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Authorization of Stuay 

This report summarizes the findings of Phase I11 of a Level I1 
feasibility evaluation for the Buffalo Municipal Reservoir 
Project. The evaluation was conducted for the City of Buffalo, 
Wyoming, under the direction and funding of the Wyoming Water 
Development Commission, by States West Water Resources Corpora- 
tion. Authorization to conduct this Level I1 evaluation was 
given by passage of W.S. 41-2-123 during the 1988 session of the 
Wyoming Legislature. The location of the project is shown on 
Figure 1. The Phase I and Phase I1 work is briefly summarized 
herein. 

Level 11, Phase I Evaluation 

The Level I1 evaluation of the Buffalo Municipal Reservoir Proj- 
ect was subdivided into phases. Phase I concerned feasibility 
evaluations of project water supply, hydropower potential, permit 
requirements, and environmental mitigation. The initial Phase I 
also entailed investigation of two potential sites for the reser- 
voir, with selection of the better site for full feasibility- 
level evaluation and detailed land survey. 

The issue of most concern was found to be the project's ability 
to provide a water supply to Buffalo. It was shown that with 
certain assumptions, the project could provide a reliable water 
supply. The most critical assumptions that could affect project 
feasibility dealt with potential storage limitations imposed by 
the Wyoming State Engineer and Board of Control, and with in- 
stream flow requirements proposed by the Wyoming Game and Fish 
Department. The major component of a Phase I1 investigation 
would be pursuit of those activities to finalize the operation 
rules, regulations, and criteria that will be imposed on the 
project. With the final operating criteria established, simula- 
tions of reservoir operations would be conducted to establish 
reservoir feasibility and finalize reservoir size. 

Level 11, Phase I1 Water Right Transfer 

The water right transfer process was undertaken to provide for 
the storage of water on Clear Creek by the proposed Tie Hack 
Reservoir. Previous investigations conducted indicated that the 
successful transfer of the Little Sour Dough Reservoir filing to 
the proposed Tie Hack storage site would be of paramount impor- 
tance. The 1933 priority date of this permit would insure that 
the reservoir could fill each year while keeping the total stor- 
age volume to a minimum. The process of maintaining this permit 
and its priority date took approximately eighteen months to 
complete and required Petitions to be filed with both the Wyoming 
State Engineer and Wyoming State Board of Control. 

The City filed a substitute application reserving the 1933 prior- 
ity date and also filed for a Change in Point of Diversion and a 
Change in Use from irrigation to municipal uses. No protests or 
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objections were received regarding the proposed changes and the 
matter is currently awaiting the issuance of the Order by the 
State Engineer and Board of Control. The issuance of the Order 
is expected to be made in the near future. 

Purpose of The Level 11, Phase I11 Study 

This Phase I11 study of the Level I1 evaluation of the Buffalo 
Municipal Reservoir Project was to advance the project to the 
status where a decision could be made by the WWDC and the City of 
Buffalo whether to proceed to final design, permitting, and 
construction. The study was to include the necessary tasks to 
provide the information. The following tasks were to be investi- 
gated . 
A geotechnical investigation was to be conducted. The investiga- 
tion was to investigate surface geological conditions using 
primarily existing information and field reconnaissance. The 
subsurface geological conditions were to be determined by drill- 
ing test borings. A borrow material investigation would be 
performed to determine availability of material for dam construc- 
tion. A seismic investigation was to be conducted to determine a 
design earthquake for the dam. 

An operation plan was to be developed for the reservoir. The 
plan would incorporate new information from the State Engineer's 
Office and the Game and Fish Department. The operation plan was 
to maximize benefits for municipal water supply, hydropower 
production, and fishery benefits. 

An updated hydropower analyses was to be conducted based on the 
operation plan and other new information. The best usage for 
hydropower production was to be reevaluated. Revised benefit and 
cost studies were to be conducted. 

Conceptual design of the dam, reservoir, and appurtenances was to 
be completed. The main dam facilities such as the embankment, 
outlet works, and spillway were to be conceptually designed. 
Appurtenant facilities such as access roads, boat ramp, parking 
areas, gages, and campground were also to be included. Construc- 
tion schedules and cost estimates to construct the project were 
to be developed. 

A financing plan was to be developed to provide the WWDC and the 
City of Buffalo information necessary to determine appropriate 
financial commitments and the level of state assistance. The 
plan would determine financial commitments required of the City 
for various scenarios of funding. 

A Phase I11 report was to be published summarizing the results of 
the above items. 



summary 

Geotechnical Investigation 

The geotechnical investigation presented the results of the 
feasibility grade geotechnical investigation, evaluations of the 
project geology and seismicity, and evaluation of the available 
borrow materials. Three test holes were drilled near the align- 
ment of the dam and 20 test pits were excavated in the reservoir 
area. The investigation concluded that the site was suitable for 
an RCC dam and sufficient borrow material was available. One 
major finding of the field investigation was a considerable depth 
of overburden in the valley bottom which had not been previously 
anticipated. 

Operation Plan 

Computerized hydrologic simulations of the reservoir operation 
were conducted. Operation plans were developed to meet present 
and future municipal demands, hydropower demands, fishery mainte- 
nance flows, and fishery mitigation flows. The computer simula- 
tions were run with a wide range of input parameters to determine 
what demands could be met by the reservoir. The parameters and 
demands were adjusted to eliminate or minimize shortages for the 
various demands. The simulation compiled data at key locations 
to readily enable comparison of various scenarios. Operation 
plans were proposed which met the municipal demands, optimized 
hydropower output, and maximized fishery benefits. 

Hydropower Analysis 

Hydropower production utilizing the existing raw water pipeline 
was analyzed. The hydropower installation would be located near 
the existing water storage ponds. Three scenarios were investi- 
gated for disposition of the power produced. These included 
selling all power to the power company; using part of the power 
at the proposed water treatment plant and selling the remainder; 
and using power at both the proposed water treatment plant and 
the existing sewage treatment plant and selling the remainder. 
Conceptual design of the facilities was performed and cost esti- 
mates were developed. An economic analysis indicated that the 
best scenario was to sell all power produced to the power compa- 
ny. The analysis also indicated that the hydropower installation 
would not show a positive cash flow for approximately ten years 
unless a funding subsidy is obtained as shown in Table 1. The 
estimated cost of the hydropower installation would be $900,000 
in 1995 costs. 

Conceptual Design 

The conceptual design of Tie Hack Dam and Reservoir included 
foundation preparation, RCC embankment, principal spillway, 
emergency spillway, outlet works, stream diversion and dewater- 
ing, accessory items, and environmental mitigation. The dam and 



Table 1: Hydropower Benefit at Proposed Hydropower Btation 
Financing at 8% Interest - 30 Years - ~ l l  Power sold. 

Avoided Operat ion Debt Total Combined 
Avoided Capac i t y  Off set Avoided Capacity Offset Cost Capacity Offset Hydropower and Service Annual Project 

Cost Rate Price Rate Cost Qty. Quantity Quantity Vaiue Value Value Total Maintenance (6) Project Benefits 
YEAR ($/kwh) (S/kw/mth)($/kwh) (kw) (kw) (kw) (S) (S) ($1 Value (f) Cost ($1 (S0.W @8%) Cost($) (6) 

1996 .0269 7.63 ,0475 187 187 0 44,065 17,122 0 61,187 10,800 79,945 90,745 -29,558 
1997 .0291 8.26 .0499 187 187 0 47,669 18,535 0 66,205 11,340 79,945 91,285 -25,080 
1998 .0325 9.21 .0524 186 186 0 52,954 20,557 0 73,511 11,907 79,945 91,852 -18,341 
1999 .0340 9.63 .0550 186 186 0 55,398 21,494 0 76,892 12,502 79,945 92,447 -15,555 
2000 .0357 10.12 .0577 185 185 0 57,855 22,466 0 80,322 13,127 79,945 93,072 -12,751 
2001 .0372 10.54 .0606 185 185 0 60,286 23,399 0 83,685 13,784 79,945 93,729 -10,044 
2002 .0394 11.16 ,0637 184 1 84 0 63,506 24,641 0 88,148 14,473 79,945 94,418 -6,270 
2003 .0414 11.75 .0668 184 1 84 0 66,730 25,944 0 92,674 15,197 79,945 95,142 -2,468 
2004 .0438 12.42 .0702 183 1 83 0 70,215 27,274 0 97,489 15,957 79,945 95,902 1,588 
2005 .0460 13.06 ,0737 183 183 0 n,742 28,680 0 102,421 16,754 79,945 96,699 5,722 
2006 .0484 13.72 .0774 182 1 82 0 77,165 29,964 0 107,130 17,592 79,945 97,537 9,593 
2007 .0507 14.39 .0812 182 182 0 80,832 31,428 0 112,260 18,472 79,945 98,417 13,843 
2008 .0532 15.10 .0853 181 181 0 84,352 32,797 0 117,149 19,395 79,945 99,340 17,809 
2009 ,0559 15.85 .0896 181 181 0 88,633 34,426 0 123,059 20,365 79,945 100,310 22,749 
2010 .Of87 16.66 .0940 180 180 0 92,558 35,986 0 128,544 21,383 79,945 101,328 27,215 
2011 .0616 17.48 .0987 180 180 0 97,131 37,757 0 134,888 22,452 79,945 102,397 32,490 
2012 .0646 18.33 .I037 179 179 0 101,295 39,373 0 140,668 23,575 79,945 103,520 37,148 
2013 .O678 19.25 .I089 179 1 79 0 106,313 41,349 0 147,662 24,754 79,945 104,699 42,963 
2014 .O712 20.21 .I143 178 1 78 0 111,021 43,169 0 154,189 25,991 79,945 105,936 48,253 
2015 .0748 21.22 .I200 178 1 78 0 116,634 45,326 0 161,960 27,291 79,945 107,236 54,724 
2016 .0785 22.27 .I260 177 177 0 121,716 47,301 0 169,017 28,656 79,945 108,601 60,417 
2017 .0824 23.37 .1323 in 177 0 127,763 49,638 0 177,401 30,088 79,945 110,033 67,367 
2018 .0865 24.54 .I389 176 1 76 0 133,362 51,828 0 185,191 31,593 79,945 111,538 73,653 
2019 ,0908 25.76 ,1459 176 1 76 0 139,992 54,405 0 194,397 33,172 79,945 113,117 81,279 
2020 .0953 27.04 .I532 175 1 75 0 146,095 56,784 0 202,879 34,831 79,945 114,776 88,103 
2021 .lo00 28.39 .I609 175 1 75 0 153,300 59,619 0 212,919 36,573 79,945 116,518 96,401 
2022 .I050 29.81 .I689 174 1 74 0 160,045 62,243 0 222,288 38,401 79,945 118,346 103,942 
2023 .I124 31.30 ,1773 174 1 74 0 171,248 65,354 0 236,603 40,321 79,945 120,266 116,336 
2024 .1202 32.86 .1862 in in 0 182,183 68,217 0 250,400 42,337 79,945 122,282 128,118 
2025 ,1286 34.51 .I955 173 173 - 0 194.935 71,643 0 266.578 44.454 79.945 124,399 142,179 

TOTALS 5,400 5,400 0 3,078,996 1,188,721 0 4,267,716 717,540 2,398,350 3,115,890 1,151,827 



reservoir are shown in Figure 2. Cost estimates and schedules 
were then developed. 

The estimated cost to construct the dam, reservoir, and accessory 
items was estimated to be $10.5 million in 1995 costs. The 
increase in costs from the Phase I report was primarily due to 
the increased foundation overburden depth. The overburden depth 
impacted excavation, RCC embankment, dewatering, and stream 
diversion. 

Construction of the dam would be expected to take three years. 
Construction could begin as early as 1994 if no delays are en- 
countered. 

Financing Plan 

The financing plan for the Tie Hack Dam and Reservoir Project 
considered several scenarios with different grants, loans, inter- 
est rates, and deferred payments. Cash flow projections were 
made for the scenarios to indicate anticipated financial impacts 
on the City. The scenarios covered the probable range of funding 
conditions that could be considered. Due to the hydropower 
installation, the payments decrease with time. The financial 
impacts would be most critical in the first year of the project 
pay back when payments are largest. 

The various scenarios analyzed used different combinations of 
grants, loans, interest rates, deferred payments, and methods of 
handling hydropower profits. Each scenario is discussed. 

The first scenario includes a 100 percent loan at 8 percent 
interest for 30 years for the hydropower installation and a 2/3 
grant and 1/3 loan at 4 percent interest for 50 years for the dam 
and reservoir. Hydropower revenues were used to help make pay- 
ments. This scenario would be the least favorable offered by the 
WWDC under normal circumstances. This scenario would require 
payments in excess of $200,000 per year in the early years of 
repayment. 

The second scenario would be similar to the first scenario, 
except that the dam and reservoir would be financed with a 314 
grant and a 1/4 loan. This grant-loan ratio is the most attrac- 
tive offered by the WWDC. The payments in the early years of the 
project would be reduced but would still be in excess of $170,000 
in the first year. 

The third scenario is similar to the second scenario except that 
the payments would be deferred for five years, which has been 
done previously by the WWDC. The hydropower revenues in the 
first five years would be used to reduce the debt and thence 
payments on the hydropower installation. The effect would be to 
reduce and delay the larger payments. The first large payment 
would be approximately $126,000 in the year 2001. Operation and 





maintenance costs would have to be paid by the City in the first 
five years. 

The fourth scenario would include a 100 percent loan for the 
hydropower installation at a reduced interest rate of 4 percent. 
The dam and reservoir would be financed with a 314 grant and a 
114 loan at 4 percent interest. The payment the first year would 
be approximately $144,000. 

The fifth scenario would deviate from the other scenarios in that 
the hydropower installation would be included in the grant loan 
ratio. This concept has not been done by the WWDC in the past. 
The condition of such an arrangement would be that all revenues 
produced by the hydropower installation would be applied to make 
payments. After the loan is paid back to the WWDC, the revenues 
would be shared by the City and the WWDC on the same ratio as the 
grant-loan ratio. This scenario would incorporate a 213 grant 
and 113 loan on both the hydropower installation and the dam and 
reservoir. The payments in the first year would be approximately 
$150,000. As shown in the table, the project would not show a 
positive cash flow during the 30-year period. 

The sixth scenario would be similar to the previous scenario 
except that the loan-grant ratio would be changed to 314 grant 
and 114 loan. The payments in the first year would be approxi- 
mately $105,000. The long term conditions on the hydropower 
production would be the same as the previous scenario. The 
project would not show a positive cash flow until the 30-year 
period is nearly complete, as shown in the table. 

The seventh scenario would include a 213 grant and a 113 loan for 
both the hydropower installation and the dam and reservoir at 4 
percent interest rate. The payments would be deferred for five 
years. The hydropower profits after operation and maintenance 
costs for the first five years would be used to reduce the loan 
principal. In fact, the hydropower portion of the loan should be 
paid off. The payment, in the first year of payment in the year 
2001, would be approximately $121,000. The scenario would not 
show a positive cash flow in the 30-year period. 

The eighth scenario would be similar to the seventh scenario 
except that the grant-loan ratio would be changed to 3/4 grant 
and 114 loan with a five year deferment. As shown, the first 
large payment in the year 2001 would be approximately $76,000. 
The scenario would show a positive cash flow after a 25-year 
period. 

The ninth scenario would include a 213 grant and a 113 loan for 
both the hydropower installation and the dam and reservoir at a 
four percent interest rate. The payments would be deferred for 
five years. The hydropower profits for the first five years 
would be used to reduce the loan principal. The hydropower 
profits are defined as the revenues reduced by the hydropower 
operation and maintenance costs. The entire loan for the hydro- 



power installation should be paid off during the five year peri- 
od. This scenario differs from previous scenarios in that the 
hydropower profits would then be used to reduce the loan princi- 
pal for the dam and reservoir. For this scenario, the payment in 
the year 2001 would be approximately $191,000. The loan would 
nearly be paid off during the thirty year period. 

The tenth scenario would be similar to scenario nine except that 
the hydropower installation and dam and reservoir would be funded 
with 3/4 grant and 1/4 loan. The payment in the first year of 
loan payment would be approximately $149,000. The loan would be 
paid off in the 26th year of the period. 

The ten scenarios were analyzed to bracket the probable range of 
financial arrangements that could be made between the City of 
Buffalo and the WWDC. The cash flow projections for the ten 
scenarios are summarized in Table 2. 

The costs of water currently are quite low in Buffalo, averaging 
approximately $10.00 per month per tap. The increased costs to 
finance the project with water sales would range from $3.85 to 
$11.42 per month per tap, depending upon the scenario. The 

impacts are potentially quite great when considered with the 
certainty that a water treatment plant will have to be construct- 
ed in the same time frame as Tie Hack Dam and Reservoir. The 
expected costs for operating the water treatment plant would be 
from $12.00 to $15.00 per month per tap. The potential to the 
City is for increased water rates of 250 percent to 350 percent. 

Recommendations 

The project has been advanced to a status where the next step 
would be arrangement of financing. The City should decide wheth- 
er to proceed with the project, delay the project, or abandon the 
project. A financing plan should be negotiated with the WWDC 
before the funding is requested from the State Legislature. 

The project schedule allocated the remainder of 1991 for arrang- 
ing financing with the WWDC in preparation for a request for 1992 
legislative funding. Assuming the City is successful in obtain- 
ing funding, project permitting, final design, and construction 
would follow. 



Table 2: City of Buffalo Project Benefits Summary. 

Year 

1996 
1997 
1 998 
1 999 
2000 
2001 
2002 
2003 
2004 
2005 
2006 
2007 
2008 
2009 
201 0 
201 1 
201 2 
2013 
2014 
2015 
2016 
201 7 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 
TOTAL 

Scenario 1 

-212,483 - 209,005 
-203,316 
-201,632 
-199,986 
-198,494 
-195,997 
-193,535 
-190,886 
- 188,229 - 185,910 - 183,289 
-181,033 
- 177,889 
-175,308 
-172,013 
-169,434 
-165,802 - 162,805 
-158,740 
-155,574 
-151,277 
-147,777 
-143,076 - 139,324 
-134,251 - 130,096 
-121,258 
-113,210 
-103,069 

-2,918,646 

Scenario 2 Scenario 3 

-30,800 
-32,340 
-33,957 
-35,655 
-37,438 - 129,964 - 127,467 

-125,005 
-1 12,356 - 119,699 
-117,380 
-114,759 
-112,503 - 109,359 - 106,778 
-103,483 
- 100,904 
-97,272 
-94,275 
-90,210 
-87,044 
-82,747 
-79,247 
-74,546 
-70,794 
-65,721 
-61,566 
-52,728 
-44,680 
-34.539 

-2,495,217 

Scenario 4 

-143,854 
-140,376 
-134,687 
-133,003 - 131,357 
-129,865 
- 127,368 
-124,906 
-122,257 
-119,600 
-117,281 
-114,660 
-1 12,404 - 109,260 
-106,679 
-103,384 
-100,805 
-97,173 
-94,176 
-90,111 
-86,945 
-82,648 
-79,148 
-74,447 - 70,695 
-65,622 
-61,467 
-52,629 
-44,581 
-34.440 

-3,005,830 

Scenario 5 Scenario 6 

- 104,819 
-101,341 
-95,652 - 93,968 
-92,322 - 90,830 
-88,333 - 85,871 
-83,222 
-80,565 
- 78,246 
-75,625 
-73,369 - 70,225 
- 67,644 
-64,349 
-61,770 
-58,138 
-55,141 
-51,076 
-47,910 
-43,613 
-40,113 
-35,412 
-31,660 
-26,587 
-22,432 
-13,594 
-5,546 
4,595 

-1,834,780 

Scenario 7 Scenario 8 

-30,800 
-32,340 
-33,957 
-35,655 
-37,438 
-75,882 
-73,385 - 70,923 
-68,274 
-65,617 
-63,298 
-60,677 
-58,421 
-55,277 
-52,696 
-49,401 
-46,822 
-43,190 
-40,193 
-36,128 
-32,962 
-28,665 
-25,165 
-20,464 
-16,712 
-11,639 
-7,484 
1,354 
9,402 

19.543 
-1,143,167 

Scenario 9 

-30,800 
-32,340 
-33,957 
-35,655 
-37,438 

-191,063 
- 190,293 
- 189,335 
-188,173 
-186,801 
-185,260 
-183,937 
-182,376 
-180,522 - 178,397 
-175,978 
-173,528 - 170,828 - 167,875 
-164,572 - 160,928 
-156,865 
-152,275 
-147,350 
-141,774 - 135,489 - 128,487 
-120,335 
-110,954 
-100.019 

-4,233,604 

Scenario 10 

- 30,800 
-32,340 
-33,957 
-35,655 
-37,438 

-148,835 
-147,672 
- 146,320 
-144,764 
-142,999 
-141,055 - 139,198 
-137,103 
-134,716 - 132,057 - 129,095 - 126,006 
-122,615 
-118,919 
-114,620 
-110,193 
-105,209 
-99,728 
-93,624 
-86,881 
-79,333 
-68,536 
-25,599 
-26,387 
-26,792 

-2,918,646 
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