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Buffalo Report 

Introduction: 

The Wyoming Water Development Commission has been involved with the commu- 
nity of Buffalo, Wyoming since 1981 in studies and construction activities to 
improve the city's potable water supply. Major improvements to the system 
completed in recent years using WWDC assistance include a new division structure 
and transmission line, and a raw water irrigation system for the city's parks, 
ball fields and golf course. 

While these improvements have increased the efficiency of the system, 
additional improvements are needed. Buffalo's highest priority is to develop a 
larger supply to meet present peak-day demands and long-term growth projections. 
Several independent studies have recognized the need for treated water storage, 
and have recommended that Buffalo begin planning for a municipal water treatment 
plant which will produce water meeting EPA Drinking Water Standards. 

In August of 1986, EPA notified the city of Buffalo that a study by 
Culp/Wesner/Culp on behalf of the EPA "...concluded that (the Buffalo) water 
system has a high risk of potential contamination by pathogenic microorganisms." 

EPA asked Buffalo for the city's plans for upgrading the system to provide 
a higher quality of drinking water, but has taken no further action. 

Clearly, a new or expanded water supply source, a treated water storage 
facility, and a water treatment are the key elements to be considered by the 
city of Buffalo as the community plans for the future. 

While many studies of various aspects of the city's water system have been 
completed over the years, only the studies completed since 1980 having direct 
bearing on the issues of supply, storage and treatment will be summarized in 
this report. 



CHAPTER I. OLD WEST RURAL WATER OFFICE 

Reference: Old West Rural Water Office. Water Improvement System - Buffalo, 
Wyoming. Preliminary Engineering and Feasibility Report. 980 

The first report of interest was completed in August of 1980 by the Old 
West Rural Water Office at the request of the Mayor and city Council of Buffalo, 
and the Buffalo Planning Commission. 

The study identified several problems within the Buffalo system, including 
high use rates. Rates as high as 885 gallons per capita per day (gpcpd) were 
recorded in 1970. The city began the installation of water meters in 1972. Per 
capita usage declined as a result, but peak day demands in 1979 and 1980 still 
exceeded 650 gpcpd which is considerably above the average use rates for other 
Wyoming communities. 

The Old West Rural Water Office recommended construction of new facilities 
ox rehabilitation of existing system components to address Buffalo's needs. 

1. Pressure fluctuations, peak flow demands, fire protection: 

A water storage facility is needed along the transmission water lines. 
A 2.5 million gallon ground elevation or standpipe storage tank 
located approximately one mile from the city, with water surface 
elevation at approximately 4880 feet would provide stored water for 
increased fire protection and would also provide increased water flows 
for peak use periods. Water storage at this location would provide 
opportunity for the collection system and major portion of the trans- 
mission pipelines to operate at full capacity around the clock instead 
of just during the daytime and evenings when the actual peak use 
periods occur. The best location and elevation of the storage facili- 
ty would need to be determined by a detailed hydraulic analysis of 
pipeline elevations, pressures, entrance losses, friction losses and 
pressures desired for the distribution system. 

The function of the storage facility can be illustrated as follows: 
Under the existing system, whenever the water use rate in the city 
exceeds the flow capacity of the collection and transmission system, 
water pressures within the city drop immediately. The amount of 
pressure drop can be considerable if the demand exceeds the flow 
capacity of the supply system by any significant amount. As 
night-time water use drops to 1000 gpm, the supply system also reduces 
to this flow rate because without storage capacity, there is no oppor- 
tunity to build up a supply for the next day peak. 

With the addition of a 2.5 million gallon storage facility the supply 
system can operate at 3500 gpm capacity for 24 hours and provide a 
daily water supply of 5 million gallons and also provide for 12 hour 
peak use rates up to 5900 gallons per minute, assuming night-time use 
drops to 1000 gpm. 



2. Potential contamination by pathogenic microorganisms, turbidity, dye 
problems 

A water treatment plant and enclosure constructed in the vicinity of 
the settling basin and the chlorination building would provide oppor- 
tunity for treatment and filtration of the raw water to reduce 
turbidity and treat for the dye problems and other problems generally 
associated with surface water use. 

3. System Bottlenecks 

The 12-inch flowmeter at the chlorination building is a flow re- 
striction. One solution to the problem is the installation of another 
outlet, section of pipe, flowmeter and y-connection in parallel with 
the existing flowmeter installation at the chlorination building. The 
size of this installation should be at least equal to the size of the 
existing flowmeter. 

The relatively flat grade of the pipelines leading from the chlo- 
rination building restricts flows. A method to increase the flow 
capacity of this portion of the transmission lines is to install 
another parallel pipeline or a low-pressure/high-volume pump at the 
chlorinator or treatment plant to overcome entrance losses and force 
more water through the transmission pipelines. This would be a 
low-pressurelhigh-volume pump that would be activated by controls 
located downstream in the proposed storage facility or in the dis- 
tribution system, 

4. Inefficient Division Structure 

Because of problems with icing during the winter and low flows in 
summer, the division structure should be replaced with a structure 
designed to avoid icing and function efficiently even in times of 
reduced flows. 

5. Distribution System Inefficiencies 

The improvement and enlargement of the distribution system as required 
to maintain flow capacities and pressures for fire protection and 
growth in population and service area should be scheduled and funded 
on an orderly basis. No cost estimate on this is included in this 
report. The main emphasis in this report is on the water supply 
system. 

6. High Consumption Rates 

Water conservation measures that are applicable and should be en- 
couraged include: 

A. A revision of the rate schedule to encourage conservation. 

B e  A second conservation measure that is suggested is the replace- 
ment of bluegrass in lawns with cool-season grasses, especially 
in city-owned areas- parks, golf course, ball fields, etc. 



7. Inadequate source 

There are several possibilities for additional water supplies or water 
sources for the city of Buffalo, but all appear to be difficult to 
evaluate because of the many unknowns involved: 

A. Lake DeSmet is an off-stream impoundment located 8 to 10 miles 
north of the city. It is owned by Texaco and includes water 
rights for industrial purposes for 55,000 acre-feet out of Clear 
Creek. The reservoir is recharged by pumping out of Clear Creek 
during high run-off periods. This alternative includes the 
acquisition of a municipal interest in the stored water in the 
Lake DeSmet through purchase, a water exchange agreement, or by 
condemnation proceedings. 

One advantage of this alternative may be the guarantee of a water 
supply throughout the year which would not exist with some other 
opt ions. 

Disadvantages of this alternative include the costs of intake, 
treatment and pumping facilities at the lake, and 10 miles of 
pipeline to transmit the water to Buffalo. 

Another disadvantage of Lake DeSmet as a water source is that the 
water quality may deteriorate with time. The fact that the 
reservoir is off-stream and that it is filled by pumping indi- 
cates that there is little opportunity for freshening by overflow 
and recharge, such as occurs in an on-stream reservoir. Evapo- 
ration exceeds rainfall in the area by an average of probably 18 
inches annually, which results in loss of water and a gradual 
buildup of mineral content in the lake. No dissolved minerals 
are removed by evaporation. Further study and analysis of the 
water quality aspect of Lake DeSmet should be completed before 
the city makes any arrangements for municipal water supply from 
Lake DeSmet. 

B. A second possibility as an additional water source is wells. 

C. A third possibility for additional water source are dams and 
reservoirs. The city of Buffalo exercised considerable foresight 
in this direction when it negotiated an agreement with Exxon 
dated August 3, 1976. Under this agreement, the city acquired 
various applications for water storage rights from Exxon in 
exchange for a right to the city's effluent. No construction has 
commenced on these permits which include: 

1. First Enlargement of Negro Creek Reservoir (as changed to 
Mill Creek Reservoir) under Permit No. 7621. (diversion from 
Clear Creek). 

2. Third Enlargement of the Six-mile Ditch under Permit No. 
6531 (diversion from Clear Creek). 



3. Little Sour Dough Reservoir (as changed to Mill Creek 
Reservoir) under Permit No. 7623. (diversion from Little 
Sour Dough Creek, tributary of South Fork Clear Creek). 

4. Mill Creek Reservoir under Permit No. 7622. (diversion from 
Mill Creek, tributary of Bull Creek). 

5. Dump Draw Reservoir (No filing). 



CHAPTER 11. CULP/WESNER/CULP 

Reference: Culp/Wesner/Culp. Buffalo, Wyoming Water treatment and Distribution 
System Study. November, 1980. 

In November of 1980, Culp Wesner Culp completed an engineering analysis of 
Buffalo's water collection, storage, transmission and distribution systems. The 
study examined the overall operation of the city's water system, identified 
problems, and provided recommendations for system modifications. 

SUMMARY AND RECOMMENDATIONS 

Summary 

A study has been conducted on ~uffalo's overall water supply, collection, 
storage, treatment, transmission, and distribution system. In general, the 
system meets the needs of the current 4,355 residents of the city of Buffalo. 
There are, however, major problems associated with the overall system and 
numerous additional problems are foreseen in the future. A summary of the 
significant findings follows: 

1. The existing diversion facilities are adequate for present conditions, 
however, they are subject to outage due to wintertime freezing and 
require excess maintenance. 

2 .  The water transfer system, associated with the diversion structures, 
is complex and presents numerous opportunities for problems, 

3. The existing raw water storage reservoir system is in good condition 
and provides a reliable supply, once the water is diverted into the 
reservoirs. 

4 .  The existing raw water transmission facilities, from the reservoirs to 
the metering station do not have capacity to supply the future maximum 
day and fire flow requirements. 

5. The lack of treatment, other than disinfection, offers potential 
health problems. 

6. Major transmission piping capacity, from the metering facility to the 
western edge of the city is adequate for maximum day needs, but cannot 
supply fire flow in addition to maximum day demand. 

7. None of the major transmission facilities will be capable of supplying 
the flow requirements of the 10,500 population estimate in the year 
2000. 

8. The existing piping capacity from the western edge of the city to the 
main pressure regulating station appears to be adequate to serve 
future needs. 

9. The current water system operation requires that pressure on the 
downstream side of the existing pressure regulating station be main- 



tained at approximately 24 psi. This results in a significant pres- 
sure drop at the pressure regulating valve, causing it to be extremely 
difficult to operate and results in severe cavitation at the valve 
itself. 

10. The water distribution system is generally adequate to meet current 
needs of Buffalo, however, several modifications are recommended. 

11. Future growth in Buffalo cannot be served from the existing dis- 
tribution system. Future development, in areas projected by Buffalo's 
planning department, must be served directly from the main trans- 
mission lines. 

12. The existing capability of the water system to supply maximum daily 
demand and fire flow demand directly from the treatment system over- 
taxes the major supply facilities and results in inefficient system 
operation. The lack of treated water storage within the system is a 
primary cause of this situation. 

13. The current volume of unaccounted-for-water is excessive and far 
greater than in other systems of Buffalo's size. This unaccount- 
ed-for-water most likely indicates major leaks within the water trans- 
mission and distribution system. This loss of valuable water reduces 
the effective water supply capabilities. Reduction of unaccount- 
ed-for-water quantities will significantly improve the operation of 
Buffalo's water system as well as extending the useful life of Buffa- 
lo's existing water supply. 

Recommendations 

The following is a summary of general recommendations to improve the 
reliability, safety, and operation of Buffalo's water system. 

O institute a leak detection and pipeline correction program to reduce 
quantities of unaccounted-for-water. 

i n s u r e t h a t a l l w a t e r u s e w i t h i n t h e c i t y o f B u f f a l o i s m e t e r e d  
whether the water is charged for or not, to insure accountability of 
water use. 

O replace critical undersized piping in the water distribution system. 

install treated water storage reservoirs near the city to supplement 
flow from the treatment facilities during peak hour and fire flows 
demand periods. 

O install a direct filtration treatment facility to minimize health risk 
from the water supply. 

The city of Buffalo embarked on a nuniber of activities to respond to the 
recommendations contained in the Old West Study and the CWC Study. A new rate 
schedule was implemented, and in July of 1981, the city applied for a 
groundwater exploration grant from the Wyoming Water Development Commission. 
This request is as approved, and Plains Engineering was hired to evaluate the 
feasibility of developing a supplemental supply from groundwater sources. 



CHAPTER 111. PLAINS ENGINEER, GROUNDWATER STUDY 

Reference: Plains Engineering. Buffalo Hydrologic Reconnaissance July 8, 1982. 

This report is the result of a hydrologic reconnaissance within a 10 mile 
radius of Buffalo, Wyoming. The reconnaissance includes a review of previous 
studies and support data, field investigations of geology, surface-groundwater 
connections, samples and an analysis of this information. Support services in- 
clude: stream gaging, computer modeling; and hydrochemical analysis of 
groundwater signatures. 

The field studies are described and summarized and field data are tabulat- 
ed. The geology is described, and possible groundwater sources are identified. 
Computer modeling of the most extensive aquifer was performed and the results of 
the model are presented. Three alternative water sources were researched and 
described. Conclusions were reached and recommendations were given for future 
studies, as follows. 

CONCLUSIONS 

The following conclusions are based on a comprehensive analysis of existing 
and collected field data: 

1. The movement, quantity and quality of groundwater in the study area 
are controlled by the major geologic structures associated with the 
Bighorn Mountains; namely overthrust faults. 

2. High quality groundwater which is found in isolated bodies of the 
Madison Aquifer Unit, the Clear Creek Alluvium, and the Tertiary 
"Scoria" result from limited local recharge and short transit times in 
these aquifer units. 

3. These groundwater units are directly connected to or provide a compo- 
nent to surface water flow or recharge of the Wasatch Aquifer Unit. 
Full appropriation of surface waters and full development of the 
Wasatch by domestic wells constrains development of these aquifer 
units. 

4. The Moncrief Formation, composed of gravel to boulders, is associated 
with thrust faulting in the mountain flank. It may be connected with 
recharge at higher elevations. This water is not currently appropri- 
ated unless it is connected to surface water or the Wasatch Unit. 

5. Deep basin aquifer units such as the Cretaceous sandstones and 
Paleozoic limestones in the Powder River basin beneath Buffalo are cut 
off from outcrop recharge by deep faults. Waters in these units are 
old (Connate) and are of very poor quality. Groundwater temperature 
is at least 50°C and increases with increasing depth. 

6. No single source of groundwater is sufficient in quantity or quality 
to meet peak demand projections (7 cfs). 

7. Costs of multiple aquifer development must be compared to surface 
water and domestic well development for appropriate decision making. 



8. Well capture of artificially recharged groundwater mounds below 
irrigation canals in Clear and French Creek could provide a limited 
supplemental resource during the peak use period. Subsurface inves- 
tigation including installation of water level monitoring wells is 
necessary to evaluate the volume, transit time and impact on Clear 
Creek base flow during winter months. 

9. The legal disposition of the irrigation canal conveyance loss is 
described in the Legal Opinion Section of the original report. In 
general, these waters are considered part of the appropriation and 
changes in use or efficiency are prohibited. However, the artificial 
groundwater mound produced by the loss requires an estimated 150 to 
200 days to reach the point of discharge where it becomes surface 
flow. Losses also occur to evaporation-transpiration. These mitigat- 
ing factors require further investigation. 

RECOMMENDATIONS 

The study recommends the following action to promote comprehensive and 
prompt investigation 6f the water resource: 

1. Investigate conveyance and storage losses in the municipal reservoirs, 
conveyance canals; irrigation canal leakage in Clear, Rock, French, 
and Box Elder Creeks for limited development. 

2. Perform seepage runs on Clear Creek, French Creek and Rock Creek at 
low flow to evaluate interconnection to the Wasatch Aquifer at low 
flow periods. Greater accuracy can be achieved by measurement at 
lower flow (i.e., less than 40 cfs which are typical August flows). 

3. Perform a subsurface investigation into the Moncrief formation, 
Section 3, T50W, R83W to determine if recharge from the subsummit 
uplands can be increased by well discharge. 

4. Proceed with a surface water investigation so that the cost of any 
possible source and its development can be compared to the cost of 
impacting the Wasatch Aquifer Unit domestic wells or the exchange of 
water with other appropriators. 

5. Review the alternatives. 

Based on a review of the study results, and after consultation with WWDC, 
the city decided not to proceed with pursuit of a groundwater source. Buffalo 
requested assistance from WWDC in evaluating the enhancement of surface water 
supplies through construction of a storage reservoir in the Clear Creek drain- 
age. 

~uffalo's request was approved and Western Water Consultants was hired to 
complete a Level I Reconnaissance Study of supply alternatives. 



CHAPTER IV. WESTERN WATER CONSULTANTS, MOUNTAIN STORAGE 

Reference: Western Water Consultants, Inc. Municipal Water Supply Study for 
City of Buffalo, Wyoming 1982. 

SUMMARY 

This report presents the result of a Level I (Reconnaissance) Study au- 
thorized by the Wyoming Legislature and funded through the Wyoming Water Devel- 
opment Counnission. The purpose of the study was to identify a cost effective 
supplemental municipal water supply for the city of Buffalo, Wyoming. The scope 
of work did not include a multi-purpose project investigation. 

The present water supply source for the city of Buffalo is Clear Creek. 
Water is diverted from the creek approximately 6 miles upstream from the city. 
The water flows into two small settling reservoirs after which it is screened 
and chlorinated then transported to the city. 

The city of Buffalo owns an early water right from Clear Creek with a 
priority date of 1879. The right, third in priority on the stream, permits the 
diversion of 4 cfs. The two prior rights total about 2 cfs. Buffalo also owns 
other rights totaling 9.03 cfs from Clear Creek. However, because these rights 
are later in priority, water availability often limits the utilization of them. 

The flow of Clear Creek is generally adequate as a water supply for the 
present population. Shortages do occur, however, during the summer irrigation 
season in years of low runoff causing the city to impose water rationing on the 
residents by limiting lawn and garden irrigation. If the drought of the 1950's 
were to repeat itself during the next few years the shortages would be more 
severe. There have also been times of shortage experienced during cold winters 
when ice builds up at the principal headgate, limiting the capacity of that 
headgate to divert water. 

In conjunction with the City Council and the Buf falo/Johnson County Plan- 
ning Office, it was decided to project water demands for a population estimated 
to exist in Buffalo 50 years hence, or the year 2035. This population was 
estimated to be 9,505 people. The per capita demands over the last five years 
(1977-81) were averaged to arrive at monthly water demands. The projected peak 
monthly demand occurs in July and is 10.4 cfs, or 639 acre-feet. Since the city 
will require about 10 cfs on an average during the maximum month and their first 
water right from Clear Creek is for only four cfs, it is obvious that some 
additional supply will be necessary for the city. 

The alternatives reviewed which might provide the required supplemental 
water supply included: 1) conservation, 2) improvement of diversion facilities, 
3) development of groundwater, 4) purchase of agricultural rights, 5) diversion 
from Lake DeSmet, and 6)  storage in Clear Creek basin. 

The primary conservation measure which has been proposed is to change the 
rate schedule of charges for use of water. The city has recently adopted a new 
rate schedule which should reduce the per capita utilization of water. It is 
difficult to quantify the reduction in demand that might take place due to 
conservation. 



The second alternative is to improve the diversion facilities. It is 
recommended that an improvement in the diversion facilities be made, but the 
improvement will not totally alleviate the projected water supply problems. 
Modifying the diversion facilities could reduce the impact of ice build-up 
during the winter; however, based on water supply records there will still be 
periods of insufficient flow in the stream for a population of 9,500 people. 

Through the efforts of the Water Development Commission and the city an 
investigation was conducted into the possibility of groundwater as a supple- 
mental source. The general conclusions from the groundwater report were nega- 
tive, and the possibilities for improving the water supply from groundwater 
sources in the immediate vicinity of Buffalo are very limited. 

The fourth alternative is to purchase agricultural rights. There are some 
water rights being acquired by the city as areas are annexed into the city. 
However, in most cases these rights are small and too late in priority to 
satisfy the demands of the city. Acquisition of these rights should be pursued; 
however, they will not be the total answer to Buffalo's water supply problems. 

There are also some water rights in the Clear Creek watershed on land which 
has been converted to subdivisions. If the rights are no longer used, the flows 
of the stream should increase. Again, the total volume of water is not suffi- 
cient to satisfy the needs of the city. 

The fifth alternative, and one which is very often discussed, is diversion 
of water from Lake DeSmet. While this alternative is a viable alternative, it 
does require a pipeline and a pumping plant which will require continuous 
operation and maintenance, the cost of which may inflate unpredictably. The 
quality of the water from Lake DeSmet would require more extensive treatment 
than waters obtained directly from Clear Creek. 

The sixth alternative investigated included the storage of water in the 
Clear Creek basin. By utilizing existing water right applications and after in- 
spection of topographic maps, 14 potential reservoir sites were located. The 
first task was to narrow the list of sites down to a manageable number. This 
was accomplished by examining water supply, comparative costs, environmental 
concerns, socioeconomic impacts, recreational potential, and concerns of the 
U.S. Forest Service and the Wyoming Game and Fish Commission. After reviewing 
various aspects of the 14 reservoir sites, the original list was narrowed down 
to three sites worth considering further. These are the Lynx Park site, Tie 
Hack site, and Canyon site. Reservoir operation studies have shown that any of 
these three can firm up the water supply to the city. 

For any of the reservoir sites recommended for further study the amount of 
storage required to firm up the water supply was less than 1,000 acre-feet. 
Since the city of Buffalo owns a water right application for 1,642 acre-feet in 
Little Sourdough Reservoir, the operation studies were conducted using this 
quantity of storage. By utilizing 1,642 acre-feet there would be opportunities 
for minimum pool maintenance for fish and wildlife recreational purposes. 

The criteria used in the operation studies were based on three assumptions: 
1) that Buffalo could divert in priority its permitted water rights and that 
senior irrigation rights below Rock Creek would be satisfied from return flows 
and from flows entering Clear Creek below Buffalo; 2) that a. minimum release 



would be made from the reservoirs at all times to ensure that water was in the 
stream below the reservoir; and 3) that two possibilities existed when storage 
would be permitted;: a) only during the period of winter flows, October through 
April; and b) storing during the period October through June. 

The operation studies show that any of the three sites, Lynx Park, Tie 
Hack, or Canyon, could satisfy the supplemental water requirements of the city. 
The cost of storage from municipal needs only would be very expensive; a small 
single-purpose reservoir could not be economically justified. Preliminary cost 
estimates indicate that the least expensive construction, at Tie Hack Reservoir, 
for 1,642 acre-feet would cost about $5,500 per acre-foot. The economic bene- 
fits to the city, while significant, could justify the expenditure of about only 
$3,000 per acre-foot for storage. While it does appear that the feasibility of 
storing water for the single purpose of firming up the supply of the city of 
Buffalo is doubtful, the potential for multi-purpose development, including 
agricultural and industrial water users, is good. The cost of construction per 
acre-foot goes down significantly as the storage capacity of the reservoir 
increases. With multi-purpose development, the cost of the reservoir should be 
a reasonable figure. 

As a result of the studies and analyses it is strongly recommended that the 
Wyoming Legislature authorize a Level I1 Feasibility Study for a multi-purpose 
development of water storage in the Clear Creek basin above Buffalo. The scope 
of study should include, but not be limited to, municipal water supply for the 
city of Buffalo, as well as fish and wildlife, recreation, industrial, and 
irrigation purposes. 

The Western Water Consultants' study assumed that the 1953 right at the 
Little Sourdough site could be transferred to any of the 13 other sites con- 
sidered. Since the study was completed, a Wyoming Supreme Court decision 
blocked the transfer of unperfected storage rights to alternate sites. Con- 
struction of a reservoir at any site other than the original Little Sourdough 
site would lose the advantage of the 1933 priority. 

WWC eliminated the Little Sourdough site from further consideration because 
the reservoir would be too shallow to reliably support a fishery, and because of 
the inundation of wetlands and wildlife habitat. The study authors also ques- 
tioned the yield of the watershed. WWDC subsequently initiated a stream gaging 
program, which appears to verify an inadequate yield at the site. See a further 
discussion of the issue below. 



Table 4-1. Projected Costs and Benefits for Alternative Storage Sites and Reservoir Capacities 

Site 
Capacity Total Construction Cost For Benefits Per 

(Acre-Feet) Cost ($1 Acre-Foot Acre-Foot* 

Tie Hack 

Lynx Park 

Canyon 

* Based upon a $220/acre-foot annual benefit measure discounted to a net present value over a 100-year period 
at a 7 percent discount rate. 



Table 4-2. Reconnaissance Level Cost Estimates for Pumping 
Water from Lake DeSmet to the city of Buffalo Based on 9 Miles of Pipe 

18" Pressure Pipeline 

18-inch Pipe 
2-500 HP Pumps 
Structures 
Electrical-Mechanical 
Interstate Crossing 

15% Contingency 

15% Engineering 

24" Pressure Pipeline 

24-inch Pipe 
2-250 HP Pumps 
Structures 
Electrical-Mechanical 
Interstate Crossing 

15% Contingency 

15% Engineering 

Water Treatment 

7.5 mgd Chlorination Facility 
15% Engineering 

Total 

Grand Total 

Total 

Grand Total 

Grand Total $ 79,350 



Table 4-3. Comparison of Costs for 
Tie Hack Reservoir and Water Pumped From Lake DeSmet 

Tie Hack Reservoir 

Capital Costs: 

Construction of Reservoir and Outlet Works 
Construction of Diversion Dam and Pipeline 

Extension (Table ) - 
Total Capital Costs 

Annual O&M Costs 

Annual Operating and Maintenance Costs 
(0.1% of construction costs) 

Water Pumped from Lake DeSmet 

Capital Costs: 

Construction of Pipeline 
Interstate Highway Pipeline Crossings 
Water Treatment Facilities 
Pumping Facilities 
Construction of Diversion Dam and Pipeline 

Extension 
Total Capital Costs 

Annual O&M Costs: 

Annual Operating and Maintenance Costs of 
Pumping and Pipeline Facilities (Excluding 
Power Costs) 1 

$ 54,400 
Annual Pumping Costs (Based on 6c/KWH) 70,000 
Annual Operation and Maintenance 

Costs for Water Treatment Facilities 2 14,600 
Maintenance of Diversion Facilities 

Total Annual Costs 

l~ssumes a constant power cost and linear growth of pumping requirements. 
Pumping cost shown is for year 50 of the 100 year economic analysis. 

2 ~ o e s  not include chemical costs. 



CHAPTER V. TIPTON AND KALMBACH STORAGE IN CLEAR CREEK BASIN 

Reference: Tipton and Kalmbach Level I Reconnaissance Study of Supplemental 
Municipal Water Supply for the City of Buffalo, Wyoming. 

In 1984, WWDC contracted with Tipton and Kalmbach, Inc. to investigate 
supplemental water supply alternatives for the city of Buffalo. The scope of 
this study was limited to alternatives wherein the city's water rights could be 
supplemented by storage rights owned by Texaco, Inc. Texaco had agreed to 
provide the city with up 1,000 acre-feet of Texaco's existing storage rights if 
an alternative could be identified und& which these rights could be used to the 
benefit of the city. 

Tipton and Kalmbach was authorized to appraise four alternatives using 
various configurations of Texaco's storage rights. 

The following is the executive summary of T&K's study. 

EXECUTIVE SUMMARY 

A previous Level I study has established that the city of Buffalo has an 
immediate need for a supplemental water supply and the shortfall of its direct 
flow rights will increase as the population of the city increases. It is 
estimated that the population of Buffalo may be on the order of 9,505 by the 
year 2035. The estimated water supply shortages for a population of 9,505 was 
estimated for hydrologic conditions which prevailed for the 31-year study period 
of water years 1951 through 1981. It was found that the maximum shortage of 227 
acre-feet would have occurred in water year 1978. 

The shortfall of the city's water supply might be satisfied by: 

1. Conservation so that the existing direct flow rights will satisfy the 
demand for a longer period of time. 

2. Improvement of diversion facilities so that the city can capture its 
full entitlement under all flow conditions. 

3. Development of groundwater. 

4 .  Purchase and/or dedication of agricultural rights. 

5. Storage in Clear Creek basin. 

The potential solutions in items 1 through 4 above have been adequately studied 
by previous investigators. The solutions investigated in this study are limited 
to item 5, Storage in Clear Creek basin. 

As part of its Powder River studies for the Wyoming Water Development 
Commission, the Harza Engineering Company estimated the water yield of Texaco's 
Lake DeSmet Reservoir and the amount of water, measured at Texaco's point of 
diversion on Clear Creek, that would be available for storage permits having a 
priority date junior to Texaco's Lake DeSmet Reservoir rights. It was found 



that during a 40-year period (water years 1941-1980), 10,500 acre-feet, on the 
average, would be available for junior appropriators. However, during a 12-year 
drought period (water years 1951-19625, the total surplus supplies were only 
2,700 acre-feet, some 225 acre-feet per year. It was concluded that the only 
potential for dependable new storage on Clear Creek above Texaco's point of 
diversion is the Little Sour Dough Reservoir having a priority date of October 
18, 1933, and storage capacity of 1,642 acre-feet. The unperfected permit is 
owned by the city of Buffalo. The Wyoming Supreme Court in the Green River 
Development Company case in 1982 noted that the Wyoming State Engineer does not 
have statutory authority to change the use, place of use, point of diversion or 
means of conveyance of an unperfected water permit such as the Little Sour Dough 
Reservoir can only be developed at the point of storage shown in its 1933 
application. 

The storage in Clear Creek basin required by the city of Buffalo could be 
accomplished by: 

1. Purchasing storage in an existing reservoir such as Cloud Peak or 
Willow Park Reservoirs. 

2. Obtaining storage in one of Texaco's existing reservoirs, i.e., Lake 
DeSmet Reservoir or Healy Reservoir. 

3. Constructing its Little Sour Dough Reservoir at its original point of 
storage. 

4. Having Texaco designate the Little Sour Dough Reservoir (or some other 
storage site) as an alternate point of storage for one of its Lake 
DeSmet Reservoir permits and constructing a new reservoir. 

Texaco has expressed an interest to participate in an alternative involving its 
existing Healy and Lake DeSmet Reservoirs or designating a new reservoir located 
upstream of the city of Buffalo as an alternate point of storage of one of its 
Lake DeSmet Reservoir permits. 

Four alternatives using Texaco's storage rights in various storage config- 
urations were investigated as follows: 

Alternate 1 - Texaco would make available in Healy Reservoir up to 
1,000 acre-feet of stored water each year during the period 
June through September. In Alternate 1, the city would use 
water by exchange wherein water would be released to Clear 
Creek at Healy Reservoir for use by downstream 
appropriators. The city would divert an equal amount at 
some point upstream of Healy Reservoir where surplus water 
is available. Under certain hydrologic conditions, the city 
could exchange water released from Healy Reservoir to its 
existing point of diversion on Clear Creek; and at other 
times, the city could exchange this water at a proposed new 
point of diversion downstream of the confluence of Clear and 
Rock Creeks. The implementation of this alternate would 
require establishing an additional point of diversion on 
Clear Creek a short distance downstream from its confluence 
with Rock Creek. The physical works to be constructed 



consist of an intake structure on Clear Creek, a pumping 
plant and pipeline, and treatment facilities to integrate 
these supplies into Buffalo's water system. 

Alternate 2 - Texaco would make available in Lake DeSmet Reservoir up to 
1,000 acre-feet of stored water each year during the period 
June through September. In Alternate 2, the city would use 
water directly from Lake DeSmet Reservoir. The physical 
works would involve a pumping plant in Texaco's Clear 
Creek-Lake DeSmet Pipeline; a pipeline connecting the Clear 
Creek-Lake DeSmet Pipeline to a booster pumping plant in the 
vicinity of the confluence of Clear and Rock Creeks; and a 
pipeline connecting the booster plant to treatment facil- 
ities required to integrate these supplies into Buffalo's 
water system. 

Alternate 3 - Texaco would provide 1,000 acre-feet of storage at the 
city's Little Sour Dough Reservoir site by petitioning the 
Board of Control to establish the site as an alternate point 
of storage for 1,000 acre-feet of its Lake DeSmet Reservoir 
Permit 7009R. The reservoir would be supplied by Little 
Sour Dough Creek with supplemental supplies from Sour Dough 
Creek via a pipeline. In Alternate 3, the city would use 
water directly from Little Sour Dough Reservoir. The 
physical works would consist of the construction of Little 
Sour Dough Reservoir to a capacity of 2,642 acre-feet and 
diversion and conveyance facilities to deliver water from 
Sour Dough Creek to Little Sour Dough Reservoir. It was 
estimated that within 10 years, the city would have to 
construct treatment facilities to treat the water released 
from Little Sour Dough Reservoir. 

Alternate 4 - Texaco would provide 1,000 acre-feet of storage at the 
proposed Dump Draw Reservoir site by petitioning the Board 
of Control to establish the site as an alternate point of 
storage for 1,000 acre-feet of its Lake DeSmet Reservoir 
Permit 7009R. The reservoir would be supplied by Clear 
Creek. In Alternate 4, the city would use water directly 
from Dump Draw Reservoir. The physical works would consist 
of the construction of Dump Draw Reservoir to a capacity of 
1,200 acre-feet; a pipeline connecting Buffalo's proposed 
Water Wagon Pipeline to the reservoir; a pipeline connecting 
the reservoir to the treatment area; and treatment facil- 
ities to integrate the reservoir into Buffalo's existing 
water system. 

In brief, these studies, which are described more fully in the full report 
and its appendices, have disclosed that: 

1. Four potential development plans were investigated which would provide 
the supplemental water supplies required to satisfy a population of 
9,505 estimated to occur in year 2035. Three of the four plans have 
the potential to satisfy the water requirements of a larger popu- 
lat ion. 



2. The development plan designated Alternate 3-C has the greatest 
dry-year potential and could provide the supplemental water supplies 
to satisfy a population of 11,882 estimated to occur in year 2050. 

3. The cash flow of capital, operation, maintenance, replacement and 
power costs for the period 1985-2035 was determined for the four 
alternatives satisfying the population of 9,505. The costs, expressed 
in 1000 July 1984 dollars, are: 

Alternate 
Cost 1 2 3-B 4 

Capital 
1 

$7,087 $ 9,703 $ 9,804 $11,125 
O & M  1,441 1,796 1,134 1,167 
Power 1,083 
Total System $9,611 

' ~ncludes replacement costs. 
4. The cash flow of capital, operation, maintenance, replacement and 

power costs for the period 1985-2035 using an escalation rate of 6 
percent was determined for the full development of the four alter- 
nates. The costs expressed in 1000 dollars are: 

Alternate 
Cost 1 2 3-C 4 

Total System $69,601 $98,122 $74,343 $48,283 

5. The development plan having the least-cost in the economic evaluation 
is Alternate 1. The least-cost is defined as the present worth value 
for the period 1985-2035 divided by the potential dry-year yield after 
accounting for the value of the Little Sour Dough Reservoir right. In 
this determination, the capital, operation, maintenance, replacement 
and power costs were first escalated at a rate of 6 percent and then 
the present worth values were determined using an 8 percent discount 
rate. The present worth of costs divided by dry-year yield is: 

Alternate 
Cost 1 2 3-C 4 

Present Worth of 
Costs ($1,000) 6,712 8,882 10,602 10,600 

Little Sour Dough 
Reservoir Filing 
($1,000) +50 

Total ($1,000) 6,762 8,932 10,602 10,550 

Dry-Year 
Yield (AF) 1,000 1,000 1,327 882 

Ratio ($/AF) 6,762 8,932 7,989 11,961 



6. Indirect or secondary benefits should be included in the deci- 
sion-making process to select the final development plan. 

7. Feasibility-level studies should be performed to assist in the deci- 
sion-making process to select the final development plan. Some of the 
key studies are: 

a. Mapping of the Little Sour Dough Reservoir site. 

b. Establishing a gage at the Little Sour Dough damsite. 

c. Establishing a gage at the proposed point of diversion on Sour 
Dough Creek. 

d. Conducting additional geologic studies at the Little Sour Dough 
damsite including core drilling and pressure testing of the 
foundation and abutments. 

e. Conducting additional hydrologic studies to better define the 
hydrologic conditions which existed in upper Clear Creek basin 
during the mid-1950 drought. Special emphasis is to be made on 
the flows of Little Sour Dough and Sour Dough Creeks and the late 
summer flow of Clear Creek below Rock Creek. 

f. Conducting additional water quality sampling of Clear Creek below 
Rock Creek, Healy Reservoir and Lake DeSmet Reservoir. 

g. Conducting additional analysis of the present water usage by the 
city of Buffalo. 

h. Conducting financial analyses to determine the ability of the 
city of Buffalo to repay the costs of supplemental water develop- 
ment plan. 

The study by Tipton and Kalmbach identified as a preferred alternative the 
construction of Little Sour Dough Reservoir. Since later data from gaging 
stations in the basin indicate that the yields at the site may be substantially 
below those estimated by Tipton and Kalmbach, the other alternatives are pre- 
sented here: 

WATER SUPPLY ALTERNATIVES -- Tipton and Kalmbach 
General 

As previously indicated, the existing water supplies of the city of Buffalo 
are inadequate to meet the existing demand in the late summer in a dry year. As 
the city grows, the shortfall will increase. Thus, it is necessary to locate a 
reliable supply to supplement the city's direct flow rights. The source of the 
supplemental supply investigated in this study is storage in Clear Creek basin. 

The storage in Clear Creek basin required by the city of Buffalo could be 
accomplished by: 



1. Purchasing storage in an existing reservoir such as Cloud Peak or 
Willow Park Reservoirs. 

2. Obtaining storage in one of Texaco's existing reservoirs; i.e., Lake 
DeSmet Reservoir or Healy Reservoir. 

3. Constructing Little Sour Dough Reservoir at the original point of 
storage. 

4 .  Having Texaco designate the Little Sour Dough Reservoir (or some other 
storage site) as an alternate point of storage for one of its Lake 
DeSmet Reservoir permits and constructing a new reservoir. 

Texaco has expressed an interest to participate in an alternative involving its 
existing reservoirs or designating a new reservoir as an alternate point of 
storage of one of its Lake DeSmet Reservoir permits. Texaco's statement of 
intent is included in the original report in Appendix A, 

Four alternatives using ~exaco's storage rights in various storage config- 
urations were investigated and are described in the following paragraphs. The 
alternatives are: 

1, Alternate 1 - Texaco would make available in Healy Reservoir up to 
1,000 acre-feet of stored water each year during the 
period June through September. 

2. Alternate 2 - Texaco would make available in Lake DeSmet Reservoir up 
to 1,000 acre-feet of stored water each year during the 
period June through September. 

3. Alternate 3 - Texaco would provide 1,000 acre-feet of storage at the 
city's Little Sour Dough Reservoir site by petitioning 
the Board of Control to establish the site as an 
alternate point of storage fox 1,000 acre-feet of its 
Lake DeSmet Reservoir Permit 7009R. 

4. Alternate 4 - Texaco would provide 1,000 acre-feet of storage at the 
proposed Dump Draw Reservoir site by petitioning the 
Board of Control to establish the site as an alternate 
point of storage for 1,000 acre-feet of its Lake DeSmet 
Reservoir Permit 7009R. 

Alternate 1 

Alternate 1 involves the use of Texaco's Healy Reservoir. Two sources were 
initially considered: 

1. The use of Hillyer & Onslow Ditch direct flow right. 

The Hillyer & Onslow Ditch direct flow right for 6.93 cfs having a 
priority date of July 1, 1881, is senior to all of the city's rights 
except its most senior 4 cfs. This right, in part, formerly irrigated 
lands upon which the Healy Reservoir is constructed. It was con- 
sidered that, by petition, the city could request a change of use and 



change of point of diversion for approximately 4.85 cfs (the amount 
formerly serving lands now inundated by Healy Reservoir) of this 
right. It was believed that this amount of water could be exchanged 
upstream without injury to other water rights to alternate points of 
diversion at the city's point of diversion and a point of diversion a 
short distance downstream of the confluence of Clear and Rock Creeks. 
The matter was discussed with the State Engineer on September 30, 
1983, and it was his opinion that the time allowed for a transfer of 
rights under Wyoming Statute 43-3-107 had expired and the amount of 
water formerly used to irrigate the lands inundated by Healy Reservoir 
should be abandoned to the stream. Therefore, for purposes of this 
study, the Hillyer & Onslow Ditch right was reduced by 4.85 cfs to 
2.08 cfs. 

2. The use of water stored in Healy Reservoir. The water stored in Healy 
Reservoir could be used by the city of Buffalo in two ways: 

a. The water could be used directly by the city by constructing 
pumping plants and a pipeline and pumping the water directly to 
the city's system. 

b. The water could be used by exchange wherein water would be 
released to Clear Creek at Healy Reservoir for use by downstream 
appropriators. The city would divert an equal amount at some 
point upstream of Healy Reservoir where a physical supply is 
available. 

In Alternate 1, the second configuration described above was investigated. 
Under certain hydrologic conditions, the city can divert its water at its 
existing point of diversion on Clear Creek and at other times the city can 
divert its water at a proposed new point of diversion downstream of the conflu- 
ence of Clear and Rock Creeks and pump the water to its system. 

Alternate 2 ' 

In Alternate 2, the city of Buffalo will obtain storage in Texaco's Lake 
DeSmet Reservoir. The water stored in Lake DeSmet Reservoir would be used by 
the city of Buffalo in two ways: 

1. The water could be used directly by the city by constructing pumping 
plants and a pipeline and pumping the water directly to the city's 
system. 

2. The water could be used by exchange wherein water would be released to 
Clear Creek via the Clear Creek-Lake DeSmet Pipeline at Healy Reser- 
voir for use by downstream appropriators. The city would divert an 
equal amount at some point upstream of Healy Reservoir where a phys- 
ical supply is available. 

In Alternate 2, the first option was investigated. 



Alternate 3 

In Alternate 3, the city of Buffalo will develop its Little Sour Dough 
Reservoir application at the point of storage described in the application. In 
addition, Texaco will designate the Little Sour Dough Reservoir as an alternate 
point of storage for 1,000 acre-feet of one of its Lake DeSmet Reservoir per- 
mits. The city will release water from its Little Sour Dough Reservoir which 
will be conveyed by the channel of Clear Creek to its existing point of diver- 
sion. Three levels of development were investigated: 

1. Construction of a reservoir having a capacity of 1,642 acre-feet, (the 
city's Little Sour Dough Reservoir) utilizing the supplies of Little 
Sour Dough Creek. 

2 .  Construction of a reservoir having a capacity of 2,642 acre-feet, (the 
city's Little Sour Dough Reservoir and Texaco's 1,000 acre-feet) 
utilizing the supplies of Little Sour Dough Creek. 

3 .  Construction of a reservoir having a capacity of 2,642 acre-feet, (the 
city's Little Sour Dough Reservoir and Texaco's 1,000 acre-feet). The 
reservoir would be supplied by Little Sour Dough Creek with supple- 
mental supplies from Sour Dough Creek via a pipeline. 

Alternate 4 

In Alternate 4, the city of Buffalo will construct an off-channel reservoir 
having a live capacity of 1,000 acre-feet upstream of the city. The reservoir 
will be designated as an alternate point of storage for 1,000 acre-feet of one 
of Texaco's Lake DeSmet Reservoir permits. The source of supply for the reser- 
voir will be the flow of Clear Creek conveyed by a pipeline. 



EVALUATION OF WATER SUPPLY ALTERNATIVES 

General 

To assess the adequacy of the water supply alternatives, the water yield of 
Buffalo's existing water rights was evaluated and compared to Buffalo's project- 
ed water demands. Buffalo's water demands were taken from the Western Water 
Consultant study. In this study, Buffalo's water demands were projected to the 
year 1035 for a population of 9,505. As shown in Table 5-1, these water demands 
increased to 3,777 acre-feet per year with the monthly demands rates ranging 
from 2.2 cfs in December to 10.4 cfs in July. The evaluation of the water yield 
of Buffalo's existing water rights is described in the original report. 

Table 5-1 
Town of Buffalo Water Demand Schedule 

(Year 2035, Population of 9,505) 

Month Water Requirement Average Flow Rate Volume 
(gpcd) (cfs) (AF) 

January 233 3.5 215 
February 250 3.7 205 
March 246 3.6 221 
April 278 4.1 244 
WY 323 4.7 289 
June 503 7.4 440 
July 708 10.4 639 
August 543 8.0 492 
September 453 6.7 399 
October 300 4.4 271 
November 260 3.8 226 
December 148 2.2 135 

Total 3,776 

As shown in Table 5-1, the water demands for a population of 9,505 averaged 
3,779 acre-feet per year. Of these total water demands, an average of 3,329 
acre-feet per year would have been diverted in-priority under existing water 
rights for hydrologic conditions which prevailed during the 1971-1981 water 
years. The water shortages would have averaged 450 acre-feet per year, while 
ranging from 227 acre-feet in 1978 to 700 acre-feet in 1977. Thus, Buffalo's 
existing water rights are sufficient to supply on the average 88.1 percent of 
the total water demands projected for the year 2035. 



Table 5-2 
Summary of Operation 

Under ~uffalo's Existing Water Rights 
Water Demands Projected to the Year 2035 

( A n  

Water Water Diverted Water 
Year Demand In-Priority Shortage 

Average 3,779 3,329 450 

On a monthly basis, water shortages occurred in June, July, August and 
September and occurred consistently during the latter three months. The water 
shortages during water years 1971-81 were correlated on a monthly basis with the 
streamflows in Clear Creek at the gaging station near Buffalo, and these corre- 
lations were used to estimate the monthly water shortages for water years 
1951-70. These monthly water shortages, as well as the water shortages cal- 
culated for water years 1971-1981, are shown in Table 14 of the full report. 
These water shortages, which actually are the estimated water shortages that 
would have occurred during these water years had Buffalo's water demands 
equalled those projected for the year 2035 are termed hereinafter the "projected 
water shortages." 

Alternate 1 

Description: In Alternate 1, the city would use water by exchange wherein 
water would be released to Clear Creek at Healy Reservoir for use by downstream 
appropriators. The city would divert an equal amount at some point upstream of 
Healy Reservoir where surplus water is available. Under certain hydrologic 
conditions, the city could exchange water released from Healy Reservoir to its 
existing point of diversion on Clear Creek; and at other time, the city could 
exchange this water at a proposed new point of diversion downstream of the 
confluence of Clear and Rock Creeks. The implementation of this alternate would 
require establishing an additional point of diversion on Clear Creek a short 
distance downstream from its confluence with Rock Creek. The physical works to 
be constructed consist of an intake structure on Clear Creek, a pumping plant 
and pipeline, and treatment facilities to integrate these supplies into Buffa- 
lo's water system. 



Analysis: Buffalo could use Healy Reservoir water by exchange anytime 
water is being passed by its municipal points of diversion to satisfy senior 
water rights downstream from Healy Reservoir. Buffalo could divert this water 
at its municipal diversion points, provided equal quantities of water were being 
released from the reservoir. Water that originates upstream from Buffalo's 
existing point of diversion could be diverted directly at this location. Water 
that originates between Buffalo's existing point of diversion and the point of 
diversion proposed in this alternative could be diverted at the proposed point 
of diversion, treated, and pumped into the existing distribution system. Up to 
1,000 acre-feet of water would be available from Healy Reservoir each year. 

To assess the adequacy of this water exchange, the operation of the ex- 
change was simulated for water years 1971-81 as part of the previously described 
evaluation of Clear Creek streamfl-ows and water rights. In this simulation, 
Buffalo diverted water under its existing water rights that were senior to the 
river call. When the river call was coming from a water rights that were senior 
to the river call. When the river call was coming from a water right located 
downstream from Healy Reservoir (principally the Big Bonanza Ditch), Buffalo 
could have exchanged additional water directly up to its existing point of 
diversion. The volume of this direct exchange was the difference between the 
streamflows at the gaging station near Buffalo and the quantity of water that 
the ditches in the first segment could divert in-priority. In addition, Buffalo 
could divert at the point of diversion proposed in this alternative the water 
flowing past the gaging station below Rock Creek that exceeded the quantity of 
water that was available to the Redman and Redman Homestead Ditches in-priority. 
Details of the study are shown in Appendix B of the original report. 

The Northern Wyoming Land Company has a prior right for a competing water 
exchange. In this water exchange, up to 910.25 acre-feet of water per year can 
be released from Cloud Peak Reservoir into Rock Creek to compensate for addi- 
tional water diverstons into the Six Mile Ditch. Water is diverted into the Six 
Mile Ditch from Clear--Creek in the first segment about six miles upstream from 
the mouth of Rock Creek. The exercise of this water exchange will not reduce 
the overall quantity of water that Buffalo can exchange under this alternative, 
but it will reduce the quantity of water that can be exchanged directly at the 
existing point of diversion. Thus, the effect of this exchange will be to 
increase the proportion of the exchange water that is pumped into the water 
system from the point of diversion proposed in this alternative. 

Results: The operation under Alternate 1 during water years 1971-81 is 
summarized in Table 15 of the original report. Buffalo would have been able to 
fully make up the projected water shortages that occurred during this period. 
Of the total exchanged, an average of 217 acre-feet per year, or 48.2 percent, 
could have been diverted at the existing point of diversion. The remaining 233 
acre-feet per year, or 51.8 percent, could have been diverted at the proposed 
point of diversion, 

Alternative 2 

Description: In Alternate 2, the city could use water directly from Lake 
DeSmet Reservoir, The physical works would involve a pumping plant in Texaco's 
Clear Creek-Lake DeSmet Pipeline; a pipeline connecting the Clear Creek-Lake 
DeSmet Pipeline to a booster pumping plant in the vicinity of the confluence of 
Clear and Rock Creeks; and a pipeline connecting the booster plant to treatment 
facilities required to integrate these supplies into Buffalo's water system. 



Analysis: From the water supply standpoint, this alternative is comparable 
to Alternate 1; therefore, it was not necessary to perform additional analyses. 

Results: The projected water shortages for the city of Buffalo projected 
to the year 2035 are applicable to Alternate 2. All of the shortages, which 
average 450 acre-feet per year for the hydrologic conditions which prevailed 
during the 1971-1981 water years, would be pumped directly from Lake DeSmet 
Reservoir into the city's existing system. The maximum shortage of 700 
acre-feet would have occurred in 1977 and the minimum shortage of 227 acre-feet 
would have occurred in 1978. 

Alternate 3 

In Alternate 3, the city of Buffalo would develop its Little Sour Dough 
Reservoir application at the point of storage described in the application. In 
addition, Texaco would designate the Little Sour Dough Reservoir as an alternate 
point of storage of 1,000 acre-feet of its Lake DeSmet Reservoir 7009R Permit. 
The city would release water from its Little Sour Dough Reservoir which would be 
conveyed by the channel of Clear Creek to its existing point of diversion. 
Three levels of development were investigated: 

A. Construction of a reservoir having a capacity of 1,642 acre-feet (the 
city's Little Sour Dough Reservoir) utilizing the supplies of Little 
Sour Dough Creek. 

Be Construction of a reservoir having a capacity of 2,642 acre-feet (the 
city's Little Sour Dough Reservoir and Texaco's 1,000 acre-feet) 
utilizing the supplies of Little Sour Dough Creek. 

C. Construction of a reservoir having a capacity of 2,642 acre-feet, (the 
city's Little Sour Dough Reservoir and Texaco's 1,000 acre-feet). The 
reservoir would be supplied by Little Sour Dough Creek with supple- 
mental supplies from Sour Dough Creek via a pipeline. 

Alternate 3-A 

Description: This alternative would consist of the construction of Little 
Sour Dough Reservoir to a capacity of 1,642 acre-feet. About 100 acre-feet of 
this total capacity would be dead storage and would not be available to regulate 
municipal water supplies. The surface area of the reservoir at maximum storage 
would .be about 85 acres. Water would be stored under the October 18, 1933 
priority of Buffalo's existing filing for Little Sour Dough Reservoir. As 
necessary, water would be released from the reservoir to supplement the water 
supply available through Buffalo's existing water system. 

Analysis: The analysis of the water supply that would be developed under 
this alternative involved three tasks. The first task was to estimate the 
streamflows that occurred at the Little Sour Dough damsite during water years 
1951-81. The second task was to estimate the times when the Little Sour Dough 
Reservoir filing would be in-priority. The final task was to simulate the 
reservoir operation on a monthly basis, including the storing and releasing of 
water to make up Buffalo's projected water shortages. 



The streamflows at the Little Sour Dough damsite were estimated using 
runoff factors that are contained in the WWC study. These runoff factors were 
used with drainage areas to compute average runoff values for the Little Sour 
Dough damsite and the gaging station an Clear Creek near Buffalo. These average 
runoff values were 2,020 and 46,200 acre-feet per year respectively, and were 
used to compute an adjustment factor to apply to the gaged atreamflows at the 
gaging station. This adjustment factor was 0.044. (WWDC now haa 3 years of 
actual gage records at the Little Sour Dough damsite. See Chapter VII). 

Previous studies by T&K provided the basis for estimating the time when the 
Little Sour Dough Reservoir filing would have been in-priority. These studies 
shoved the times when the water rights for Lake DeSmet Reservoir would be 
in-priority. Aa the Little Sour Dough Reservoir priority is junior to Texaco's 
most senior right on Piney Creek and senior to Texaco's most renior right on 
Clear Creek and the Water Connnissioner normally stops diversion at both intakes 
simultaneously, it follows that Buffalo could have stored anytime water was 
being stored in the lake DeSmet Reservoir. It was assumod that Buffalo would 
maintain a miaimum streamflow in Little Sour Dough Creek. The amount of this 
mlnimum streamflow was one-third the estimated average annual streamflow, or the 
historic streamflow, whichever was less. 

The reservoir operation was simulated on a monthly basis. All water that 
was available in-priority and that exceeded the minimum bypasa was regulated in 
or pas~ed through the reservoir. Evaporation lorser were calculated using the 
net lake evaporation values (adjuated for elevation) found in the U.S. Bureau of 
Reclamat1on;s letter to the Johnron County Water Users Arrociation (Appendix F 
of the WWC study). Seepage loares wore retimated on the basir of experience 
assuming reasonable values for the rite conditions. Water was released as 
necessary to make up the projected water shortages and included an allowance of 
10 percent for stream transit l08Se8. Inflowr that would have caused storage to 
exceed the maximum capacity of the reeervoir were treated as apilla. 

Results: The estimated streamflows at the Little Sour Dough damsite 
average about 1,861 acre-feet per year and ranged from 799 acre-feet in 1954 tb 
3,233 acre-feet in 1978. Monthly atreamflows ranged from averages of 29 
acre-feet (less than 0.5 cfs) in February to 625 acre-foot (10.5 cfa) in June. 
On the whole, more than 70 percent of the total flow occurred from May through 
July. The streamflows that were available for atorage at Little Sour Dough 
damsite are shown in Table 17 of the original report. Thoao atreamflows 
averaged 1,089 acre-feet per year and rangod from 184 acre-feet in 1960 to 22,662 
acre-feet in 1978. About 95 percent of the atreamflowa that wrro available for 
storage occurred during May through July. 

The operation of the reservoir during water yoarr 1951-81 ie rummarimd in 
Table 18. An average of 1,089 acre-feet par year war available for utorage 
under the Little Sour Dough Rerervoir priority. Rerervoir rpillr average 313 
acre-feet per year, suggerting that a larpor rerorvoir may bo doaitrablo. 
Evaporation and reapage lorser wore ertimatdd to avorago 228 acre-foot per yoar. 
Releases to make up the projected wator rhortagoa avera8.d 555 acre-foot por 
year. Thir alter~tivo was eufficiont to a v b  up tho projoctod water shorta808 
in a11 but 3 dry yoarr of the 31 yeara etudibd. 



Alternate 3-B 

Description: This alternative would consist of the construction of Little 
Sour Dough Reservoir to a capacity of 2,642 acre-feet. About 100 acre-feet of 
this total capacity would be dead storage and would not be available to regulate 
municipal water supplies. Water would be stored under the priority of Buffalo's 
existing filing for Little Sour Dough Reservoir and as an alternate storage 
location for 1,000 acre-feet of Texaco's Lake DeSmet Reservoir Permit 7009R. As 
necessary, water would be released from the reservoir to supplement the water 
supply available through Buffalo's existing water system. 

Analysis: The analysis of this alternative involved simulating the opera- 
tion of the enlarged Little Sour Dough Reservoir using the estimated streamflows 
that were available from the Little Sour Dough Creek. 

Results: The operation of the enlarged Little Sour Dough Reservoir during 
water years 1951-81 is summarized in Table 19 of the original report. An 
average of 885 acre-feet per year was stored. Reservoir spills averaged 204 
acre-feet per year. Evaporation and seepage losses averaged 316 acre-feet per 
year. Releases to make up projected municipal shortages averaged 573 acre-feet 
per year and ranged from 252 acre-feet in 1978 to 980 acre-feet in 1954. This 
alternative was sufficient to fully make up the projected municipal water 
shortages. 

It may be noted that during the 31-year study period: 

A. No shortage of supplies would have occurred. 

B. During an extended dry period, such as occurred in 1953 through 1963, 
the reservoir would have experienced a ten-year drawdown-refill cycle. 

Alternate 3-C 

The supplemental water supply for a population of 9,505 could be supplied 
from the enlarged Little Sour Dough Reservoir using only the supplies of Little 
Sour Dough Creek and only a small portion of the potential of Texaco's 1,000 
acre-feet. To determine the full potential of Alternate 3, an additional study, 
Alternate 3 4 ,  was performed in which the requirements for a population of 
11,882 projected to the year 2050 was analyzed. 

Description: In Alternate 3 4 ,  Little Sour Dough Reservoir would regulate 
waters from both Little Sour Dough and Sour Dough Creeks. It would consist of 
the construction of Little Sour Dough Reservoir to a capacity of 2,642 acre-feet 
and diversion and conveyance facilities to deliver water from Sour Dough Creek 
to Little Sour Dough Reservoir. It was assumed that the diversion facilities on 
Sour Dough Creek would have a maximum capacity of 10 cfs and that Buffalo would 
maintain a minimum bypass of one-third the average annual streamflow or the 
historic flow of the stream, whichever is less. 

Analysis: The analysis of this alternative involved estimating the 
streamflows in Sour Dough Creek that could be diverted to and regulated in 
Little Sour Dough Reservoir and simulating the operation of the reservoir with 
water from both Little Sour Dough and Sour Dough Creeks. A runoff adjustment 
factor of 0.105 was computed for Sour Dough Creek using the same procedure as 
described for Little Sour Dough Creek in Alternate 3-A. 



Results: The streamflows in Sour Dough Creek at the proposed point of 
diversion average 4,442 acre-feet per year and ranged from 1,907 acre-feet in 
1954 to 7,715 acre-feet in 1978. Monthly streamflows ranged from 60 acre-feet 
(about 1 cfs) in February to 1,492 acre-feet (about 25 cfs) in June. The 
streamflows that were available for storage from Sour Dough Creek under the 
previously stated assumptions for diversion capacity and minimum bypass averaged 
2,540 acre-feet per year and ranged from 309 acre-feet in 1960 to 5,814 
acre-feet in 1978. As previously discussed, the annual amount that could be 
diverted from Sour Dough Creek under Texaco's right would be limited to 1,000 
acre-feet. An average of 2,034 acre-feet per year was available for storage and 
was regulated in or passed through the reservoir. An average of 324 acre-feet 
per year was lost through seepage and evaporation losses. An average of 969 
acre-feet per year was released to make up projected municipal water shortages; 
and on the average, 872 acre-feet were delivered to the city's point of diver- 
sion. The spills from the reservoir averaged 753 acre-feet per year. The 
minimum end-of-year reservoir content was 452 acre-feet at September 30, 1961. 

Alternate 3-C was capable of satisfying the projected municipal water 
shortages for a population of 11,882 in all years and, as evidenced by the 
minimum reservoir content, had some reserve capability. 

There were no spills in water years 1954, 1955, 1956, 1960, 1961 and 1969; 
thus, all the supplies that were available to the city's right and Texaco's 
right were utilized. 

(The descriptions of the alternative based on the T&K model of basin yields 
should be compared with the actual gage data described in Chapter VII. While 
the combined yields of Little Sour Dough and Sour Dough Creeks may be sufficient 
to meet a portion of the projected shortfall, the gage records indicate that 
basin yields are substantially below those predicted by the T&K model). 
Alternate 4 

Description: Alternate 4 would consist of the construction of a dam and 
reservoir on Dump Gulch, a pipeline connecting Buffalo's proposed Clear Creek 
raw water pipeline to the reservoir, a pipeline connecting Dump Draw Reservoir 
to the treatment area and treatment facilities to integrate the reservoir into 
~uffalo's existing water system. The reservoir capacity would be 1,200 
acre-feet, of which 200 acre-feet would be dead storage. The water rights for 
this alternative would be obtained by designating the reservoir as an alternate 
point of storage for 1,000 acre-feet of ~exaco's Lake DeSmet Reservoir Permit 
7009R. The supply system for the reservoir would use, in part, the proposed 
pipeline from the city's proposed point of diversion. During the winter months, 
this pipeline which has a design capacity of 10.03 cfs (4,500 gpm) has spare 
capacity which can be used to fill the reservoir. In the vicinity of the city's 
existing raw water ponds, a new pipeline would connect the city's pipeline with 
the reservoir. This reservoir supply pipeline would have a design capacity of 
approximately 10 cfs. 

Analysis: Water would be available for storage in the off-channel reser- 
voir under Texaco's Lake DeSmet Reservoir right during the winter, 
non-irrigation, season (October 16 through April 15). The analysis of this 
alternative consisted of estimating the streamflows in Clear Creek during years 
1951-1981 that could be diverted into this off-channel reservoir and simulating 
the opetation of the reservoir to make up the projected water shortages. 



Results: The analysis showed that up to 1,000 acre-feet could be diverted 
from Clear Creek each year during the period of October 16 through April 15 
under the Lake DeSmet Reservoir water right. In all but 3 of the 31 years, 
1,000 acre-feet would have been diverted by the end of January. 

The operation of the reservoir during water years 1951-81 shows that the 
full 1,000 acre-feet could have been diverted into the reservoir each year, and 
an average of 782 acre-feet per year was regulated in it. Evaporation and 
seepage losses averaged 268 acre-feet per year. Releases to make up the pro- 
jected water shortages averaged 516 acre-feet per year and ranged from 227 
acre-feet in 1978 to 882 acre-feet in 1954. This alternative was sufficient to 
fully make-up the projected water shortages during the study period. However, 
it is noted that the reservoir was empty on September 30, 1954; and this, the 
full potential of the alternate was used to satisfy the 1954 dry year demand for 
a population of 9,505. 

It may be noted that during the 31-year study period: 

a. No shortage of supplies would have occurred. 

b. The reservoir would have been empty on September 30, 1954. 

c. The reservoir would have nearly filled in every year with minor 
shortages in 1955, 1956 and 1957. 

Water Oualitv 

The four alternatives studied utilize water from three different sources; 
i.e., Clear Creek below Rock Creek, Lake DeSmet Reservoir and Clear Creek above 
Buffalo. Further in Alternate 3, the supplemental water of Clear Creek above 
Buffalo will be utilized directly wi'th the city's direct flow rights while in 
Alternate 4 the supplemental water of Clear Creek above Buffalo will be diverted 
from Clear Creek with the city's direct flow rights during the non-irrigation 
season but will be routed to Dump Draw Reservoir for storage. 

Clear Creek below Rock Creek: The water in Clear Creek below the confluence 
with Rock Creek meets most of the standards set forth in the Federal Safe 
Drinking Water Act (SDWA). The water meets all of the primary maximum contami- 
nant levels (MCL) except turbidity and bacteriological contamination, and all of 
the secondary MCL's except the standard for manganese. 

The turbidity, and to some extent the bacteriological contamination, can be 
removed by filtration. The remaining bacteriological contaminants can be 
rendered harmless by disinfection with chlorine. Both are standard treatment 
practices for surface water. The MCL for manganese, 0.5 mg/L, was established 
primarily for esthetic reasons, to eliminate the formation of dark stains in 
laundry and plumbing fixtures. A slight excess of manganese might be undesir- 
able to,the water consumer but should not have any toxic effect when ingested. 

The water has some other characteristics which might make it somewhat less 
desirable for a primary water source. It is high in sulfates and total dis- 
solved solids, and it is hard. The MCL for sulfate, 250 mg/L, was established 
at the threshold of taste. A water should not exhibit a laxative effect until 
the sulfate concentration reaches double the MCL level or greater. While the 



water in Clear Creek below Rock Creek contains a sulfate concentration almost 
equal to the MCL, it could be safely used without causing intestinal distress by 
all but the most sensitive individuals. 

Despite the undesirable features such as high manganese, high sulfate, and 
high total dissolved solids, this water when mixed with water from the city's 
present source will produce a blend that should be completely acceptable. The 
proportion of water from the supplemental source is estimated to be less than 10 
percent of the total water supply on the average day in July up until the year 
2000. The proportion of supplemental water continues to climb until it reaches 
an estimated 34 percent on the average August day in year 2035. Still, the 
concentration of manganese, sulfate and total dissolved solids in the blend of 
the normal source and supplemental source waters is well within the MCL's of the 
SDWA. A n  analysis assuming a sulfate concentration in both waters approximately 
10 percent higher than the highest concentration observed by the USGS to date 
showed a sulfate concentration of 168 mg/L in the blend on the average August 
day in 2035, well below the MCL of 250 mg/L. Likewise, a similar analysis of 
total dissolved solids showed a concentration of 342 mg/L in the blend on the 
same average august day in 2035, well below the MCL of 500 mg/L. 

Lake DeSmet Reservoir: Less information is available on the chemical 
makeup of Lake DeSmet Reservoir than the Clear Creek below Rock Creek water. 
However, the water in Lake DeSmet is, at least partially, water from Clear Creek 
below Rock Creek; and much of the discussion for Alternate 1 could apply to Lake 
DeSmet Reservoir water as well. The limited chemical analyses available seem to 
indicate a lower level of sulfate and total dissolved solids in Lake DeSmet 
Reservoir than in Clear Creek below Rock Creek. Nevertheless, the most impor- 
tant point is that after blending with water from the city's present source, the 
result will have concentrations of manganese, sulfate and total dissolved solids 
less than found in Lake DeSmet R e s e ~ o i r  alone. Since the Lake DeSmet Reservoir 
water appears to meet the MCL's of the SDWA, it follows that the blend will 
easily meet the MCL's of the SDWA. The water must be filtered to remove 
turbidity, of course, and chlorinated to eliminate bacteriological contaminants. 

Clear Creek above Buffalo: The existing water supply is derived from Clear 
creek upstream of Buffalo, passing it through a series of reservoirs with gravel 
pack infiltration galleries or from a shallow infiltration gallery in the Clear 
Creek alluvium. The water then passes through a micro filter (mknimum pore size 
of 800 microns) and is them chlorinated. The water quality history of the 
city's supply is satisfactory, and quality has generally met all MCL require- 
ments. However, the U.S. Environmental Protection Agency (EPA) has voiced 
concern about the effectiveness in removing pathogenic organisms, in particular 
Giardia lamblia, and has recommended that the city consider additional treat- 
ment. 



CHAPTER VI. RECENT SYSTEM CONSTRUCTION 

As completed, the project includes a new diversion dam on Clear Creek 
located just upstream of the Crippled Children's Camp. Water is carried from 
the dam to the town's settline ponds by 31 miles of 14-inch ductile iron pipe. 
The maximum design capacity of the pipeline is 10.03 cfs with a working pressure 
at the ponds of 281 psi. 

The new site for the diversion dam was selected to avoid any possible 
contamination of the water supply by a discharge from the Crippled Children's 
Camp and also to provide enough statis pressure to accommodate a low head 
hydroelectric unit at some date in the future. This decision added about two 
miles of pipeline but was selected by the town and their design engineer as the 
most desirable location. 

The town has completed the Buffalo Raw Water Project which will divert 
water lower on Clear Creek and convey it by pvc pipe directly to the town's 
parks and golf course. This should eliminate a large demand for treated water 
in the summer months. 



CHAPTER VII. ANALYSIS OF 1985 AND 1986 USGS GAGE DATA 
FOR LITTLE SOURDOUGH CREEK AND SOURDOUGH CREEK 

Background 

The city of Buffalo has a 1933 reservoir filing on Little Sourdough Creek 
at a point with only about 4 square miles of drainage area. To supplement the 
water from Little Sourdough, it has been proposed to divert water from Sourdough 
Creek to the future reservoir on Little Sourdough. A Level I study by Tipton 
and Kalmbach (November 1984) recommended that streamflow gages be installed on 
Little Sourdough and Sourdough Creeks to determine if these basins produce 
enough water to justify a water supply project for the city of Buffalo. 

In late 1984 or early 1985, two gages were installed by the USGS. Gage 
063173 is located on Sourdough Creek at the location of the proposed diversion 
point. Gage 063173.4 is located just downstream of the location of the city's 
reservoir filing. Both of these gages were scheduled to operate during water 
years 1985 through 1987. However, WWDC will continue operation of these gages 
at least through water year 1988 to give the WWDC and the city additional data 
to use in making an informed conclusion on the value of the Little Sourdough 
filing . 
Summarv 

Data from 1985 and 1986 are now available for gages 063173 and 063173.4. 
With this limited amount of information the estimate is that Little Sourdough 
Creek is producing between 24 and 33 percent of the amount of annual flow that 
should be produced fromTthis basin. In 1985 Sourdough Creek produced about 80 
percent of the amount of annual flow that should be produced from its basin. 
These conclusions consider the fact that 1985 was a very dry year and that 1986 
was a normal water year in nearby basins. The actual mean annual volume in 
Little Sourdough of 405 acre feet is only 22 perceng of the Level I assumed 
runoff of 1853 acre-feet. This is a large discrepancy that must be resolved 
before proceeding with Alternative 3B of Tipton and Kalmbach's Level I report. 



Analysis 

The first step in the analysis was to determine the performance of nearby 
basins that have more than 15 years of gage records. Four gaged basins were 
chosen that are nearby or overlapping the Sourdough/~ittle Sourdough basins. 
These gages are named in Table 7-1 which also lists pertinent characteristics 
for each gage. Theoretical mean annual flows (column G )  were calculated using 
the Basin Characteristics method (USGS 1977) for each basin to provide a base 
for comparison that considers mean basin elevation and drainage area. Dividing 
actual gage means by the theoretical means for each gage, ratios were obtained 
as listed in column J. The average ratio for the four nearby gages is 0.63, 
that is, the nearby basins have produced an average of 63 percent of the theo- 
retical flows for those basins. 

The second step was to determine how Little Sourdough and Sourdough basins 
have performed compared to their theoretical runoffs. As listed in column J, 
Sourdough Creek has produced 51 percent of its theoretical flow, which is not 
significantly different than the 63 percent revealed for the nearby basins 
considering the very short period of record at the gage on Sourdough Creek. 

In contrast, Little Sourdough Creek has produced only 17 percent of its 
theoretical flow as listed in column J. This extreme shortfall is partly due to 
the short period of record and the fact that 1985 was a dry year. However, some 
other factor such as infiltration or high evapotranspiration is severly impact- 
ing the volume of runoff. There are no water permits in the Little Sourdough 
basin to explain the shortfall of runoff. 

Because of the short period of record at gages 063173 and 063173.4 and to 
correct for the dry water year, it was necessary to compare 1985 ratios of gages 
063173 and 063173.4 with the 1985 ratios of the nearby gages as summarized in 
columns K through M, The same comparison for 1986 is summarized in columns N 
through P, 

As listed in column L, the ratios of 1985 runoff to actual mean annual 
runoff at gages 063110 and 063185 were only 0.65 and 0,58, respectively. A 
ratio of 1.0 would indicate a normal water year. Therefore, 1985 was a dry year 
in the vicinity. Focusing on column M, the ratios of 1985 runoff to theoretical 
runoff at 063110 and 063185 were 0.43 and 0.39, respectively. In contrast, 
Little Sourdough's ratio of 1985 runoff to theoretical runoff was 0.10. Divid- 
ing 0.10 by the mean of 0.43 and 0.39, it can be concluded that Little Sourdough 
produced only 24% of the amount of water that could have been expected from this 
basin in spite of the abnormally low precipitation during 1985. 

Similarly, in 1986, Little Sourdough produced only one-third of the amount 
of water that would be expected from that size and elevation of basin, including 
the trend of the nearby data. This was computed by dividing 0.22 by the mean on 
0.66 and 0.67 from column P a  It should be noted that the two values of 1.01 and 
0.99 in column 0 indicate that 1986 was an average water year in this vicinity. 
In spite of the average runoff conditions in 1986 at the nearby gages, Little 
Sourdough produced only 33 percent of its potential runoff. 

Sourdough Creek performed better in 1986 than any of the gages as shown by 
the highest value of 0.74 in column P. But in 1985, Sourdough Creek produced 
only 66 percent of its potential runoff as computed by dividing 0.27 by the mean 
of 0.43 and 0.39 from column M. Overall, Sourdough Creek has produced only 80 
percent of the runoff expected from a basin of this size, elevation and lo- 
cation, 



Sable 7-1 CCWkRISON OF WlSIN WJWF IN THE VICSNITY W LITTLE SWRWUGH FIND WRliM#jH C E K S  

Gage No, Sage Narw 

Mi3110 N~:lt*th Fork Fiwder River 
Near -Hazel ton 

06315iS b r t h  bork Craz Wan 
w Creek near ~ u f f  alo 

Mi3175 krthForkClearCreek 
near Buffalo 

ih3165 Clear Creek near (at) 
Buffalo 

a3173 Sourdou h Creek 
near b t f a lo  

063173.4 Little Sourdough Creek. 
rear Euf falo 

kan  
Period Drainae Basin 

of Rrea "A" Elevation 
Record (square "EN 

wiles) (feet) 

Theowt ical k a n  Ratio of 1 1985 Ratio of Ratio of 1 1986 Ratio of Ratio of 1 1987 Ratio of Ratio of l 
Clnnual FlowQa k tua l  hriual k tua l  to  I Onnual 1985 to 1985 to I hnual 1986 to  1986 to I flnnwl 1987 to  1987 to I 
using Basin- kan  at Gage Theoretical I Flow k tua l  Theoret. I Flow k tua l  Theoret. I Flow k tua l  Theoret. I 
Char.kthcrd fcfs) (ac-ft) lrleanhriuall (ac-ft)#ean Mean I ( a c - f t l k a n  kan  I ( ac - f t lkan  Hean I 

(cfs) (ac-ft) Flms I I I ----------------- ------ ------- -------- 1 ------- -------- -------- I ------ ------- ------- I ------ ------ ------ I 
I 

F G H I J I K L n I N  o P I Q  R s I 

93.9 67,979 62.7 45,395 0.67 i ai,m 0.3 0.39 i 45,020 0.99 0.66 i 43,620 0.96  om^ I ------- I I I I 
mean ratio = 0.63 

Footnotes: 
a 1485, l'3& and 1907 data used to corupute wan. 
b Gage discontinued, 1985-87 data not available. 
t Due t c ~  short period of record i r ~  actual mean, this ratio is not mehn~r~gful. 



CHAPTER VIII. POPULATION AND DEMAND PROJECTIONS 

The 1980 census listed the city of Buffalo with a population of 3,799, 

The Research and Statistics Division of the Wyoming Department of Adminis- 
tration and Fiscal Control estimated the following populations for Buffalo and 
Johnson Counties, The estimates are based on the fact that the 1980 census 
revealed that the city of Buffalo contained 56.7% of the Johnson County popu- 
lation, and that percentage is expected to remain relatively unchanged in the 
future, 

Buff a10 Johnson 

In 1980, ~ulp/Wesner/Culp used estimates developed by CWC for the Buffalo 
201 Facility Plan to project population increases. 

As discussed in that plan, future population projections are dependent upon 
future energy development in the Buffalo area. A summary of population projec- 
tions developed in the facility plan are summarized below. 

POPULATION 
W/O Synfuel With One With Two 

Year - Projects Synfuel Project Synfuel Projects 

The synthetic fuel project are proposed by both Texaco and Mobil. The rate 
of future population growth is dependent upon the effect of the energy projects. 
Given the present energy market, the development of synthetic fuel projects in 
the Buffalo area appears unlikely in the near term. 

And like many other Wyoming communities, Buffalo has experienced a popu- 
lation decline since the 1980 census, DAFC estimates the 1987 population at 
3620. Ken Gross, Buffalo's city administrator, confirms that the September, 



1987 population is probably between 3500 and 3600. Thus Buffalo is not today in 
great need of an increased supply. Short-term peak day shortages could be met 

by construction of a treated water storage reservoir, or by the method Buffalo has 
used in the past, watering restrictions during periods of shortage. 

In planning for Buffalo's future needs, however, consideration must be 
given to the potential for rapid, energy-induced, "boom" growth which could 
substantially increase Buffalo's water needs in a relatively short time. 

WATER DEMAM) ESTIMATES 

As a part of the 1982 Western Water Consultant study, individual meter 
readings were coded onto a computer for the purpose of reviewing and comparing 
household or commercial water use rates. The computer code enabled identifica- 
tion of unusually large water users and the compilation of total water 
diversions. It was not possible to determine individual use by months because 
meters are read every two months with half of the meters read one month and the 
other half read the subsequent month. 

The comprehensive plan for Buffalo (Buffalo-Johnson County Planning Office, 
1975) discusses the existing municipal water system and indicates that in 1972 
the city began installing water meters. Prior to that date, the city was 
diverting 200 gallons per capita per day (gpcd) during the winter and had 
diverted a peak of 885 gpcd in August 1970. In recent years, the peaK per 
capita diversion has decreased by about 20 percent, a reduction which can 
apparently be attributed to the installation of meters. 

The per capita diversion rate is higher than most published averages (WRRI, 
1979). Thus, in 1981, the city retained a firm to test their water mains for 
possible leaks. The results of the consultant's work (Gross, 1982) showed that 
the distribution system was sound with no significant leakage taking place. 

A comparison of the totals of individual meter readings to the readings 
from the master meter below the chlorinator indicates that in 1981 about 31 
percent of the treated water was not delivered to individual metered users. The 
reason for the discrepancy has not been determined; however, the records from 
the master meter were used to estimate the amount of water which must be sup- 
plied the city. Records of readings from the master meter were obtained for the 
year 1977-1981. The volume of water treated on a per capita basis for each of 
those years was estimated using the average population figures shown below, 
which were based on the growth figure of 1.5 percent per year: 

Population 

The monthly water production in gpcd was computed and the average for those 
years with complete records is shown in the last column of Table 8-1. 

mate 
base 

There are 
ly 90 had 
ball parks 

1628 water meters in the city of Buffalo. Of the 1628, approxi- 
no readings for 1981. Until 1981, the golf course, city parks, 
, and county fairgrounds were unmetered. A great quantity of the 

previously unaccounted for water was used for irrigation of these publicly owned 
facilities. Meters were installed during the spring of 1981 in an attempt to 
account for all of the water. 



Through efforts to computerize and study the water consumption patterns, 
some unusally high consumers have been discovered. The high users in the 
commercial group are the grocery stores, which use water for cooling purposes. 

Recently, the city of Buffalo revised the rate schedule of charges for 
water usage. Previously, the rates decreased as the usage increased. The new 
rates increase with usage, and should encourage conservation. 

The water demand for the city with a population of 9,505 was computed by 
multiplying the average monthly per capita production by 9,505. The results 
were used as the basis for the water development plan presented in the WWS 
study. Figure 3 shows the monthly water demands in acre-feet per month and cfs 
by the city in 1980 and those projected for a population of 9,505. 

Ability of Existing System to Meet Demands 

An investigation of the ability of existing water supply and transmission 
facilities to handle the projected growth in water demands indicated that the 
existing water transmission system is inadequate. The physical and legal 
availability of water in Clear Creek presents the major constraint to satisfying 
municipal water demands. Because direct flow rights owned by Buffalo are 
separated in priority by intervening rights of other users during the irrigation 
season, certain amounts of water in excess of Buffalo's rights must be present 
in the stream before the city may divert its needed water. Thirty-eight percent 
of the time, Clear Creek does not flow enough water to meet projected future 
July needs with a population of 9,505. A source of supplemental supply is 
therefore seen as necessary to provide adequate water to the city under the 
projected growth scenario. 



Table 8-1. 
Estimated Water Dem~nd by the 

City of Buffalo, Wyoming, with a Population of 9,505 

~allonsl Acre-Feet / 
~ a p i  t a /Day ~allons/~ay Month - CFS 

Jan 233 2,214,665 212 3.5 

Feb 250 2,376,250 203 3.7 

Mar 246 2,338,230 222 3.6 

May 

Jun 

S ~ P  

Oct 

Wov 

Dec 

'~rom Table 5 



CHAPTER IX. CONCLUSIONS AND RECOMMENDATIONS 

Like many municipalities in Wyoming, the city of Buffalo in 1987 is suffer- 
ing from the effects of a depressed energy market and an area-wide economic 
slowdown. As a '  result, population has declined, and both local and state 
revenues available for infrastructure rehabilitation and expansion are limited. 

However, Wyoming's traditional cycle of boom and bust leads planners and 
government officials to anticipate a time when Buffalo's water requirements may 
increase dramatically. Since neither the timing nor the magnitude of this 
increase can be accurately predicted, and since funds for major capital con- 
struction is currently limited, a conservative approach to Buffalo's water 
supply situation may be warranted. 

Some water supply problems and system bottlenecks have been eliminated by 
the construction projects funded by the Water Development Commission, hut two 
major immediate problems remain -- meeting peak demands and protecting the 
health of the water user. Buffalo may also wish to consider a water development 
strategy which would assure future supplies in anticipation of energy-related 
increases in demand. 

The issue of water quality and protecting the health of system users has 
been mentioned in several previous studies. The general conclusion is that 
Buffalo's present water treatment procedures are inadequate. The potential 
exists for a public health problem if contamination of the Clear Creek drainage 
occurs at a point above the new diversion structure. The most likely source of 
problems is Giardia Lambia, a water-borne microorganism. Giardia may be carried 
by most warm-blooded animals, and is introduced into water systems by fecal 
material deposited directly into streams or carried into the stream bv runoff. 
Since the microorganism is encased in a cyst, it is highly resistant to dfsin- 
fecting agents like chlorine and must be removed by highly efficient floculation 
and filtration procedures. 

The Environmental Protection Agency is charged with enforcement of water 
quality standards developed under the federal Safe Drinking Water A c t .  The EPA 
believes that Buffalo's present water treatment procedures are Inadequate. In 
August of 1986, EfA sent the following letter to the city: 

Dear Public Water Supply Operator/Owner: 

During calendar year 1985, Culp Wesner Culp (CWC) conducted, on behalf of 
the Environmental Protection Agency, a sanitary survey and particulate analysis 
of 80 public water systems in Wyoming. The study included your system, 

CWC concluded that your water system has high risk of potential contamina- 
tion by pathogenic microorganisms. Your review of CWC's final report for your 
system should have prompted you to begin actions to upgrade your operations to 
provide a higher quality of drinking water for your consumers. EPA is interest- 
ed in learning what activities you have taken or plan to take as a result of the 
CWC findings, Please submit this information to this office by September 5, 
1986. 



If you have any questions about this request, please feel free to contact 
Joe Sarcone at (303)293-1413. 

Sincerely, 

/s/Marc Alston, Chief 
Public Water Supply Section 

As of October 1, 1987, the city of Buffalo has not responded to the EPA 
letter. 

In addition, the EPA is currently in the process of revising standards for 
municipal water treatment systems. It is likely that Buffalo will in the near 
future be subjected to stringent requirements to develop a modern water filtra- 
tion and treatment plant to meet EPA Clean Drinking Water Standards. 

It is reconmended; therefore, that ~uffalo's first and highest priority be 
to protect its citizens from a potential health hazard by constructing a water 
treatment plant which will comply with EPA standards. 

The second problem has two components; first, meeting current peak demands 
and second, insuring a supply to supplement the city's existing direct flow 
rights on Clear Creek as a hedge against future demands. 

The city has already taken several steps to attentuate peak demand prob- 
lems. Installation of water meters, a revised and progressive rate structure, 
construction of a new pipeline and diversion structure, and construction of a 
raw water irrigation system have all reduced demand on the city's existing 
potable water supply system. The city should continue to investigate and 
implement conservation procedures, since per capita use remains higher than the 
average for similar Wyoming communities. 

A treated water storage tank would serve to buffer peak demands and would 
provide additional fire protection. Construction of a treated water reservoir 
with a capacity of 2.5 million gallons is recommended. 

The desirability of securing a firm supply against potential future demand 
is a more difficult problem to approach. The city has in the past expressed a 
preference for high mountain storage. However, the WWC study estimated con- 
struction costs for the three preferred sites at $3,000 to $8,000 per acre-foot, 
depending on location and reservoir size. Without an immediate demand, it 
appears such expenditures are currently not justified. In addition, the only 
reservoir site which could be developed to take advantage of the 1933 priority 
would be the site of the original Little Sourdough Reservoir. This site has a 
number of problems including questionable yield which may effectively eliminates 
it from consideration as a source of supply. A reservoir at any other site 
would be dependent on a current priority date for any storage above the 1,000 
acre-feet donated by Texaco. 

The city of Buffalo prefers the mountain storage alternative for several 
legitimate reasons. The system would be gravity flow and would not require the 
pumping expenses associated with several of the alternatives discussed in the 
Tipton and Kalmbach report. Water quality would be better than water taken 
lower in the drainage or pumped from Lake DeSmet, and the system would not 



require the water rights manipulations or the constant monitoring necessary for 
successful operation of the water rights exchange plans proposed by Tipton and 
Kalmbach. In addition, the capital construction of a mountain reservoir has the 
potential to be heavily subsidized by state grants and low-interest loans. Such 
support would not be available to defray the higher operation and maintenance 
costs of alternatives which involve water rights exchanges and/or pumping costs, 
although construction assistance for these alternatives would be possible. 

An alternative not fully evaluated in any report is the potential to 
purchase storage in an existing reservoir such as Cloud Peak or Willow Park 
Reservoirs. This option would offer the city an opportunity to purchase a 
sufficient amount of existing storage rights to meet peak demands now and to 
cover projected demand. Purchase costs could be partially defrayed by leasing 
the water back to current users until the demand for the additional water 
actually develops. This option has the advantage of insuring a future supply at 
a minimum present expenditure. However, it is unlikely that state assistance 
would be available for the purchase of existing storage. 

The Tipton and Kalmbach report discusses four alternatives involving the 
use of 1,000 acre-feet of water made available to the city by Texaco from their 
existing storage rights in the Clear Creek drainage. If the city can foresee a 
time when any of the alternatives involving Texaco's right would be developed, 
the city should secure a binding agreement with Texaco to secure this arrange- 
ment. The donation of 1,000 acre-feet, expressed in terms of the per acre-foot 
cost of a mountain reservoir alternative, represents an equivalent value to the 
city of $3,000,00 to $8,000,000. Whlle water rights exchange alternatives would 
require more system monitoring and management, and pumping alternatives would 
require more operation and maintenance expenses, the value of the Texaco 
donation should not be ignored. 

The next step is up to the city of Buffalo. The city's governing body must 
select a planning approach compatible with their preceptions of the community's 
best interests. 
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