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Introduction 

This report summarizes the status and results of the Phase I 
activities undertaken on the Buffalo Municipal Reservoir Project. 
Currently, no changes in either the scope or budget for the pro- 
posed Phase I1 activities are anticipated. 
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Recommendation of Preferred Site 

Evaluation of Alternative Dam Sites 

Preliminary evaluations were conducted on two alternative dam 
sites near the Tie Hack Campground, located approximately fifteen 
miles west of Buffalo in the Bighorn National Forest. These 
evaluations used preliminary water supply estimates, feasibil- 
ity-level cost estimates, reconnaissance-level geotechnical anal- 
ysis, and preliminary assessment of environmental effects. The 
preferred-site recommendation resulted from these studies. 

Lower Tie Hack Site 

Location 

The lower Tie Hack site lies on South Clear Creek at the conflu- 
ence with Sourdough Creek (Figure 1-11. The proposed dam would 
be approximately 1500 feet downstream of the Tie Hack Campground. 
The site is on U.S. Forest Service land. The reservoir would 
impound water in both the South Clear Creek valley and the Sour- 
dough Creek valley. 

Capacity 

The reservoir site shown in Figure 1-1 can store more than 10,000 
acre-feet (Figure 1-21. 

Geotechnical Reconnaissance 

The purpose of the reconnaissance-level geotechnical analysis was 
fourfold : 

Detection of possible fatal flaws, 
Determination of suitability for different dam types, 

I Study of the availability of construction materials, and 
i Evaluation of general acceptability of the site for a dam. 

The investigation of the lower Tie Hack site indicates that the 
site is suitable for several dam sizes and types, as described 
below. Appendix A summarizes the geotechnical findings. 

Alternative Dam Types 

Three dam types were analyzed for this site. Large volumes of 
rock available near the site, as well as a suitable foundation, 
could allow rockfill construction. Earthfill construction was 
also studied, though there is a concern that insufficient fill 
material is available near the dam site, particularly for the 
larger dam sizes. The stable rock foundation, narrow valley, and 
adequate material supply could permit roller-compacted concrete 
(RCC) construction. Appendix A more fully describes the feasi- 
bility of the three dam types. 
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Figure 1 : Alternative Dam Sites 
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Figure 2: Lower Tie Hack Site Elevation-Capacity Curve 

Water Supply 

D e t a i l e d  hydro logic  a n a l y s e s  on t h e  s i te  have no t  been completed. 
However, an  e s t i m a t e d  a n n u a l  a v e r a g e  o f  a p p r o x i m a t e l y  19,500 
ac re - fee t  of  water flow through t h e  s i te .  P r i o r  downstream water  
r i g h t s  w i l l  r educe  t h e  t o t a l  s t o r a b l e  volume. 

Flood Flows 

Approximate probable  maximum f l o o d  (PMF) flows were developed f o r  
t h e  site i n  o r d e r  t o  size emergency sp i l lways .  The e s t ima ted  PMF 
peak f l o w  is 130,000 c f s .  

Environmental E f f e c t s  

Depending on its size, t h e  proposed r e s e r v o i r  would inunda te  f r o m  
46 t o  176 acres and from 1.0 t o  2.2 m i l e s  of  South Clear Creek 
and Sourdough Creek. The T i e  Hack Campground and p o s s i b l y  t h e  
County Youth Camp would be inundated.  T e r r e s t r i a l  h a b i t a t  and 
wet lands a long  both  c r e e k s  would be  f looded.  Table  1-1 on t h e  
fo l lowing  page summarizes p r o j e c t  impacts.  
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Table 1-1 

Comparison of Environmental E f f e c t s  of  A l t e r n a t i v e  S i t e s  

Ter res t r ia l  
Location and Inundated Inundated New Roads Habitat and Youth Camp 
Size (ac- f t )  Area (acres) Stream (miles) (miles) Wetlands (acres) and Campground 

Upper T i e  Hack S i t e  

10,000 166 2 . 1  1 9 23 No effect 

1 .9  13 N o  e f f e c t  

1,500 43 1 . 0 1.9 8 N o  e f f e c t  

Lower T i e  Hack S i t e  

10,000 176 2.2 1.1 15 Both 
inundated 

5,000 104 1.6 1.1 1 2  Both 
inundated 

1,500 46 1.0 1.1 8 Campground 
inundated 

Access 

The lower T i e  Hack s i t e  h a s  access from an e x i s t i n g  F o r e s t  Ser-  
v i c e  road.  Access t o  t h e  proposed dam would r e q u i r e  c o n s t r u c t i o n  
of approximately  one m i l e  of  a d d i t i o n a l  road.  

Upper Tie Hack Site 

Locat i o n  

The upper T i e  Hack s i t e  is l o c a t e d  on Sourdough Creek approxi-  
mately 3500 f e e t  upstream of  t h e  T i e  Hack Campground ( ~ i g u r e  1- 
1 .  and is on F o r e s t  S e r v i c e  land .  The r e s e r v o i r  would inunda te  
p a r t s  o f  t h e  L i t t l e  Sourdough Creek v a l l e y  and Sourdough Creek 
v a l l e y .  

Capac i ty  

The s i te  shown i n  F i g u r e  1-1 can s t o r e  more than  10,000 a c r e - f e e t  
(F igu re  1-3). 

Interim Report 1-4 



0 0 0 0 0 0 0 
0 0 0 0 0 0 

0 0 
0 

0 
O 53 0 

CJ t a0 S 8 0 
C F 7 C 2 

Capacity (Acre-Feet) 

Figure 3: Upper Tie Hack Site Elevation-Capacity Curve 

Geo techn ica l  Reconnaissance 

The r econna i s sance - l eve l  g e o t e c h n i c a l  a n a l y s i s  o f  t h e  upper  T i e  
Hack s i te  y i e l d e d  two areas of concern.  A large rock  s l i d e  on t h e  
r i g h t  abutment cou ld  i n d i c a t e  abutment i n s t a b i l i t y .  I n  a d d i t i o n ,  
a c o n s i d e r a b l e  dep th  of material, which could  r e q u i r e  removal,  
a p p e a r s  t o  b l a n k e t  t h e  v a l l e y  bottom. Appendix A d e t a i l s  t h e s e  
f i n d i n g s  . 
A l t e r n a t i v e  Dam Types 

The t h r e e  dam t y p e s  analyzed for  t h e  lower s i t e  were a l s o  re- 
viewed for u s e  a t  t h e  upper T i e  Hack si te.  The categories are 
rock f i l l ,  e a r t h f i l l ,  and RCC dam t y p e s .  

Water Supply 

P r e l i m i n a r y  estimates show t h a t  an annual  average  of 5,500 acre- 
feet of water f l o w  t h r o u g h  t h e  s i t e .  However, as p r e v i o u s l y  
n o t e d ,  p r i o r  downstream r i g h t s  w i l l  r e d u c e  t h e  t o t a l  storable 
volume. 

Flood Flows 

The e s t i m a t e d  PMF f low is 75,000 c f s  a t  t h e  upper T i e  Hack site.  
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Environmental Effects 

Depending on its size, the reservoir would inundate from 43 to 
166 acres and from 1.0 to 2.1 miles of Sourdough Creek and Little 
Sourdough Creek. Terrestrial habitat and wetlands would be inun- 
dated along both creeks. Table 1-1 summarizes project impacts. 

Access 

The upper Tie Hack site currently lacks road access. Site access 
would necessitate construction of approximately two miles of new 
road. 

Comparison of Alternative Dam Sites 

Reservoir Sizes 

The alternative reservoir sites were compared for storage volumes 
of 1,500, 5,000, and 10,000 acre-feet. 

Cost Comparisons 

Reconnaissance level cost estimates were developed at the two 
alternative sites for each of the above-described reservoir 
sizes. Analysis of the three dam types identified the least 
expensive dam type for each combination of site and size. The 
cost estimates include dam embankment, spillways, outlet works, 
and appurtenances. Table 1-2 below shows the cost estimates. 

Table 1-2 

Cost Summary : 
Least Expensive Dam Type, By Storage Volume and By Site 

Storage Volume 
(acre-feet Upper Tie Hack Site Lower Tie Hack Site 

The cost comparisons show that the lower Tie Hack site is consid- 
erably less expensive than the upper Tie Rack site for the entire 
range of reservoir sizes. The cost estimates at this level of 
study are insufficiently accurate for final elimination from con- 
sideration of any dam type. 
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Water Supply 

The  p r e l i m i n a r y  water s u p p l y  estimates i n d i c a t e  t h a t  t h e r e  is 
app rox ima te ly  t h r e e  t i m e s  more streamflow a t  t h e  lower  T i e  Hack 
s i t e  t h a n  a t  t h e  u p p e r  T i e  Hack s i t e .  F lows  a t  b o t h  s i t e s  are  
s u b j e c t  t o  p r i o r  downstream water r i g h t s .  However, c o n s i d e r a b l y  
more water is a v a i l a b l e  a t  t h e  lower T i e  Hack s i t e  t h a n  a t  t h e  
uppe r  T i e  Hack s i te .  

Geotechnical Reconnaissance 

From a g e o t e c h n i c a l  s t a n d p o i n t ,  t h e  lower  T i e  Hack s i t e  is more 
f a v o r a b l e  for dam c o n s t r u c t i o n  t h a n  is t h e  upper  T i e  Hack si te.  
Rock s l i d e s  on  t h e  u p p e r  s i t e ,  as w e l l  a s  d e e p e r  o v e r b u r d e n ,  
r e d u c e  t h a t  s i t e ' s  d e s i r a b i l i t y .  

Environmental Effects 

The t w o  sites would i n u n d a t e  n e a r l y  t h e  same l e n g t h  o f  stream f o r  
e ach  r e s e r v o i r  size, b u t  t h e  f i s h e r y  impac t s  w i l l  p robab ly  be sub- 
s t a n t i a l l y  greater f o r  t h e  lower s i t e  b e c a u s e  o f  i ts  larger  
s t r e amf lows .  Although t h e  two sites f l o o d  n e a r l y  t h e  same acre- 
age ,  t h e  impact  on terrestrial h a b i t a t  and we t l ands  would p robab ly  
be greater f o r  t h e  upper  s i te  because  o f  its smoother  t e r r a i n .  
Access t o  t h e  upper  s i t e  would r e q u i r e  more new road  c o n s t r u c t i o n  
t h a n  a t  t h e  lower  s i te .  The lower  s i t e  would i n u n d a t e  t h e  T i e  
Hack Campground and p o s s i b l y  t h e  County Youth Camp. The o v e r a l l  
e n v i r o n m e n t a l  e f f e c t s  f a i l  t o  f a v o r  o n e  s i t e  o v e r  t h e  o t h e r .  
T a b l e  1-1 summarizes t h e  e f f e c t s .  

Beconmended Site 

Examination of p r e l i m i n a r y  c o s t s ,  r e conna i s s ance - l eve l  geo techn i -  
cal c o n s i d e r a t i o n s ,  p r e l i m i n a r y  water supp ly  estimates, and p re -  
l i m i n a r y  assessment  o f  env i ronmenta l  effects promotes recommenda- 
t i o n  o f  t h e  lower  T i e  Hack s i t e  f o r  f u r t h e r  s t u d y .  

Interim Report 



Hydrologic Analyses 

Streamflaw Determination 

To de t e rmine  t h e  size and e f f e c t s  o f  o p e r a t i n g  a proposed  re- 
s e r v o i r ,  a c o m p u t e r  model  is t y p i c a l l y  d e v e l o p e d  t o  s i m u l a t e  
r e s e r v o i r  o p e r a t i o n .  The k e y  i n p u t  t o  s u c h  a model  i s  a l o n g  
t i m e  sequence  o f  s t r e amf lows ,  u s u a l l y  ga the r ed  d u r i n g  a m u l t i -  
y e a r  stream g a g i n g  program, a t  t h e  p r o p o s e d  r e s e r v o i r  s i t e .  
Because t h e r e  h a s  neve r  been a stream gag ing  s t a t i o n  l o c a t e d  a t  
o r  n e a r  t h e  proposed lower T i e  Hack s i te ,  e s t i m a t i n g  a s t reamf low 
r e c o r d  f o r  t h e  s i t e  w a s  n e c e s s a r y .  The g e n e r a t e d  s t r e a m f l o w  
record w i l l  be u t i l i z e d  i n  t h e  s i z i n g  o f  t h e  proposed r e s e r v o i r  
and t o  assess downstream effects of o p e r a t i o n  o f  t h e  proposed 
r e s e r v o i r .  

S e v e r a l  gag ing  s t a t i o n s  are o p e r a t e d  o r  have  been o p e r a t e d  i n  t h e  
v i c i n i t y  o f  t h e  proposed r e s e r v o i r .  Two o f  t h e s e  s t a t i o n s  -- one  
on L i t t l e  Sourdough Creek,  t h e  o t h e r  on Sourdough Creek -- were 
i n s t a l l e d  i n  1985 t o  p r o v i d e  d a t a  f o r  t h e  B u f f a l o  p r o j e c t .  By 
r e l a t i n g  s t reamf low t o  d r a i n a g e  b a s i n  c h a r a c t e r i s t i c s  a t  s i tes  
w i t h  gages ,  i t  is p o s s i b l e  t o  deve lop  r e l a t i o n s h i p s  between b a s i n  
c h a r a c t e r i s t i c s  and s t reamflow.  

I n  a d d i t i o n  t o  t h e  above a n a l y s e s ,  a s t reamf low gag ing  program 
w a s  i n s t i t u t e d  i n  t h e  summer o f  1988 t o  moni to r  stream f low a t  
t h e  dam s i t e  a n d  s e v e r a l  o t h e r  l o c a t i o n s .  T h i s  p r o g r a m  w i l l  
a s s i s t  i n  r e l a t i n g  f l o w  a t  t h e  r e s e r v o i r  s i t e  t o  t h e  s e v e r a l  
gaged l o c a t i o n s ,  and w i l l  p r o v i d e  a check o f  t h e  above-descr ibed 
s t a t i s t i c a l  a n a l y s e s .  The gag ing  program w i l l  be con t i nued  f o r  
a n o t h e r  month. 

P r e l i m i n a r y  f i n d i n g s  i n d i c a t e  t h a t  mean annua l  streamflow a t  t h e  
lower T i e  Hack s i t e  is 19,500 acre-feet. T h i s  is about  45 per -  
c e n t  of t h e  f low t h a t  p a s s e s  t h e  town o f  B u f f a l o ' s  d i v e r s i o n .  
The estimate o f  s t r eamf low g iven  h e r e i n  is p r e l i m i n a r y ;  it w i l l  
be f i n a l i z e d  a f t e r  t h e  stream g a g i n g  p rog ram a n d  t h i s  y e a r ' s  
gag ing  s t a t i o n  r e c o r d  become a v a i l a b l e  and can b e  i n t e g r a t e d  i n t o  
t h e  h y d r o l o g i c  a n a l y s e s .  

Irrigated Lands Mapping 

A s  a part  of t h e  h y d r o l o g i c  a n a l y s i s ,  mapping o f  a l l  i r r i g a t e d  
l a n d s  w i t h i n  t h e  Clear Creek d r a i n a g e  b a s i n  h a s  been completed .  
Mapping w a s  accomplished u t i l i z i n g  c o l o r  i n f r a - r e d  photography on 
f i l e  w i t h i n  t h e  Wyoming Water Development Commission's (WWDC1s) 
o f f i c e .  

I d e n t i f i e d  i r r i g a t e d  l a n d s  were mapped o n t o  U . S .  Geo log i ca l  Sur- 
vey ,  7.5 minu te ,  r e p r o d u c i b l e  quadrang les .  D r a f t  c o p i e s  o f  irri- 
g a t e d  l a n d s  maps were s e n t  t o  t h e  S t a t e  Board of C o n t r o l ' s  Water 
D i v i s i o n  I1 office f o r  r ev iew and comment. A mee t ing  w a s  h e l d  i n  
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S h e r i d a n ,  Wyoming w i t h  t h e  Water D i v i s i o n  I1 s u p e r i n t e n d e n t  t o  
d i s c u s s  map accuracy .  

A t o t a l  of 30,098 acres have been mapped as i r r i g a t e d  w i t h i n  t h e  
Clear Creek b a s i n .  T h i s  a c r e a g e  compares w i t h  29,970 acres map- 
ped i n  1970 (Wyoming Water P l ann ing  Program, 1972) ,  and 27,000 
acres e s t i m a t e d  as i r r i g a t e d  i n  1965 ( S t r e e t e r ,  1965). The t o t a l  
acreage f o r  permits i n  good s t a n d i n g  w i t h i n  t h e , C l e a r  Creek b a s i n  
is 85,530 acres. The fac t  t h a t  o n l y  35% o f  water r i g h t s  are  
a c t u a l l y  i r r i g a t e d  i n d i c a t e s  t h a t  t h e  C l e a r  C r e e k  b a s i n  is  
h e a v i l y  o v e r a p p r o p r i a t e d .  

A l l  f i n a l  mapping w i l l  be submi t t ed  t o  t h e  WWDC1s o f f i c e s  a l o n g  
w i t h  t h e  f i n a l  Phase  I r e p o r t  on o r  b e f o r e  February  15, 1989. 

Water Rights Analysis 

A l l  a d j u d i c a t e d  and u n a d j u d i c a t e d  water r i g h t s  have  been t a b u l a -  
t e d ,  by p r i o r i t y ,  w i t h  co r r e spond ing  d i v e r s i o n  p o i n t s  p l o t t e d  
o n t o  t h e  i r r i g a t e d  l a n d s  d a t a  base. T h i s  water r i g h t  i n f o r m a t i o n  
h a s  a l s o  been s e n t  t o  t h e  Water D i v i s i o n  11 S u p e r i n t e n d e n t ,  and 
h i s  comments i n c o r p o r a t e d .  Temporary  f i l i n g s  h a v e  a l s o  b e e n  
t a b u l a t e d .  

Mee t ings  w i t h  p e r s o n n e l  w i t h i n  t h e  Cheyenne and She r idan  o f f i c e s  
o f  t h e  S t a t e  Board of C o n t r o l  concerned t h e  movement o f  e x i s t i n g  
water r i g h t s  t o  t h e  p r o p o s e d  l o w e r  T i e  Hack R e s e r v o i r  s i t e .  
T r a n s f e r  o f  b o t h  t h e  1600 a c r e - f e e t  a s s o c i a t e d  w i t h  t h e  o r i g i n a l  
L i t t l e  Sourdough r e s e r v o i r  s i t e  and t h e  1000 a c r e - f e e t  from Lake 
DeSmet w i l l  r e q u i r e  t h e  p r e p a r a t i o n  o f  p e t i t i o n s  t o  t h e  S t a t e  
Engineer  a l o n g  w i t h  a l l  a s s o c i a t e d  mapping. Both p e t i t i o n s  w i l l  
r e q u i r e  e x t e n s i v e  r e s e r v o i r  mapping and s i g n e d  consen t  forms from 
a l l  i n t e r v e n i n g  water u s e r s .  

Approval  for moving t h e  1600 ac r e - foo t  L i t t l e  Sourdough temporary  
f i l i n g  seems l i k e l y ,  s i n c e  t h e r e  are no i n t e r v e n i n g  u s e r s .  HOW- 
e v e r ,  t r a n s f e r  of t h e  1000 acre-feet from Lake DeSmet w i l l  re- 
q u i r e  t h e  consen t  of many i n t e r v e n i n g  u s e r s .  The Lake DeSmet 
t r a n s f e r  w i l l  a l s o  r e q u i r e  s u b s t a n t i a l  r e v i s i o n  o f  e x i s t i n g  
D e S m e t  r e s e r v o i r  mapping. U n t i l  t h e  Clear Creek b a s i n  h y d r o l o g i c  
model ing h a s  been completed ,  t h e  real v a l u e ,  i f  any,  o f  t h e  pro-  
posed DeSmet t r a n s f e r  is d i f f i c u l t  t o  a s c e r t a i n .  

Hydrologic Modeling and Water Supply Analysis 

A l t h o u g h  d e t e r m i n a t i o n  o f  s t r e a m f l o w  a t  t h e  r e s e r v o i r  s i t e  
d e s c r i b e s  how much water is p h y s i c a l l y  a v a i l a b l e ,  legal a v a i l a b i -  
l i t y  o f  t h a t  water w i l l  d e t e r m i n e  how much c a n  a c t u a l l y  be 
s t o r e d .  Downstream w a t e r  r i g h t s  which have s e n i o r  p r i o r i t i e s  t o  
t h o s e  o f  t h e  B u f f a l o  water s u p p l y  s y s t e m  w i l l  l l c a l l  o u t "  t h e  
p r o j e c t  i f  t h e i r  water demands canno t  be m e t  from i n f l o w  t o  Clear 
Creek downstream of t h e  p r o j e c t .  I n  o r d e r  t o  f u l l y  assess t h e  
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legal availability of water at the project location, an analysis 
of water rights and uses on Clear Creek downstream of the project 
must be made. This analysis must be extended downstream to a 
point where permitted uses will no longer call out the project. 

In addition to the proposed reservoir, the town of Buffalo has 
several very senior water rights, which for the purpose of this 
study, are considered part of the Buffalo water supply system. 
The most beneficial of these rights total 8.95 cfs and have pri- 
orities of 1897 or senior. The proposed reservoir could store 
1,620 acre-feet of water under a 1933 priority, and through a 
possible transfer, could store water that is currently stored in 
Lake DeSmet. A current (1989) permit would be required for a 
reservoir having a capacity greater than the combined 1933 permit 
and transfers from Lake DeSmet. 

To evaluate the feasibility of the project, a preliminary opera- 
tion plan has been developed. This plan aids in the assessment 
of reservoir size requirements and potential impact upon the 
stream system. Operation of the project (reservoir and current 
direct flow diversions) will occur as follows: 

1 The town will continue to first meet its domestic water 
requirements by utilizing its direct flow rights when they 
are in priority. 

When the town's domestic water requirements are less than 
the discharge needed for hydropower generation, natural 
streamflow will be diverted to maintain hydropower require- 
ments. Flow used solely for hydropower generation will be 
returned to Clear Creek at the generator, west of town. 
Natural flow will be diverted out of priority as necessary, 
as long as intervening users do not call out the diversion. 
Users downstream of the generator will, of course, not be 
impacted. 

3. When the domestic requirement for Buffalo can not be met 
from natural streamflow, releases will be made from the 
reservoir. 

4. When hydropower requirements cannot be met by the total of 
the supplied domestic requirement plus natural streamflow 
diversion as described in item 2 above, reservoir releases 
will be made to satisfy the hydropower requirement. 

5 .  When all downstream senior demands are met, the project 
reservoir will store water, within the regulations imposed 
by the State Engineer. Instream flow bypass requirements 
may further restrict those periods when the reservoir may 
store. 

This operation plan is being mathematically implemented within 
the OPSTUDY model developed by the Bureau of Reclamation (August, 
1986). Additionally, the model is being utilized to simulate 
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n e a r l y  t h e  e n t i r e  Clear Creek b a s i n ;  t h i s  s i m u l a t i o n  is a neces-  
s i t y ,  s i n c e  downstream water r i g h t s  w i l l  l i m i t  bo th  t h e  town ' s  
d i r e c t  f l o w  d i v e r s i o n s  and p r o j e c t  r e s e r v o i r  storage. S e v e r a l  
d i f f e r e n t  s c e n a r i o s  of Clear C r e e k  b a s i n  o p e r a t i o n  are  b e i n g  
e v a l u a t e d  for t h e i r  impact  upon p r o j e c t  f e a s i b i l i t y .  The first 
of t h e s e  s c e n a r i o s  is modeling t h e  b a s i n  as it a c t u a l l y  o p e r a t e s  
t oday  t o  r e p r e s e n t  how t h e  r e s e r v o i r  would f u n c t i o n  d u r i n g  i ts 
first f e w  y e a r s  of o p e r a t i o n  u n t i l  o t h e r  u s e s  w i t h i n  t h e  b a s i n  
i n c r e a s e .  

A second  s c e n a r i o  h a s  Lake DeSmet water b e i n g  u t i l i z e d  t o  t h e  
f u l l e s t  e x t e n t  p o s s i b l e .  T h i s  s i t u a t i o n  w i l l  o ccu r  i n  t h e  f u t u r e  
when i n d u s t r i a l  demands upon t h e  r e s e r v o i r  are abou t  50 ,000 acre- 
feet p e r  y e a r .  The t h i r d  s c e n a r i o  assumes t h a t  a l l  t h e  p r e s e n t l y  
p e r m i t t e d  r i g h t s  a n d  t e m p o r a r y  f i l i n g s  are u t i l i z e d  t o  t h e i r  
f u l l e s t  e x t e n t .  A s  e x p l a i n e d  earl ier ,  t h e  amount o f  l a n d  b e i n g  
i r r i g a t e d  i n  t h e  Clear Creek b a s i n  is less t h a n  is p e r m i t t e d .  
S c e n a r i o  3 assumes t h a t  a l l  p e r m i t t e d  land is i r r i g a t e d .  A more 
s u b s t a n t i a l  impac t ,  however, w i l l  be f e l t  by t h e  development o f  
a l l  r e s e r v o i r s  p r e s e n t l y  hav ing  temporary f i l i n g s .  One o f  t h e s e  
a l o n e ,  t h e  p r o p o s e d  Clear C r e e k  R e s e r v o i r  on  t h e  l o w e r  Clear 
Creek,  c o u l d  store up  t o  231,000 a c r e - f e e t .  T h i s  t h i r d  s c e n a r i o  
w i l l  e l i m i n a t e  any p r o j e c t  r e s e r v o i r  s t o r a g e  t h a t  is dependent  
upon a 1989 s t o r a g e  r i g h t .  

A s  of t h e  t i m e  of t h i s  i n t e r i m  report, model development is un- 
derway. F i n a l  development o f  model d a t a  is n o t  expec t ed  u n t i l  
a l l  t h i s  s e a s o n ' s  streamflow d a t a  have been i n c o r p o r a t e d  i n t o  t h e  
h y d r o l o g i c  a n a l y s e s .  After t h e s e  d a t a  have been i n c o r p o r a t e d ,  
r e s e r v o i r  s i z i n g  and o p e r a t i o n  impac t s  w i l l  be a s s e s s e d .  
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Water Quality A n a l y s i s  

Inter-Mountain Laboratories, Inc. of Sheridan, Wyoming will be 
utilized for analysis of water samples from Lake DeSmet. All 
samples will be tested according to the 1988 standards estab- 
lished by the Environmental Protection Agency under the Safe 
Drinking Water Act and applicable amendments. Results of testing 
shall be completed on or before November 1, 1988. 
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Bydroponer Investigations 

I n i t i a l  hyd ropower  a n a l y s e s  h a v e  b e e n  c o m p l e t e d  b o t h  f o r  t h e  
p roposed  dam s i t e  f a c i l i t y  and f o r  t h e  f a c i l i t y  a s s o c i a t e d  w i t h  
t h e  C i t y ' s  e x i s t i n g  water supp ly  p i p e l i n e .  Completion of t h i s  
t a s k  is a w a i t i n g  hydro log ic .  modeling r e s u l t s  and r e s p o n s e  from 
P a c i f i c  Power a n d  L i g h t  Company (PP&L) r e g a r d i n g  s e v e r a l  key 
i s s u e s  a s s o c i a t e d  w i t h  each  proposed hydropower p l a n t .  

I n i t i a l  i n v e s t i g a t i o n  i n d i c a t e s  t h a t  a hydropower p l a n t  b u i l t  i n  
c o n j u n c t i o n  w i t h  a water t r e a t m e n t  p l a n t  and t h e  C i t y ' s  e x i s t i n g  
s u p p l y  p i p e l i n e  w i l l  h a v e  p o s i t i v e  economic  b e n e f i t s  f o r  t h e  
B u f f a l o  community. However, a hydropower p l a n t  a s s o c i a t e d  w i t h  
p roposed  new dam c o n s t r u c t i o n  does  n o t  appear  t o  be economical .  
The economics related t o  each  proposed p l a n t  w i l l  be f i n a l i z e d  
after  r e c e i p t  o f  PP&Lts response .  
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Appendix A 

Reconnaissance Grade 

Geologic and Geotechnical Dam Site Evaluation 



WoodwardmClyde Consultants 

1.0 
INTRODUCTION 

A geologic and geotechnical reconnaissance o f  po ten t ia l  dam s i t e s  

i d e n t i f i e d  f o r  the Buf fa lo  Municipal p ro jec t  was conducted on Thursday 
Ju ly  21, 1988, by Messrs. John He Black, senior geologist, and James R. 

Obermeyer, senior geotechnical engineer. We a1 $dktpeviewed avai 1 able ae r i  a1 
/ d photographs o f  the s i tes.  This work was don? iry f u l f i l l m e n t  o f  the Task C 

a c t i v i t i e s  described i n  Woodward-Clyde ~o / l s~ ! t an ts  contract  w i t h  States 
West Water Resources Corp. dated Ju ly  22,/1388'. ' <bb ' * A  

"-4 * .* -\-+-%. 

'k 

This repor t  describes the f i n d i  f the reconnagsance grade s i t e  

evaluatlons and provides input  f o  decision t o  se lect  e i t he r  the Upper 
o r  Lower T ie  Hack s i t e  f o r  a eservoir  t o  serve the City o f  

Buffalo, Wyoming. 

The Upper T ie  Hack dough Creek upstream o f  i t s  
confluence w i th  South t h i s  s i t e  would be about 

f 

180 ft. h igh and store 9,O f water. The Lower T ie  Hack S i t e  

the Tie Hack Campground, on South 
Clear Creek. T would be approximately 180 f e e t  high 
and s tore abo water. Locations o f  the s i t e s  are 

also discusses an a l te rna te  Upper S i t e  as 

22166 (22166r 8-08-88) (RPT) 
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2.0 
UPPER T I E  HACK S ITE  

The Upper T ie  Hack s i t e  i s  located on Sourdough Creek upstream o f  i t s  
confluence w i t h  South Clear Creek. 

At the confluence between the Sourdough Creek andcthe South Clear Creek, we 
f d s  

estimated the water t o  be f lowing i n  a channel- approximately 15 f ee t  wide, 
,f+ 

6 inches deep, w i t h  a ve loc i t y  o f  some 4-5 $&J, her second (fps) , g iv ing  an 
approximate r a t e  o f  f low o f  some 35 cubicf$ee/t per second (cfs)  on the  day 

"v 
o f  our reconnaissance. ‘.*.$ 

Just upstream o f  the confluence, l e y  bottom i s  r e l a t i v e l y  f l a t  and 
about 250-300 f ee t  wide. The v m supports vegetation inc lud ing 

grasses - and moderately dense p i  t h e  Both va l ley  sideslopes a t  
t h i s  l oca t i on  are moderately steep and a q  covered w i th  pine trees. 

\I 
A t  the  loca t ion  o f  the ax dam s i te ,  the r i g h t  abutment slope 

i s  re1  a t i v e l y  devoid o f  tre\thp~dh~~'*6it-& grass covered, and has shal low 
s o i l  cover over the gran i te  &dr.qCk. The l e f t  abutment slope i s  heav i l y  

t r e e  covered and a t  an e levat ion o f  about 7,420 f t  mean 

and an estimated 200 f e e t  wide. The 

s ranges from a few inches t o  a few f e e t  
i n  thickness e a l l u v i a l  o r  g l ac ia l  s o i l  depth i n  the V~~~~$Q,SQ~-~O f e e t  thick. 

Whil f e ma jo r l t  f the bedrock outcrops i n  the v i c i n i t y  o f  the dam s i t e  
c o k Q b , + o f  s r a n i t e l )  some gneissic rock i s  present. The g r a n i t i c  bedrock 

\ 
i s  f rauenk3y  ex#o$d, and has moderately t o  widely spaced jo in ts .  This 
bedrock i;"hpr8,)hocky t o  r labby i n  form and ranges from f resh t o  s l i g h t l y  
weathered. upsfream o f  the darn s i te,  on the r i g h t  side, i s  a pronounced 
rock r i b  w i t h  an o r ien ta t ion  and boundaries which are p a r a l l e l  t o  a major 

j o i n t  trend, approximately nor th  20' east, v e r t i c a l  o r  very s teeply  
dipping. 
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A rock slide exists immediately downstream of the dam site on the right 
abutment. The width of the slide is about 250-300 feet and no trees are 
growing within the slide area. Most of the slide debris has apparently 
been eroded awqy by Sourdough Creek but some remains on the lower portions 
of the slope. It appears that the base of the sljde may be control led by 
stress relief jointing dipping at 15-20' 'and slightly upstream 

(southwest). This rock slide may be an indi9btibn of unfavorable stability 
on the right abutment of the upper site. 

A\* -> 
There is a saddle at the top of the t abutment where a spi 1 lway could 
be located. It was apparent t e granitic bedrock here is also 
shallow. 

An a1 ternative .location for the u p p b  % ~ f e  Hack dam on Sourdough Creek 1 ies 

several hundred feet fur ream of its confluence with 
the South Clear Creek. right abutment is relatively 
heavily tree covered and b-nt is tree-covered in the lower 
100-150 feet and relatively trees above that elevation. At this 
site, a spillway over the saddle that forms the ridge of 

a1 ternative (downstream) si te appears 
rs from a dam at this site or at the upstream site 

butment slope of the original (upstream) site, 
The potential for this occurrence 

sh d in more detail, if the Upper Tie Hack site is 
se 

22166 (22166r 8-08-88) (RPl) 
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3.0 
THE LOWER TIE HACK SITE 

The Lower Tie Hack site is located approximately 2000 feet downstream of 
the center of the Tie Hack campground, on the mainstem of South Clear 
Creek. At the confluence between South Clear Creek and Sourdough Creek, 
South Clear Creek was flowing in a channel appfoximately 20 feet wide, 
1 foot deep, with a velocity of flow rate of 
about 100 cfs. The combined Creek (above the 
Sourdough confluence) and Sourdough 'khe Lower Tie Hack site 

was on the order of 135 cfs on July 

' left hand bend in South 
Clear Creek, with a creek bed imately 7320 ft msl . The 

e there is a pronounced rib of 
rock rib is deeply incised 

by open joints that . are ional set (north 20' east, 
vertical), and the rib t t  suitable as a left abutment 
because of the open joints a 

A more approprl is several hundred feet upstream 

t and right abutments are 
am on the right side lying between two 
urden on the left abutment is shal low at 

bly reaches 20-30 ft thickness at higher eleva- 
m, the floor is approximately 150 ft wide, with 

e. Overburden on the right 

as a pronounced joint set dipping approximately 40-60' 

t another set dips approx- 
imately 60' to the northwest. Both of these sets could be stress relief 
sets. A saddle, which could serve as a spillway location, is located at 
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the top of the left abutment. Bedrock in this saddle is likely at a depth 

of less than 10 feet. 

As with the Upper site, bedrock outcrops observed at the lower site are 
generally hard and fresh to slightly weathered. Based on our 
reconnaissance grade evaluation, this site appears appropriate for siting a 

C ' . $  

dam of the size contemplated. /'( 
If a fill dam were contemplated for the Layer' vie- Hack Site, a spillway 

6flf #* - 
could be constructed in the left abutment 96ddle. .I**- a concrete dam were 

'*% 

led eve?\ qy2 dam. 

22 166 (22 1 66r 8-08-88) (RPT) 
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CONSTRUCTION MATERIALS/DAM TYPES 

It appears that the relatively wide (300 ft 2) valley bottom upstream of 
the confluence of Sourdough Creek and South Clear Creek would be a 
potential source of borrow materials for dam construction. Materi a1 s at 
this location would probably be granular in natqeZpnd contain some cobbles 

8 

and boulders; however, the majority of the mqedals would likely be sands 
and gravels. These materials are expecfdd tdk  be suitable for use in 

r .C %, 

coarser zones of a zoned earthf i 11 dam or h s  'aggr'egafe for a traditional or 
a rol ler-compacted concrete dam. ~ i m i  1 a y  materi a1 s' are a1 so expected in 
the valley bottom within the Upper ,$lie' Hack reservoir area. It is less 

likely that all construction mateyfal; for a concrete dam at the original 
Upper site could be produced reservoir area. The actual 
types and quantities of must be confirmed with 
borrow investigations in a future  has&$%^ project. 

Construction materials 1 i kely could be produced from 

;?*+'e Hack site, but would probably 
require processin rushing and washing). 

d quantities of fine grained materials 
available fo of a clay core at either site. If a 
rockfill da it probably would require an upstream 

ucted of either asphalt or concrete. Ample 
Id be available from excavations for spillways, 

, or a quarry source in the reservoir 
layey borrow materials for a core may 

an earth fill dam at either site infeasible. 

22166 (22166r 8-08-88) (RPT) 
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5.0 
ACCESS ROADS 

For the Upper site, access to the dam could be achieved using the existing 
road to the campground and a new road along Sourdough Creek. 

For the lower site, access to the dam crest &+d be along a specially 
d 

constructed road branch1 ng f rom the present campground road approximately 
*) i 

1000 ft uphill from the County Youth Camp. dccess to the downstream toe of 
P 3 .  

the dam would be difficult, but could branch 'Prom the access (mentioned 
I * 

above), at the spillway saddle, then wiSFd northwards down to the creek **-. 

bed. Alternatively, a spur coul hch off the campground road some 

3000 ft from Highway 16 in a nort rly then southeasterly direction to 
reach creek level at the downstr 

22166 (22166r 8-08-88) (RPT) 

Interim Report 



Woodward=CIyde consultants 

6.0 
LIMITATIONS 

Woodward-Clyde Consultants represents that our services are performed 
within the limits prescribed by the Client, in a manner consistent with the 
level o f  care and skill ordinarily exercised by other professional 
consultants under similar circumstances. No/ @her representation to 
Cl ient, expressed or imp1 ied, and no warrant? +*oy:/guarantee is included or 
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