(46.03) 
(13.00) 

(145.28) 
(81 .98~ 
40.80 
(40.04~ 

0.00 
213.46 
355.60 
323.85 
272.13 
188.89 
259.39 
376.96 
456.34 
322.86 
241.67 

241.67 
208.64 

563.04 
499.73 

.376.96 
457.79 



TABLE 5A - WATER USE MEASUREMENTS, UPPER STORAGE TANK 

PROJECT: WWDC I Upper Little Warms Springs 
JOB NO.: 93056.00 

SUBJECT: Upper Reservoir - Water Use age 
DATE: 09/01/93 

BY:MFO 

TANK ACCESS DEPTH: 
TANK DIAMETER: 

TANK RADIUS: 
TANK LENGTH: 

TANK VOLUME: 

54.50 in 
130.00 in 

65.00 in 
21.83 ft 

15,051.14 gallon 

I-' ________________________________________________________________________________________ ---------------------- -------------------------- ---------------------- ---------------------- ---------------------- --------------------------------------
(X) 

DATE TIME 
(24 HR) 

ACCULATIVE 
TIME 

(HOUR) 

DEPTH 
TO 

WATER 
(INCH) 

WATER 
DEPTH IN 

TANK 
(INCH) 

TOTAL WATER TOTAL WATER 
VOLUME VOLUME 
IN TANK IN TANK 
(CUFT) (GALLONS) 

WATER 
VOLUME 
CHANGE 

(GALLONS) 

AVERAGE 
WATER USEAGE 

RATE 
(GAL/MIN) 

TIME 
INTERVAL 

-----.---------------- ---------------------- ---------------------- ---------------------- ----------------_ .......... - -------------.. _----------- ---------------------- --... ---------------- ......... ------------... --------- ------------------------------------ ... -

08/03/93 21.50 21.50 74.55 108.70 1,797.12 13,442.42 
08/04/93 0.77 24.77 80.75 102.50 1,701.79 12,729.41 713.01 3.63 9:30pm - 12:46am 

5.05 29.05 89.00 94.25 1,562.45 11,687.10 1,042.31 4.06 12:46am - 5:02am 
10.75 34.75 96.00 87.25 1,435.87 10,740.28 946.82 2.77 5 :02am - 10:45am 
17.25 41.25 108.25 75.00 1,202.39 8,993.87 1,746.42 4.48 10:45am - 5:15pm 
21.80 45.80 115.50 67.75 1,060.27 7,930.84 1,063.03 3.89 5:15pm - 9:48pm 

08/05/93 0.50 48.50 119.50 63.75 993.77 7,433.43 497.40 3.07 9:48pm - 12:30am 
4.90 52.90 123.75 59.50 951.83 7,119.70 313.73 1.19 12:30am - 4:54am 

11.67 59.67 133.75 49.50 851.87 6,372.00 747.69 1.84 4:54am - 11 :40am 
16.92 64.92 142.50 40.75 761.21 5,693.89 678.12 2.15 11 :40am - 4:55pm 



.... 

TABLE 5B - WATER USE MEASUREMENTS, LOWER STORAGE TANK 

PROJECT: WWDC 1 Upper Little Warms Springs 
JOB NO.: 93056.00 

SUBJECT: Lower Reservoir - Water Useage 
DATE: 09/01/93 

BY: MFO 

TANK ACCESS DEPTH: 
TANK DIAMETER: 

TANK RADIUS: 
TANK LENGTH: 

TANK VOLUME: 

70.00 in 
131.00 in 
65.50 in 
28.33 ft 

19,834.36 gallon 

\0 ---------------------- ---------------------- ---------------------- ---------------------- ---------------------- -------------------------- ---------------------- ---------------------- ---------------------- --------------------------------------

DATE 

08/03/93 
08/04/93 

08/05/93 

TIME 
(24 HR) 

21.42 
0.70 
4.95 

10.55 
17.32 
21.90 

0.40 
4.17 

11.25 
16.92 

ACCULATIVE 
TIME 

(HOUR) 

21.42 
24.70 
28.95 
34.55 
41.32 
45.90 

48.40 
52.17 
59.25 
64.92 

DEPTH WATER TOTAL WATER TOTAL WATER WATER AVERAGE 
TO DEPTH IN VOLUME VOLUME VOLUME WATER USEAGE 

WATER TANK IN TANK IN TANK CHANGE RATE 
(INCH) (INCH) (CUFT) (GALLONS) (GALLONS) (GAL/MIN) 

74.75 124.25 2,599.82 19,446.67 
86.00 113.00 2,432.07 18,191.87 1,254.80 6.38 
95.00 104.00 2,257.53 16,886.30 1,305.57 5.12 

107.75 91.25 1,971.95 14,750.20 2,136.10 6.36 
119.75 79.25 1,677.58 12,548.27 2,201.93 5.42 
130.50 68.50 1,403.12 10,495.31 2,052.96 7.47 

135.00 64.00 1,306.50 9,772.58 722.73 4.82 
141.00 58.00 1,228.97 9,192.67 579.91 2.56 
153.00 46.00 1,070.68 8,008.66 1,184.01 2.79 
165.25 33.75 898.69 6,722.20 1,286.46 3.78 

TIME 
INTERVAL 

9:25pm - 12:42am 
12:42am - 4:57am 
4:57am - 10:33am 
10:33am - 5:19pm 
5:19pm - 9:54pm 

9:54pm - 12:24am 
12:24am - 4:49am 
4:49am - 11 :15am 
11 :15am - 4:55pm 

---------------------- ---------------------- ---------------------- ---------------------- ---------------------- -------------------------- ---------------------- ---------------------- ---------------------- ----------------------------------... ---



IV. WATER DEMAND 

A. Existing Demand. 

Measurements taken from August 3, 1993 through August 5, 1993 over a 43 hour period 
provided an estimate of existing usage occurring within the Upper Little Warm Springs 
Water System. However, it is difficult to draw major conclusions for future usage due to 
the limited time the measurements took place and fact that most residents were 
conditioned to conserve water and limit irrigation due to past shortages. All residents 
were also asked to refrain from using water between 12:00 midnight and 5:00 A.M. to 
assist with the leak detection efforts. The following is a summary of results which are 
based upon measurements presented in Table 5A and 5B. 

TABLE 6 

SUMMARY OF EXISTING WATER USE 
August 3 - 5, 1993 

Total Use in a 24-Hour Period 
(12:42 A.M., August 4, 1993 to 12:24 A.M., August 5, 1993) 

Estimated Daily Leakage 
(Based upon nighttime use 12:30 A.M. to 4:50 A.M.) 

Net Use (Without Leakage) 

Total Use Per Occupied Lot 

Net Use per Occupied Lot (Without leakage) 

15,000 gaVday 

5,400 gaVday 

9,600 gaVday 

577 gpd/lot* 

370 gpd/lot* 

*Note: Based upon 26 occupied residences observed on August 4, 1993. 

Measurements taken on the storage tank during this period did not demonstrate any 
noteworthy peak usage time, however, irrigation and outside water use appeared to be 
minimal. 

B. Future Demand. 

Future demand depends, to a large degree, on the extent of the service area and the level 
of development which occurs within the subdivision. Presently 96 lots are within the 
recognized service area and in general have access to the existing distribution system. 
As previously mentioned, there are a total of 126 lots included within the original water 
right filing and first enlargement for Clear Spring. There are also 150 platted lots within 
the Little Warm Springs Creek No.1 and Upper Little Warm Springs Subdivisions. In 
addition, there are unplatted private lands adjacent to the subdivision which could 
potentially be served by the water system. There is also a trend in progress where many 
property owners are combining several lots into a single building site, reducing the 
resulting density. However, many of the new homes are larger with potential for greater 
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water demands. Given these factors and until more specific decisions are made by the 
Water District as to what the future service area should be, it is recommended that the 
future demand should be estimated for both buildout of the existing service area (96 lots) 
and buildout of the existing subdivision (150 lots). 

Due to the fact that existing water use measurements are skewed by ongoing shortages 
and conservation efforts, DEQ recommended minimum factors of 125 gallons per day and 
340 gallons per day per capita will be used to project future demand for average and peak 
day flow, respectively. The 340 gallon per day factor appears high for the Upper Little 
Warm Springs area but is typical for systems which provide for outside irrigation and lawn 
watering, which is a definite possibility in the future. A 3.5 person per lot occupancy rate 
is suggested. Table 7 summarizes projected future demands. 

I. 

II. 

TABLE 7 

PROJECTED FUTURE WATER DEMAND 
(Rounded to the Nearest 1 ,000 Gallons per Day) 

Buildout Within Existing Service Area 
(96 Lots) 

Buildout Within Upper Little Warm 
Springs Subdivision (150 Lots) 

Average Day 

42,000 gpd 
(30 gpm) 

66,000 gpd 
(46 gpm) 

Peak Day 

114,000 gpd 
(80 gpm) 

179,000 gpd 
(125 gpm) 

Based upon the projected peak demands, a new water supply source must have a 
sustained minimum capacity of 80 gallons per minute and should, for long term needs, 
have a sustained capacity of 125 gallons per minute. 
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V. HYDROGEOLOGICAL INVESTIGATIONS 

This portion of the Upper Little Warm Spring Water Supply Project report provides the 
results of investigation of groundwater supply sources. The areas of inquiry are: A) the 
shallow, alluvial aquifer associated with Little Warm Springs and Grandy Creeks; and B) 
the bedrock aquifers beneath and adjacent to the Upper Little Warm Springs Subdivision 
(ULWSS). (Included in the first category is cursory analysis of the availability of shallow 
groundwater beneath the lower terrace north of the subdivision.) For each of these two 
source alternatives are presented a brief description, an outline of existing development, 
the nature and results of the present investigation, and conclusions as to development 
potential and further exploration. Accompanying figures present the location of existing 
wells, streams, irrigation facilities, and test pits, as well as an interpretation of local 
geologic conditions. 

A. Alluvial and Surface Aguifer Investigation 

Description. The alluvial aquifer consists of unconsolidated sand, gravel, boulders, silt, 
and clay which have accumulated along the course of Little Warm Spring and Grandy 
Creeks. This material has likely been generated by a combination of alluvial, colluvial, 
and glacial processes. The alluvial aquifer is 50 to 80 feet wide along lower Grandy 
Creek, scarcely exceeds the width of the stream in the steep canyons of Little Warm 
Spring Creek upstream and downstream of the subdivision, and reaches a maximum of 
approximately 400 feet along Little Warm Spring Creek in the southeast corner of the 
subdivision. The thickness of the alluvial aquifer has not been determined. The geometry 
of the overall valleys suggests a lenticular cross-section reaching a maximum thickness 
of less than 50 feet. 

The alluvial aquifer is recharged primarily through infiltration from Little Warm Spring and 
Grandy Creeks. Little Warm Spring Creek is commonly reported to lose substantial flow 
through the subdivision. A previous study reported that Little Warm Spring Creek "goes 
underground a couple of miles above the subdivision, and doesn't rise again until 2 miles 
below the subdivision. II On August 3, 1993 Little Warm Spring Creek was entirely diverted 
(approx. 2 cfs) at the irrigation ditch headgate 300 feet below the Forest Service 
boundary. (Diversion leakage provided approximately 25 gpm, which sustained a small 
creek flow for approximately 70 yards.) The creek bed was dry over the next 1600 feet 
east, downstream of which a flow of approximately 20 gpm was present. This flow was 
maintained for the 2400 feet downstream to the lowest subdivision road crossing, below 
which north-bank springs provided 60 to 80 gpm of augmentation. (See Figure 3 for 
locations. ) 

As suggested by the above observations, recharge to the alluvial aquifer may be impacted 
by surface diversions. Adjudicated surface water irrigation rights (all with early 1900's 
priority dates) diverting in and above the ULWSS encompass 6.7 cfs (3,000 gpm). This 
is likely more than the entire flow of the drainage in all but the peak runoff period. 

The water supply to Grandy Creek is augmented by Grandy Reservoir, a 39 ac-ft facility 
approximately one mile above the ULWSS spring system. The reservoir is filled by a 
cross-drainage diversion from Little Warm Springs Creek 2 miles above the subdivision. 
The importance of releases from Grandy Reservoir in preserving flow from the existing 
spring collection system is generally accepted. 
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Other unconsolidated surface deposits occur throughout the study area, varying from a 
thin veneer of weathered bedrock to deeper accumulations of colluvial, alluvial, and likely 
glacial deposits. For example, a well on the lower terrace, north of the subdivision 
(Sec. 3 NW,SW,SE), encountered 40 feet of 8boulders and gravel- above the Chugwater 
Formation bedrock. Excavations for house foundations in Section 9 (SW,SE,SE -
Lot 35(?) and NW/NEISE - Lot 60) reveal: 

0-1 ft. 

1-3 ft. 
3-6 ft. 

6-7 ft. 
7-7.5 ft. 

0-1 ft. 
1-5 ft. 

5-7 ft. 

TABLE 8 

LOG OF FOUNDATION EXCAVATIONS 

Lot 35(?) 

brn slty snd wi rounded cobbles and pebbles of qtzite and crystalline 
rocks. 
red and green sndy cly, tr clasts of weathered granite 
white, red, yellow marbled slty, clyy snd with small gravel, irregular 
stratification 
weathered granite gneiss, caliche 
green slty cly wi pebbles of granite and qrtzite 

Lot 60 

brn slty snd 
red and green sndy clyy sit, rare cobbles, irregular and lenticular 
stratification, caliche nodules 
rounded cobbles to a-in. dia in Igt brn sndy matrix 

Recharge to the surface deposits occurs as direct infiltration of precipitation and snowmelt 
and as seepage from surface irrigation. Recharge to the surface deposits occurs as direct 
infiltration of precipitation and snowmelt and as seepage from surface irrigation facilities 
(2 ditches and Hart Reservoir). (See Figure 4 for locations.) In either case, the 
availability of groundwater will likely vary substantially in relation to precipitation patterns 
and seasonal irrigation practices. 

Existing pevelopment. The principle development of the alluvial aquifer in the ULWSS is 
the spring collection system on lower Grandy Creek. This system has an unadjudicated 
7/10n5 water right for .512 cfs (230 gpm) under permit 24818 rClear Spring", permittee: 
Warm Springs,lnc.). (Permit 6635E, 3/17n8, provides for an enlarged area of use.). This 
system is reported to produce from 1.3 to 20 gpm gravity flowing to fill the lower storage 
tank at the junction of Warm Spring Road and Hart Trail. 

On August 4 and 5, spring inflow to the system storage tanks was stopped to allow leak 
testing. That the spring overflow was still flowing strongly while the tanks were being re
filled following testing indicates the spring flow exceeds the capacity of the transmission 
pipeline during high flow periods. Major limitations on the spring collection system with 
regards to present demands are 1) spring flow during low flow periods is not adequate to 
meet demands; and 2) evidence of surface water impact on spring water quality suggests 
future regulatory compliance may become difficult. 
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Wyoming State Engineers Office well permit records include no permitted active wells 
within the boundaries of the Upper Little Warm Spring water system service area. (Of the 
12 permits issued for locations in the Water District, 10 were cancelled prior to completion, 
one was abandoned after two, 100-ft dry holes, and one, P81942W, is incorrectly located.) 
Other well reports include an environmental analysis for the Forest Service which cites 
300-ft and 160-ft dry holes on Lots 26 and 40, respectively, (These two lots border Little 
Warm Spring Creek at the point where the creek enters the subdivision.) and the 1986 
report by Inberg-Miller Engineers of seven dry holes (locations unknown). 

The only favorable report encountered relative to development of alluvial groundwater 
within the subdivision came from local residents (Hartman) in Sec. 10 swlsw (Lot 22). In 
1983, a 12-ft. backhoe test pit was excavated alongside Little Warm Spring Creek. An 
abundant supply of water was encountered, despite the adjacent creek being dry. A 35-ft 
well was subsequently drilled and bailed at 5 gpm (completed with 15 ft. of perforations 
and a gravel pack, static water level of 8-10 ft.). The well was abandoned due to filling 
with sediment over the subsequent year of non-use. (Based on the U.S.G.S. record of 
flow of the Wind River at Dubois, 1982-84 were three of the four wettest years of the 
decade, with flows of 130, 112, and 116 percent of average, respectively. How the 
Hartman test would have performed with less abundant recharge is unknown.) 

In the area north of the subdivision, successful small-capacity wells serve individual 
residences and stock-watering facilities. Based on State Engineer records (the last item 
is from local driller, Seaton), these wells include: 

TABLE 9 

WELLS NORTH OF UPPER LITTLE WARM SPRING SUBDIVISION 

Total Static 
Permit Location DeQth Water Yield Log 
P41639W Sec. 11, nelnw 85 ft 40 ft 25 gpm 
P35377W Sec. 3, swlse 84 64 10 1-40' boulders &grvl 

40-60' sst & grvl 
60-84' red sh & grvl 

P65300W Sec. 10, nwlne 75 10 10 
in prog. Sec. 10, nwlne 200 60 22 water from fractured 

red sst at 82 ft. 

Well users (e.g. Taylor, Atkins) report pumping wells dry in the spring before surface 
irrigation starts, indicating the limited nature of the aquifer and the importance of ditch
supplied recharge. The State Engineer reported yields may exceed the practical maxima, 
as these come from the initial, short-term measurements. Sustained yields in the 
5 to 10 gpm range are most likely. 

Local well drillers (e.g. Nordwick, Weber, Seaton) confirm the above picture -- drilling to 
depths up to 150 ft. in the subdivision have produced dry holes; there has been mixed 
success developing good-quality, small supplies from red shales and sandstones 
(Chugwater Formation) on the bench north of the subdivision at depths of up to 200 ft. 
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According to the former water district chairman, Bob Hitchcock, there are no domestic 
water facilities in the subdivision based on wells (alluvial or otherwise). The only property 
with water service other than the subdivision system is the Powell property, which has a 
private spring collection system reported to flow 2 gpm (Lot 115, at the east border of the 
subdivision on an unnamed tributary of Little Warm Springs Creek; see "Powell Spring" 
on Figure 4). When this site was examined on August 4, flow was dominated by 3-4 gpm 
derived from the irrigation ditch at the head of the drainage. (See bedrock aquifer section 
for further discussion of this spring.) 

Results of Investigation. On August 4 and 5, 1993, test pits were excavated adjacent to 
Little Warm Springs and Grandy Creeks to evaluate alluvial aquifer permeability and 
groundwater gradients. Figure 4 presents the locations of the five test pits; Figure 5 
provides a more detailed pace and compass map of the two pits on Grandy Creek. Table 
10 summarizes the findings of the test excavations. Test pits nos. 1-3 were backfilled 
immediately upon completion. Test pits nos. 4 and 5 were left open for approximately 
24 hours to monitor water levels and perform short bail-down tests. 

Two reasons suggest themselves to explain the lack of water in test pits nos. 1,2 and 3: 

• the streambed of Little Warm Springs Creek is sealed with an accumulation of silt, 
clay, and organic deposits, limiting the Illeakage" of water to the underlying 
material; and 

• the alluvium and underlying bedrock are sufficiently permeable to drain stream 
leakage with little or no accumulation in the alluvial aquifer. The permeability of 
bedrock beneath at least portions of Little Warm Spring Creek is evidenced by the 
common reports of subdivision residents (e.g. Hartman, Barnwell, Wilhite) that 
stream flow decreases through the area, including specific "holes" into which the 
creek ends in dry periods. 

Geologic mapping (see Figure 6) indicates test pits nos. 1 and 2 are underlain by the 
Madison Limestone and that test pit no. 3 is near the Madison / Darby contact. Test pits 
nos. 3, 4 and 5 appear to be underlain by the Darby Formation. The Madison Limestone 
is known to include zones of very high permeability (see discussion below); the Darby 
Formation consists of mixed dolomites and siltstones, and is likely of generally lower 
permeability than the Madison Limestone. 

Another difference between the test pits along Little Warm Spring Creek (Nos. 1, 2, 3) and 
those along Grandy Creek (Nos. 4 and 5) is the adjacent stream gradient. Little Warm 
Spring Creek has a slope of approximately .06 ftlft, whereas Grandy Creek falls at a rate 
of .11 ftlft. The higher gradient of Grandy Creek may reduce the self-sealing effect of 
entrained silt and clay. 

The spring system at the lower end of the subdivision (Sec. 10 se/sw, Lots 5 & 6, IIWilhite 
Springs" on Figure 4) was examined on August 5. A total flow estimated at 60-80 gpm 
issued from multiple small seeps and springs and from the marshy area along 
approximately 300 feet of the north side of Little Warm Spring Creek. Local resident 
Barnwell reports two wells along the north and east sides of the marshy area -- a 1 gpm 
well, 150-200 ft. deep (·rock all the way·, abandoned for lack of financing to complete); 
and a low-yield, flowing well abandoned for unknown reasons. 
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Test Total 
Pit Depth 
No. 
1 14 ft. 

2 13 ft. 

3 11 ft. 

4 8.5 ft. 

5 8.5 ft. 

TABLE 10 

TEST PIT LOGS AND WATER PRODUCTION 

Static 
Water 
Depth 
none 

none 

none 

3.4 ft. 

1.3 ft. 

Water Production and Material 
Description 
0-6' - med-dk bm sli slty snd wI gravel & cobbles, 
somewhat rockier below 2 " layer of 2' dia cobbles 
@ 6'; 6-14' - med bm sli slty, sli cly snd wI abundant 
cobbles. 
Distance to creek approx. 60' horiz, 6' vert; sli damp 
below 10', damp below 12'. 

0-2' - dark bm slty snd, minor cobbles; 2-6' - brn slty 
crs snd wI cobbles to l' dia, sli more cobbles below 
5'; 6-13' -brn sli slty crs snd wI cobbles & gravel; brn 
slty crs sndwl sli cly snd stringers, abundant 
cobbles. 
Distance to creek approx. 12' horiz, 2' vert; sli damp 
below 4'. 

0-2' - dk bm slty snd; 2-11' - brn sli slty snd wlgravel 
and cobbles to 3' dia, abundant caliche at 2'. 
Distance to creek approx. 15' horiz, 4' vert; sli damp 
throughout. 

0-1' - dk bm slty snd wI cobbles; 1-8.5' - brn sli slty 
crs snd wI gravel & cobbles, pods of gry ely snd 
above 8'. 
Distance to creek approx 9' horiz, 3' vert; initial 
water at 3' entering from creek side, at 5' trickle 
inflow from creek and upstream sides, at 6' visible 
inflow from off-creek side, at 9' inflow total approx. 
10 gpm from creek, upstream, and off creek sides; 
approx inflows: 10 gpm at 7' to water, 4 gpm at 6', 
2 gpm at 5.5'. 

0-1' - dk bm slty snd wI cobbles; 1-8.5' - brn sli slty 
crs snd wi gravel & cobbles, pods of gry cly snd 
above 4', boulders to 3' dia below 4'. 
Distance to creek approx 10' horiz, 0' vert; initial 
water at 2.5' entering from off creek side, at 5' 
inflow from off-creek, upstream and creek sides 
sufficient to maintain water level during excavation; 
approx inflows: 9 gpm at 5' to water, 7 gpm at 4'. 
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The recollection of the current property owners (Wilhite) is that two test wells adjacent to 
the marshy area found only small, shallow yields, with deeper zones producing little or no 
additional groundwater. Plans to develop a domestic supply based on a shallow collection 
network in these springs were abandoned due to concern for the associated 
environmental disruption. Geologic mapping suggests these springs may be underlain by 
the Amsden Formation which is generally less permeable than the Madison Limestone 
present beneath Little Warm Spring Creek upstream. 

AQuifer Testing. Fully recovered depths to water were 3.35 and 1.28 feet for test pits nos. 
4 and 5, respectively. Given the steep gradient of the adjacent stream (approximately .11 
ftlft) and the large size of the test pits, no meaningful gradient into or out of the creek 
could be determined. (Creek water level was either above, equal to or below pit water 
level, depending upon the point of measurement.) 

Test pit no. 4 was bailed at an average rate of .64 gpm to maintain a drawdown of .1 ft. 
for 40 minutes. Based on an average distance to the creek of 9 feet, a saturated 
thickness of 8 feet, and a pit length of 10 feet, steady-state analysis indicates a 
permeability of approximately 140 ftlday. 

Test pit no. 5 was bailed at an average rate of 1.63 gpm to maintain a drawdown of .56 
ft. for 73 minutes. Based on an average distance to the creek of 11 feet, a saturated 
thickness of 8 feet, and a pit length of 10 feet, steady-state analysis indicates a 
permeability of approximately 80 ftlday. 

Summary and Development Potential. The alluvial aquifer along Little Warm Spring Creek 
through the Upper Little Warm Spring subdivision is locally (perhaps generally) 
unsaturated. This is due to a combination of streambed sealing, high permeability in the 
alluvial deposits, and high permeability in the underlying Madison Limestone. With the 
exception of the spring area along Little Warm Spring Creek in the easternmost portion 
of the subdivision, there does not appear to be substantial potential for development of 
a secure water supply for drought years. The eastern spring area is supplied by recharge 
from Little Warm Spring Creek immediately upstream, however, and is thus subject to 
significant flow reductions in dry years as well. 

Potentially, any water right in the ULWSS area is subject to regulation for downstream 
senior priority rights, of which there are a great many. In practice, surface diversions 
receive the most attention under a call for regulation, but water use by facilities producing 
groundwater clearly and immediately tributary to surface water, e.g. alluvial wells and 
spring collection systems, may also be limited. According to Wyoming State Engineer's 
Office hydrographer Craig Akers (Riverton office), Little Warm Spring Creek has been 
subject to regulation rarely, if ever. Given the high number and priority of downstream 
senior appropriations, if regulation did occur, the security provided by the existing 1975 
appropriation is very little better than a current-day priority. (There is little value to 
preservation of the existing facility as far as water right priority is concerned.) 

The alluvial aquifer along lower Grandy Creek is saturated and permeable and presents 
a developable resource. Preliminary calculations based on cursory bail-down tests 
suggest the possibility of developing flows on the order of 100 gpm, given sufficient 
recharge. However, the drainage of Grandy Creek is relatively small and may be largely 
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dependent upon water imported from Little Warm Spring Creek via the Grandy Reservoir 
to sustain late-season and drought-year flow. 

The composition and geometry of this limited alluvial aquifer indicate rapid recharge and 
flow, i.e. ready communication with surface sources. While the current spring collection 
system is known to be subject to measurable surface influence (e.g. visible seasonal 
turbidity), the potential for limiting overt surface influence in a re-designed system has not 
been evaluated. With a secure recharge source and a properly designed collection 
system, a supply approaching long-term subdivision demands could be feasible. 

Surficial deposits and shallow bedrock elsewhere in the subdivision and in adjacent areas 
to the north do not appear to have significant potential for development of long-term yields 
in excess of approximately 10 gpm. Recharge to these deposits is seasonally variable 
in response to precipitation and irrigation practices, and would be adversely impacted by 
a series of relatively dry years. 

B. Bedrock Aquifer Investigation 

Stratigraphy. The bedrock strata underlying and adjacent to the ULWSS, along with 
generalized water production potential, are listed on Table 11. In summary, the strata with 
the greatest water production potential for the ULWSS are the Paleozoic carbonates 
(limestones and dolemites), where such strata are fully saturated. 

Structure. Previous, regional mapping by Keefer (1970) indicates a fault approximately 
coincident with Water Gulch in the western part of the subdivision. As mapped, this fault 
displaces the formation contacts by approximately 1 ,200 feet in the center of Section 9. 
The nature of a much larger stratigraphic discontinuity indicated by Keefers mapping north 
and south of Little Warm Spring Creek is obscured by an intervening mapped mantle of 
post-deformational deposits ("Lower Eocene rocks undividedll

). A large scale map 
including the study area accompanies a report on groundwater exploration for Dubois 
(Nelson, 1992), but the focus of that report was the Wind River alluvium and little accuracy 
is provided for the ULWSS area. 

Figures 7 and 8 present the results of geologic mapping in and adjacent to the ULWSS, 
completed for this report. A "Water Gulchll fault is indicated by the change in orientation 
of strata to the east and west of the gulch, by an offset of approximately 600 feet in the 
projected Phosphoria/T ensleep contact, and by possible slickensides observed in an 
outcrop of Darwin Sandstone (at the Madison! Amsden contact in Water Gulch). Exposure 
is insufficient to provide a directly observable offset, however, leaving the exact location 
and nature of the inferred discontinuity unclear. (A large fault, a series of smaller faults, 
or even a tight fold are all structural possibilities.) Similarly, a northwest trending fault at 
depth is suggested by the steeply dipping strata in the northeast portion of the subdivision 
(see Figure 6), but definitive surface evidence is lacking. 

Previous, regional mapping by Keefer (1970) includes a mantle of Eocene-age deposits 
through the south half of Section 10, the southeast quarter of the southeast quarter of 
Section 9, and into the northeast quarter of Section 16. He also mapped an area of 
Phosphoria Formation between Hart Reservoir and Water Gulch. Neither of these are 
included on Figure 6 because, if present, they are of relatively small thickness and do not 
substantially alter the geologic relationships significant to this study. 
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ERA PERIOD FORMATION THICKNESS 

Cenozoic Quatemary Travertine O-SO feet 
Deposits 

Tertiary (Eocene' Undivided 2600 feet 

Mesozoic Triassic Chugwater 1290 feet 

Dinwoody 155 feet 

Paleozoic Permian Phosphoria 260 feet 

Pennsylvanain Tensleep 213 feet 

Amsden 356 feet 

Mississippian Madison 740 feet 

Devonian Darby 193 feet 

Ordovician Bighorn 254 feet 

Cambrian Gallatin 365 feet 

I 

Gros Ventre 747 feet 

Flathead 155-190 feet 

Precambrian undivided 

TABLE 11 
GEOLOGIC SECTION 

DESCRIPTION 

travertine and travertine-cemented surficial deposits. 

Sandstone, conglomerate, shale, siltstone, and claystone, in a 
variegated red, purple, gray, white, and buff sequence; highly 
tuffaceous and bentonitic in part; some carbonate shale with thin 
coal partings. 

Siltstone, red, buff, and white; sandstone and shale in lower part; 
upperpart contains purple and ocher claystone of Popo Agie 
member. 

Sandstone, brown, pink, and yellowish, fine-grained, thin- to thick 
bedded; some siltstone. 

Dolomite, chert, limestone, siltstOlle, and sandstone, interbedded, 
tan, gray, and buff, with a few thin beds of phosphate rock and a 
minor amount of shale. 

Sandstone, buff and white, fine-grained, thinly crossbedded to 
massive, cliff-forming; weathered surfaces generally dark brown to 
black. 

Shale, dolomite, and sandstone, interbedded, red, gray, white, buff, 
and purple. Darwin Sandstone member at base: sandstone, white 
and red, fine- to medium-grained, crossbedded, generally cliff-
forming. 

Limestone, gray, massive- to thin-bedded; some thin beds of chert; 
in places contains some red shales near top. 

Dolomite, buff, gray, and brown, fetid; greenish-gray and red 
siltstones and shales 

Dolomite, white, light-gray, and pink, thin-bedded and platy. 

Limestone, gray, glauconilic, oolitic, thin-bedded, with some beds 
of flat-pebble conglomerate and grayish-green fissile shale. 

Sandstone and shale, green, buff, and pink, fine·grained shaley, 
micaceous, with minor amount of limestone; glauconitic in part, and 
limestone, gray and tan mottled, thin-bedded and platy 

Sandstone, pink, tan and gray, coarse- to medium-grained, thin-
bedded; quartzitic in part; arkosic and conglomera lie at base. 

Granite and granite gneiss, pink and gray, coarsely crystalline. 

GROUNDWATER 

May yield small supplies of good quality water where saturated, 
which is rare. 

'Could be developed along the margin of the basin. Yields small 
supplies to many widely distributed slock and domestic wells. The 
quali/y of water ranges from good for domestic use to unfit for 
stock.' (Whitcomb and Lowry, (l96B). Neither thickness nor 
recharge is likely to be sufficient for major groundwater 
development in ULWSS area. 

'Yields small supplies of good quality water in and near outcrops.' 
(Whitcomb and Lowry, 196B). 15 gpm wells developed on terrace 
north of ULWSS; major recharge source is irrigation water. 

'Sandstone yields large supplies to several wells in the foothills of 
the Wind River Mountains ... ; rocks will yield large supplies where 
fracturing has increased permeability. The quality of the water is 
generally excellent near the mountains.' (Whitcomb & Lowry, 
196B). Apparent source of large springs on lower Warm Spring 
and Little Warm Spring Creeks; TOS 500-600 mg/l, CaHC03 
dominant (Breckenridge & Hinckley, 197B). Probably not saturated 
within ULWSS, development potential via deep wells north of 
subdivision. 

Moderate development potential in sandstone and carbonate strata, 
especially where fracturing has increased permeability. Limitations 
include discontinuous strata, interbedded low-permeability material, 
and incomplete saturation beneath much of ULWSS. Water quality 
within subdivision likely good. 

Development potential highly variable due to localized development 
of cavelfracture systems; highly productive at select locations 
elsewhere in region; water quality good to excellent; excellent 
recharge potential in ULWSS area; conspicous caves and solution 
features in upper 100 feet, sinkholes in lowest Amsden common; 
saturation likely in northem portion of ULWSS; formation top at 0 to 
600 feet 

Development potential unknown, dolomites may yield small 
quantities where fractured; formation top at 150 to 1400 feet 

Development potential variable due to localized development of 
cave/fracture systems; productive at select locations elsewhere in 
region; water quality good to excellent; excellent recharge potenlial 
in ULWSS area; saturation Iikely-beneath_ULWSS; depth 400 to 
1700 feet. 

Development potential primarly in Death Canyon member, where 
fracturing has locally increased permeability; water quality and 
recharge potential likely good; approximately 1600 feet deep 
beneath ULWSS. 

Development potential variable due to dramatic variation in 
lithology, thickness, and fracturing; highly productive at select 
locations elsewhere in region; water quality likely excellent; fully 
saturated beneath ULWSS, approximately 2500 h deep beneath 
ULWSS. 

'Would yield small supplies from weathered or fractured material; 
quality of water is good.' (Whitcomb & LOWry, 196B). 

otes: lithologiC descnp Ions ana tnlCKnessesTexcepl travertine) Irom Keeler (1957); measured sectIOns In little YVarm ::;pnng I,.;anyon lor Amsaen anaTensteep; InWarm""S"pnng--C-anyonlor (:iros Ventre, (:iallalln, I::Ilgnom, and 
Darby. 
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Groundwater Quality. Few bedrock groundwater quality data are available for the 
immediate ULWSS area. PhosphoriaiTensleep springs at the mouths of Warm and Little 
Warm Spring Creeks have total dissolved solids contents of 550 to 600 mgtl, despite 
temperatures from 77-84°F (Breckenridge and Hinckley, 1978). Whitcomb and Lowry 
(1968) inventoried wells and springs throughout the Wind River Basin. Based on their 
work and general considerations of formation lithology and groundwater circulation, in the 
vicinity of the ULWSS one would expect the Chugwater Formation to produce calcium 
sulphate waters with total solids at or above drinking water standards. The Tensleep and 
underlying carbonate aquifers are likely to produce calcium bicarbonate waters within 
drinking water standards. Water produced from the Precambrian rocks, if any, is likely to 
be of excellent quality. 

Existing Development. No high-production wells producing from bedrock aquifers in the 
vicinity of the ULWSS have been identified. Four abandoned wells investigated in the 
subdivision likely penetrate bedrock strata: 

1 - Section 10, sw/sw/se, Lot 13; uncased hole collapsed at 17 ft, dry; owner reports 
380 ft total depth for this and a 15 ft offset well, companion well had trace of water, this 
well terminated in large cavern, water occurrence unknown, location is approximately 
100 ft above and 500 ft north of adjacent, flowing Little Warm Spring Creek; strata 
penetrated: lowest Amsden and uppermost Madison. 

2 - Section 10, sw/sw/se, Lot 121 (?); 6 in. dia. steel casing, open to 40 ft, dry; well located 
in large sinkhole; strata penetrated: lower Amsden and below(?). 

3 - Section 10, nw/nw/sw, Lot 81 (?); 9 in. dia. steel casing to 82 ft (?), open hole to 182 ft, 
moist throughout, red clay mud on bottom; strata penetrated: Amsden. 

4 - Section 9, ne/sw/sw, Lot 59; 4 in. dia. plastic casing, open to 60 ft, wet on bottom, 
accepts 4 gpm readily; strata penetrated: uppermost Madison. 

Wyoming State Engineer records provide data for one additional well in the subdivision 
(permit P29346). The report for this well, in Section 9, nw/se, lists 30 ft. of "sand and 
rock", followed by 70 ft. of IIclay and rockll, IIno waterll . The completion form carries the 
additional note, IIdrilled in two locations near each other and found no water in either at 
100 ft.lI. 

The only successful development of a potentially bedrock-based water supply in the 
subdivision is the spring collection system in Section 10 se/ne/sw (Lot 115; "Powell 
Spring II on Figure 4). According to the contractor who installed this system, collection 
lines up to 20 ft. below grade were excavated into the hillside at a small spring. The 
spring was thus dried up; the system produces approximately 2 gpm. (The residence 
served is also connected to the subdivision water supply.) Based on the location of this 
development and the memory of the contractor (only brown and reddish sandy soils to 
total depth), the material penetrated is unconsolidated colluvium/alluvium, weathered 
Amsden Formation, or the weathered Eocene deposits of Keefer (1970). 
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The Tensleep Sandstone and Phosphoria Formation are the proximate sources of 560 and 
130 gpm springs on Warm and Little Warm Spring Creek, respectively. Based on the 
temperature of these springs and the prevailing geothermal gradient, Breckenridge and 
Hinckley (1978) suggested circulation through lower aquifers as well. 

Summary and Development Potential. The minimum geologic requirements of a long-term 
water source for the ULWSS are sufficient saturation, recharge, permeability, and water 
quality to provide a peak day supply of 125 gpm and a long-term average of 50 gpm of 
water, within drinking water standards. (See discussion, Section IV) The Eocene deposits 
and Chugwater, Dinwoody, Amsden, Darby, and Gros Ventre Formations are unlikely to 
be sufficiently permeable to produce at these levels. The Tensleep and Phosphoria 
Formations have limited recharge (Le. outcrop) areas. This leaves the carbonate strata 
of the Madison, Bighorn, and Gallatin as the primary development focus. Given the 
shallow depth of the Madison relative to the other potential aquifers, the visible 
development of fracture and solution permeability in local outcrop, and the productivity of 
select Madison wells elsewhere, this formation is judged to have the greatest potential in 
the ULWSS area. (The Flathead Formation and Precambrian rocks are considered too 
deep and insufficiently permeable, respectively, to provide development potential.) 

The Madison Limestone outcrops over a broad area south of the subdivision, which 
receives recharge through direct infiltration of rain and snowmelt. In addition, the 
formation is known to receive recharge through direct infiltration from Little Warm Springs 
Creek in the eastern portion of the subdivision and is inferred to receive recharge from 
alluvial deposits along most of Little Warm Spring Creek through the length of the 
subdivision. The static water level in the Madison Limestone has not been directly 
measured, but can be approximately bracketed between the unsuccessful well at the east 
end of the subdivision (Lot 13) -- elevation at total depth = 7460 ft. -- and the elevation 
of large springs along Warm and Little Warm Spring Creeks at elevation 7220 and 
7400 ft., respectively. Assuming the springs are discharge points for the Paleozoic aquifer 
system, water level elevations in areas up-gradient from the springs should be somewhat 
higher. 

Figure 4 presents two areas suggested for exploratory drilling of the bedrock aquifer 
system. These are based on the projected coincidence of a fully-saturated section of the 
Madison Limestone and fault/fold associated fracturing which potentially provides locally 
enhanced permeability. Assuming a 7,300 to 7,400 foot static water elevation in the 
bedrock aquifers beneath the subdivision, the dip of the Madison Limestone as presented 
on Figures 7 and 8 provides full saturation northeast of a line passing approximately 
through Hart Reservoir. The primary area suggested for exploratory drilling combines this 
saturation with potential fracturing along the intersection of the Water Gulch fault and the 
tight fold trending perpendicular to Water Gulch. The anticipated depth to water in this 
area is 300 to 400 feet; a well fully penetrating the Madison Limestone would be 
approximately 1 ,200 feet deep. 

The secondary area suggested for exploratory drilling combines a fully saturated Madison 
Limestone with potential fracturing associated with the fold creating the steep (up to 75°) 
dips measured on outcrops of the Tensleep Sandstone northeast of Hart Reservoir. 
Depth-to-water in this area is projected to be 600 to 700 feet. The depth of a well fully 
penetrating the Madison Limestone is difficult to predict due to the potentially steep dips 
in the subsurface; a depth of at least 1 ,800 feet should be anticipated. 
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Water quality within the Madison Limestone and underlying aquifers cannot be directly 
assessed. Thermal springs issuing from the overlying Tensleep and Phosphoria 
Formations, however, have total dissolved solids contents of 550 to 600 mgtl. 
Consideration of recharge relationships and formation lithology suggests that the deeper 
carbonate aquifers (e.g. the Madison Limestone) should have somewhat better water 
quality beneath the ULWSS, particularly given active circulation along a zone of enhanced 
permeability. (As in the thermal springs, calcium and bicarbonate are likely the dominant 
ions, producing a moderately hard water.) 
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VI. WATER SYSTEM ALTERNATIVES AND COST ESTIMATES 

In an effort to address the principal water system deficiencies, three independent 
alternatives are identified for the water supply, storage and transmission/distribution 
components of the system. At this feasibility study level, primary emphasis is being 
placed on the water supply which is the concern most immediate to the existing Upper 
Little Warm Springs Water District. The present storage and transmission/distribution 
system facilities are less critical since they can, with minor modifications, satisfy the 
existing needs. Furthermore, both the storage and distribution facilities depend, to some 
extent, on the quantity of water developed for a long term supply. The alternatives are 
listed in order of increasing capital cost for each component. These preliminary figures 
include estimates for engineering and contingencies. 

A. Supply. 

Sorine Enlargement with Filtration. As described in Section V, the potential to increase 
the capacity of the existing spring to satisfy long term needs is uncertain, especially since 
it appears to be directly related to surface water flows in Grandy Creek. Because of the 
apparent surface influence, this alternative will also involve some form of filtration and will 
require controlled releases from Grandy Reservoir to insure adequate year round flow. 
Therefore, in addition to increased operation and maintenance efforts associated with a 
filtration system, this alternative will be complicated by water rights and regulatory issues. 

In conceptual form, this alternative will involve the expansion of the existing underground 
collection system at the spring site on Forest Service property to maximize capture rate. 
The existing perforated PVC pipes would be replaced with a gravel packed well screen 
to minimize sediment intake. A larger storage tank at the spring site is anticipated to help 
equalize peak raw water demands. A filtration and disinfection system located within a 
heated enclosure would be constructed in the vicinity of the existing A-frame building to 
insure adequate water quality and compliance with Safe Drinking Water Act requirements. 
A new water transmission line from the spring site to the filtration/chlorination facility and 
from the chlorination facility to the upper storage tank is also anticipated with this 
alternative. The transmission line piping and storage tank would need to be configured 
to insure a two hour chlorine contact time in accordance with DEQ standards for surface 
waters. 

Deep Well Adjacent to Water District. The hydrogeologic investigations performed in 
conjunction with this study indicate the potential to develop a deep (800 to 1,200 foot) 
well within or adjacent to the Upper Little Warm Springs Water District capable of 
supplying the long term peak demands (125 gpm minimum). The well would be designed 
to penetrate the underlying Madison Limestone formation which, if sufficiently fractured, 
can yield a high capacity with good quality. However, as discussed in Section 5, there is 
potential, based upon measurements taken on springs at the mouth of Warm and Little 
Warm Spring Creeks, for the water in this area to be warm (nO-84°F), very hard, and 
have a high dissolved solids content. The primary drilling site is located north of the 
Upper Little Warm Springs Subdivision in Water Gulch on land currently owned by Parker 
Land Company. However, the secondary site, located within the existing service area 
northeast of Hart Reservoir, is considered in this analysis since it can be accessed more 
readily by the District. 
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This supply alternative would include the deep well, transmission line and controV 
chlorination building adjacent to the well. Because of horsepower requirements necessary 
to lift a sufficient volume of water from a projected pumping water level of about 7,100 to 
7,400 feet to the upper storage tank site, three-phase power would be required. Riverton 
Valley Electric indicates that a new power line would need to be installed from Highway 
26/287 to the well site, a distance of about two miles. However, a major portion of the 
initial power line investment (approximately %) would be reimbursed to the district during 
the sixth through the tenth year of operation. The existing spring would be abandoned 
with this alternative. 

Extension of Dubois Citv Water. The third water supply option involves the extension of 
city water from Dubois. As shown in Figure 1, the Dubois City limits are within one half 
mile of the Upper Little Warm Springs Subdivision boundary and the nearest water main 
is approximately 4,000 feet away. However, these distances are deceiving on the map 
since the principal developed portion of the Upper Little Warm Springs Subdivision (the 
area currently served by the water system) is, at the closest, two miles from the Dubois 
city main and 800 to 1 ,200 feet higher in elevation. 

Connection to city water would require over three miles of transmission line, two separate 
high pressure booster pump systems, and a crossing of the Wind River Channel. In 
concept, one booster station would be located immediately above the Wind River 
(Elevation = 7100± feet) with a second booster pump station located at the lower end of 
the existing service area (Elevation = noO± feet). Three-phase power, which must be 
brought in from the State Highway, would be required at each pump station. Easements 
would be required both for the transmission line and booster stations. Tap fees would 
need to be negotiated with the City of Dubois since rates have not been established for 
out-of-city users. Current in-town tap fees are about $1,000 per residence for a 3A inch 
tap. 

A summary of capital costs for each of the water supply alternatives is presented in 
Table 12A. Estimated operation and maintenance costs appear in Table 12B. Table 12C 
presents a monthly cost comparison of the three water supply alternatives assuming 67% 
grant funding and a 4%, 30-year low interest loan from the Water Development 
Commission. The key issues affecting the implementation of each alternative are listed 
in Table 13. 

B. Storage. 

Alternatives investigated for the water storage system range from no enlargement to 
complete replacement with an underground concrete tank sized to satisfy minimum DEQ 
standards and fire protection requirements. DEQ standards vary greatly for systems with 
one supply source where a volume equal to twice the peak day flow is required compared 
to systems with two or more supply sources where storage volume must only equal or 
exceed the peak day flow where no standby power is provided or the average day flow 
if an alternate power source is available. The DEQ does allow some flexibility in applying 
standards to older, pre-existing water systems. Storage for fire protection would be 
provided assuming that commitments were made to enlarge the existing distribution 
system to six-inch mains and add fire hydrants. Tank sizing is also affected by service 
area and the number of lots within the system. 
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TABLE 12A 

PRELIMINARY WATER SUPPLY ALTERNATIVES 
AND CAPITAL COST COMPARISONS 

1 ) Spring Enlargement 

2) 

3) 

Spring Reconstruction 
New Transmission Lines 
Filtration/Chlorination Systems 
Power Supply 
Booster Pumps/Controls 
Building 

Subtotal 
Engineering 
Contingency 

TOTAL 

Deep Well (Hart Reservoir) 
Well Drilling and Testing 
Well Pump / Electrical Controls 
ControVChlorination Building 
Three Phase Power 
Transmission Line 

Subtotal 
Engineering 
Contingency 

TOTAL 

Extension of Dubois City Water 
Pump Stations with Enclosures 
River Crossing 
Three Phase Power 
Transmission Line 

Subtotal 
Engineering 
Contingency 

TOTAL 

Estimated Cost 

$ 50,000 
100,000 
100,000 

20,000 
20,000 
50,000 

$340,000 
80,000 
80,000 

$500,000 

$ 110,000 
55,000 
40,000 
95,000 

145,000 
$445,000 

75,000 
75,000 

$595,000 

$150,000 
25,000 
75,000 

425,000 
$675,000 

100,000 
100,000 

$875,0~ 

a) Note: Tap fees have not been included in the estimate. Present rates for 3A-inch 
taps within the City limits are approximately $1,000 per residence. 
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TABLE 12B 

PRELIMINARY WATER SUPPLY ALTERNAnVES AND 
MONTHLY OPERATING COST COMPARISONS 

Estimated Annual COSf)b) 

1 ) Spring Enlargement 

Labor, Certified Operator (2 hours per day) 
Chemicals, Supplies 
Laboratory Testing 
Power 
Equipment Replacement 

TOTAL 

2) Deep Well 

Labor (Y2 day per week) 
Chemicals (Chlorine) 
Laboratory Testing 
Power 
Equipment Replacement 

TOTAL 

3) Extension of Dubois City Water 

Labor (1 hour per day) 
Power 
Equipment Replacement 

TOTAL 

$ 20,000 
3,000 
5,000 
4,000 

12,000 

$ 45,000 

$ 5,500 
500 

2,000 
10,000 

5,000 

$ 23,000 

$ 9,500 
13,000 
10,000 

$ 32,500 

Notes: a) An additional $5,000 per year should be included for each alternative for 
distribution system repairs and system contingencies. 

b) An estimated additional annual cost of $5,000 should be budgeted for each 
alternative for maintenance and power if an above-ground steel storage tank is 
selected. 

41 



TABLE12C 

PRELIMINARY WATER SUPPLY ALTERNAnVES 
AND MONTHLY COST COMPARISONS 

ESTIMATED COST PER RESIDENCE PER MONTH 
(WATER SUPPLY FACILITIES ONLY) 

Spring 
Enlargement Deep Well Dubois 
Filtration (Hart Reservoir) Extension 

DEBT RECOVERya) $8.28 $9.86 $14.50d
) 

ANNUAL MAINTENANCEb
) $93.75 $47.92 $67.71 

USER FEEse) 

TOTAL 

NOTES: 

($39.06) ($19.97) ($28.21) 

-0- -0- $14.71 

$102.03 $57.78 $96.92 
($47.34) ($29.83) ($57.42) 

a) Debt Recovery is based upon 33% of the estimated capital cost shared equally 
among 96 property owners, based upon a 40/0, 30-year WWDC loan. The 
remaining 670/0 is assumed to be funded by a WWDC grant. (See Table 12A for 
capital costs). 

b) Annual operation and maintenance (for water supply system only) are based 
upon costs shared equally among 40 residences at start of project. Number in 
parentheses represents 96 residences at full buildout (See Table 12B for costs). 

c) User Fees based upon Town of Dubois 1993 rates within city limits of $8.65 
per month for the first 6,000 gallons and $0.85/1 ,000 gal over 6,000 gallons, and 
an average use rate of 125 gpd with 3.5 persons per house (13,125 gal per 
month). 

d) Debt Recovery for the Dubois Extension does not include tap fees. Current 
81n-Town· tap fees are approximately $1,000 per residence for a 3.4 inch tap. 
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TABLE 13 
KEY ISSUES AFFECTING WATER SUPPLY ALTERNATIVES 

1 SPRING ENLARGEMENT / FILTRATION 
• District must obtain control of water rights to insure adequate flow. 

• Highest operation and maintenance cost for treatment, testing, and operator. 

• More complicated operation involving filtration equipment and chemical addition. 

• Minimum of a two hour chlorine contact time required. 

• Forest Service permitting for an expanded spring site. 

• Unreliable supply for long term domestic water source. 

• Difficult construction at the spring site: heavily wooded, rocky, steep. 

2 DEEP WELL 
• High capital cost. 

• Lowest operation and maintenance cost. 

• Easement(s) for well site, transmission line, power lines. 

• Water may be warm, hard and high in dissolved solids. 

• High initial cost to bring three-phase power from State Highway 26/287. 

• Uncertain aquifer capabilities. 

3 EXTENSION OF DUBOIS CITY WATER 
• Highest capital cost and high operation and maintenance cost. 

• Two booster pump stations required with a total pumping head of over 1300 feet. 

• Need for three-phase power at both booster station locations. 

• Long transmission line (17,000 feet). 

• Easements for transmission line, booster stations. 

• Dubois tap fees and monthly user fees. 

• Wind River Channel crossing. 
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For purposes of this preliminary study, buried concrete tanks are recommended for the 
Upper Little Warm Springs Water System for several reasons: 

1 . They require less maintenance and have a longer life which is especially 
important to small water systems which have few users to share costs. 

2. A buried tank provides better protection from freezing problems in cold 
climates, particularly on systems sized for future growth and receive 
limited circulation. 

3. They are more acceptable to surrounding property owners and aesthetically 
much easier to site in scenic areas such as Upper Little Warm Springs 
where there is little vegetation to screen an above-ground faCility. 

Three alternatives and preliminary cost estimates involving buried concrete tanks are 
presented in Table 14A. Alternative 1 involves no tank enlargement and assumes that the 
DEQ would allow the existing system to operate without complying with the current 
regulations. A standby power facility is included in this alternative to improve system 
reliability because of the limited storage volume. 

Alternative 2 proposes a nominal 200,000 gallon buried concrete storage tank which will 
satisfy DEQ minimum standards for 96 lots at full buildout with a single well source and 
no standby power. A single tank would be constructed at the upper end of the subdivision 
(adjacent to the 15,000 gallon tank), replacing the two existing steel tanks. If the water 
system is looped as recommended, as many as three pressure reducing stations would 
be required with this alternative to control pressure at the lower elevations. 

Alternate 3 is similar to Alternative 2 with an increase in tank size to 300,000 gallons to 
satisfy minimum DEQ requirements plus fire protection needs. Fire storage is estimated 
to be up to 1 ,000 gallons per minute for two hours or 120,000 gallons. The two existing 
steel tanks would similarly be abandoned with the installation of pressure reducing stations 
for the lower elevations as in Storage Alternative 2. 

Table 148 presents, for comparison purposes, estimated construciton costs for above 
ground steel storage tanks based upon the same sizing criteria presented for the buried 
concrete tanks. Although preliminary capital costs are slightly more than half the cost of 
a buried concrete tank, overall annual maintenance costs would increase by an estimated 
$5,000 to cover painting and power costs for frost protection. 

C. Transmission/Distribution System 

Improvements to the water transmission/distribution system are seen as secondary to 
upgrading the water supply and storage facility, particularly since test excavations 
performed in August, 1993 did not reveal any major deficiencies. However, the reliability 
of the existing water distribution system would over time benefit from the installation of 
additional looping to eliminate dead ends and a municipal grade water line with flexible 
joints buried sufficiently deep to prevent freezing. 
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TABLE 14A 

PREUMINARY WATER STORAGE TANK ALTERNATIVES 
AND CAPITAL COST COMPARISONS 

(BURIED CONCRETE TANK) 

Estimated Cost 
1) No Enlargement 

Standby Power Generator with Enclosure 
Adjacent to Booster Pump Station or Well Site 

Engineering 
Contingency 

TOTAL 

2) 200,000 Gallon Buried Concrete Storage Tank / No Fire Protection 

Excavation 
Tank Construction 
Pressure RedUCing Stations (3) 

Subtotal 

TOTAL 

Engineering 
Contingency 

3) 300,000 Gallon Buried Concrete Storage Tank with Fire Protection 

Excavation 
Tank Construction 
Pressure Reducing Stations (3) 

Subtotal 

TOTAL 

Engineering 
Contingency 

$ 60,000 

15,000 
15,000 

$90,0008
) 

$ 80,000 
250,000 

30,OQO 
$370,000 

60,000 
60,000 

$490,000 

$100,000 
350,000 

30,000 
$480,000 

70,000 
70,000 

$620,000 

Note: a) A second generator facility would be required for the Dubois Extension for 
the second booster pump station at an additional estimated cost of $90,000. 
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TABLE 148 

PREUMINARY WATER STORAGE TANK ALTERNATIVES 
AND CAPITAL COST COMPARISONS 

(ABOVE GROUND STEEL TANK) 

1 ) No Enlargement 

Standby Power Generator with Enclosure Adjacent to 
Booster Pump Station(s) or Well Site 

Engineering 
Contingency 

TOTAL 

2) 200,000 Gallon Above-Ground Steel Storage Tank/No Fire Protection 

Site Preparation 
Concrete Footing 
Steel Tank/Piping 
Pressure Reducing Stations (3) 

Subtotal 

TOTAL 

Engineering 
Contingency 

3) 300,000 Gallon Above-Ground Steel Storage Tank Wjth Fire Protection 

Site Preparation 
Concrete Footing 
Steel Tank/Piping 
Pressure Reducing Stations (3) 

Subtotal 

TOTAL 

Engineering 
Contingency 

Estimated Cost 

$60,000 

15,000 
15,000 

$90,0008
) 

$20,000 
30,000 

110,000 
30,000 

$190,000 
40,000 
40,000 

$270,000 

$20,000 
40,000 

160,000 
30,000 

$250,000 
50,000 
50.Qoo 

$350,000 

NOTE: a) A second generator facility would be required for the Dubois Extension for the 
second booster pump station at an additional estimated cost of $90,000. 
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Alternative 1 would maintain the eXisting distribution system In its present condition with 
minor upgrades in the form of new drain lines, blow-offs, and air release valves. The 
available information indicates that the existing system can satisfy domestic flow needs 
of the District. 

Alternative 2 would involve extension of the water system to all lots within the existing 
service area and the installation of loop lines to eliminate dead ends and provide better 
circulation for frost protection. Because of the long distances involved and fact that a 
majority of the cost is associated with trenching, bedding and backfill, a six-inch minimum 
line size is recommended. This size line provides the greatest long term flexibility and the 
opportunity to add fire hydrants in the future. 

Alternative 3 provides for the complete replacement of the water distribution system with 
a minimum of six-inch municipal grade water mains and the installation of fire hydrants. 
This alternative also serves only the 96 lots within the existing service area. Cost 
estimates for all three alternatives appear in Table 15. 

D. Recommended Alternative. 

From the standpoint of obtaining a reliable water source in a reasonable time frame, the 
deep well supply alternative is recommended. This option allows the Upper Little Warm 
Springs Water District the opportunity to obtain their own independent water source that 
can service the long term needs of the area without going outside of the existing district 
boundary. Although there are no similar deep wells in the area, the geology is favorable 
to provide a well which can satisfy long term peak day flows requiring a sustained yield 
of 125 gallons per minute. The Hart Reservoir site is used for the purpose of this analysis 
since access is more readily available. 

The spring enlargement option appears less expensive from a capital cost perspective but 
is plagued with uncertainties regarding long term yields, water rights issues and water 
quality. This option would also require a properly certified operator to perform daily water 
quality testing and system maintenance. Costs for chemicals and equipment replacement 
would be higher. Monthly fees, which are heavily impacted by annual operating costs, 
would be much higher because of the small population base served by the system. 

Extension of the Dubois City Water System would provide a reliable long term source but 
at a much higher capital and annual operating cost. This option would require two high 
pressure booster pump stations, a long high pressure transmission line and a dependency 
on the City of Dubois with regard to both the availability and cost of water. There is also 
potential with this alternative for delays since the City of Dubois has yet to determine the 
boundaries of outlying areas they wish to serve with their utilities. This does represent the 
most reliable long term fallback alternate if a deep well is unable to meet the Districts 
requirements. 
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TABLE 15 

PREUMINARY TRANSMISSIONIDISTRIBUnON SYSTEM ALTERNATIVES 
AND CAPITAL COST COMPARISONS 

1) No Expansion 
Install New Drains / Blow Ofts 
Install New AirNacuum Release Valves 
Miscellaneous Improvements 

Subtotal 
Engineering 
Contingency 

TOTAL 

2) Looping and Extensions within Existing Service Area 

New Distribution Lines 
New Water Services 
Miscellaneous Repairs 

Subtotal 
Engineering 
Contingency 

TOTAL 

Estimated Cost 

$ 15,000 
10,000 
10,000 

$ 35,000 
7,500 
Z&QQ 

$ 50,000 

$300,000 
25,000 
25,000 

$350,000 
50,000 
50,000 

$450,000 

3) New Distribution System with Fire Hydrants within Existing Service Area 

New Distribution Lines 
Replacement Distribution Lines 
Reconnect Existing Services 
New Water Services 
Fire Hydrants 

Subtotal 
Engineering 
Contingency 

TOTAL 
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$ 300,000 
500,000 

25,000 
25,000 
70,000 

$920,000 
125,000 
125,000 

$1,170,000 



To satisfy long term storage needs, a 200,000 gallon buried concrete tank is 
recommended for alternates which do not anticipate fire protection. This tank would 
satisfy DEQ standards for up to 100 residences with one well, up to 200 residences with 
two wells and as many as 450 dwellings if two wells with standby power facilities are 
provided. As previously discussed, a buried concrete tank design is preferred to help 
prevent freezing problems, reduce maintenance, and minimize visual impacts. If fire 
protection is anticipated, a larger tank should be considered although, with a second well 
and standby power, the 200,000 gallon tank could provide a two hour - 1,000 gallon per 
minute fire flow and meet DEQ storage requirements for up to 180 residences. 

To help improve the reliability and efficiency of the existing distribution system and help 
prevent freezing problems, several extensions within the service area and line looping is 
recommended. The primary purpose is to insure access to all lots within the service area 
and provide better circulation to eliminate dead ends. All new lines would be a minimum 
of six inches in size to allow the possibility of a future upgrade to provide fire protection. 
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VII. CONCEPTUAL DESIGN AND COST ESTIMATE 

Figure 9 illustrates in conceptual form the proposed water supply alternative with a deep 
well and submersible pump discharging through a dedicated transmission line to an 
elevated storage facility sited at the upper southwest corner of the Warm Springs service 
area in the vicinity of the existing 15,000 gallon tank. A small control building is shown 
adjacent to the deep well site which houses the electrical controls, control valves, and 
hypochlorinator system. The Hart Reservoir well site is used for the purpose of this 
analysis. Figure 10 shows a preliminary plan including distribution system extensions and 
line looping for the recommended alternative. Conceptual designs for the proposed supply 
well, chlorine/control building and storage tank appear in Figures 11, 12 and 13. No 
generator is proposed in the recommended alternative as an adequately sized storage 
tank is anticipated. However, the control building will be designed to facilitate the future 
addition of a standby power generator should this become necessary. 

Table 16 presents an itemized cost estimate for the entire recommended alternative 
including projections for annual operation and maintenance. The total cost for this 
alternative is $1,535,000 with an estimated annual operating cost of $28,000. Operating 
costs assume a part-time operator spending approximately one-half day per week on the 
system. Power costs are based upon an average daily use of 35,000 gallons per day 
pumping 125 gallons per minute at a total head of 1,000 feet. The annual operating costs 
are presented for budgeting purposes only as the actual fees will be controlled by the 
Upper Little Warm Springs Water District. 

The Wyoming Water Development Commission typically funds the drilling and testing of 
exploratory wells separately. This is to insure that the well is adequate before the Water 
District takes over any payment responsibilities or commits to related improvements such 
as the water transmission line and three-phase power. Estimated costs for the 
construction of an exploratory well, associated studies, and engineering are presented in 
Table 17. All costs listed in Table 17 are included in the overall cost for the deep well 
water supply alternative presented in Table 16. 
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FIGURE 11 
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TABLE 16 

PREUMINARY COST ESTIMATE 
RECOMMENDED ALTERNATIVE 

I) CAPITAL COSTS 

A) Water Supply - Deep Well 

Well Drilling , Testing 
Well Pump/Electrical Controls/Piping 
Chlorination System/Control Valves/Building 
Three Phase Power 
Transmission Line 

Engineering 
Contingency 

B) Storage - 200,000 Gallon Buried Concrete Tank 

Excavation 
Tank Construction 
Pressure Reducing Stations (3) 

Engineering 
Contingency 

Estimated Cost 

110,000 
55,000 
40,000 
95,000 

145.000 
445,000 

75,000 
75.000 

$595,000 

80,000 
260,000 

30.000 
370,000 

60,000 
60.000 

$490,000 

C) Transmission/Distribution - Line Looping/Minor Extensions 

II) 

New Transmission/Distribution Unes 
Water Service Connections 
Miscellaneous Repairs 

TOTAL 

Engineering 
Contingency 

OPERATION AND MAINTENANCE - Cost per Year 
Labor, Part-Time Operator 
Chemicals 
Laboratory Testing 
Power 
Equipment Replacement, Contingency 
Distribution System Repairs 

TOTAL 

56 

300,000 
25,000 
25.000 

350,000 
50,000 
50.000 

$450,000 

$1,535,000 

$ 5,500 
500 

2,000 
10,000 
5,000 
.SJlgQ 

$28,000 



TABLE 17 

PRELIMINARY COST ESTIMATE FOR 
LEVEL II EXPLORATORY WELL 

-1994 CONSTRUCTION-

ENGINEERING. PERMITTING, LEGAL 

Preparation of Well Design, Specifications, Siting Study 
Permitting 
Legal Fees 
Easements 

TOTAL 

CONSTRUCTION COSTS 

Well Construction 
Aquifer TestinglWater Quality Testing 

TOTAL 

Construction Administration (100/0) 
Contingency (15%) 

PROJECT COST TOTAL 

Estimated Cost 

$20,000 
5,000 
5,000 

15,000 

$ 45,000 

$ 75,000 
20,000 

$95,000 

10,000 
15,000 

$ 120,000 

$165,000 

NOTE: All costs listed for exploratory well construction are included as a part of the total 
capital cost estimate for the deep well presented in Tables 12 and 16. If 
successful, the exploratory well would be incorporated into a production well for 
the District. 
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VIII. ECONOMIC ANALYSIS 

This section provides a preliminary analysis of the range of costs associated with the 
recommended altemative that each user may experience assuming the typical water 
system facility funding is available from a combination of Wyoming Water Development 
Commission (WWDC) and Wyoming Farm Loan Board (WFLB) sources. It is important 
to note that the costs presented are preliminary and subject to change as the designs are 
further refined and funding scenarios are detailed. Also, certain components of the water 
distribution/transmission system mayor may not be eligible for the higher percentage 
grant funding. In addition, portions of the engineering studies are paid entirely by the 
WWDC. The longest acceptable payback term (30 years) was used in the analysis. 

The following is a summary of the factors and assumptions used in the preliminary 
economic analysis: 

1. WWDC Funding (For the recommended Water Supply System, Storage 
Facilities and Transmission Lines) 
Grant: 67% of Capital Cost 
Loan: 33% of Capital Cost, 30 Years at 4% 

2. WFLB Funding (For all recommended improvements not eligible for WWDC 
funding such as service connections) 
Grant: 50% of Capital Cost 
Loan: 500/0 of Capital Cost, 30 years at 8~0/0 

3. Debt Service for the Improvements is distributed equally among ~ lot 
owners. 

4. The annual operation and maintenance cost is distributed equally among 
occupied lots only. A total of 40 existing occupied lots is assumed. 

A preliminary analysis is presented in Table 18 showing estimated monthly charges per 
lot for each of the three system components and annual operation and maintenance. 
Total grant and loan amounts and their sources are also presented. 

Using these assumptions, annual operation and maintenance costs are approximately 
two-thirds of the total monthly fee for occupied lots. Justification exists to place some of 
this responsibility on the vacant lots who benefit from the existence of the system. (The 
properties are of little value without a viable water system.) Also, experience may show 
that overall operation costs may be reduced as the system becomes more routine. 
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NOTE: 

A. 

B. 

C. 

TABLE 18 

UPPER LITTLE WARM SPRINGS 
COST ANALYSIS FOR RECOMMENDED ALTERNATIVE 

Water Supply 
Capital Cost 
WWDC Grant @ 67% 
WWDC Loan @ 33% (40/0, 30 years) 
Annual Debt Service 
Charge per Lot Per Month 

Storage 
Capital Cost 
WWDC Grant for 67% 
WWDC Loan for 330/0 (40/0, 30 years) 
Annual Debt Service 
Charge Per Lot Per Month 

Transmission / Distribution 
Capital Cost - Transmission Lines 
WWDC Grant for 67% 
WWDC Loan for 33% (4%, 30 years) 

Capital Cost - Service Connections, Miscellaneous 
WFLB Grant for 500/0 
WFLB Loan for 500/0 (8Y20/0, 30 years) 

Total Annual Debt Service 
Charge Per Lot Per Month 

TOTAL IMPROVEMENTS 
Capital Cost 
WWDCIWFLB Grants 
WWDCIWFLB Loans 
Annual Debt Service 
Charge Per Lot Per Month 

ANNUAL OPERATION AND MAINTENANCE 
Charge to Occupied Lots per month 
Charge to Vacant Lots per month 

TOTAL MONTHLY COSTS PER LO,-s> 
Occupied Lots 
Vacant Lots 

$595,000 
$398,650 
$196,350 

$11,355 
$ 9.86 

$490,000 
$328,300 
$161,700 

$9,351 
$8.12 

$370,000 
247,900 
122,100 

$ 80,000 
$40,000 
$40,000 

$10,784 
$9.36 

$1,535,000 
$1,024,850 

$510,150 
$31,490 

$27.34 

$28,000 
$58.33 

$0.00 

$85.67 
$27.34 

a) Monthly charges per lot are based upon 96 total lots with 40 lots occupied 
and assumes 12 equal payments on the total annual debt service. 
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APPENDIX A 

UPPER UTTLE WARM SPRINGS WATER DISTRICT 
LOTS WITHIN EXISTING SERVICE AREA 

LOT # NAME ADDRESS STATUS 

B Glennl Allen Jackson, Wyoming 

04 Wilhite Dubois, Wyoming H* 

05 Wilhite Dubois, Wyoming 

06A Garwood Dubois, Wyoming H 

06B Wilhite Dubois, Wyoming 

07 ? ? 

08 Watt Riverton, Wyoming 

09 Brohn Riverton, Wyoming 

10 Brohn Riverton, Wyoming 

11 Brohn Riverton, Wyoming 

12 Brohn Riverton, Wyoming 

13 Barnwell Dubois, Wyoming H* 

14 Woolace Monroe, Michigan 

15 Woolace Monroe, Michigan 

16 Booher Dubois, Wyoming H* 

17 Odom Dubois, Wyoming 

18 Odom Dubois, Wyoming H* 

19A Phillips Lincoln Wood, Illinois 

19B Puteck Buffalo Grove, Illinois 

20 Groutage Brimerton, Washington 

21 Weber Riverton, Wyoming 

22 Hartman Dubois, Wyoming H* 

23 Garrett Casper, Wyoming 

24 Matlack Riverton, Wyoming H 

25 Landeis Cody, Wyoming 

26 Adell Casper, Wyoming H* 

27A KnowlesfTomback Denver, Colorado 

27B Clark Dubois, Wyoming 

NOTES; H = House on Lot 
* = Occupied August 4 & 5, 1993 
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LOT # NAME ADDRESS STATUS 

28A Knowles/Tomback Denver, Colorado 

28B Clark Dubois, Wyoming 

29 Lind South Holt, Missouri 

30 Weber Riverton, Wyoming 

31 Garwood Dubois, Wyoming H* 

32 Phillips Lincoln Wood, Illinois H* 

33A Phillips Lincoln Wood, Illinois 

33B Puteck Buffalo Grove, Illinois 

34 Puteck Buffalo Grove, Illinois 

40 Terry Greeley, Colorado 

41 Gnagy Casper, Wyoming H 
42 Itnyre San Bernardino, Ca H 

43A Baty Moravia, Iowa 

43B Radkey Dubois, Wyoming 

44 Connally Dubois, Wyoming H* 

45A Johnson Durango, Iowa 

45B Itnyre San Bernardino, Ca 

46 Nickel Delafield, Wisconsin 

47 Proctor/Munrd Fairport, New York H 

48 Nesset Dubois, Wyoming H* 

49 Duffy Burr Ridge, Illinois 

50 Duffy Burr Ridge, Illinois 

51 Harnsberger, Jr. Phoenix, Arizona 

52A Killion, K. Seward, Alaska 

52B Killion, B.T. Dubois, Wyoming H 

53A Killion, K. Seward, Alaska 

53B Killion, B.T. Dubois, Wyoming 

54A Killion, K. Seward, Alaska 

54B Killion, B.T. Dubois, Wyoming 

55 Hitchcock Dubois, Wyoming H* 

NOTES; H = House on Lot 
* = Occupied August 4 & 5, 1993 
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LOT # NAME ADDRESS STATUS 

56 Wilkinson Dubois, Wyoming 

57 Ritchie Shoshoni, Wyoming 

58 Koegler Dubois, Wyoming H* 

59A Heald Riverton, Wyoming H* 

59B Vernon West Bloomfield, Michigan 

60 Harwell Philadelphia, Pennsylvania 

60B Vernon West Bloomfield, Michigan H 

62 Stewart Dubois, Wyoming 

63A Stewart Dubois, Wyoming H* 

63B Tattersall Fern Park, Florida 

64 Amick Arroyo Seco, New Mexico 

65B Vernon West Bloomfield, Michigan 

66 Bates Perry, Kansas 

67 Koegler Dubois, Wyoming 

68 Waid Helendale, California 

72 Tattersall Fern Park, Florida 

73 Tattersall Fern Park, Florida H* 

74 Tattersall Fern Park, Florida 

75A Stewart Dubois, Wyoming 

75B Novotny Riverton, Wyoming 

75C Fritzler Dubois, Wyoming H* 

76A Stewart Dubois, Wyoming 

76B Novotny Riverton, Wyoming H* 

n Modreske Wayland, Michigan 

78 Morley Pleasanton, Califomia H 

79 Breeden Fort Worth, Texas 

80 Larson Niles, Michigan 

81 Larson Niles, Michigan 

82 Arpen Jacksonville, Florida 

83 Damveld Dubois, Wyoming H* 

NOTES; H = House on Lot 
* = Occupied August 4 & 5, 1993 
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LOT # NAME ADDRESS STATUS 

84 Mortey Pleasanton, California 

99 Neary Dubois, Wyoming 

100A Koegler Dubois, Wyoming 

100B Ciocarlan Lancaster, California H 

101 Ciocarlan Lancaster, California 

102 Spriggs Lander, Wyoming H* 

103 Kutzer Galt, California 

104 Olson Dubois, Wyoming H* 

105 Morecock Charlotte, North Carolina 

106 Cortin Glyn Ellyn, Illinois H* 

107 Heron Dubois, Wyoming 

108 Heron Dubois, Wyoming H* 

109 Fischer Dubois, Wyoming H* 

110 Gale Dubois, Wyoming H* 

111 Odom Dubois, Wyoming 

112 Woerz Dubois, Wyoming H* 

113 Hannelly Dubois, Wyoming H* 

114 Hannelly Dubois, Wyoming 

115 Powell Bakersfield, California H 

116 Otto Rawlins, Wyoming 

117 Powell Bakersfield, California 

118 Powell Bakersfield, California 

119 Geiger Dubois, Wyoming H 

120 Randolph Kingwood, Texas 

121 Randolph Kingwood, Texas 

TOTAL LOTS: 96 (Not including splits, A, B, etc.) 

TOTAL EXISTING HOUSES: 38 (Includes two houses under construction) 

TOTAL OCCUPIED: 26 (August 4 & 5, 1993) 

NOTES: H = House on Lot 
* = Occupied August 4 & 5, 1993 
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UPPER UTTLE WARM SPRINGS SUBDIVISION 
WYOMING WATER DEVELOPMENT COMMISSION 

LEVEL II FEASIBIUTY STUDY 
FOR WATER SYSTEM IMPROVEMENTS 

Wyoming Water Development Commission 
Herschler Building, Fourth Floor, West Wing 
Cheyenne, Wyoming 82002 Evan Green, Project Manager 

Jorgensen Engineering and Land Surveying, P .C. 
P.O. Box 1142/265 East Simpson Street 
Jackson, Wyoming 83001 

Bob Ablondi, Project Manager 
Matt Ostdiek, Project Engineer 

Bern S. Hinckley Consulting 
508 South 11 th 
Laramie, Wyoming 82070 Bern Hinckley, Project Geologist 

1) 

2) 

3) 

4) 

SCOPING MEETING AGENDA 
May 24,1993 

Wyoming Water Development Commission - Evan Green 
Feasibility Study Process 
Project Eligibility 
Possible Loan / Grant Combinations 

Study Objectives - Bob Ablondi 
A) Evaluate Existing Water System - Bob Ablondi 

- Condition of Existing System 
- Supply Spring Assessment 
- Flow/Pressure Analysis 
- Treatment Requirements 

B) Evaluate Alternative Water Supplies - Bern Hinckley 
- Shallow Alluvium Wells 

Deep Bedrock Wells 
- Wind River Alluvium 
- Town of Dubois 

C) Recommended Improvements / Final Report 
- Conceptual Designs 
- Preliminary Cost Estimates 
- Funding / Pay Back Analysis 

D) Schedule' 
- Draft Rehabilitation Plan - August 6, 1993 
- Draft Final Report - October 1, 1993 
- Final Report / Executive Summary - November 1, 1993 

Questions / Comments from Audience: 

Adjourn 

Problems Experienced with Existing Water System 
Well Development Experience (Good and Bad) 
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Wyoming Water Development Commission 
Upper Little Warm Springs Water Project 
Level II Feasibility Study 
Project No. 93056.00 

SCOPING MEETING MINUTES 

May 24,1993 
Dubois Town Council Chambers 

The scoping meeting began with an introduction by Evan Green, Project Manager for the 
Wyoming Water Development Commission. Mr. Green explained that there is no financial 
commitment by the Water Board or Homeowners Association for costs associated with the study. 
The feasibility study is being totally funded by the State of Wyoming. The WWDC currently has 
funding programs for eligible water development projects. The WWDC will fund water supply 
sources and transmission lines, but does not fund distribution mains or service lines. Typical 
funding combinations offered for water supply projects have been 670/0 by grant and 33% by loan. 
Evan mentioned informational questions should be directed to his office (phone number 777-
7626). 

Project Manager, Bob Ablondi, presented Jorgensen Engineering's role and approach to the 
project. Mr. Ablondi stated that Jorgensen Engineering would be working with two geologists, 
Bern Hinckley and Scott Mefford, to analyze groundwater development alternatives and feasibility 
for water supply. The feasibility study is just getting underway and final reports are to be 
completed in October and November. 

Mr. Ablondi explained that the study will evaluate the entire water system including the spring 
supply source, chlorination system, storage reservoirs, and the transmission and distribution 
facilities. Considering the winter water shortage experienced by the subdivision, alternatives to 
replace or supplement the existing supply spring will be investigated. The study will also evaluate 
the potential to develop a shallow well to provide water on a short term basis until a long term 
water supply source is determined, funded and constructed. Mr. Ablondi explained that 
construction of a long term project would not be expected to start until late 1994 at the earliest 
considering the current State of Wyoming procedures and funding schedules. 

Evan Green explained that the State would participate with funding to excavate test pits near the 
spring source that would be incorporated as part of the feasibility study. Items associated with 
an in-depth test pit investigation for the sole purpose of developing short term spring 
improvements or shallow well development would be the Water Board's responsibility. The State 
would not participate in a quick-fix, short term spring improvement or shallow well development 
effort with the funds appropriated for the feasibility project. 

Bob Ablondi explained that Jorgensen Engineering had obtained historical information on the 
Upper Little Warm Springs Water System from Inberg-Miller Engineers in Riverton. The 
information will be studied and used to help evaluate the existing water system. Leakage testing 
will consist of night time flow monitOring valves to identify the magnitude of leakage problems 
associated with the system's water line segments. Water system pressures Viill be analyzed to 
determine locations that might be subject to water hammer and that are most likely to have higher 
leakage potential. The water quality will be analyzed to determine chlorination and treatment 
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needs and corrective methods that may be required. The study is looking for water supply 
solutions for the subdivision at buildout conditions. The study will likely consider a phased 
improvement project schedule that could be coordinated with the development rate of the 
subdivision. 

Kay Connally questioned the legal exposure of committing to an improvement project. She 
mentioned they have had a hard time collecting fees in the past. There are a lot of vacant lots 
that may be reluctant to pay higher fees. 

Evan Green explained that the State would require a collateral project agreement before funding 
an improvement project. The agreement would require a repayment plan and would allow the 
State to relinquish the water rights if the District defaulted on the loan. The feasibility study will 
analyze payback ability to retire the debt. A District has the right to assess property for 
improvements through the County tax rolls. Bob Ablondi also mentioned that the board can 
pursue delinquent payments within a set limit through small claims court. 

An audience member stated the board should know exactly how much water was being used last 
winter from the truck haul count and measured spring flow rate. Bob Hitchcock, Water Board 
Chairman, stated there are no firm results because of the difficulty with measuring the tank 
volume at different water levels and because a portion of the water comes from the spring. 

Bern Hinckley t project geologist, discussed well drilling options. Bern mentioned that some short
term options include expanding the existing spring collection system and drilling a shallow well 
near Upper Little Warm Springs Creek. 

Evan Green mentioned the water source options need to consider serving the existing residents, 
the 80 members of the district, and possibly up to 200 residences at subdivision buildout. Evan 
indicated that the existing water source appears to be surface water. The EPA has stringent 
water quality and testing requirements for surface water sources. It is very likely that the District 
will be required to begin filtering the spring water if it continues to be used. 

Bern Hinckley stated that the spring is not capable of supporting the entire subdivision. The 
spring is limited as a short term supply option. The drainage area above the spring is only about 
two square miles with alluvium ranging in depth from about 5 to 15 feet. With only about 10% 

of the precipitation being potential ground water, the spring is estimated to be capable of 
producing about 20 gallons per minute (gpm) on a long term basis, which is not sufficient for the 
long term needs. 

Mr. Hinckley indicated that deeper wells could produce larger quantities of water with yields in the 
range of about 100 gpm. The deep wells would have to reach deep, saturated and fractured 
limestone formations. There are warm springs in the area at elevations of 7,200 to 7,300 feet and 
would be 600 feet or deeper. Mr. Hinckley said he had heard rumors that there have been 
successful deep wells above the Wind River. 

The audience was asked to share any information regarding well drilling experience in the area. 
The following statements were offered: 

The Taylors have a well down below the subdivision that was developed about 
three years ago. Nordwick Drilling was believed to be the well driller. 
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The subdivision developers drilled fairly large diameter wells that were dry 
holes. These wells are probably recorded with the State Enginee~s Office. 

This past spring, two wells were drilled in the area to depths of 83 feet and 102 
feet were dry holes. 

There is a well known as the chimney well which produces warm water and is 
very deep. 

A cabin on the right side of the road entering the subdivision has its own well. 

The creek surfaces on the west property line of Lot No.4. The hole was 
related to the landslide. 

Bob Hitchcock stated that Grandy Reservoir seems to influence the water 
supply spring. The subdivision experienced water shortages during winters of 
1985-86 and 1992-93 when the reservoir had been completely drained. 

Kort Anderson installed a new handle on the reservoir outlet gate. He irrigates 
from the reservoir and is aware of its operation. Water flows out of the 
reservoir into a boggy area that feeds clear springs water. 

Lloyd Clark is knowledgeable about the reservoir and spring. He is the former 
Water District Chairman. 

During spring runoff the spring water supply has a tanlbrown color. 

The overflow at the spring had been crushed and was frozen. Spring was 
producing close to 20 gpm and up to 28 gpm during latest measurements. 

During the 1984-85 winter the pipeline froze under the creek and the 
subdivision was without water for three to four months. There were not that 
many people living in the subdivision during the winters at that time. There was 
probably less leakage at that time also. 

The benefits of modifying the existing spring intake versus pumping from a shallow well were 
questioned. Bob Ablondi explained that a shallow well would produce water with less turbidity 
and would more likely conform to the EPA requirements. Modifications to the spring collection 
system may require pumping if the intake lines are lowered. A shallow alluvium well could 
function separately or supplement the spring supply. It was noted that extending or modifying the 
current water supply intake structure would require a Forest Service Special Use Permit 
amendment that would require approximately 60 days to process. 

Evan Green explained the WWDC's funding cycle. The WWDC decides which projects are to be 
funded and funding amounts during November of each year. The legislature is presented a 
funding request package by the WWDC during January of the following year. 

Evan Green stated the WWDC will fund test wells at no cost to the District. However, the WWDC 
requires a very thorough test well program that could cost as much as about three times the cost 
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of drilling the well. The WWDC also requires extensive geological and engineering investigations 
before the well is drilled. The drilling operation is closely monitored and logged. 

Considering the WWDC funding schedule, a test well program would not be started until 1994. 
If the test well was successful, construction of water system improvements would not be started 
until 1995. If the test well was converted to a production well, the subdivision would have to 
reimburse the State for one-third of the drilling cost in accordance with their standard funding 
arrangement. 

The following comments were offered at the end of the meeting: 

Last year the District spent about $10,000 hauling water from the Town of 
Dubois. 

The purpose of the feasibility study is to identify the most economic, technically 
feasible, and probable water supply option. 

The State funding source for WWDC programs is Mineral Severance taxes. 

There are a lot more homes scheduled to be built this year. 

The homeowners would believe that fire protection should be considered as 
part of the feasibility study. 

Fire flows normally require a minimum line size of six inches in diameter. 

Irrigation flow requirements need to be considered in the feasibility study as 
they comprise a large portion of the peak flow. 

The Farm Loan Board is another funding source that might be utilized to fund 
an improvement program. They normally require water meters. Water systems 
have a higher priority over other Farm Loan Board projects. 

The water system is only for the 99 lots in the Water District. Some people 
own several lots. 

The Upper Little Warm Springs Subdivision Homeowners Association meets on 
the second Tuesday of each month. Ken Fischer is the current president of the 
Homeowners Association. 

Lot No.4, owned by Wilhites, has a number of springs surfacing on the 
property. 

Meeting adjourned around 9:00 P.M. 
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NAME 
Gain R. Epp 
Jared P. Nesset 
Margy Nesset 
Elizabeth Bornwell 
Jim Knowles 
Ken Fischer 
Marilyn Fischer 
Kay Connally 
Ben Weeks 
Kenny Hartman 
Tom Aadkey 
Budd Betts 
Bruce Fritzler 
Floyd Phillips 
Mark Gale 
Daniel Woerz 
Joseph Oswald III 
Jack Seaton 
Gerald Hannelly 
Jane L. Hannelly 
Bob Hitchcock 
Dina Wilhite 

UPPER UTTLE WARM SPRINGS - SCOPING MEETING ATTENDANCE 
PROJECT NO. 93056.00 

MAY 24,1993 

ADDRESS 
P.O. Box 1124 Dubois 
P.O. Box 1496 Dubois 
P.O. Box 1496 Dubois 
P.O. Box 203 Dubois 
2no S. Elmire Denver, CO 
150 Soda Springs Dr. Dubois 
150 Soda Springs Dr. Dubois 
P.O. Box 395 Dubois 
P.O. Box 614 Dubois 
P.O. Box 643 Dubois 
P.O. Box 32 Dubois 
P.O. Box 929 Dubois 
P.O. Box 1267 Dubois 
P.O. Box 963 Dubois 
P.O. Box 1418 Dubois 
P.O. Box 963 Dubois 
P.O. Box 1281 Dubois 
H031 Box 7 Crowheart 
P.O. Box 283 Dubois 
P.O. Box 283 Dubois 
P.O. Box 612 Dubois 
P.O. Box 1041 Dubois 

PHONE # 
307-455-2426 
307-455-2911 
307-455-2911 
307-455-2761 
303-751-8020 
307-455-2302 
307-455-2302 
307 -455-3414 
307 -455-3532 
307 -455-2231 
307-455-2356 
307 -455-2275 
307-455-2111 
307 -455-3509 
307 -455-3387 
307 -455-2610 
307 -455-3665 
307 -486-2263 
307 -455-2923 
307-455-2923 
307 -455-3527 
307 -455-2537 

U.LW.S 
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44 
44 
13 
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42 
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22 

Rep Dist #22 
75 
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113&114 
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MEETING SUMMARY 

July 13, 1993 
(7:00 P.M. to 9:00 P.M.) 

Ken Fischer Residence, Lot 109 
Upper Little Warm Springs Water Supply Project 

Project No. 93056.00 

A meeting was held on Tuesday, July 13, 1993 with representatives of the Upper Little Warm 
Springs Subdivision Homeowners Association and the Upper Little Warm Springs Water District 
Board of Directors. A list of the persons attending the meeting is attached. 

Evan Green from the Wyoming Water Development Commission (WWDC) in Cheyenne and Bob 
Ablondi from Jorgensen Engineering and Land Surveying, P.C. (JELS) in Jackson were present 
to discuss the water supply project and its current progress. The following items were discussed: 

TEMPORARY WATER SUPPLY Bob Ablondi discussed the possibility of developing a shallow 
temporary well in the alluvial and colluvial deposits on adjacent Forest Service property to supply 
the subdivision until a more permanent solution is identified. The primary purpose of the well is 
to provide adequate water during the winter months when surface flows diminish and to reduce 
problems associated with a surface water source. The investigation of the temporary source will 
be included in the feasibility study funded by the WWDC, however, the actual construction of any 
improvements must be funded directly by the homeowners. 

Bob indicated that the shallow well had several advantages over reworking the spring, including: 

ability to draw water from a deeper depth which could be helpful during the 
winter months when surface flows decline; 
the fact that the proposed well site is down gradient of the existing spring and 
the confluence of two drainages providing greater potential for recharge and 
underground storage; 
the fact that the well would be easier to construct and not involve as difficult a 
site as the existing spring area, which is on a hillside among large trees and 
sandwiched between two flowing streams; and 
the opportunity to develop a groundwater source that would be less influenced 
by surface waters than the current spring. 

The well will have to be pumped and require some cost to construct. The homeowners would 
have to make the ultimate decision since there would be no State funding involved. 

TEST HOLES It was indicated that test holes will be excavated in about six (6) locations along 
the existing distribution pipeline to determine the type of pipe, depth of bury and overall 
distribution system condition. At this same time, test holes would be excavated on the Forest 
Service property adjacent to the transmission line to see if a shallow well may be feasible. 
Permission to do the excavations on forest property was requested from the District Ranger, Brent 
Larson. The work would be done in late July or early August. 
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Possible backhoe operators to contact for this work include: 

Tim Bernard 455-3436 
R&D Backhoe Service 455-3494 
Leseberg Ditching 455-2479 

WELL DRILLERS Bob Ablondi indicated that the project team would be contacting well drillers 
who have been active in the area to see if they are aware of any additional wells drilled that may 
help in understanding the geology. Bob indicated that a request was made to the State 
Enginee"'s Office for well logs on record. The well drillers who have apparently worked in the 
Upper Warm Springs area include: 

Ruff Drilling, Dubois 
Jack Seaton, Crowheart 
Nordwick Drilling, Riverton 
Eli Bebout, Lander-Riverton 
Jack Weber, Jackson 733-3343 

455-2165 
486-2263 

856-0375 

Two wells which apparently yielded an adequate (20 gpm±) supply of water were recently drilled 
on the lower bench adjacent to the Wind River by Jack Seaton for John Taylor (:= 200 feet deep) 
and Kort Anderson (:= 170 feet deep). 

POSSIBLE IMPROVEMENTS Some of the improvements to the overall water system mentioned 
by Bob Ablondi include: 

1) 

2) 

3) 

Chlorination System - The current hypochlorite solution feed system is 
inoperative. With the existing surface influence on the spring and potential for 
contamination, the chlorination system should be upgraded soon. A gas 
chlorination system may be appropriate as a long term improvement. 
Storage Tank - With one supply well, DEQ standards require a volume of 
storage equal to two times the peak day flow. For this development with 
approximately 100 lots and a peak day flow of 500 to 1,000 gpd per lot, this 
could equate to a tank size of 100,000 to 200,000 gallons without any fire 
protection. However, because this is an older system, the DEQ may not require 
the District to comply strictly with the standards. Also, the improvements can 
be phased over time. 
Distribution System - Little is known about the distribution system at this time 
although there is an old hydropneumatic pressure tank in the A-frame building 
that apparently was used to pressurize the upper lots until a second elevated 
tank on Forest Service property above the subdivision was constructed. It 
appears that this hydropneumatic system is no longer operating. 

MISCELLANEOUS Bob Ablondi asked for clarification of the ownership involved in the 
Homeowners Association versus the Water District as this has been a confusing issue. Bruce 
Fritzler indicated that the lots shown to be within the service area on the 1- = 300' water system 
map prepared by Jorgensen Engineering appeared to be accurate. Bob requested a legal 
description of the Water District to insure that areas shown are correct for use in the water supply 
project. 
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Evan Green expressed the importance of coordinating the Forest Service authorization, backhoe 
contractor, geologists and testing efforts soon in order to keep the project moving forward. Bob 
Hitchcock emphasized the need to act soon on the temporary well if it is to be completed prior 
to winter. 

ATTENDANCE 

July 13, 1993 
Upper Little Warm Springs Subdivision 

Homeowners Association 
Board of Directors Meeting 

Gerald and Jane Hanelly - Water District 
Ken Fischer (left early) - HOA, President 
Daniel Woerz - Water District, Future President 
Bruce Fritzler - HOA 
Dina Wilhite - HOA 
Bob Hitchcock - Water District, Current President 
Evan Green - WWDC 
Bob Ablondi - JELS 
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PRESENTATION OUTUNE 
WATER SUPPLY PROJECT UPDATE 

UPPER UTTLE WARM SPRINGS 
September 11, 1993 

I. SUMMARY OF WORK PERFORMED TO DATE 

• 
• 
• 
• 

Groundwater Hydrology - Bern Hinckley/Scott Mefford 
System Analysis 
Water Usage Measurements 
Field Measurements 

II. SHORT TERM WATER SUPPLY ALTERNATIVES 

• 
• 
• 

Shallow Well Adjacent to Little Warm Spring Creek 
Spring Enlargement At or Above Existing Collection Box 
Spring Enlargement Below Existing Collection Box with Booster Pump 

III. npREUMINARY" LONG TERM WATER SUPPLY AND SYSTEM ALTERNATIVES 

A. SUPPLY 

1. Spring Enlargement (with controlled surface water recharge) and Filtration. 
2. Deep Well, Transmission Line. 
3. Town of Dubois Water System Extension, Booster Pump, Transmission 

Line. 

B. STORAGE 

1. No Enlargement, Provide Standby Power Facility 
2. 200,000 Gallon Buried Concrete Tank (no fire protection) 
3. 300,000 Gallon Buried Concrete Tank (with fire protection) 

C. TRANSMISSION / DISTRIBUTION 

1. No Expansion, Minor Upgrades 
2. Extensions within Service Area; Provide Looping 
3. Replace Existing Piping with Six-Inch Minimum Mains; Add Fire Hydrants 
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IV. "PREUMINARY" CONSTRUC.~·'N COST ESTIMATES 

A 8 C 
ALTERNATIVE TRANSMISSIONI 

SUPPLY STORAGE DISTRIBUTION 

1 

2 

3 

• 
• 
• 

$270,000 

$400,000 

$680,000 

MINIMUM (A1 + 81 + C1) = 
MEDIAN (A2 + B2 + C2) = 
MOST EXPENSIVE (A3 + 83 + C3) = 

$80,000 

$480,000 

$600,000 

$ 400,000 
$ 1,240,000 
$ 2,390,000 

Estimated costs include engineering and contingencies. 

$50,000 

$360,000 

$1,100,000 

Notes: 1) 
2) 
3) 
4) 
5) 

Costs are preliminary and subject to change as each alternative is refined. 
All figures rounded to the nearest $10,000. 
No specific tap fees, easement costs or water rights costs included. 
Costs are based upon service to 100 lots and DEQ minimum standards. 

V. RECOMMENDED ALTERNATIVE 

• Deep Well 1200,000 Gallon Storage Tank I Minor Extensions; Looping 

VI. UPDATED SCHEDULE 

August 1 - 7 
September 11 
October 1 
October 4 - 8 
November 1 

Field Investigations 
Public Meeting 
Draft Report 

Presentation 
Final Report 
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