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CHAPTER 1 

SUMMARY 

1.1 INTRODUCTION 

Woodruff Narrows Reservoi r  i s  nwned by t h e  S t a t e  of Utah. The r e s e r v o i r  

was  b u i l t  i n  1961 a s  a n  i r r i g a t i o n  r e s e r v o i r  and i s  l o c a t e d  o n  t h e  Bea r  

River  i n  Wyoming, near  t h e  Utah-Wyoming s t a t e  l i n e .  The primary use of t h e  

r e s e r v o i r  i s  f o r  i r r i g a t i o n  of land i n  Rich County, Utah. 

The r e se rvo i r  o u t l e t  works and sp i l lway a r e  i n  need of r e p a i r .  Plans 

have been made by t h e  S t a t e  of Utah t o  e n l a r g e  t h e  r e s e r v o i r  from i t s  p r e s e n t  

c a p a c i t y  of 28 ,000  a c r e - f e e t  t o  53 ,200  a c r e - f e e t  when t h e s e  r e p a i r s  a r e  

made. The enlargement and r e p a i r  p r o j e c t  has  been he ld  up due t o  water  r i g h t  

problems a s soc i a t ed  wi th  the  t r i - s t a t e  Bear River  Compact. The purpose of 

t h i s  s tudy  is  t o  determine i f  i t  is  f e a s i b l e  t o  add hydropower f a c i l i t i e s  when 

t h e  r e s e r v o i r  is  repa i red  and enlarged.  An a l t e r n a t i v e  dam s i t e  a s h o r t  

d i s t a n c e  downstream from t h e  p re sen t  dam (lower s i t e )  u t i l i z i n g  t h e  same 

r e s e r v o i r  bas in  would y i e l d  a h igher  power head. Run-of - r i v e r  hydropower 

a l t e r n a t i v e s  were considered a t  both t h e  present  dam (upper s i t e )  and t h e  

lower s i t e  as w e l l  a s  peaking power product ion  and pumped s to rage .  

1.2 ENERGY POTENTIAL . 

The streamflow re l eased  from t h e  r e s e r v o i r  during t h e  f a i l  and' w in t e r  

months of September through March genera l ly  ranges between 10 t o  60 c f s .  

During t h i s  per iod ,  t he  r e s e r v o i r  l e v e l  i s  genera l ly  low r e s u l t i n g  i n  very 

l i t t l e  p o t e n t i a l  f o r  power development. During t h e  s p r i n g  and summer months 

of A p r i l  through August, t h e  f l ow.  genera l ly  ranges between 300 and 1,000 

c f s .  

A computer s imu la t ion  model based on mean monthly va lues ,  . u t i l i z i n g  

26 years  of recorded streamflow i n t o  t h e  r e s e r v o i r ,  was used t o  determine 

the mean annual  energy p o t e n t i a l  f o r  t h e  fol lowing con£ igu ra t ions :  1 )  p re sen t  

dam, 2 )  t h e  p roposed  e n l a r g e d  dam, 3 )  a new dam a t  t h e  l o w e r  s i t e  w i t h  

a maximum head of 65 f e e t ,  and 4) a new dam a t  t h e  lower s i t e  which would 

s t o r e  water t o  t he  same e l e v a t i o n  a s  t h e  proposed en larged  dam. Resu l t s  

of t h e  s imula t ion  s tudy show t h a t  t h e  average annual energy p o t e n t i a l  of 



t h e  above f o u r  con f igu ra t i ons  a r e  r e s p e c t i v e l y  3.4, 5.0, 7.1, and 8.3 g igawat t  

hours .  The corresponding maximum power c a p a c i t i e s  a r e  r e s p e c t i v e l y  2.1, 3 . O ,  

3.9, and 4.5 megawatts. 

1.3 POWER MARKETING POTENITAL 

A number of p o t e n t i a l  u se r s  i n  t h e  a r e a  were contacted concerning t h e  

marketing of the p o t e n t i a l  energy t h a t  could be developed a t  t h e  Woodruff 

Narrows site. The est imated c u r r e n t  va lue  of the  energy t h a t  could be pro- 

duced i s  approximately 30 mills pe r  KWH. The power company i n  t h e  a r e a  d id  

n o t  show much i n t e r e s t  i n  purchasing t h e  power but is w i l l i n g  t o  wheel t h e  

power a t  approximately 9 m i l l s  p e r  KWH for a maximum p l a n t  capac i ty  ou tput  of 

3.0 megawatts based on a charge of $15 p e r  KW-yr and a n  annual  gene ra t i on  of 5 

GWH. Therefore ,  t h e  e s t ima ted  n e t  value of the. energy produced a t  t h e  Wood- 

r u f f  ,Narrows s i t e  i s  approximately 2 1  m i l l s  p e r  KWH. 

1.4 COST ESTIMATES AND ECONOMICS 

The cos t  of r e p a i r i n g  and en l a rg ing  t h e  p re sen t  dam i s  es t imated  t o  be 

$1.835 mi l l ion .  The c o s t  of r e p a i r i n g  t h e  dam wi thout  t h e  enlargement would 

be  approximately $1.6 mi l l i on .  The i r r i g a t i v n  b e n e f i t s  from a g r i c u l t u r e  from 

t h e  r e s e r v o i r  enlargement are. es t imated  t o  be $214,000 pe r  year  which when 

c a p i t a l i z e d  over  a 50 yea r  pe r iod  a t  a d i scount  r a t e  of 4 7/8 percent  would 

amount t o  $4.0 mi l l i on .  This  i s  a boncf ie  t u  cusc r a t i o  of 2.2 f o r  r e p a i r  

and enlargement of t h e  p re sen t  r e s e r v o i r -  The d iscount  r a t e  of 4 718 percent  

i s  u s e d  by t h e  Utah  D i v i s i o n  o f  Wate r  R e s o u r c e s  i n  economic  a n a l y s e s  of 

p r o j e c t s  b u i l t  by t h e  Utah Water Conservat ion and Development Fund. The 

a g r i c u l t u r e  i n t e r e s t s  would pay a l l  of t h e  c o s t s  nf t h e  rcoervoir.  enlargement 

and r e p a i r s .  

The es t imated  c o s t  of providing a powcr f a c i l i t y  on t h e  en la rged  r e s e r -  

v o i r  which would be capable  of producing 5.0 GWH p e r  y e a r  i s  $2.625 mi l l i on .  

Th i s  c o s t  estimate Includes a l l  che power f e a t u r e s  requi red  f o r  t he  p r o j e c t  

i nc lud ing  a t ransmiss ion  l i n e  t o  t h e  neares  t a r ea  power company t ransmiss  i on  

l i n e s .  Annual ope ra t i ng  c o s t s  a r e  es t imated  a t  $40,000. 



Amortizing t h e  $2.625 m i l l i o n  power f a c i l i t i e s  a t  an i n t e r e s t  r a t e  of 8 

p e r c e n t  and  i n c l u d i n g  t h e  $40 ,000 a n n u a l  o p e r a t i n g  ' c o s t  would r e s u l t  i n  

an annual cos t  of . $254,500. ' The c o s t  of producing t h e  5.0 gigawatt  hours  of 

energy f o r  t h i s  a l t e r n a t i v e  is 51  m i l l s  pe r  KWH which is  ;ore t han  double t h e  

cu r r en t  ne t  market va lue  of t h e  energy. 

Based'  on a  discount  r a t e  of 4  718 percent  used by the  Utah Div is ion  

of Water Resources f o r  p r o j e c t s  b u i l t  by t h e  Water Conservation and Develop- 

ment Fund t h e  c o s t  of producing power f o r  t h i s  a l t e r n a t i v e  would b e  34 mills 

p e r  KWH. This is more than  60 percent  h ighe r  t han  t h e  es t imated  n e t  market 

va lue  of t h e  energy. 

I n  o r d e r  to '  p r o d u c e  ene rgy  a t  a  c o s t  of 21 m i l l s  p e r  KWH w i t h  t h ' i s  

a l t e r n a t i v e ,  a n  i n t e r e s t  r a t e  of l e s s  than  1 percent  would have t o  b e  used f o r  

amort iz ing t h e  c a p i t a l  cos t  of t he  power p ro j ec t .  The o the r  run-of-river 

a l t e r n a t i v e s  a r e  economically l e s s  favorable  t han  t h e  above a l t e r n a t i v e .  

The cos t  of a  r e r e g u l a t i n g  r e s e r v o i r  a t  t h e  lower s i t e  f o r  a l lowing 

f o r  peaking power product ion along with the  a d d i t i o n a l  c o s t  of increased 

power p l a n t  capaci ty and increased  wheeling charges w k e s  power peaking an 

even less favorable  a l t e r n a t i v e .  A pumped s t o r a g e  a l t e r n a t i v e  was a l s o  found 

t o  be ,  uneconomical. 

This  s tudy shows t h a t  h y d r o e l e c t r i c  power development a t  t h e  Woodruff 

Narrows s i te  i s  economically i n f e a s i b l e  a t  t h e  p re sen t  time. 

1.5 OTHER FINDINGS 

Resu l t s  of t h i s  study show t h a t  t h e  a d d i t i o n  of h y d r o e l e c t r i c  power 

development a t  the  Woodruff Narrows s i t e  would have minimal s o c i a l  and .envir- 

onmental e f f e c t s  on t h e  a rea .  Power development would r e s u l t  i n  l i t t l e  o r . n o  

changes i n  t h e  present  p a t t e r n s  of water  and l and  use ,  income, popula t ion ,  and 

employment and would not  r e s u l t  i n  any s i g n i f i c a n t  changes of the ' s o c i a l  

s t r u c t u r e  o r  c h a r a c t e r i s t i c s  of t h e  a r e a .  Power deve'lopment would h a v e  

n e g l i g i b l e  impact on t h e  Bear River  ecosystem bver and above the  e x i s t i n g  

s t r u c t u r e s  and s tream opera t ions .  The p r i n c i p a l  a r e a  of concern was the 



i n s t i t u t i o n a l  problem a s s o c i a t e d  wi th  water r i g h t s .  However, i t  now appears  

t h a t  t h i s  p rob lem w i l l  b e  r e s o l v e d .  I f  t h e  hydropower  deve lopment  w e r e  

economically f e a s i b l e ,  funding could probably be arranged by t h e  S t a t e  of 

Utah through t h e  ~ t ' a h  Board of Water Resoutces  from t h e  Revolving Cons t ruc t ion  

Fund and/or  t h e  Water Conservat ion and Development Fund. 



CHAPTER 2  

INTRODUCTION 

2.1 PURPOSE AND AUTHORITY 

The Utah Water and Power Board was c rea ted  i n  1947 and charged with 

t h e  r e spo r i s ib i l i t y  of prepar ing  and implementing p l a n s  which would b r i n g  about  

t h e  f u l l  development and u t i l i z a t i o n  and promotion of t he  very v i t a l ,  but  

l imi t ed ,  water resources of t h e  S t a t e .  The Board was charged wi th  t h e  review 

and coord ina t ion  of f e d e r a l l y  funded wa te r  programs, and i n  a d d i t i o n  was given 

a Revolving Cons t ruc t ion  Fund f o r  t h e  development of water  on a  small p r o j e c t  

bas  is. 

I n  1967, t h e  L e g i s l a t u r e  changed t h e  Board's name t o  t h e  Board of Water 

Resources, r e t a i n i n g  a l l  of t he  ass igned  r e s p o n s i b i l i t i e s ,  and named t h e  

Board's fu l l - t ime  s t a f f  t h e  Div i s ion  of Water Resources and p laced  i t  w i t h i n  a  

newly c rea t ed  Utah S t a t e  Department of Natura l  Resources. S ince  then,  a s  t h e  

need has grown and a s  t h e  e f f i c i e n t  use  of water  has become more c r i t i c a l ,  

t h e  l e g i s l a t u r e s  have added new r e s p o n s i b i l i t i e s .  The l a t e s t  was by t h e  1978 

L e g i s l a t u r e  which c rea t ed  t h e  "Water Conservation and Development Fund" a t  

a n  i n i t i a l  f u n d i n g  of  $25 m i l l i o n  a n d  c h a r g e d  t h e  Board  and  D i v i s i o n  t o  

develop l a r g e r  water  s t o r a g e  p r o j e c t s ,  inc luding  the cons t ruc t ion  of hydro- 

e l e c t r i c  genera t ing  p l an t s .  It is under t h i s  r e s p o n s i b i l i t y  and. a u t h o r i t y  

t h a t  the  Utah Div is ion  of Water Resources i n i t i a t e d  t h i s  study t o  a s s e s s  t h e  

f e a s i b i l i t y  of h y d r o e l e c t r i c  power development  a t  t h e  e x i s t i n g  Woodruff 

Narrows Dam 'and Reservoir .  The r e s u l t s  of t h i s  s tudy w i l l  a l s o  p rov ide  some 

i n s i g h t  f o r  p o t e n t i a l  h y d r o e l e c t r i c  power development a t  o the r  e x i s t i n g  and 

planned dam s i t e s  i n  t h e  S t a t e  of Utah. 

To a s s i s t  i n  t h e  f  eas i b i l i t y  s tudy of h y d r o e l e c t r i c  power generat  ion  

a t  t h e  Woodruff ~ a r r o i s  s i t e ,  t h e  Utah Div is ion  of Water ~ i s o u r c e s ,  g t h  / 
t h e  cooperat ion of I n t e r n a t i o n a l  Engineering Company of San Francisco and / 
1 - 

Utah  Water  Resea rch  L a b o r a t o r y  a t  Utah  S t a t e  U n i v e r s i t y ,  r e sponded  t o  a  

U.S. Depar tment  of Energy Program R e s e a r c h  and Development Announcement 

number ET- 78-D-07-1706 which r e s u l t e d  i n  Cooperat ive Agreement Number DE-FC07- 

78ID01767 Woodruff Narrows Power P lan t .  Under t h i s  agreement t h e  f e a s i b i l i t y  

s t u d y  i s  b e i n g  c o n d u c t e d  w i t h  a  c o s t - s h a r i n g  of 66 p e r c e n t  by t h e  U.S. 

Department of Energy and 34 percent  by t h e  S t a t e  of Utah. - I  
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2.2 SCOPE OF STUDY 

The Woodruff Narrows Dam is  c u r r e n t l y  i n  need of r e p a i r .  The r e p a i r  

work w i l l  be  completed whether or  n o t  a  power p l a n t  i s  i n s t a l l e d  a t  t h e  si te.  

P lans  have been m d e  t o  e n l a r g e  t h e  r e s e r v o i r  when t h e  r e p a i r s  a r e  made. The 

s tudy  included looking a t  va r ious  dam h e i g h t s  a t  t h e  e x i s t i n g  dam s i t e  (upper 

s i t e )  and v a r i o u s  dam h e i g h t s  f o r  a new dam a s h o r t  d i s t a n c e  downstream from 

t h e  presen t  dam (lower s i t e )  u t i l i z i n g  t h e  same r e s e r v o i r  ba s in  which would 

produce a  h igher  head f o r  h y d r o e l e c t r i c  power production. The lower s i t e  was 

a l s o  s t u d i e d  as a  ho ld ing  pond and r e g u l a t i n g  r e s e r v o i r  f o r  pumped s t o r a g e  and 

peaking power cons ide ra t i ons .  

The v a r i o u s  s o c i a l ,  i n s t t t u  t i o n a l ,  i e g a l ,  env i  rnnmential ,  cconomic,  

luarketlng, and engineer ing  cons idc ra t i  nns were ~ t u d i e d  t o  a s s e s s  wherhet o r  

n o t  h y d r o e l e c t r i c  deve lopment  would  b e  a  v i a b l e  p r o j e c t  a t  t h e  Woodruff 

Narrows Reservoir .  

The Cooperat ivc Agreement Number DE-FC07-781.D01767 r e q u i r e s  t h a t  a  f i n a l  

f e a s i b i l i t y  assessment r epo r t  be  w r i t t e n  which inc ludes ,  a s  a minimum, t h e  

fo l lowing  information:  

1. Expected conf i g u r a t i o n  and capac i ty  of t h e  hydropower f a c i l i t y .  

2 Estimated performance c h a r a c t e r i s t i c s  of t h e  h y d r o e l e c t r i c  power 
f a c i l i t y  i n c l u d i n g  t h e  p o t e n t  i a l  f o r  peak  power p r o d u c t i o n  and 
an  e s t i m a t e  of average annual  energy product ion.  

3 - .  Expected iu~pacL of rhe .hydropower i n s t a l l a t i o n  on o t h e r  pe rce i t ed  
water  resource  needs of the. area and tha cn r r cn t  use uL Llre reser- 
v o i r .  

4 .  Marketing p o t e n t i a l  of t h e  power produced. 

5 - The necessary  requirements  of t h e  Federa l  Energy Regulatory Com- 
mission,  t h e  U.S. Army Corps of Engineers,  and o t h e r  a p p r o p r i a t e  
f e d e r a l ,  s t a t e ,  r eg iona l ,  and l o c a l  agencies .  

6. C a p i t a l  i n v e s t m e n t  p e r  i n s t a l l e d  k i l o w a t t ,  t o t a l  c o s t  p e r  KWH, 
and . r e t u r n  on investment.  

7 Ant ic ipa ted  annual  ope ra t  i on  and m i n t  enance cos ts . 
8. Ant ic ipa ted  p r o j e c t  l i f e .  

9- An i n i t i a l  assessment  of t h e  environment a 1  impact and s o c i o - i n s t i t u -  
t i o n a l  f a c t o r s .  



10. An i n i t i a l  a s s e s s m e n t  of t h e  s a f e t y ,  h a z a r d ,  i f  any ,  i n t r o d u c e d  
by t h e  a d d i t i o n  or  r e h a b i l i t a t i o n  of a  power p l an t  and o t h e r  hydro- 
power appurtenances.  

11. Appropriate  ana lyses  r e s u l t i n g  i n  sound judgment a s  t o  t h e  engineer-  
i n g  a c c e p t a b i l i t y  of t h e  p r o p o s e d  s i t e  f o r  h y d r o e l e c t r i c  power 
development. 

12 -  I n v e s t i g a t i o n  of the a v a i l a b i l i t y  of a  s u i t a b l e  t u r b i n e  ( s )  , gener- 
a t o r  ( s ) ,  and a c c e s s o r i e s  requi red  f o r  t he  proposed h y d r o e l e c t r i c  
power development 

1 3  ~ e v e l o ~ m e n t  p l a n  (schedule)  f o r  p u t t i n g  power on-line. 

2.3 BASIC DATA AVAILABLE 

2.3.1 TOPOGRAPHIC MAPS 

The fol lowing topographic maps a r e  a v a i l a b l e :  

1- U .  S. Geological  Survey Quadrangle Maps i n  s c a l e  1: 24,000 (1"=20008 ) 
and wi th  20 f e e t  contour i n t e r v a l s .  

2. Map of p r o j e c t  a rea  i n  s c a l e  1"=4008 and 5 f e e t  contour in t ,e rva ls .  

3 -  Maps of Upper  and  Lower S i t e s  i n  s c a l e  11'=50' and  w i t h  2 f e e t  
contour i n t e r v a l s .  

2.3.2 GEOLOGIC DATA 

The fol lowing geologic  d a t a  a r e  a v a i l a b l e :  ' 

1- Geologic maps of Upper S i t e  i n  s c a l e  1"=508 and 2 f e e t  contours ,  
prepared by U.S. Bureau of Reclamation (USBR) i n  1959- 

2 -  Geologic map of Lower S i t e  i n  s c a l e  1"=508 and 2 f e e t  contours ,  
prepared by S t a t e  of Utah, Div is ion  of Water Resources i n  1978. 

3. Borelogs of f o u r  ho le s  d r i l l e d  a t  t h e  Upper S i t e  i n  1958. 

4 .  Borelogs of f i v e  ho le s  d r i l l e d  a t  t h e  Lower S i t e  i n  1958. 

5 -  B o r e l o g s  of two h o l e s  d r i l l e d  i n  s a d d l e  a b o u t  one  m i l e  w e s t  of 
Upper S i t e .  

6 -  Report "Geologic Data on Lower Woodruff Narrows Dam," inc luding  
d a t a  on cons t ruc t ion  m a t e r i a l ,  by USBR i n  1958. 

7. Reconnaissance Geological  Report on Lower S i t e ,  by USBR i n  1959. 



8. Reconnaissance Geologica l  Report on t h e  Upper S i t e ,  by U S R R  i n  1959- 

9. Review Report on Geology of Upper S i t e ,  prepared by S t a t e  of Utah, 
D iv i s ion  of Water Resources,  i n  1978. 

I 

2 . 3 . 3  M I  SCELLAN EOU S DATA 

The fo l lowing  informat ion  i s  a l s o  a v a i l a b l e :  

1. Set  of 10 as -cons t ruc ted  drawings of t h e  e x i s t i n g  dam, prepared 
by Utah Water and Power Board i n  1961. 

2 -  Se t  of 1 7 .  drawings and p r e l i m i n a m  s p e c i f i c a t i o n s  f o r  enlargement 
and improvement of t h e  e x i s t i n g  dam, prepared by t h e  Utah Div is ion .  
of Water Resources  i n  1978. 

3 -  Reservoir area and volume curvcs f o r  L J U L ~ L  Llle Upper and t h e  Lower 
S i t e s .  

4 .  Ta i lwa te r  , e l e v a t i o n s  . a t  bo th  Upper Bnd Lower S i t e s .  

5 .  Report by t h e  Bureau of Mines on minera l  d e p o s i t s  i n  t h e  projoot  
area 

6 .  Various le t ters  from t u r b i n e  m n u f  a c t u r e r s ,  u t i l i t i e s ,  and FERC. 



CHAPTER 3 

BACKGROUND 

3.1 GENERAL DESCRIPTION OF BEAR RIVER BASIN 

3.1.1 GEOGRAPHIC SETTING 

Bear River  is t h e  Western Hemisphere's l a r g e s t  s t ream t h a t  does not 

reach t h e  ocean. The r i v e r  r i s e s  i n  Utah but  flows through p a r t s  of Wyoming 

and Idaho before  r e tu rn ing  t o  Utah t o  empty i n t o  Great S a l t  Lake as shown 

on Figure  3.1. . I n  its c i r c u i t o u s  course,  t h e  r i v e r  flows about 500 miles, 

bu t  t h e  a i r l i n e  d i s t ance  from i ts  source t o  i ts  mouth is only 90 m i l e s .  The 

Bear River  Basin comprises 7,465 square miles of m u n t a i n  and va l l ey  lands,  

inc luding  2,695 i n  Idaho, 3,270 i n  Utah, and 1,500 i n  Wyoming. 

For t he  f i r s t  20 mi les  of its course,  t h e  r i v e r  flows down the '  no r th  

s lopes  of t h e  Uinta  Mountains i n  Utah. Then, a t  the  Wyoming boundary, it 

en te r s  t h e  f i r s t  of a s e r i e s  of f i v e  major v a l l e y s  t h a t  extend along t h e  

remainder of i ts course. The v a l l e y s  a r e  separa ted  by narrow canyons o r  

gorges,  some of which con ta in  h y d r o e l e c t r i c  power development so  

The h ighes t  and longest  v a l l e y  i n  t h e  Bear River  Basin is the  Upper 

Bear R ive r  Va1,ley. I t  extends about 100 mi l e s  roughly along Wyoming's western 

boundary but  includes a s u b s t a n t i a l  a r ea  i n  Utah and a l e s s e r  a r e a  i n  Idaho. 

The va l l ey  is  narrow with its bottom lands 5 mi les  o r  l e s s  i n  width. . .Com- 

munit ies  i n  the va l l ey  inc lude  Evanston and Cokevil le ,  Wyoming, and Randolph 

and Woodruff, Utah. The Woodruff Narrows p r o j e c t  is loca t ed  i n  t h i s  va l l ey .  

A few miles  below i ts  p o i n t  of en t ry  i n t o  Idaho, t h e  Bear River  flows 

westward i n t o  Bear. Lake Valley,  which i s  about 50 mi l e s  long and has a maxi- 

mum width of 12 miles .  Bear Lake, which i s  about 20 m i l e s  long and averages  7 

mi l e s  i n  width, l ies a t  t h e  sou th  end of t h e  va l l ey .  Mud Lake, about  3 mi l e s  

i n  d i a m e t e r ,  i s  a t  t h e  n o r t h  end  o f  Bea r  Lake.  The  r i v e r  does  n o t  f l o w  

n a t u r a l l y  i n t o  t h e s e  lakes ,  but  i n  1902 connecting i n l e t  and o u t l e t  canals  

were .  constructed no r th  of the  lake. ' I n  1914, t h e  L i f t o n  Pumping P lan t  was 

c o n s t r u c t e d  t o  pump f rom Bea r  ~ a k e  i n t o ' t h e  o u t l e t  c a n a l -  Bea r  and Mud 

Lakes, with a combined a c t i v e  s to rage  capac i ty  of 1,420,000 ac re - f ee t ,  a f f  ord 
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v i r t u a l l y  complete con t ro l  of Bear River  flows a t  t h a t  loca t ion .  Valley 

bottom lands nor th  of Bear Lake a r e  genera l ly  i r r i g a t e d  by d ive r s ions  from 

Bear River ,  while  some of t he  a r a b l e  bench lands on each s i d e  of the v a l l e y  

a r e  i r r i g a t e d  from t h e  many inflowing t r i b u t a r y  streams. Among Idaho com- 

munit ies  i n  Bear Lake Valley a r e  Montpel ier ,  Dingle,  S t .  Charles ,  F i s h  Haven, 

Bloomingt on, P a r i s ,  L ibe r ty ,  Benningt on, and Georgetown. Utah communit i e s  
+ I 

inc lude  P i c k l e v i l l e ,  Garden C i t y ,  and Laketown. 

Leaving Bear Lake Valley a t  t h e  north,  t h e  r i v e r  flows through s e v e r a l  

mi les  of h i l l y  and broken graz ing  lands and lava  p l a i n s  and thence through 

a deep, narrow channel cu t  through a lava shee t  near Soda Springs,  Idaho. 

I n  t h i s  channel a r e  l oca t ed  t h e  Soda Reservoir  and h y d r o e l e c t r i c  power p l an t .  

Below t h e  power p l a n t ,  Bear  R i v e r  e n t e r s  a b r o a d  a g r i c u l t u r a l  a r e a  know 

as Gem Valley. Ancient ly,  Bear River  flowed northward through Gem Valley t o  

t h e  Snake River i n  t h e  Columbia River  Basin. A lava  flow, however, turned 

t h e  r i v e r  south  toward Great  S a l t  Lake. The nor thern  and c e n t r a l  po r t ions  of 

Gem V a l l e y  c o n s i s t  of a p l a i n  formed by a l a v a  f l o w  a n d  a r e  o c c u p i e d  by 

l a r g e  dry farms wi th  some i r r i g a t i o n  from Bear River  and o t h e r  inf lowing 

streams. The southern p a r t  of Gem Valley,  south  of Grace, Idaho, and beyond 

t h e  lava  flow, is about 500 f e e t  lower i n  e l e v a t i o n  than  t h e  c e n t r a l  po r t ion .  

Th i s  lower p o r t i o n  is a l s o  known a s  G e n t i l e  Valley and t h e  extreme southern 

p o r t i o n  a s  Mound Valley. The abrupt  drop of Bear River  i n t o  G e n t i l e  Valley i s  

u t i l i z e d  f o r  power genera t ion  a t  t h e  Grace Power P lan t .  A f u r t h e r  f a l l  i n  t h e  

r i v e r  immediately below t h e  Grace Power P l a n t  is  u t i l i z e d  f o r  power genera t ion  

a t  t h e  Cove Power P lan t .  I r r i g a t i o n  water  sources  i n  G e n t i l e  Valley a r e  Bear 

River  and t r i b u t a r y  streams. Gem, Gen t i l e ,  and Mound Valley communities 

inc lude  Grace, Thatcher ,  and Cleveland, Idaho. 

A t  the south  end of Mound Valley, t h e  r i v e r  e n t e r s  t he  Oneida Narrows, 

a canyon about 11 miles  i n  length. Here t h e  e x i s t i n g  .Oneida Reservoir  and 

Power P lan t  a r e  located.  Oneida Narrows is  approximately t h e  midpoint of 

t h e  r i v e r  i n  t h e  sense  t h a t  inflows above and below t h e  narrows a r e  near ly  

equal .  

Below Oneida Narrows, t h e  r i v e r  e n t e r s  Cache Valley,  one of the more 

h igh ly  developed v a l l e y s  i n  t h e  Bear River  Basin. Cache Valley is  about 

45 mi les  long and 1 0  mi l e s  wide. Among i t s  p r i n c i p a l  communities a r e  Pres ton ,  

Day ton ,  and  F r a n k l i n ,  I d a h o ,  a n d  L e w i s t o n ,  Richmond, S m i t h f i e l d ,  Logan,  

Providence, Hyrum, Paradise ,  and Wel l sv i l l e ,  Utah. The r i v e r  e n t e r s  Cache 
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Valley from t h e  n o r t h e a s t ,  meanders s lugg i sh ly  southward down t h e  v a l l e y ,  'and 

e x i t s  westward through a 2-mile-long gorge i n t o  Lower Bear River  Valley, 

which is a p a r t  of Great S a l t  Lake Valley. Severa l  Bear River  t r i b u t a r i e s  

. e n t e r  Cache Valley 'from t h e  e a s t  and l e s s e r  s t reams from t h e  west. water of 

t h e s e  s t reams is used f o r  i r r i g a t i o n ,  p a r t i c u l a r l y  on t h e  h ighe r  lands near 

t h e  base of t h e  mountains. I n  t he  gorge through which Bear River  leaves 

Cache Valley a r e  l oca t ed  t h e  C u t l e r  Dam and Power P lan t ,  t h e  lowest hydro- 

e l e c t r i c  development on t h e  r i v e r .  

Below C u t l e r  Dam, t h e  Bea r  R i v e r  c o n t i n u e s  s o u t h w e s t  t h rough  Lower 

Bear River  Valley t o  t h e  Bear River  Bay of Great S a l t  Lake.. The Bear River  

Migratory Bi rd  Refuge is  loca t ed  a t  t h e  r i v o r  termillus. Utah communitics 

i n  Lower Bear R i v e r  V a l l e y  f n c l u d c  C a r l a n d ,  Tremonton,  Bea r  R i v e r  C i t y ,  

and Corinne. The Malad River ,  flowing southward, enters Rear River  aLuut 

10  miles no r th  of Bear River  Bay. The Malad River  Val1,e.y extends northward 

50 mi les  from Lower Bear River Valley. Its p r i n c i p a l  communities a r e  Malad, 

Samaria, and S t .  John, Idaho, and Por tage  and Plymouth, Utah. 

V a l l e y  e l e v a t i o n s  r a n g e  f rom 4,200 f e e t  a t    ear' R i v e r  Bay t o  6 ,700  

f e e t  nea r  Evanston, Wyoming, i n  t h e  Upper Bear R ive r  Val ley.  

The c l imate  of t h e  Bear River  Basin is of t y p i c a l  mountain c o n t i n e n t a l  

c h a r a c t e r ,  wi th  t he  u s u a l  wide range i n  temperature h ~ t w e e n  Eummer aud win te r ,  

and between day and n ight .  The high mountain v a l l e y s  experience long .and 

r igo rous  win te r s  and s h o r t ,  coo l  summcrs. The  l o w e r  va l  lpys aro more uuderare 

wich less va r i ance  between t h e  maximum and minimum temperatures  . Prec ip  i t a -  

t i o n  i s  heav ie s t  i n  the  mountainous s e c t i o n s ,  wi th  much of i t  occurr ing  dur ing  

t h e  win te r  months i n  t h e  form of snow. P r e c i p i t a t i o n  during t h e  May through 

Sep tember  growing s e a s o n  i s  o n l y  a b o u t  o n e - t h i r d  of t h e  a n n u a l  amnlint- 

 he p r e c i p i t a l f o n  ranges from 10 inches i n  t h e  va l l ey  a reas  t o  over  40 inches  

i n  t h e  high mountain areas. The average f ros t - f  r e e  season  v a r i e s  from about  

45 days i n  some high mountain v a l l e y s  t o  more than  150 days i n  t h e  Great  S a l t  

Lake Valley. 

3.1.2 WATER RESOURCES 

Streamflow records  on the  Bear River  a r e  numroue and of r e l a t i v e l y  

long dura t ion ,  some extending back t o  1889. There a r e  over 60 r i v e r  gaging 

s t a t i o n s  on the  Bear. River  and i t s  t r i b u t a r i e s .  Most of these  s t a t i o n s  a r e  

opera ted  by o r  i n  cooperat ion wi th  t h e  United s t a t e s  Geological  Survey. The 

streamflow d a t a  a r e  publ i shed  i n  t h e  Water-Supply Papers of the  Great  Basin.. 
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The flow c h a r t  of the  e n t i r e  Bear River  system is  shown on Figure  3.2 

which i n d i c a t e s  t h e  ove r -a l l  con t r ibu t ions  and deple t ions  t o  t h e  s y s  tem. 

Th i s  flow cha r t  is based on h i s t o r i c a l  streamflow records f o r  t h e  1927-1965 

period.  The char t  i n d i c a t e s  t h a t  an ' ave rage  of 900,000 ac re - f ee t  of water  pe r  

y e a r  from t h e  Bear River  Basin flawed i n t o  Great  S a l t  Lake dur ing  the per iod  

of record. A t  the  Woodruff Narrows s i t e ,  t h e  flow c h a r t  i n d i c a t e s  a mean 

annual  streamflow of 137,000 acre-f e e t  f o r  t he  1927-1965 per iod .  

The e n t i r e  flow from t h e  Upper Bear River  is d ive r t ed  i n t o  Bear Lake 

a t  Stewart Dam through t h e  Rainbow I n l e t  Canal. Utah Power and L igh t  Company 

c o n t r o l s  t h e  i n f l o w  and  o u t f l o w  of Bea r  Lake t o  meet power demands and 

s a t i s f y  c o n t r a c t u a l  agreements w i t h  downstream water  users  f o r  i r r i g a t e d  

a g r i c u l t u r e .  The a c t i v e  s t o r a g e  capac i ty  of Bear Lake is 1,420,000 acre-f e e t  

contained i n  t h e  top  21 f e e t  of t h e  200 f o o t  deep lake. 

I n  a d d i t i o n  t o  Bear Lake, t h e r e  a r e  four  small mainstem r e s e r v o i r s  on 

t h e  r i v e r  used by Utah Power and L igh t  Company a s  forebays  t o  supply hydro- 

e l e c t r i c  power p l an t s .  The Soda, Grace, Oneida, and C u t l e r  Reservoi rs  have a 

combined a c t i v e  s to rage  of 37,200 acre-f e e t .  The only o t h e r  mainstem r e s e r -  

' . v o i r  on Bear River  is Woodruff Narrows Dam loca t ed  i n  t h e  Upper Bear River  

w i th .  a 26,500 acre-foot  a c t i v e  s to rage  capacity.. There a r e  23 small reser -  

v o i r s  on t h e  t r i b u t a r i e s  t o  t h e  Bear R ive r  which have c a p a c i t i e s  of more than  

1,000 acre-f ee t .  The combined a c t i v e  s t o r a g e  capac i ty  of t hese  23 r e s e r v o i r s  

i s  116,700 acre-f e e t .  The Bear River  Basin has a combined a c t i v e  s to rage  

capac i ty  of 1.6 m i l l i o n  acre-f e e t .  

E s s e n t i a l l y  a l l  of t h e  flow of t he  Bear River  is used f o r  h y d r o e l e c t r i c  

power genera t ion  and opera t ions  of t h e  National  Bear River  Migratory Bird 

Refuge. The f i v e  h y d r o e l e c t r i c  power p l a n t s  owned and opera ted  by Utah Power 

and Light  Company on t h e  Bear River  system have a t o t a l  genera t ing  capac i ty  of 

125.5 MW. The p l a n t s  and genera t ing  capac i ty  are a s  fol lows:  Soda - 14 MW, 

Grace - 44 MW, Cove - 7.5 MW, Oneida - 30 MW, and C u t l e r  - 30 MW. Much of t h e  

water  reaching t h e  Great S a l t  Lake has been used f o r  o t h e r  purposes a s  wel l .  

Approximately one-half m i l l i o n  ac re s  of farm land  are '  i r r i g a t e d  i n  t h e  basin.  

Municipal and i n d u s t r i a l  withdrawals f o r  a popula t ion  of 100,000 (1970 census)  

a r e  a l s o  made i n  t h e  basin.  . - 
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3.2 EXISTING WOODRUFF NARROWS PROJECT 

3.2.1 LOCATION 

Woodruff Narrows D a m  and Reservoi r  i s  l o c a t e d  approximately 7 mi l e s  

s o u t h e a s t  of Woodruff, Utah, on t h e  main s tem of t h e  Bear R ive r  i n  Townships 

17N and 18N, R120W 6 t h  P r i n c i p a l  Meridian,. Uintah County, Wyoming. A l o c a t i o n  

map of t h e  r e s e r v o i r  i s  shown on F i g u r e  3.3 and on Exhib i t  1. 

3.2.2 PRESENT CONDITION OF EXISTING FACILITIES 

Woodruff Narrows Dam i s  a  homogeneous compacted e a r t h f i l l  dam. The dam 

i s  5 8  f e e t  i n  h e i g h t  above  t h e  s t r e a m  bed .  The h y d r a u l i c  head  f.rom t h e  

sp i l lway  c r e s t  t o  normal t a i l w a t e r  l e v e l  i s  32 Feet .  The dam has  a  c r e s t  

l eng th  of 600 f e e t  arid a  c r e s t  width of 20 f e e t  with a  f r o n t  s i d e  s l o p e  of 

2-1/2:1 and backs ide  s l o p e  of 2 : l .  The dam embankment i s  i n  good condi t ion .  

Exh ib i t s  2,  3 ,  and 4 show t h e  p l an ,  p r o f i l e ,  and sp i l lway  of t h e  e x i s t i n g  dam. 

The sp i l lway  was cons t ruc ted  by excavat ing through a  rock abutment- The 

sp i l lway  was l i n e d  only  a t  t h e  upper  end n e a r  t h e  overflow c r e s t .  The unl ined  

p o r t i o n  of t h e  sp i l lway  has had some e ros ion  from use  over t h e  yea r s -  The 

sp i l lway  is  i n  f a i r  cond i t i on ,  bu t  w i l l  need t o  be l i n e d  o r  rep laced  sometime 

i n  t h e  f u t u r e ,  pos s ib ly  i n  t h e  next  5  t o  1 0  yea r s .  

The o u t l e t  works c o n s i s t s  of an i n t a k e  s t r u c t u r e  and two r ec t angu la r  

r e in fo rced  conc re t e  condui ts .  The i n t a k e  s t r u c t u r e  was r epa i r ed  i n  November 

1977, which included r ep l ac ing  t h e  e x i s t i n g  t r a s h  racks and provid ing  addi- 

t i o n a l  a i r  ven ts  t o  t h e  i n t a k e  g a t e s  from t h e  g a t e  house a t  t h e  top  of t he  

dam. This was done t o  a l l e v i a t e  a  c a v i t a t i o n  problem under t h e  i n t a k e  g a t e  

thimble.  

The o u t l e t  condui t s  a r e  showing some s i g n s  of d e t e r i o r a t i o n  and w i l l  need 

t o  be r epa i r ed  o r  replaced i n  t h e  f u t u r e .  Bids were asked f o r  on r e p a i r  of 

t h e  o u t l e t  condui ts  i n  October 1977. All b i d s  were r e j e c t e d ,  because ' t h e y  

were considerably h igher  t han  the  engineer ing  c o s t  e s t ima te  .. It was decided 
. . 

t o  r ep l ace  or  r e p a i r  t h e  o u t l e t  condui t s ,  and b u i l d  a  new. conc re t e  l i n e d  

sp i l lway  a s  p a r t  of a  r e s e r v o i r  enlargement p r o j e c t .  

3.2.3 AGE, HISTORY, OWNERSHIP, AND PRESENT USE 

The Woodruff Narrows Dam was c o n s t r u c t e d  i n  1961  by t h e  U tah .  Board 

of Water Resources t o  provide  supplemental  i r r i g a t i o n  water  f o r  approximately 

36,000 ac re s  of land of which 83 percent  i s  i n  Utah and 17  percent  i n  Wyoming. 
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The Utah Board of Water Resources has  t i t l e  t o  t h e  dam and r e a l  p roper ty  by 

Warranty Deed and t i t l e  t o  t h e  water  s t o r a g e  r i g h t s  i n  t h e  r e s e r v o i r  and 

t i t l e  t o  t he  i r r i g a t i o n  d i s t r i b u t i o n  systems below t h e  r e s e r v o i r .  A small  

p o r t i o n  of t h e  r e s e r v o i r  i s  l o c a t e d  on  Bureau of Land Management ' l a n d .  

The Utah Board of Water Resources has  a right-of-way granted f o r  t h a t  p o r t i o n  

of t h e  r e s e r v o i r .  

The r e s e r v o i r  has  a t o t a l  s t o r a g e  capac i ty  of 28,000 acre-f eet a s  shown 

i n  t h e  fo l lowing  t a b l e .  

I r r i g a t i o n  
Utah 
Wyoming 

Sub t o t a l s  

F i s h  Conservation 

Compact 
A l loca t ion  

I n a c t i v e  

Tot a 1  

Holdover 
S tape  T o t a l  

The Div i s ion  of Water Resources has  designed a n  enlargement of t he  p re sen t  

dam and r e s e r v o i r  t o  i n c r e a s e  t h e  s t o r a g e  capac i ty  from 28,000 acre-f eet 

t o  53,200 acre-f e e t .  App l i ca t i on  has  been made t o  t h e  Wyoming S t a t e  Engineer 

f o r  a cons t ruc t ion  permit  t o  e n l a r g e  t h e  r e se rvo i r .  Acqu i s i t i on  of r e s e r v o i r  

right-of-way f o r  t h e  proposed enlargement is approximately 90 percent  com- 

p l e t ed .  The a d d i t i o n a l  s t o r a g e  would s t o r e  more s p r i n g  runoff  and r e l e a s e  i t  

during Ju ly  and August f o r  i r r i g a t i o n .  

3.3 FUTURE BEAR RIVER DEVELOPMENT 

3.3.1 AVAILABILITY OF WATER 

I n  s p i t e  of t h e  f a c t  t h a t  a p p r o x i m a t e l y  900 ,000  a c r e - f e e t  of w a t e r  

reaches  t h e  Great  S a l t  Lake each year ,  most o p p o r t u n i t i e s  f o r  f u r t h e r  water  

u s e  w i l l  depend upon adjustments  i n  soihe presen t  uses.  Unless t h e  hydro- 

e l e c t r i c  power use., p a r t i c u l a r l y  , .is subordinated,  t o  some e x t e n t  t o  o t h e r  



u s e s ,  o p p o r t u n i t i e s  t o  d e v e l o p  t h e  w a t e r  supp3,y f u r t h e r  t o  m e e t  p r e s e n t  

s h o r t  ages  and supply f u t u r e  demands, a r e  l a r g e l y  l i m i t e d  t o  such p o s s i b i l i t i e s  

as e x i s t  below C u t l e r  Reservoi r .  I f  i t  i s  assumed t h a t  i n  t h e  f u t u r e  hydro- 

electric power uses  w i l l  be subord ina t e  t o  o t h e r  uses  t o  t he  e x t e n t  r equ i r ed  

t o  permi t  development, t h e  average q u a n t i t y  of a v a i l a b l e  water  t h a t  could be 

d e v e l o p e d  i n  v a r i o u s  r e a c h e s  of t h e  B e a r  R i v e r  a r e a :  50 ,000  t o  1 0 0 , 0 0 0  

ac re - f ee t  a t  o r  above Bear Lake depending upon the  ope ra t i on  of Bear Lake, 

200,000 acre-f eet from Bear Lake t o  Oneida Narrows, and 300,000 acre-f e e t  from 

Oneida Narrows t o  C u t l e r  Dam. This  amounts t o  550,000 t o  600,000 acre-f 'eet  of 

a d d i t i o n a l  wa te r  which could be developed i n  ' t h e  e n t i r e  basin.  The ava i l -  

a b i l i t y  of t h i s  wa te r  f o r  f u t u r e  development w i l l  depend t o  a g r e a t  e x t e n t  on 

t h e  s t a t e s  of I d a h o ,  U tah ,  a n d  Wyoming r a t i f y i n g  t h e  Amended B e a r  R i v e r  

Compact afid on n e g o t i a t i o n s  w i t h  Utah Power and L igh t  Company. 

3 .3.2 WOODRUFF NARROWS ENLARGEMENT 

Plans  have been completed by the  D iv i s ion  of Water Resources f o r  en- 

l a r g i n g  t h e  Woodruff Narrows Reservoi r  from i t s  presen t  capac i ty  of 28,000 

ac re - f ee t  t o  53,200 acre- fee t .  The 25,000 ac re - f ee t  of new s t o r a g e  w i l l  

be used f o r  supplemental  i r r i g a t i o n  of land i n  t h e  Woodruff-Randolph a r e a  i n  

Utah and t h e  Cokevi l le  a r ea  i n  Wyoming. Construct ion of t h i s  p r o j e c t  is 

scheduled t o  begin . i n  1979 i f  water  r i g h t s  problems a s s o c i a t e d  w i t h  t h e  Bear 

R ive r  Compact can be reso lved  among t h e  states of Idaho, Utah, an.rl Wyo-1.n~. 

3.3.3 OTHER POTENTIAL PROJECTS . ' 

The Oneida Narrows P r o j e c t  o n .  t h e  Bear River  i n  Idaho could develop 

200,000 acre-f eet of wa te r  f o r  u s e  i n  both Utah and Idaho. Also,  d~velopment  

of 25,000 acre-f eet on t h e  Cub River  i n  Idaho could be used by )bo th  Utah 
I 

and Idaho. These two p r o j e c t s  have been s t u d i e d  i n  d e t a i l  by t h e  U.S. Bureau 

of Reclamation. 
I 

The U .S. Bureau of Reclamation has  s t u d i e d  wa te r  development a l t e r n a t i v e s  

on t h e  Blacksmith Fork River  i n  southern  Cache County. More rece'ntly,  t he  

Utah Div is ion  of Water Resources has  s tud i ed  s e v e r a l  a l t e r n a t i v e s  f o r  water 

development on both t h e  Blacksmith Fnrk. and tlie L i t t l e  Bear Rivers  i n  southern  

Cache County. Cons t ruc t ion  of t he  South Cache p r o j e c t s  could develop up t o  

50,000 ac re - f ee t  of water  f o r  i r r i g a t i o n  of dryland a r ea s  on t h e  benches and 

p rov ide  needed water  f o r  municipal  needs by tpe r a p i d l y  growing popula t ion  i n  

Cache County. 
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Stud ie s  have been made by t h e  U.S. Burkau of Reclamation and t h e  Utah 

Div i s ion  of Water Resources on p o s s i b l e  development of Bear River  wa te r '  on t h e  

main stem near ~ o n e ~ v i l l e  and off-stream s t o r a g e  on t h e  Malad River.  The 

Honeyvil le  p r o j e c t  would develop .120,000 acre- fee t  of water  f o r  . u s e  . by the  

Bear River  Migratory Bi rd  Refuge and i r r i g a t i o n  of a d d i t i o n a l  lands  i n  e a s t e r n  

Box' Elder  County. Off-stream s t o r a g e  s i t e s  on t h e  Malad River  vary from 

10,000 acre-f e e t  t o  450,000 acre-f e e t .  Water developed from t h e  off-s tream 

s i t e s  would be f o r  t h e  same uses  a s  t h e  Honeyvil le  p r o j e c t .  

A p o t e n t i a l  r e s e r v o i r  s i t e  i n  the Upper Bear River  above. Evanston. on 

Yellow Creek near t h e  Bear 'R ive r  - Weber River  drainage d iv ide  could s t o r e  

one-half mi l l i on  acre-f e e t  of water  f o r  drought emergencies. Water t o  f i l l  

t h i s  p o t e n t i a l  r e s e r v o i r  would be d ive r t ed  from t h e  Bear River  during ex- 

cess  i ve ly  w e t  years .  Evaporation l o s s e s  a t  t h e  high e l e v a t i o n  r e s e r v o i r  would. 

be minimal. Water could .be r e l ea sed  down t h e  Bear River  or  t h e  Weber River ,  

o r  even t h e  Jordan River  by exchange wi th  Weber River  water  v i a  t h e  Weber- 

Provo Canal. ' A number of r e s e r v o i r  s i t e s  above Evanston have been s t u d i e d  f o r  

p o t e n t i a l  development of water  f o r  u ses  i n  Wyoming. I 
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CHAPTER 4  

BAS I C  ALTERNATIVES 

4.1 GENERAL 

Based on a  review of a l l  d a t a  a v a i l a b l e  and on t h e  p re sen t  p lans  . . f o r  

improvement of t h e  e x i s t i n g  dam, t h e  fo l lowing  b a s i c  a l t e r n a t i v e s  f o r  de- 

velopment of t he  h y d r o e l e c t r i c  p o t e n t i a l  a t  ~ o o d r u i f  Narrows were s e l e c t e d '  

f o r  d e t a i l e d  s tudy  and e v a l u a t i o n  of economic f e a s i b i l i t y  : 

E x i s t i n a  Dam (Base l ine  Condit ion)  - Repair  and renovat ion of exis tin.g 

dam a s  shown i n  Exh ib i t s  2, 3 ,  and 4  wi th  and wi thout  d d i t i o n  

of run-of - r i v e r  power i n s  t a l l a t i o n .  

A l t .  1- Upper S i t e  - R a i s e d  Dam - Run-o f - r i ve r  power i n s t a l l a t i o n  

a t  t h e  e x i s t i n g  dam a t  t h e  upper s i te ,  a s  shown i n  Exh ib i t s  5 ,  6 ,  and 10, 

r a i s e d  t o  provide  a  r e s e r v o i r  w i t h  normal maximum water  s u r f a c e  a t  e l e v a t i o n  

6,452.5. 

Al,t. 2. Lower S i t e  - Low   am* - Run-of-river power i n s t a l l a t i o n  a t  

a  new dam a t  t h e  lower s i t e ,  a s  shown i n  Exh ib i t s  7 ,  9, and 10,  cons t ruc ted  

t o  provide  a  r e s e r v o i r  w i t h  normal maximum wa te r  surf .ace a t  e l e v a t i o n  6,442.5. 

A l t .  3. Lower S i t e  - High   am* - Run-of-river power i n s t a l l a t i o n  

at '  a  new dam a t  t h e  lower s i t e ,  a s  shown i n  Exh ib i t s  8, 9 ,  and 10 ,  cons t ruc t ed  

t o  provide  a  r e s e r v o i r  w i t h  normal maximum water  s u r f a c e  a t  e l e v a t i o n  6,452.5- 

The p o s s i b i l i t i e s  of p rovid ing  a d d i t i o n a l  capac i ty  f o r  peaking o r  pumped 

s t o r a g e  and p i p e l i n e  developments w i l l  be d i scussed  s e p a r a t e l y  fo l lowing  

t h e  p re sen t  a t  i o n  of t he  run-of -r i v e r  a l t e r n a t i v e s  Power development a t  

t h e  e x i s t i n g  dam wi thout  any r a i s i n g  of r e s e r v o i r  e l e v a t i o n ,  a l s o  w i l l  be 

discussed.  

The r e s e r v o i r  a r e a  and volume curves and t a i l w a t e r  r a t i n g  curves f o r  

t h e  upper and lower sites a r e  shown on Exh ib i t s  5  and 7 r e s p e c t i v e l y .  The 

fo l lowing  t a b l e  shows p e r t i n e n t  d a t a  f o r  t h e  b a s i c  a l t e r n a t i v e s  s e l e c t e d  f o r  

s tudy  and t h e  corresponding d a t a  f o r  t h e  e x i s t i n g  dam. 

. . 

 h he terms "low dam" and "high dam" have been used h e r e i n  f o r  i d e n t i -  
f i c a t i o n .  purposes only.  The a c t u a l .  d i f f e r e n c e  i s  h e i g h t  be tween ' t he  two dams 
is only 10 f e e t .  



Upper S i t e  Lower S i t e  
E x i s t i n g  A l t .  1 A l t .  2  A l t o  3  

Normal Max. R e s .  Elev. 6,439.4 6,452.5 6,442.5 6,452.5 
Reservoi r  volume (acre-f e e t  ) 28,000 53,200 52,000 76,900 
Normal Min. Res. Elev. 6,418.0 6,425 .O 6,417.0 6,422.5 
Ave. T.W. E leva t ion  ( i t )  6,403.4 6,403.4 6,376.0 7,376.0 
Max. Gross  Head (f  t )  36.0 49.1 66.5 76.5 
Min. Gross Head ( f t )  14.6 22.6 41.0 46 -5 

The maximum normal r e s e r v o i r  e l e v a t i o n  f o r  an en la rged  p r o j e c t  a t  t h e  

u p p e r  s i t e  h a s  b e e n  s e l e c t e d  by t h e  Utah  D i v i s i o n  of Wate r  R e s o u r c e s  t o  

pr.ovide about 25,200 ac re - f ee t  of a d d i t i o n a l  s t o r a g e  p r i m a r i l y  f o r  i r r i g a t i o n .  

S ince  d e f i n i t e  p l ans  a l r eady  have been made f o r  implementation, t h i s  en la rge-  

ment was s e l e c t e d  as one of t h e  b a s i c  a l t e r n a t i v e s  t o  be s t u d i e d .  A l t e r n a t i v e  

2 was s e l e c t e d  t o  provide  a  d i r e c t  comparison wi th  a l t e r n a t i v e  1. A l t e r n a t i v e  

3 was inc luded  t o  i n v e s t i g a t e  a maximum a t  Woodruff Narrows. 

The minimum r e s e r v o i r  e l e v a t i o n s  were s e l e c t e d  on t h e  b a s i s  of judgment 

w i t h  a  view t o  op t imiz ing  power b e n e f i t s  and provid ing  a s  much a c t i v e  s tor 'age 

a s  p o s s i b l e  f o r  i r r i g a t i o n  and o t h e r  purposes.  

4.2 WATER AVAILABILITY 

The h i s t o r i c a l  d i s cha rges  of t h e  Bear River  a t  Woodruff Narrows and 

t h e  ope ra t i on  of t h e  e x i s t f n g  r e s e r v o i r  a r e  d i scussed  i n  C h a p t e r s . 3  and 5. I n  

gene ra l ,  t he  in f lows  i n t o  the  r e s e r v o i r  during t h e  w in t e r  months a r e  s t o r e d  

f o r  subsequent r e l e a s e  during t h e  pe r iod  A p r i l  through August. I n  some, wet 

yea r s  r e l e a s e  and/or s p i l l i n g  have' taken p l a c e  a l s o  i n  March and September- 

The average annual  inf low . i n to  t h e  r e s e r v o i r  s i n c e  1942 is about 156,900 

ac re - f ee t ,  equ iva l en t  t o  an  average d i s cha rge  of about 215 cf s. 

I t  is assumed f o r  t h e  p u r p o s e s  of t h i s  s t u d y  t h a t  t h e  p r e s e n t  mode 

of opera t ion  w i l l  cont inue  a l s o  i n  t h e  f u t u r e ,  and t h a t  most of t h e  water  

a v a i l a b l e  w i l l  be r e l e a s e d  during t h e  summer months. I n  gene ra l ,  tile pro- 

v i s i o n  of power a t  t he  dam w i l l  not change t h i s ,  mode of opera t ion .  Thus, 

energy w i l l  b e  produced only about  4  t o  6 months of t h e  yea r  depe,ndl.ng on t h e  

runoff  during t h e  preceding win t e r  . 
The h i s t o r i c a l  r e l ' e a s e s  f rom t h e  e x i s t i n g  r e s e r v o i r  do  n o t  p r o v i d e  

a  good b a s i s  f o r  determining t h e  .most  economical mode of ope ra t i on  under 

f u t u r e  condi t ions .  The reason f o r  t h i s  is t h a t  t h e  e x i s t i n g  o u t l e t  g a t e s  a r e  

opera ted  m n u a l l y  a t  p e r i o d i c  i n t e r v a l s  only.  A s  a  r e s u l t ,  more water  than  



a c t u a l l y  needed i s  o f t e n  re leased .  Much b e t t e r  c o n t r o l  can  be obta ined  i f  t h e  

water  is passed through t h e  hydrau l i c  t u rb ines  of a  power p l an t .  Such con- 

t r o l l e d  d ischarges  f o r  t h e  purposes of i r r i g a t i o n  i s  es t imated  t o  range from a  

low of about 300 cf s t o  a  high of about 800 cf s. Most of t h e  t ime t h e  d i s -  

charges a r e  maintained a t  about  600  c f s  when r e l e a s e s  a r e  made f o r  i r r i g a t i o n .  

4 . 3  RAISED DAM AT UPPER SITE 

4 3 1 GENERAL 

The present  p lans  ' f o r  r a i s i n g  t h e  e x i s t i n g  dam t o  provide  more s t o r a g e  

f o r  i r r i g a t i o n  a r e  discussed i n  Chapters  3 and 5. It is proposed t h a t  t h e  

work b e  done i n  c o n j u n c t i o n ' w i t h  n e c e s s a r y  m o d i f i c a t i o n s  and  r e p a i r s  of 

t h e  exis t ' ing sp i l lway and , o u t l e t  works. The cos t  of r a i s i n g  t h e  dam would 

be pa id  f o r  e n t i r e l y  by the  i r r i g a t i o n  b e n e f i t s ,  a s  d i scussed  elsewhere i n  

t h e  repor t .  From t h e  viewpoint of power developments, r a i s i n g  t h e  dam .is 

d e f i n i t e l y  advantageous s i n c e  i t  would i n c r e a s e  t h e  output  by about  30 percent  

wi th  a  r e l a t i v e l y  smal l  i n c r e a s e  i n  cos t .  

A d e s c r i p t i o n  of the  dam, sp i l lway,  and o u t l e t  works is presented i n  

Chapter 3 .  The fol lowing d e s c r i p t i o n  is l i m i t e d  t o  t he  power f a c i l i t i e s  

only. The genera l  l ayout  of t h e  r a i s e d  dam and a s s o c i a t e d  power f a c i l i t i e s  
* : 

is  shown i n  p l a n  and s e c t  ions on Exh ib i t s  5 and 6 .  
% ,; 

"(4 

4 . 3  2 POWERHOUSE LOCATION 
I ' 

A l o c a t i o n  of t h e  powerhouse i n  t he  lower p a r t  of t h e  e x i s t i n g  sp i l lway  

channel was s e l e c t e d  from a  c a r e f u l  review of poss ib l e  a l t e r n a t i v e s .  This  

l o c a t i o n  would r e s u l t  i n  minimum e x c a v a t i o n  a n d  l e a s t  i n t e r f e r e n c e  w i t h  

o t h e r  cons t ruc t ion .  An a l t e r n a t i v e  based on u t i l i z a t i o n  of t h e  e x i s t i n g  

i r r i g a t i o n  o u t l e t  a l s o  f o r  power was considered,  bu t  was r e j e c t e d  f o r  t he  
. . 

fo l lowing  reasons  : 

1. Veloc i t i e s  would be r e l a t i v e l y  high i n  t h e  p ipes  t o  be i n s t a l l e d  

i n  'the e x i s t i n g  condui t s ,  up t o  20 f e e t  pe r  second. This  would r e s u l t  i.n 

high l o s s e s  and much reduced output ,  e s p e c i a l l y  s i g n i f i c a n t  a t  low r e s e r v o i r  

e l e v a t i o n s  

2 .  The t r a n s i t i o n  from two e l l i p t i c a l  p ipes  t o  one c i r c u l a r  p i p e  l ead ing  

t o  t h e  t u r b i n e  would be  an  a d d i t i o n a l  and expensive item. 



3. A s e p a r a t e  bypass would be  r equ i r ed  t o  r e l e a s e  water  f o r  i r r i g a t i o n  

when t h e  power p l a n t  wou1.d be o u t  of opera t ion .  

The s e l e c t e d  powerhouse l o c a t i o n  i n  t h e  e x i s t i n g  sp i l lway  channel would 

be s u b j e c t  t o  t he  r i s k  of rock f a l l s  from t h e  s t e e p  s l o p e  on t h e  l e f t  'abut- 

ment. Theref o r e ,  c a r e f u l  c l e a r i n g  and removal of a l l  l o o s e  rock must precede 

c o n s t r u c t i o n  i n  t h a t  a rea .  However, t h e  ' ove ra l l  s a f e t y  of t he  dam would not 

be  a f f e c t e d  by t h e  c o n s t r u c t i o n  of t h e  power f a c i l i t i e s .  

4.3.3 TURBINE.SELECTION 

Standardized gene ra t i ng  u n i t s  a r e  now being produced by an ' American 

t u r b i n e  manufac tu re r ' f o r  heads up t o  50 f e e t  and f o r  c a p a c i t i e s  up t o  5,000 KW. 

T h e s e  u n i t s ,  known u n d e r  t h e  d e s i g n a t i o n  " t u b e  t u r b i n e s ,  " ar'e a v a i l a b l e  

a s  ,pre-designed, packaged u n i t s  which inc lude  t h e  necessary  c o n t r o l  equipment 

This  type was sele .c ted f o r  t h e  upper s i t e  power p l a n t  on th'e b a s i s  of cos t ,  

a v a i l a b i l i t y ,  s imple i n s t a l l a t i o n ,  and ea sy  maintenance. The most ecbnomj.cal 

and s u i t a b l e  . s i z e  was determined t n  he a  2,000 mm*' u n i t ;  i t  would perforill 
. . 

w e l l  under a l l  normal ope ra t i ng  condi t ions .  Curves showing maxinun d ischarge  

and output  a g a i n s t  ne t  head a r e  presen ted  i n  F igure  4.1. The tu rb ine  dis-  

charge capac i ty  ranges from about  600 c f s  a t  low r e s e r v o i r  e l e v a t i o n  t o '  about 

875 c f s  a t  maximum r e s e r v o i r  e levst . ion.  The corresponding generator .  output  

ranges from about  1,000 KW t o  about  3,000 KW. Average output  i s . e s t i m a t e d  

t o  b e  about  2,400 KW. 

1 

4.3.4 ARRANGEMENT OF POWER FEATURES 

The power f e a t u r e s  a t  t h e  proposed r a i s e d  dam a t  t h e  upPer s i t e  would 

c o n s i s t  of an i n t a k e ,  a  penstock, a  powerhouse, a  tube  t u r b i n e  a s  d i scussed  

above, accessory e l e c t r i c a l  equipment, miscel laneous mechanical equipment, 

an access  road, s u b s t a t i b n  equipment and a  t r ansmis s idn  l i n e .  

The in t ake  would b e  a  conc re t e  s t r u c t u r e  l oca t ed  approximately where 

t h e  upstream s l o p e  of t h e  embankment 'would i n t e r s e c t  t h e  approach channel 

t o  t h e  e x i s t i n g  sp i l lway .  The in t ake  would be loca ted  a t  s u f f i c i e n t  depth 

, t o  permit  ope ra t i on  wi th  t h e  r e s e r v o i r  a t  t he  minimum e l e v a t i o n  of 6,425.0. 

The i n t a k e  would be  provided wi th  t r a s h r a c k s  and with provis ions  f o r  s t o p l o g  

c loourc .  

* ~ u n n e r  d iameter  i n  millimeters. 
0 
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Figure 4.1 

WOODRUFF NARROWS 

TURBINE PERFORMANCE - 2000 MM TUBE TUR~~ INE  

(UPPER SITE - RAISED DAM) 

3 0 40 

NET HEAD IN FEET 

MINIMUM DISCHARGE: 40°/o OF MAXIMUM 

MINIMUM OUTPUT : 3 0 %  OF MAXIMUM 



The penstock would c o n s i s t  of a 9' x 9' reinforced concrete conduit 

from t h e  in take  t o  a point  d i r e c t l y  below t h e  c r e s t  where i t  would connect 

wi th  a 9'-diameter s t e e l  pipe which would extend t o  the  powerhouse. The 

p ipe  would be  embedded i n  concrete and t h e  e n t i r e  penstock would be covered 

by embankment f ill. 

The powerhouse would be a concrete s t r u c t u r e  of t h e  semi-outdoor type 

a s  shown on Exhibit  10. It is assumed t h a t  the  i n s t a l l a t i o n  of equipment 

would be done by t h e  use  of a mobil crane through openings provided i n  t h e  

main deck. Following i n s t a l l a t i o n  the  openings would be covered by weather- 

proof hatches. The tube turbines  would be of the p rope l l e r  type with ad- 

j u s t a b l e  blades and hor izon ta l  sha f t .  A b u t t e r f l y  valve i n  f r o n t  of the  

t u r b i n e  and t h e  h y d r a u l i c  c o n t r o l  equipment i s  i n c l u d e d  i n  t h e  packaged 

un i t .  

Thc accessury e l t r c ~ r l c a l  equipment required for the  operat ion of the  

p l a n t  would inc lude  s t a t i o n  s e r v i c e  equipment, grounding system, l i g h t i n g  

system, power and con t ro l  cables,  b a t t e r y  system, con t ro l  switchboard and 

supervisory con t ro l  equipment. It is assumed t h a t  the  p l a n t  would b e  operated 

by remote con t ro l  except f o r  s t a r t i n g  up of the  u n i t  which would be done 

manually- 

Accessory mechanical equipment would include heat ing  and v e n t i l a t i o n  

systems, water supply and drainage systems and d r a f t  tube gates  and ho i s t s .  

The p r inc ipa l  subs ta t ion  equipment would be a 4-16/46 KV step-up trans-  

former and a 46 KV c i r c u i t  breaker. Power from t h e  p lan t  would be trana- 

mi t ted  t u  all exluLing 46 KV t ransmission l i n e  located about 5 miles west 

of Woodruff Narrows. 

Access t o  the  e x i s t i n g  dam i s  by a road which terminates a t  the  c r e s t  

of t h e  embankment on the  left (west) s ide .  This road follows the  r e se rvo i r  

f o r  a d is tance  of about 3,000 f e e t  and must be re loca ted  t o  a h igher  e l eva t ion  

when the  dam i s  ra ised .  However, t h e  t e r r a i n  immediately upstream of the  dam 

i s  very s teep  so t h a t  t h i s  re locat ion  would be r e l a t i v e l y  expensive. There- 

f o r e ,  and t o  provide more convenient access t o  t h e  powerhouse, an a l t e r n a t i v e  

r o u t e  is  suggested- It would follow an e x i s t i n g  jeep t r a i l  which crosses 

t h e  h i l l s  n o r t h w e s t  of t h e  s i t e  a s  shown on E x h i b i t  1. The t r a i l . w o u l d  

r e q u i r e  minor improvement only t o  se rve  a s  an access road. A s h o r t  spur  would 



be extended up t h e  l e f t  bank of t h e  Bear River  t o  t h e  powerhouse. I f  neces- 

s a r y ,  access  t o  t h e  r i g h t  bank could be provided by a  small br idge  near  t h e  

e x i s t i n g  gaging s t a t i o n .  . The t o t a l  l eng th  of improved and new road would be 

about  1 m i l e .  

4.3.5 CONSTRUCTION ASPECTS 

The p l a n  f o r  improvement of t he  e x i s t i n g  dam inc ludes  t h e  fo l l owing  

major work: 

1. Removing t h e  sp i l lway  from t h e  p re sen t  l o c a t i o n  nea r  t h e  l e f t  bank 

and cons t ruc t ing  a  new sp i l lway  a t  a  s l i g h t l y  h igher  e l e v a t i o n  on t h e  . r i g h t  

embankment . 
2.  I n s t a l l i n g  steel p i p e s  i n  t h e  e x i s t i n g  o u t l e t  condui t  and improving 

t h e  e x i s t i n g  o u t l e t  s t r u c t u r e .  

3 .  Raising t h e  e x i s t i n g  embankment 7 f e e t .  Embankment would be made 

wider  by adding f i l l  t o  t h e  downstream s i d e .  

This  work and t h e  cons t ruc t ion  of t h e  power f a c i l i t i e s  could be ac- 

complished i n  less than one year.  Work would s t a r t  i n  t h e  s p r i n g  on t h e  

access  road and t h e  new spi l lway.  A t  t h e  end of the  i r r i g a t i o n  season i n  

August t h e  new sp i l lway  would be completed. The reser i ro i r  would be a t  low 

l e v e l ,  and t h e  work on t h e  o u t l e t  and on t h e  power f a c i l i t i e s  would s t a r t .  

Work on t h e  embankment would proceed upon completion of t h e  work on t h e  i n t a k e  

and t h e  penstock. By t h e  end of t he  year  a l l  work except  i n s t a l l a t i o n  of 

some of t h e  powerhouse equipment would be completed. The power p l a n t  could 

be ready f o r  o p e r a t i o n  e a r l y  next  spr ing .  

4.4 LOWER SITE ALTERNATIVES 

4.4.1 SITE DESCRIPTION 

Downstream f rom t h e  Upper  Narrows t h e  B e a r  R i v e r  changes  d i r e c t i o n  

gradua l ly  from n o r t h e a s t  t o  southwest a s  it  completes a  ha l f  c i r c l e  around 

Hanks H i l l  over  a  reach of about  3 m i l e s .  The Lower Narrows occupies t h e  l a s t  

mile of t h i s  reach. The va l l ey  s i d e  s l o p e s  a r e  r e l a t i v e l y  s t e e p  except  i n  a  

h a l f - d i e  s e c t i o n  between t h e  two narrows where t h e  country opens up i n  a  

nor thwes te r ly  d i r e c t  ion  i n t o  t h e  S a l t  Creek Val ley.  

The Lower Woodruff Narrows dam s i t e  is  l o c a t e d  about 2 m i l e s  downstream 

from t h e  upper s i t e  . a s  shown on Exh ib i t  1. The s i t e  was i n v e s t i g a t e d  by 



t he  Bureau of Reclamation i n  t h e  l a t e  1950s. The presen t  s tudy  is  based on 

b a s i c  d a t a  obtained a t  t h a t  time, i nc lud ing  a  map i n  s c a l e  1" = 50' wi th  2  

f o o t  contours  and t h e  geo log ica l  l ogs  from f i v e  d r i l l  ho l e s .  

The gene ra l  topography of t h e  s i t e  is shown i n  Exh ib i t  7. The r i v e r  

is normally confined t o  a  50-foot wide channel which a t  t h i s  p o i n t  occupies 

a  p o s i t i o n  on t h e  r i g h t  s i d e  of the  300-foot wide f l ood  p l a in .  The r i g h t  

abutment rises s t e e p l y  more t han  200 f e e t  from t h e  bank of t h e  river.' The 

l e f t  abutment i s  formed by t h e  more g e n t l e  s l o p e s  of Hanks H i l l .  

The e n t i r e  r i g h t  abu tmen t  i s  exposed  f r o m  t h e  bank of  t h e  r i v e r  a t  

e l e v a t i o n  6,375 t o  above e l e v a t i o n  6,500. Therefore ,  no h o l e s  were d r i l l e d  i n  

t h i s  abutment- Two h o l e s  were d r i l l e d  i n  t h e  f l o o d  p l a i n ,  one on each s i d e  of 

t h e  r i v e r  channel. Two h o l e s  were d r i l l e d  i n  t h e  l e f t  abutment s i n c e  most of 

it "I s6vered by slopework and r e s i d u a l  g a v e l s -  One h o l e  was d r i l l e d  a t  a  

proposed l o c a t i o n  f o r  & sp i l lway  s t i l l i n g  b a s i n  on t h e  l e f t  bank downstream of 

t h e  darn axis- 

Based on informat ion  obtained from t h e  above d r i l l  ho l e s  and from geo- 

l o g i c a l  reconnaissance t h e  s i t e  geology can be summarized t o  he a s  f n l  lows: 

The rock a t  t h e  s i t e  c o n s i s t s  of beds of s h a l e  and sandstone dipping about  

12O east and s t r i k i n g  N 50 W. The d ip  i s  upstream which is favorab le  f o r  

p r e v e n t i n g  s e e p a g e  a r o u n d  t h e  a b u t m e n t s .  The s h a l e  decomposes t o  c l a y  

when exposed  t o  a l t e r n a t e  w e t t i n g  and  d r y i n g  b u t  w i l l  p r o v i d e  a d e q ~ ~ a t . ~ .  

foundat ion  f o r  s t r u c t u r e s  i n  new. excavat ions.  The sands tone  beds a r e  r e s i s -  

t a n t  t o  e r o s i o n  a n d  w i l l  p r o v i d e  good f o u n d a t i o n  f o r  s t r u c t u r e s .  Fou r  

of t h e s e  s a n d s t o n e  beds  a r e  e x p o s e d  on t h e  r i g h t  a h u t m o n t .  On t h e  l e f t  

abutment rock is  exposed a t  s c a t t e r e d  p o i n t s .  The overburden probably reaches  

a  d e p t h  of up t o  1 5  f e e t  i n  some a r e a s .  I n  t h e .  f l o o d  p l a i n  t h e  r o c k  i s  

o v e r l a i n  by s i l t ,  sand,  g r a v e l  and boulders  t o  a  maximum th i cknes s  of 25 

f e e t  . 
Const ruc t ion  m a t e r i a l s  of a l l  types  a r e  a v a i l a b l e  i n  s u f f i c i e n t  volume 

w i t h i n  reasonable  h a u l  d i s t a n c e  from t h e  s i te .  

. . 

4 . 4  - 2  LOW DAM ALTERNATIVE . 

This a l t e r n a t i v e  (Alt .  2 )  was s e l e c t e d  f o r  comparison wi th  t he  r a i s e d  

dam a l t e r n a t i v e  (Alt. 1 )  a t  t h e  upper s i te.  It would provide approximately 

t h e  same amount of s t o r a g e  and would e l i m i n a t e  t h e  need f o r  any modi f ica t ions  

and r e p a i r s  of t he  e x i s t i n g  dam. The a l t e r n a t i v e  would provide  about 50 
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percent more head than  a l t e r n a t i v e  1, which would r e s u l t  i n  a s i m i l a r  i n c r e a s e  
I 

i n  power benef i t s .  A r a t i n g  curve, showing t h e  r e l a t i o n s h i p  between r i v e r  

e l eva t ions  and d ischarge  a t  t h i s  s i t e  i s  shown on Exh ib i t  7. 

The maximum and minimum r e s e r v o i r - e l e v a t i o n s  were s e l e c t e d  t o  be 6,442.5 

and 6,417.0 based on t h e  r e s e r v o i r  volume curves shown on Exh ib i t  7. Assuming 

a s i m i l a r  spi l lway arrangement and freeboard a s  f o r  t h e  r a i s e d  dam a t  the 

upper s i t e ,  t he  c r e s t  of the  dam was s e l e c t e d  t o  be a t  e l e v a t i o n  6,452.5, 

which would r equ i r e  an embankment of about 80 f e e t  maximum he igh t  from t h e  

r iverbed .  

The g e n e r a l  l a y o u t  of t h i s  a l t e r n a t i v e  i s  shown i n  p l a n  on E x h i b i t  

7 and i n  s ec t ions  on Exh ib i t  9. The main dam would be a n  e a r t h f i l l  embankment 

ac ros s  t h e  va l l ey .  A s i d e  channel type sp i l lway would be loca t ed  i n  t h e  

l e f t  abutment. The power f a c i l i t i e s  a l s o  would be loca t ed  on t h e  l e f t  s i d e  of 

t h e  va l l ey  with the  penstock i n  a t rench  underneath t h e  embankment. 

The e a r t h f i l l  dam would c o n s i s t  of a c e n t r a l  co re  of impervious m a t e r i a l ,  

s u p p o r t e d  by random f i l l  on b o t h  s i d e s .  The c o r e  would be e x t e n d e d  t o  

bedrock across  t h e  e n t i r e  va l l ey  by excavat ing and b a c k f i l l i n g  a cut-of f 

t rench.  Rip-rap would be placed on t h e  upstream s i d e  of t he  dam f o r  pro tec-  I 

t i o n  a g a i n s t  i c e  and wave ac t ion .  Zones of t r a n s i t i o n  and d ra in ing  m a t e r i a l s  ?. 

would b e  provided a s  appropr ia te .  Grouting of t h e  rock underlying t h e  cut-off 

would be done a s  necessary t o  prevent  seepage and t o  ensure  t h e  s a f e t y  of t h e  -I. 
dam. 

E d  

The sp i l lway would c o n s i s t  of a f r e e  overf low conc re t e  wei r ,  a concre te  . . 
,-' 

l i n e d  s i d e  channel and chu te  wi th  a concre te  s t i l l i n g  bas in  a t  t h e  downstream 

end. It is designed t o  pass  a d i scharge  of 6,000 cf s wi th  a surcharge of 5 

f e e t  above t h e  c r e s t  of the  wei r  a t  e l eva t ion  6,442.5. This would leave  

5 f e e t  of f reeboard t o  t h e  top of the  dam which i s  considered t o  be adequate  

i n  view of t he  s h o r t  f e t c h  of t h e  r e s e r v o i r  upstream of t he  dam. 

The power f a c i l i t i e s  would be s i m i l a r  t o  t h e  f a c i l i t i e s  s e l e c t e d  f o r  

a l t e r n a t i v e  1. They would inc lude  an i n t a k e  s t r u c t u r e ,  a penstock, a power- 

house, a turbine-generator  u n i t ,  accessory e l e c t r i c a l  equipment, miscel laneous 

mechanical equipment, subs t a t i o n  equipment, a t ransmiss ion  l i n e  and a n  acces s  

road. However, t he re  would be some d i f f e rences  i n  t h e  design and type of 

equipment : 

b 



a )  The i n t a k e  would be provided with a  c lo su re  g a t e  which would be 

opera ted  from a h o i s t  on t h e  c r e s t  of t h e  dam. This  g a t e  would be  requi red  ' 

because a  s e p a r a t e  low l e v e l  o u t l e t  is  not included i n  t h i s  p lan  f o r  t h e  

lower s i te .  

. b)  The c ros s - sec t iona l  a r e a  of t h e  penstock would be s l i g h t l y  reduced. 

(More economical be cause of h ighe r  head. ) 

c )  The. t u r b i n e  would be  of the  h o r i z o n t a l  ' bu lb  type hecause t h e  uper- 

a t i n g  head of more t han  60 f e e t  is beyond t h e  range of a s t anda rd  tube  t u r -  

b ine  and because a  v e r t i c a l  Kaplan type  t u r b i n e  would b e  more c o s t l y .  

d )  A s e p a r a t e  o u t l e t  would be provided by branching o f f  from t h e  pen- 

s tock  nea r  t h e  powerhouse. This  o u t l e t  would permit  r e l e a s e s  f o r  i . r r i g a t i o n  

i f  t h e  bulb t u r b i n e  u n i t  i s  out  nf o p c r a t i u ~ t .  The discharge would be  cuu- 

t r o l l e d  by a manually op,erated enclosed s l i d e  ga te .  Discharge capac i ty  wi th  

t h e  r e s e r v o i r  a t  minimum level .  would he about 90U c f s .  A bypass p ipe ,  which 

would permit smal l  d i scharges  of up t o  20 c f s  would be  provided a t  t h e  s l i d e  

g a t e  (See Exh ib i t  10) .  

'l'he s e l e c t e d  t u r b i n e  would have a  runner  diameter  of 1,800 mm and would 

perform approximately a s  shown on F igu re  4.2. The d ischarge  capac i ty  would 

range from about  600 c f s  a t  minimum r e s e r v o i r  e l e v a t i o n  t o  about 880 ' c f s  

a t  maximum e l eva t ion .  The maximum .output would raclge from 1,,750 KW t o  about  

4,000 KW. The long t e r m  average uutput is  es t imated  t o  be about 3,500 KW. 

Acces s  t o  t h e  dam and  powerhouse  would be  p r o v i d e d  hy a n  e x t e n s i o n  

of a  road which now terminatoo ncab a egging o t a t l u n  on t h e  l e f t  bank sf 

rhe r i v e r  about 1 mile dnvnotrcam Irum t h e  site.  This  road ex t ens ion  would 

c,ross t o  t h e  r i g h t  bank of the  r ive . r  on 'a b r idge  about  1 ,000 f e e t  downstream 

from t h e  s i t e .  

The power produced by t h e  p l a n t  would be t r ansmi t t ed  t o  an e x i s t i n g  

. -  46 KV l i n e  about  5 m i l e s  wes t  of t h e  s i t e .  

C o n s t r u c t i o n  of  t h e  p r o j e c t  i s  e s t i m a t e d  t o  r e q u i r e  a b o u t  l ' y e a r .  

Most of t h e  sp i l lway ,  t h e  i n t a k e  and t h e  penstock would be completed luring 

t h e  s p r i n g  and t h e  cummer and would  be  c a r r i e d  o u t  i n  t h e  d r y .  Work i n  

t h e  r i ve rbed  would s t a r t  i n  August, a t  t he  end of t h e  i r r i g a t i o n  season. 

During t h e  next 4 t o  5  months, r e l e a s e s  from t h e  e x i s t i n g  r e s e r v o i r  would be 

h e l d  t o  t h e  minimum requ i r ed ,  about  10 c f s  t o  f a c i l i t a t e  t h e  d ive r s ion  p a s t  

t h e  work a r e a  i n  t h e  r i v e r b e d .  A l l  work ,  i n c l u d i n g  b r e a c h i n g  and  some 

l e v e l i n g  of t he  upstream dam, would be completed by A p r i l  i n  t h e  fo l iowing  / 

year .  
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Figure 4.2 

WOODRUFF NARROWS 

TURBINE PERFORMANCE - 1800 MM BULB f URBINE 

(LOWER SITE - "LOW" DAM) 

50 

NET HEAD IN FEET 

MINIMUM DISCHARGE AND OUTPUT: 3OoA OF MAXIMUM 

31 



4.4.3 HIGH DAM ALTERNATIVE 

This  a l t e r n a t i v e  (Alt. 3)  was included t o  determine i f  a h igher  dam and a 

l a r g e r  r e s e r v o i r  would r e s u l t  i n  a more economical  development t h a n  t h e  

Low Dam Alternat ive  (Alt. 2) discussed above. From a technical  viewpoint, a 

dam of up t o  100 f e e t  i n  height  could be constructed q u i t e  sa fe ly  a t  t h i s  

site. However, from a p r a c t i c a l  viewpoint, t h e  h ighes t  dam t h a t  could be 

c o n s i d e r e d  would b e  one which would p r o v i d e  f o r  a r e s e r v o i r  t o  t h e  same 

e leva t ion  a s  proposed f o r  the  ra ised  dam a t  the upper site, e levat ion 

6,452 -5. The corresponding minimum rese rvo i r  e l eva t ion  would b e  6,422.5 (See 

t h e  reservoir-volume curve on E d i b i t  7). 

The layout and design of t h i s  a l t e r n a t i v e  would be s i m i l a r  t o  t h e  lay- 

ou t  and design f o r  a l t e r n a t i v e  2 ,  except a s  follows: 

a )  The dam would be 10 f e e t  higher. 

b)  The spillway and t h e  in take  would be located a t  s l i g h t l y  higher 

e levat ions .  

c )  The t u r b i n e  and t h e  powerhouse would b e  of a d i f f e r e n t  des ign .  

The general p lan  of t h i s  a l t e r n a t i v e  is shown on Exhibit  8. The general 

design of t h e  powerhouse i s  shown on Exhibit  10. 

The average  o p e r a t i n g  head of abou t  65 f e e t  which w i l l  be o b t a i n e d  

wi th  t h i s  dam i s  higher than t h e  normal range f o r  a bulb turbine.  Therefore, 

a v e r t i c a l  Kaplan t u r b i n e  was se lec ted  f o r  t h i s  a l t e rna t ive .  The perf omance 

of t h i s  t u r b i n e  i s  shown o n  F i g u r e  4.3. The t u r b i n e  d i s c h a r g e  c a p a c i t y  

would range from about 675 c f s  a t  minimum rese rvo i r  e levat ion t o  about 900 

c f s  a t  maximum rese rvo i r  elevation.  The output would range from about 2,300 

KW t o  about 4,500 KW. Average output during long term opera t ion is estimated 

t o  b e  about 4,000 KW. 



WOODRUFF NARROWS 

KAPLAN UNIT - 4000 KW AT 66 FEET NET HEAD 

(LOWER SITE - "HIGH" DAM) 

NET HEAD IN FEET 

Figure 4.3 

MINIMUM DISCHARGE: 25 O/o OF MAXIMUM 

MlklMUM OUTPUT : 20°/0 OF MAXIMUM 
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CHAPTER 5 

RESERVOIR OPERATION AND ENERGY POTENTIAL 

5.1 RESERVOIR OPERATION AND USES 

5.1.1 PRESENT OPERATION AND USES 

The present  Woodruff Narrows Reservoi rs  was b u i l t  p r imar i ly  f o r  supple- 

mental i r r i g a t i o n  of appr.oximately 36,000 acres  of meadow hay i n  t he  Upper 

Bear River  Valley i n  Utah and Wyoming. The t o t a l  s t o r a g e  capaci ty,  of the  

r e s e r v o i r  i s  28,000 acre-f e e t ,  of which 22,500 acre-f e e t  i s  used f o r  i r r i g a -  

t i o n ,  4,000 acre- fee t  is  used f o r  f i s h  conservat ion f o r  maintaining a mini- 

mum flow r e l e a s e  from t h e  r e s e r v o i r  of 10 c f s  t o  t h e  main s tem of t h e  Bear 

R i v e r  d u r i n g  t h e  n o n i r r i g a t i o n  s e a s o n ,  and  1 ,500  a c r e - f e e t  is u s e d  f o r  

dead s t o r a g e  f o r  f i s h  conserva t ion  i n  t h e  r e s e r v o i r .  

~ e c r e a t i o n  f a c i l i t i e s  a t  t h e  res .erv0i . r  i n c l u d e  a p a r k i n g  l o t ,  rest  

rooms, and a 'boa t  ramp. The p r i n c i p a l  r e c r e a t i o n  uses a r e  f i s h i n g  and duck 

and goose hunt ing.  

Of t h e  22;500 acre- fee t  . of s t o r a g e  f o r  i r r i g a t i o n ,  18,240 acre- fee t  

is  genera l ly  used a s  a c t i v e  s to rage  each year ,  and 4,260 acre- fee t  is re- 

se rved  f o r  hold-over s t o r a g e  f o r  u se  i n  drought years .  The i r r i g a t i o n  season 

gene ra l ly  begins about t h e  f i r s t  of May. Flows below the  r e s e r v o i r  from 

s p i l l s  a n d / o r  r e l e a s e s  r a n g i n g  f rom 500 c f s  t o  700 c f s  a r e  r e q u i r e d  t o  

maintain the  i r r i g a t i o n  canals  t o  t h e i r  capac i ty  depending upon t r i b u t a r y  

inf low and i r r i g a t i o n  r e t u r n  flows. I r r i g a t i o n  of the meadow hay genera l ly  

c o n t i n u e s  u n t i l  a p p r o x i m a t e l y  t h e  1 0 t h  of J u l y ,  when t h e  f l o w  from t h e  

r e s e r v o i r  i s  reduced t o  approximately 30 cf s f o r  s tockwater ing and- f i s h e r y  

purposes. The r e s e r v o i r  r e l e a s e s  remain low u n t i l  approximately t h e  20th 

of August  when r e l e a s e s  of 600 t o  700 c f s  a r e  made f rom 5 t o  10  d a y s  t o  

provide f o r  a n  a d d i t i o n a l  i r r i g a t i o n  on t h e  meadow hay and p a s t u r e  t o  i n c r e a s e  

product ion f o r  f a l l  grazing. I f  s u f f i c i e n t  water  is not remaining i n  t he  

r e s e r v o i r  above the  hold-over s t o r a g e  f o r '  a t  l e a s t  5 days of i r r i g a t i o n ,  no 

l a t e  season r e l e a s e s  a r e  made. The . l a t e  season w a t e r '  i s  a v a i l a b l e  only about 

50 percent  of t h e  time. The hold-over s t o r a g e  is gene ra l ly  n o t  used f o r  l a t e  

season i r r i g a t i o n  but is saved f o r  ,low wate'r years  f o r  u se  i n  June or  e a r l y  

J u l y  



5.1.2 POTENTIAL OPERATION AND USE 

The proposed enlargement of Woodruff Narrows Reservoi r  would i n c r e a s e  

t h e  . p r e sen t  capac i ty  by 25,200 acre-f eet t o  a  t o t a l  c apac i ty  of 53,200 .acre-  

f e e t .  The t o t a l  i n c r e a s e  i n  s t o r a g e  would be  used f o r  i r r i g a t i o n  purposes. 

It is est imated t h a t  of the  25,200 ac re - f ee t  of new s to rage ,  9,240 would 

, b e  used a s  hold-over s t o r a g e  and 15,960 a s  a c t i v e  s to rage .  Th i s  would p rov ide  

a  t o t a l  a c t i v e  s t o r a g e  of 34,200 acre- fee t  and a  hold-over s t o r a g e  of 13,500 

acre- fee t .  The hold-over s t o r a g e  when combined with t h e  f i s h  conserva t ion  

s t o r a g e  and dead s t o r a g e  would amount t o  19,000 acre-f eet. With t h i s  addi- 

t i o n a l  s t o r a g e  capac i ty ,  wa te r  would be made a v a i l a b l e  f o r  l a t e  season  i r r i g a -  

t i o n  almost  every y e a r  (4  o u t  of 5 ) ,  and would guaran tee  wa te r  f o r  p roduct ion  

of a t  l e a s t '  a p a r t i a l  crop of hay du r ing  a n  extreme drought  year .  

5.2 HYDROELECTRIC ENERGY POTENTIAL 

5.2.1 RESERVOIR OPERATION SIMULATION MODEL 

A computer s imu la t i on  model was developed i n  order  t o  f a c i l i t a t e  t h e  

s i z i n g  and de te rmina t ion  of t h e  p o t e n t i a l  h y d r o e l e c t r i c  power and energy 

a v a i l a b l e  a t  t h e  Woodruff Narrows s i t e  f o r  s e v e r a l  d i f f e r e n t  r e s e r v o i r  

s i z e s .  The s imula ' t ion model i s  based on mean monthly flow va lues  us ing  26 

y e a r s  of s t r e a m f l o w  r e c o r d s .  A s k e m a t i c  d i ag ram of t h e  b a s i c  e l e m e n t s  

of t h e  computer s imu la t i on  and t h e  p r i n t o u t  n o t a t i o n  a r e  shown on :Figure 

5.1.  The program r e g u l a t e s  t h e  s t rearnf low i n t o  the  r e s e r v o i r ,  computes  

evapora t ion ,  seepage and minimum flows,  r e l e a s e s  water  upon demand t o  ' t h e  

s e r v i c e  a r e a ,  r e l e a s e s  water  t o  t h e  h y d r o e l e c t r i c  p l a n t s  on demand i f  , t h e  

r e s e r v o i r  l e v e l  i s  above a g iven  t a r g e t  l e v e l  f o r  t h e  month, r e l e a s e s  water  on 

demand t o  hydroplan t  1 i f  t h e  a n t i c i p a t e d  s p r i n g  runoff  is  expected t o  f i l l  

t h e  r e s e r v o i r  i n  succeeding months, and computes t h e  h y d r o e l e c t r i c  energy 

generated a t  each hydroplant .  

A sample of some of t h e  s i m u l a t i o n  output  i s  shown i n  Tables  5.1 through 

5.6 f o r  t he  proposed r e s e r v o i r  enlargement a t  t he  upper s i t e  f o r  a  s i n g l e  

hydroplant  r a t e d  a t  2.77 MW maximum output  wi th  a  flow range from 267 t o  

800 c f s  and a  head range from 20 t o  48 f e e t  u s ing  an  average e f f i c i e n c y  of 

85 pe rcen t -  Table 5.1 shows t h e  recorded inf low i n  ac re - f ee t  t o  t h e  r e s e r v o i r  

f o r  t h e  1942 through 1977 s imu la t i on  per iod.    able 5.2 shows the  s imulated 



Figure 5.1 

ox1 - Bear River infbw into Woodruff 
Natrows Reservoir (acre-feet) 

ox2 -Total water releases and spills 
from the reservoir (me-feet) 

oxa -Water not used for hydro-power 
(acre- feet) 

ox4 - Water used by hydro-power 
plant I 

ax5 -Water used by hydro-power 
plant 2 

ox6 - QXqt (2x5-Tota I water used 
for hydro- power (acre- feet) 

(3x7 -Total water supply from 
Reservoir (acre-feet) 

ox9 - Reservoir end-of-month 
elevation (acre-feet) 

axlo-Average monthly head above 
tailwater for hydro- power 
generation (feet) 

ox1 -Hydro-power energy generation 
from plant 2 (Megawatt haffs) 

oxl2-Hydro-power energy gemration 
WOODRUFF-RANDOLPH from plant I (Megowatt bans) 

SERVICE AREA 

oxl3-Total hydro-power energy 
generation from both plants 
(Megawatt hours) 

Woodruff Narrows Hydropower Simulation and Notation 
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r egu la t ed  r e l e a s e s  and/or  s p i l l s  from t h e  r e s e r v o i r  and a l s o  r e f l e c t s  t h e  

l o s s e s  due t o  evapora t ion  and seepage. Table  5.3 shows t h e  en la rged  r e s e r v o i r  
I 

s imula ted  end of month s t o r a g e  content .  .Table  5.4 shows the  s imula ted  f lows 

t o  t h e  hydroplant .  Table  5.5 shows the  s imulated " s p i l l s "  o r  water  from 
! 

t h e  s y s t e m  t h a t  i s  n o t  u s e d  f o r  h y d r o e l e c t r i c  g e n e r a t i o n .  I t  s h o u l d  be  

noted t h a t  although' power is generated only during t h e  5  month per iod  from 

A p r i l  1 through t h e  month. of August, a n  average of 87 percent  of t h e  volume of 

wa te r  is used f o r  power genera t ion  and only 13 percent  bypasses t h e  hydro- 

p l a n t .  Table  5.6 shows t h e  energy produced f o r  t h e  p l a n t  i n  megawatt hours  f o r  

t h e  1942 through 1977 s imula ted  per iod .  

5  2.2 SIMULATION RESULTS 

The s i m u l a t i o n  was d e v e l o p e d  w i t h  two h y d r ~ g l a n t s  s o  t h a t  a sma l l  

h y d r o p l a n t  c o u l d  be  s i m u l a t e d  a l l  y e a r  and a  l a r g e r  h y d r o p l a n t  c o u l d  b e  

' s imula ted  during t h e  high flow season. It w a s  soon r e a l i z e d  a f t e r  a  few 

s imu la t i on  runs t h a t  t h e  sma l l e r  hydroplan t  wi th  a .  i a r g e r  hydroplant  used 

i n  ' t h e  h i g h  f l o w  s e a s o n  p roduced  a  n e g l i g i b l e  amount of e n e r g y  o v e r  and 
I 

above a  s i n g l e  hydroplan t  of t h e  same- capac i ty  a s  t h e  ' seasona l  hydroplant.  

T h i s  is because t h e  flow and head a r e  both low during t h e  major i ty  of the  

time t h e  small hydroplan t  ope ra t e s  and the sma l l e r  p l a n t  t a k e s  w t e r  frclm 

t h e '  l a r g e r  s e a s o n a l  p l a n t  i n  a l l  b u t  t h e  peak  month. The re f  o r e ,  a  d u a l  

hydroplan t  combinat i on  w a s  not f u r t h e r  s t u d i e d .  

The s imu la t i on  model was used t o  determine t h e  mean annual enerky po- 

t e n t i a l  f o r  t h e  p re sen t  dam, t h e  proposed en la rged  dam, a new dam a t  the 

lower s i te  l i m i t e d  t o  65 f e e t  of head which has  a  s t o r a g e  capac i ty  approxi- 

mately t h e  same a s  t h e  proposed enlargement,  and a  new dam a t  t h e  lower s i t e  

which would s t o r e  water  t o  , t he  same e l e v a t i o n  a s  t h e  proposed en la rged  dam 

which would r e s u l t  i n  a  maximum n e t  head of 75 f e e t i  The a d d i t i o n a l  s t o r a g e  

of the  high dam a t  t h e  lower s i te  would a l l  be  a l l o c a t e d  t o  dead s t o r a g e -  

Maximum t u r b i n e  flows from 50 c f s  t o  1,000 c f s  were eva lua t ed  f o r  each of t h e  

above  dam conf  i g u r a t  i o n s  f o r  a  s i n g l e  h y d r o p l a n t .  The t u r b i n e  f l o w  was 

assumed t o  have a  f low range wi th  t h e  maximum t o  minimum flow r a t i o  of 3 : l .  

An average e f f i c i e n c y  of 85  percent  was used i n  t h e  ana lys i s .  A summary of 

t h e  energy p o t e n t i a l  is shown on F igu re  5.2. The streamflow dur ing  t h e  f a l l  

and w i n t e r  months of September through March gene ra l l y  ranges between 1 0  t o  60 
. . 

cf s o  Therefore ,  t u r b i n e s  designed f o r  l a r g e r  f lows wo'uld ope ra t e  only dur ing  

t h e  s p r i n g  and summer months of A p r i l  through August when t h e  flow ranges 
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Figure 5.2 
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from approx imate ly  300 t o  1 ,000 cf s. The maximum annua l  energy  p o t e n t i a l  of 

t h e  p r e s e n t  dam i s  approx imate ly  3 . 4  gigawat t  hours .  For t h e  proposed en- 

l a rgement  of t h e  p r e s e n t  dam a n  average  annua l  p r o d u c t i o n  of 5.0 g i g a w a t t  

h o u r s  could  be developed. For t h e  new dam a t  t h e  lower s i te  w i t h  t h e  head 

l i m i t e d  t o  65 f e e t ,  a p p r o x i m a t e l y  7 .0  g i g a w a t t  h o u r s  o f  e n e r g y  c o u l d  b e  

produced a n n u a l l y .  I f  t h e  lower  s i te  dam were b u i l t  which would s t o r e  w a t e r  t o  

t h e  same e l e v a t i o n  as  t h e  p r o p o s e d  e n l a r g e m e n t  o f  t h e  p r e s e n t  dam s i t e ,  

approx imate ly  8 . 3  g i g a w a t t  h o u r s  of energy could be produced annua l ly .  The 

power c a p a c i t i e s  of t h e  above f o u r  dam c o n f i g u r a t i o n s  based on 'a maximum 

t u r b i n e  f low of 850 c f s  and maximum head . a r e  r e s p e c t i v e l y  2.1, 3.0, 3.9, and 

4 r 5  megawatts* 



CHAPTER 6  

ECONOMIC AND FINANCIAL ANALYSIS 
. . 

6.1 CAPITAL COST 

Es t imates  of c a p i t a l  c o s t s  were made of t h e  t h r e e  b a s i c  a l t e r n a t i v e s  

desc r ibed  i n  chapter :  4 .  ' The d e t a i l e d  e s t i m a t e s  a r e  presen ted  i n  Table  6.1 

a t  t h e  end of t h i s  chapter .  The c o s t s  were developed i n  accordance '  w i t h  

. normal procedures  f o r  a p p r a i s a l  type  e s t i m a t e s .  Much use  was made of r e c e n t  

d a t a  on c o n s t r u c t i o n  c o s t s  of s i m i l a r  p r o j e c t s  d r  p ro j ' ed t  f ea tu re s . .  . A l l  c o s t s  

a r e  based on January  1979 p r i c e  l e v e l .  . 

The c o n s t r u c t i o n  c o s t s  w e r e  e s t i m a t e d  on  t h e  b a s i s  of computed q u a n t i t i e s  
. . 

of work, t o  which u n i t  p r i c e s  . w e r e  . a p p l i e d ,  a s  app rop r i a t e .  The q u a n t i t i e s .  

were  c a l c u l a t e d  on t h e  b a s i s  of t h e  drawings p re sen t ed .  a s  e x h i b i t s  h e r e i n ,  

supplemented by .sketches a s  necessary.  The u n i t  p r i c e s  of t h e  d i f f e r e n t  

. i t e m s  r e f l e c t  t h e  t o t a l  c o s t  of t h e  work involved ,  i nc lud ing  t h e  c o s t  of 

a l l  l abo r ,  m a t e r i a l s ,  and .equipment a s  w e l l  a s  such i n d i r e c t  i t e m s  a s  t h e  

c o n t r a c t o r ' s  overhead and prof it. Lump sums w e r e  used f o r  i tems f o r  which 

c o s t  could no t  r e a d i l y  be e s t a b l i s h e d  by t h e  u n i t - p r i c e  method. .Cos t  of 

g e n e r a t o r s  and t u r b i n e s  were.  ob ta ined  on t h e  b a s i s  of r ecen t  q u o t a t i o n s  from 

manufacturers .  . A contingency al lowance of '15 pe rcen t  was included i n  a l l  . 

e s t i m a t e s  t o  cover  pos s ib l e  i nc reases  i n  q u a n t i t i e s  and p r i c e s .  ' The ' c o s t  of 

e n g i n e e r i n g  a n d  d e s i g n  was assumed t o  r a n g e  f r o m  5 t o  12 .  p e r c e n t  of  t h e  

c o n s t r u c t i o n  c o s t  depending' on t h e  complexity. '  and t h e  amount of work a l r e a d y  

accomplished. 

I n t e r e s t s  on c o n s t r u c t i o n  expendi tures  were added to ' . ' the  t o t a l  cons t ruc-  

t i o n  c o s t s  t o  o b t a i n  t o t a l  c a p i t a l  cos t .  However, no . i A t  e r d s t  dur ing  con- 

s t r u c t i o n  was charged t o  t h e  dam c o n s t r u c t i o n  because it would be  f inanced  

from a s t a t e  f u n d  ass igned  t o  t h i s  purpose  a t  no i n t e r e s t .  For t h e  power 

f e a t u r e s ,  i n t e r e s t  during c o n s t r u c t i o n  was e s t ima ted  t o  be 5 percent  , of ( t h e  

t .o t  a 1  c o n s t r u c t  i o n  cos t. This  corresponds t o  ' about  one year  cons t ruc t ' ion  

p e r i o d  and 9  pe rcen t  annual  i n t e r e s t  r a t e .  

A summary of t he  es t imated  c a p i t a l  c o s t  of t h e  t h r e e  a l t e r n a t i v e s '  is 

shown i n  t h e  fo l l owing  t a b l e :  



Dam 
Power Fea tures  

T o t a l  

A l t  1 
1,835 - 
2,625 
4,460 

C a p i t a l  Cost ($1000) 
A l t 2  - A l t  3 

3,275 

The c a p i t a l  c o s t  f o r  t h e  necessary  r e p a i r s  of the  e x i s t i n g  dam wi thou t  

any enlargement is e s t ima ted  t o  be $1,600,000. Thus, t h e  n e t  c o s t  of r a i s i n g  

t h e  dam and p rov id ing  25,200 acre-f eet of a d d i t i o n a l  s t o r a g e  is  - es t ima ted  

t o  be  $235,000, e q u i v a l e n t  t o  about  $10.00 pe r  acre-f oo t  ' o f .  s t o r age .  The 

i r r i g a t i o n  b e n e f i t s  from t h i s  a d d i t i o n a l  s t o r a g e  w i l l  be more t h a n  s u f f . i c i e n t  

t o  Pay f o r  t h e  enlargement  of t h e  e x i s t i n g  *rojsct .  .as  discllssed subs.equently 

i n  t h i s  chapter .  ~ h e r e f b r e ,  t h e  c a p i t a l  c o s t  of repairir-kg and r a i s i n g  . t h e .  . 

. e x i s t i n g  dam h a s  been s u b t r a c t e d  from. t h e  t o t a l  c o s t s  of each a l t e r n a t i v e  

t o  o b t a i n  the  n e t  c o s t  of t h e  power features. The cap i t a l  cost. of the three :' 
< "  .-. . 

. power developments w i l l  t h e n  be a s  fo l lows:  b 

-.. . 
-2-. 

-. A l t e r n a t i v e  1 - (Raised Dam .- Uppcir S i t e )  - $2,625,000 . -. ? .  

. A l t e r n a t i v e  2 - (Low Dam - Lower S i t e )  - $4,790,000 s 

A l t e r n a t i v e  3 - (High Dam -, Lower S i t e )  - $5,990,000 x:- 

6.2 . ECONOMIC EVALUATION ' 

6.2.1 GENERAL .- A ,  

A s i m p l i f i e d  economic e v a l u a t i o n  'of t h e  t h r e e  a l t e r n a t i v e s  s e l e c t e d  f o r  ~c 

s t u d y  was made based on a comparison of annual c o s t s  and annua l  benefi ' ts .  : 

The comparison was made f o r  two s e t s  of a s suhp t ions  a s  fo l lows:  . .-- . 
. . 

1 )  January 1.979 prfce level  wi th  no ' e s c a l a t i o n  of. annual  costs' and 
b e n e f i t s ,  combined wi th  an i n t e r e s t  '. o r  d i s c o u n t ,  r a t e  of 4 pe rcen t  
which is cons idered  to be a i e a s o ~ ~ i i l r l e  i r t u i u  ULI i ~ l v r s L n r e i i L  111 ili~ 

i n f l a t i o n  f r e e  economy. 
. . 

2 )  Ten p e r c e n t  a n n u a l  i n t e r e s t  o r  d i s c o u n t  r a t e  combined w i t h  a  6  
percent  annua l  e s c a l a t i o n  of f u t u r e  c o s t s  and b e n e f i t s .  

A p r o j e c t  l i f e  of 50 y e a r s  was assumed i n  a l l  cases .  

6.2.2 ANNUAL COSTS 

Annual ope ra t i ng  c o s t s ,  such a s  ope ra t i on  and m i n t e n a n c e  c o s t s ,  t r a n s -  

m i s s i o n  c o s t s  and a d m i n i s t r a t i ' o n  a n d  g e n e r a l  e x p e n s e s  w e r e  e s t i m a t e d  t o  

be  equ iva l en t  t o  abou t  1.5 percent  of t h e  t o t a l  c a p i t a l  c o s t  of t h e  p r o j e c t ,  

excep t  t h a t  t r ansmis s ion  c o s t s  (wheeling charges)  were assumed t o  be $15.00 

p e r  k i l o w a t t  of p l a n t  capac i ty .  
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The t o t a l  annual  c o s t s  with assumption a s  under (1) above would then 

be: 

ANNUAL COST I N  DOLLARS(1) 

Item A l t  1 A l t  2 A l t  3 
0 & M Costs  39,375 71,850 ;89,850 
Wheeling Charges 36,000 52,500 66,000 
Sub to ta l  75,375 124,350 155,850 
Cap i t a l  Recovery (4%-50 y r s )  122,194 222,975 ' . , 278,835 
TOTAL ANNUAL 197,569 347,325 . 434,685 

With assumptions a s  under (2) above t h e  annual opera t ion  and maintenance 

c o s t s  and t h e  wheeling charges must be e sca la t ed  by a f a c t o r  of 2.5. Thus 

t h e  t o t a l  annual c o s t s  i n  t h a t  case i s  est imated t o  b e  a s  fol lows:  + . , 

ANNUAL COST I N  DOLLARS (2) 

. I t e m  A l t  1 A l t  2 A l t  3 
0 & M Costs  98,438 179,625 224,625 
Wheeling Charges 90,000 131,125 165,000 
Subt o t  a 1  188,438 310,750 389,625 
Cap i t a l  Recovery (10%-50 y r s )  264,865 484,310 604,390 
TOTAL ANNUAL 453,303 795,060 994,015 

6.2.3 ANNUAL BENEFITS 

, The only b e n e f i t s  from a power development a t  Woodruff Narrbws as  de- 

s c r ibed  above w i l l  be t h e  energy ~ r o d u c ~ d  a s  est imated i n  Chapter 5 .  No 

value  c a n ' b e  assigned t o  t h e  capaci ty  because opera t ion  is  suspended through- 

ou t  most of t h e  year.  Even during t h e  months Apr i l  through August t h e  

energy. produced is not f i rm'  s ince  r e l eases  a r e  d i c t a t e d  by i r r i g a t i o n  re- 

quirements. Therefore,  t h e  energy can only be considered a s  f u e l  (coa l )  

replacement, est imated t o  have a value of 10 mills/KWH i n  January 1979. The 

e sca la t ed  va lue  est imated on t h e  b a s i s  of t h e  assumptions under (2) above, is  

about 25 m i l l s / K W F l .  Thus ' t h e  annual b e n e f i t s  w i l l  b e  a s  fol lows:  

Energy Annual Benef i t s  ($)  
Al te rna t ive  (GWH) Assumption (1) Assumption (2) 

1 4.9 49,000 122,500 



6.2 4 ECONOMIC COMPARI SON 

Representat ive economic values r e l a t e d  t o  the  t h r e e  a l t e r n a t i v e  s tud ies  

a r e  s h o k  i n  t h e  fol lowing table :  

Item - 
Average Plant  Capacity (KW) 
~ v e r a g e  Annual ~ n e r ~ ~ -  (GWH) 
Cap i t a l  Cost ($1,000) 
Cost per  KW ($1 
Plan t  U t i l i z a t i o n  (%) 

Without I n f l a t i o n  
Annual Cost ($1,000) 
Annual Benef i t s  ($1,000) 
Benef it-Coot Ra t io  
Cusc of Eiiergy (mi l l s )  

With 6% I n f l a t i o n  
Annual Cost ($1,000) . 
Annual Benef i t s  ($1,000) 
Benef it-Cos t Rat io  
Cos t of Energy (mi 11s ) 

A l t  1 
2,400 

Alt 2 
3,500 

Alt 3 
4,000 

8.2 
5,920 
1,480 

22 

The r e s u l t s  i n d i c a t e  t h a t  t h e  upper s i t e  a l t e r n a t i v e  is c l e a r l y  prefer-  

a b l e .  t o  any of the two lower s i te  a l t e r n a t i v e s ,  but they a l s o  ind ica te  t h a t  

none of the  three  a l t e r n a t i v e s  can be j u s t i f i e d  economiral..ly Costs , excccd 

. b e n e f i t s  by a r a t i o  of a p p r o x i m a t e l y  4 t o  1 f o r  t h e  u p p e r  s i t e  a l t e r n a -  

t i v e  and approximately 5 t o  1 f o r  both lower s i t e  a l t e r n a t i v e s . 1  There .are 

s e v e r a l  reasons f o r  t h i s  unfavorable s i t u a t i o n ,  including t h e  following: 

1. Low plant  u t i l i z a t i o n  due t o  l a rge  v a r i a t i o n s  i n  p lan t  discharge. 

2. No capacity value or  f i rm energy value can be assigned t o  t h e  p lant .  
The value  of energy is  only a s  f u e l  replacement. 

3 -  The r e l a t i v e l y  remote loca t ion  and smal l  s i z e  of t h e ' p r o j e c t  r e s u l t  
i n  high transmission c o s t s  (wheeling charges) 

4 -  Equipment t is high i n  terms of cosL per  kililwatt because of 
of t h e  sun11 u n i t  s i z e  combined with r e l a t i v e l y  low head. 

l ~ h e  f a c t  t h a t  the , benef i t l c o s t  r a t i o s  a r e  s i m i l a r  f o r  both the  case 
wi th  i n f l a t i o n  and without  ' i n f l a t i o n  is probably a r e s u l t  of the assumptions 
made i n  which the  r a t e  of i n f l a t i o n  is equal  t o  the  d i f fe rence  . i n  i n t e r e s t  
r a t e s .  
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':. , ,1 >&QW,t, i  of t he  above unfavorable  f a c t o r s  a r e  s i t e  determined and cannot 
o. . f.k. ", 

b'&t$$$$bved on. However, , i t  may be p o s s i b l e  t o  enhance t h e  economics by 
, ,8:. ; 

r .  

ad.&ng pumped-storage f e a t u r e s  which would he lp  t o  i n c r e a s e  p l a n t  u t i l i z a t i o n .  . .r ' . 
~ h i i .  : p o ' k ; ~ i b i l i t y ,  and o t h e r  a l t e r n a t i v e s  w i l l  be d i scussed  i n  Chapter  7. 

6.2.5 AGRICULTURAL BENEFITS 

The a g r i c u l t u r a l  b e n e f i t s  a r e  based on a n  enlargement of Woodruff Narrows 

Reservoi r  from i t s  p re sen t  capac i ty  of 28,000 ac re - f ee t  t o  a  proposed capac i ty  

of 53,200 acre- fee t .  The main b e n e f i t s  from en la rg ing  t h e  r e s e r v o i r  would 

be water  a v a i l a b l e  f o r  a n  a d d i t i o n a l  i r r i g a t i o n  i n  t h e  l a t e  summer t o  i n c r e a s e  

t h e  f a l l  g raz ing  and having s u f f i c i e n t  water  t o  i r r i g a t e  i n  drought years .  

~ h e i ~ m e a n  monthly water  supp l i e s  f o r  t h e  land be fo re  and a f t e r  t h e  en- 

largement were obta ined  from o p e r a t i o n  s t u d i e s  of Woodruff Narrows Reservoi r .  

The average sho r t ages  f o r  26 years  of r eco rd  w e r e  sub t r ac t ed  from t h e  i r r i g a -  

t i o n  demand t o  determine t h e  water  supply ava i l ab l e .  The fo l lowing  cropping 

p a t t e r n  was used: 

Crop 
A l f a l f a  

. Barley 
Meadow Hay & P a s t u r e  
MTAL 

Acreage 
4,000 a c r e s  
4,000 a c r e s  

28,000 a c r e s  
36,000 a c r e s  

The water  supply a v a i l a b l e  wi th  and without  t he  en la rged  r e s e r v o i r  was com- 

pared with t h e  i d e a l  i r r i g a t i o n  requirement t o  determine crop y i e l d s .  A 

product ion c o s t  curve f o r  t h e  meadow hay and p a s t u r e  was developed us ing  

S o i l  Conservat ion Se rv i ce  farm budgets. A y i e l d  curve was developed us ing  

S o i l  Conservat ion Se rv i ce  methods and procedures.  The meadow hay is  c u t  i n  

J u l y  and then  t h e  land i s  grazed i n  t h e  f a l l .  The f a l l  g r az ing  was converted 

t o  a n  equiva len t  amount of meadow hay us ing  a  f a c t o r  of 800 pounds of hay p e r  

one animal u n i t  month (AUM) of grazing.  

The i n c r e a s e d  p r o d u c t i o n  of meadow hay amounted t o  0.2 t o n s  o r  0 .5  

AUM pe r  a c r e  on 28,000 ac re s .  This  would i n c r e a s e  t he  n e t  r e t u r n  p e r  a c r e  

by $5.9.4 f o r  a  t o t a l  of $213 ,800  p e r  y e a r ,  which ,  when c a p i t a l i z e d  o v e r  

a  5 0  y e a r  p e r i o d  a t  a  d i s c o u n t  r a t e  of 4 7 / 8  p e r c e n t ,  would amount t o  

$4,000,000. The d iscount  r a t e  of 4 7/8 percent  i s  used by t h e  Utah Div i s fon  

of Water Resources i n  economic a n a l y s i s  of p r o j e c t s  b u i l t  by t h e ' U t a h  Water 

Conservat ion and Development Fund. Based on a  c a p i t a l  c o s t  of $1.835 m i l l i o n  

f o r  r e p a i r i n g  and en l a rg ing  t h e  dam and r e s e r v o i r ,  t h e  b e n e f i t  /cos t r a t i o  i s  

2-18 f o r  t h e  a g r i c u l t u r a l  p o r t i o n  of t h e  p r o j e c t .  
. , 
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6.3 POWER MARKETING STUDY 

' s e v e r a l  p o t e n t i a l  ' u se r s  i n  t h e  a r e a  were contac ted  t o  s e e  what p r i c e  

they would be  w i l l i n g  t o  pay f o r  t h e  energy t o  be developed a t  t h e  Woodruff 

Narrows Low Head Hydroe l ec t r i c  Power P r o j e c t  (WN LHHPP). Those contacted 

w e r e :  The Utah Power and L igh t  Company of S a l t  Lake Ci ty ;  Utah S t a t e  Uni- 

v e r s i t y  i n  Logan,  U t a h ;  B o u n t i f u l  C i t y ,  B o u n t i f u l ,  U tah ;  B r i d g e r  V a l l e y  

E l e c t r i c .  Assoc ia t ion ,  Fo r t  Br idger ,  Wyoming; and t h e  Intermountain Consumer 

Power Assoc ia t ion  i n  Sandy, Utah. 

6.3.1 PATTERN OF ENERGY PRODUCTION 

The e n e r g y  g e n e r a t e d  by t h e  WN LHHPP w o ~ i l d  he a v a ?  l a h l e  . o n l y  on 3 

s e a s o n a l  b a s i s  i n  t h e  s p r i n g  and summer s i n c e  t h e  w in t e r  flow of t he  Bear 

R i v e r  i s  s m a l l  and would  n o t  j u s t i f y  k e e p i n g  t h e  power p l a n t  o p e r a t i n g  

through the  w i n t e r  months. Under a l t e r n a t i v e  1, a n  en la rged  r e s e r v o i r  a t  t h e  

e x i s t i n g  s i t e ,  t h e  mean a n n u a l  e n e r g y  p roduced  a s  d i s c u s s e d  i n  C h a p t e r  

5 would be 5 GWH and would be a v a i l a b l e  a s  shown i-n t h e  t a b l e  below. Mo- 

mentary peak power product ion  would b e  about  3  megawatts. 

Apr i l  M a y  June J u l y  - August T o t a l  - 
Mean Energy Gen. (GWH) 0.9 1 - 3  1.6 0.9 0.3 5.0 
Mean Energy Gen. ( 2 )  18 26 3 2 18 6 10 0 
Max. Power Gen. (MW) 2.7 2.8 2 9 2.6 L o  8 

ThSs p a t t e r n  of energy product ion  is d i c t a t e d  .by t h e  i r r i g a t i o n  r e l ea sed  

from t h e  r e s e r v o i r .  Unfor tuna te ly  a l l  t h e  energy i s  non-f i r m ,  s i n c e  no th ing  

i s  produced i n  t h e  winter t ime.  Furthermore, t h e  peak product ion does not 

co inc ide  with t h e  peak demands on t h e  pote .nt ia1 users '  systems. Thus, t h e  

energy simply r ep l aces  t h e  equ iva l en t  amount of f o s s i l  f u e l  and t h e r e  is 

no r ea son  f o r  p o t e n t i a l  customers t o  pay a premium p r i c e .  

6.3.2 WHEELING CHARGES 

W h i l e  t h e  Utah Power and L igh t  Company is not  very i n t e r e s t e d  i n  pur- 

chas ing  the  energy from t h e  p r o j e c t ,  t h e  company i s  w i l l i n g  t o  wheel t h e  

power t o  p o t e n t i a l  u se r s  on t h e i r  system. The wheeling charges would be 

d i v i d e d  i n t o  two p a r t s .  The "backbone" c h a r g e  p r o v i d e s  f o r  u s e  of  t h e  



t ransmiss ion  l i n e s  from t h e  Naughton P l a n t  nea r  Kemmerer, Wyoming, t o  t h e  

rest of t h e  UP & L system and i s  set a t  $9.95/KW-year. The o t h e r  " loca l"  

wheeling charge p e r t a i n s  t o  t h o s e  t ransmiss ion  l i n e s  going from t h e  Naughton 

P l a n t  t o  t he  v i c i n i t y  of ' t h e  Woodruff Narrows Dam. This  charge is set nomi- 

n a l l y  a t  $5.70/KW-year hu t  might be  nego t i a t ed  a t  a lower r a t e .  For f u r t h e r  

use  i n  t h i s  r e p o r t  a t o t a l  wheeling charge o£.$lS/KW-year w i l l  be assumed. 

I f  the  peak power genera t ion  came a t  t h e  same t i m e  t h e  l o c a l  o r  back- 

bone l ines ,  were. c a l l e d  on t o  d e l i v e r  t h e  y e a r l y  maximum, t h e  Woodruff Narrows 

p r o j e c t  would r e q u i r e  an increased  t r ansmis s ion  l i n e  capac i ty .  Under t h i s  

assumption it might be argued t h a t  t h e  f u l l  wheeling charges f o r  . t h e  e n t i r e  

y e a r  should be charged even though power was wheeled only f i v e  months of t he  

year .  Accordingly t h e  cos t .  of wheeling would be 9 inills /KWH f o r  a '  3  MW p i a n t  

genera t ing  5 GWH . of energy. However, t h e  peak gene ra t i on  a t  WN LHHPP occurs  

i n  June and is  w e l l  ahead of t h e  peak summer demand on t h e  s y s  t e m .  Thus t h e  

WN LHHPP probably .would not add t o  t h e  r equ i r ed  t ransmiss ion  l i n e  capac i ty  and 

i t  could be argued tha t ,  wheeling. charges  should be pa id  only f o r  t h e  f i v e  

months of use. Under t h i s  assumption the  wheeling c o s t s  would be only 4  

m i l l s  /KWH. 

The p r o j e c t  would have t o  bear t h e  c o s t  of cons t ruc t ing  a 46 KV l i n e  

f r o m  t h e  WN LHHPP t o  t h e  4 6  KV S a g e l E v a n s t o n  l i n e  o f  UP & L .  E s t i m a t e d  

c o s t  of t h i s  5 m i l e  long  connect ing l i n e  i s  $180,000.' 

6 . 3 . 3  REVENUE FROM ENERGY 

The amounts t he  va r ious  p o s s i b l e  u s e r s  of the  p r o j e c t  energy would be 

w i l l i n g  t o  pay a t  Woodruff Narrows a r e  summarized below. 

Utah  Power and  L i g h t  Company. The UP & L company h a s  e x p r e s s e d  a 

w i l l i n g n e s s  t o  pay 6  m i l l s / K W H  a t  cu r r en t  c o s t  l e v e l s  i f  t h e  Woodruff Narrows 

Reservoi r  r e l e a s e  p a t t e r n  i s  t h e  same a s  i n  t h e  p a s t . '  I f  t h e  p ro j ec t .  inc luded  

a re - regula t ing  pond s o  t h e  r e l e a s e s  a n d  gene ra t i on  could be t a i l o r e d  t o  m e e t  

t h e  d a i l y  UP & L peak demand, UP & L would pay 12 m i l l s / K W H .  I f  t h e  p r o j e c t  

could be combined wi th  o t h e r  small p r o j e c t s  s o  a s  t o  delay t h e  c o n s t r u c t i o n  of 

a major u n i t  one y e a r ,  t hen  UP & L would pay up t o  3 0  m i l l s / K W H .  , 



Utah S t a t e  U n i v e r s i ; ~ .  USU a l r eady  ope ra t e s  a  smal l  low head hydro- 

e l e c t r i c  p l a n t  l o c a t e d  i n  t h e  mouth of Logan Canyon a t  S t a t e  Dam. The 200 KW 

p l a n t  is  t i e d  t o  t h e  UP & L system and i t s  product ion i s  used t o  o f f s e t  p a r t  

of t h e  c o s t s  of energy purchases  from UP & L. The Un ive r s i t y  buys t h e  balance 

of i t s  power under a  nego t i a t ed  r a t e  schedule.  A t  p r e sen t  l e v e l  of u se  USU 

pays about 22 m i l l s / K W H  t o  UP & L. With wheeling charges  a s  g iven  above, USU 

could  pay between 13 and 18 m i l l s / K W H  f o r  energy a t  Woodruff Narrows Dam. 

B o u n t i f u l  C i t y .  B o u n t i f u l ,  U tah ,  i s  a  medium s i z e d  community. j u s t  

n o r t h  of S a l t  Lake C i ty  which d i s t r i b u t e s  power t o  c i t y  r e s i d e n t s .  The c i t y  

has  i t s  own d i e s e l  gene ra t i ng  p l a n t  and' a l s o  purchases  power a s  needed from UP 

& L and o t h e r  sources .  I n  r ecen t  nionths they have paid over  18 m i l a s  /KWH 

s o l e l y  f o r  t h c  d i e s e l  f u e l .  Some w e r a t i o n ,  maintenance, and rdplacement 

c o s t s  should-  a l s o  be kncluded i n  the ~ r i c ~  f o r  thr pnwos. Tlruu, ~ l l c  ~3.r.y 

would probably be  w i l l i n g  t o  pay up t o  25 m i l l s l K W H  l e s s  wheeling c o s t s  of 4 

t o  9 m i l l s .  

B r i d g e r  V a l l e y  E l e c t i c  A s s o c i a t i o n .  BVEA i s  t h e  c l o s e s t  p o t e n t i a l  ' 

buyer of Woodruff Narrows power and s e r v e s  a  r u r a l  a r e a  near .For& Bridger ,  

Wyoming. BVEA would be w i l l i n g  t o  buy Woodruff Narrows power a t  a  compet i t ive  

p r i c e ,  bu t  un fo r tua t e ly  the,re is not now a connection .between t h e  UP & L 

system and BVEA. Such an i n t e r t i e  may be  b u i l t  i n  t h e  not-so-dis tant  f u t u r e  

and then  Woodruff Narrows power could be wheeled by UP & L t o  t h e  Naughton 

p l a n t  and thence  t o  BVEA Qver Paciffr: Power and L igh t  Company l i n e s .  t o  t h e  

probable  i n t e r t i e  a t  Hams Fork. 

No f u r t h e r  i n v e s t i g a t i o n  of p r i c e s  was made,' bu t  based on d i s t ances  

a lone ,  t h e '  wheeling charges  should  be l e s s  than t o  t h e  UP & L' sys tem. The 

p r i c e  paid.would probably be  s i m i l a r  t o  t h e  ICPA. 

lntermountain Consumer Power Assoc ia t ion .  This consumer a s s o c i a t i o n  

s e r v e s  t h e  e l e c t r i c  power needs of i t s  members ' ( i nc lud ing  BVEA) by purchasing 

power and energy from DOE and from UP & L- A t  a  f u t u r e  d a t e  they p lan  t o  

have t h e i r  own gene ra t i ng  f a c i l i t i e s .  
I 

A t  the  p re sen t  t ime ICPA would not pay any more f o r  supplemental  power 

t han  t h e  18 m i l l s  they now pay t o  UP & LO However, by 1980 they e s t i m a t e  they 

w i l l  b e  paying 28 m i l l s  and by 1.985, 34 m i l l s .  



Under t h e  .most o p t i m i s t i c  c o n d i t i o n s  i t  t h u s  a p p e a r s  t h a t  Woodruff 

Narrows power would br ing  up t o  24 m i l l s / K W H  a t  today's p r i c e s  a t  t he  dam. 

I f  combined with our smal l  p r o j e c t s ,  t h e  p r i c e  might be a s  high a s  30 m i l l s .  

For t he  purposes of . t h i s  s tudy a  n e t  cu r r en t  va lue  of 21  mills/^^^ a t  t h e  dam 

s i t e  was assumed. 

6.4 FINANCIAL FEASIBILITY 

6.4.1 COST OF PRODUCING ENERGY 

The cos t  of producing energy f o r  t h e  t h r e e  a l t e r n a t i v e s  on a  m i l l s / K W H  

b a s i s  was computed using a  50 year  repayment per iod  f o r  amort iz ing t h e  power 

f a c i l i t i e s  f o r  va r ious  i n t e r e s t  r a t e s  and adding t h e  annual opera t ion  and 

maintenance cas'ts. F igure  6.1 shows these  c o s t s  as a f u n c t i o n  of i n t e r e s t  

r a t e  f o r  t h e  t h r e e  a l t e r n a t i v e s .  A s h o r t e r  repayment per iod  such a s  35 yea r s  

would inc rease  t h e  c o s t '  about 2 t o  5 m i l l s / K W H  depending upon the  i n t e r e s t  

. r a t e =  . The wheeling c o s t s  a r e  not included i n  F igure  6.1. The n e t  va lue  of 

energy (21 mills/KWH) shown on Figure  6.1 is  t h e  cu r r en t  va lue  of t h e  energy 

(30 mills/KWH) l e s s  t h e  wheeling c o s t  (9 mills/KWH). A s  can be seen  from 

Figure  6.1, t h e  c o s t  of producing energy by a l t e r n a t i v e s  2 and 3 is  g r e a t e r  

than  t h e  n e t  va lue  of t h e  energy produced even wi th  no i n t e r e s t .  The c o s t  of 

producing energy from a l t e r n a t i v e  1 i s  g r e a t e r  than  t h e  n e t  va lue  of t he  

energy produced f o r  any f n t e r e s t  r a t e s  g r e a t e r  than 0.-75' percent .  It is  

obvious from Figure  6.1 t h a t  it is not f i n a n c i a l l y  f e a s i b l e  t o  pursue any of 

t h e  t h r e e  a l t e r n a t i v e s  wi th  t h e  cur ren t  market va lue  of t he  energy. To be 

f e a s i b l e  a t  an i n t e r e s t  r a t e  of say  8 pe rcen t ,  t h e  c o s t  of producing energy by 

a l te rna t l ive  1 would be 51 m i l l s / K W H .  With t h e  wheeling c o s t  of approximately 

9 m i l l s / K W H ,  t h e  t o t a l  va lue  of t h e  energy produced would have t o  b e  a t  least 

60  mills/KWH. T h i s  i s  a t  l e a s t  d o u b l e  t h e  c u r r e n t  v a l u e  of t h e  ener .gy.  

6.4.2 FINANCING ARRANGEMENTS 

None of t h e  a l t e r n a t i v e s  f o r  d e v e l o p i n g  h y d r o e l e c t r i c  power a t  t h e  

Woodruff Narrows s i t e  a r e  economically o r  f i n a n c i a l l y  f e a s i b l e  t o  cons t ruc t  

a t  t h i s  t i m e .  The f inanc ing  s t r a t e g y  most l i k e l y  t o  be' used i f  a  p r o j e c t  was 

f e a s i b l e  would be  a s  i l l u s t r a t e d  below f o r  ( a l t e r n a t i v e  1 )  t h e  enlargement of 

t h e  e x i s t i n g  dam wi th  a  h y d r o e l e c t r i c  power component included.  



Figure 6.1 

INTEREST RATE (%) 

Cost of Producing Energy' at Woodruff ~ a ' r r o w s  site 
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. The t o t a l  c o n s t r u c t i o n  cos t  of t h i s  a l t e r n a t i v e  is e s t i m a t e d  t o  be  $4;46 

m i l l i o n .  Of t h i s  amount, $1.835 m i l l i o n  w i l l  be r e q u i r e d  f o r  r e p a i r  and 

enlargement of t h e  dam, and . $2 -625 m i l l i o n  . fo r :  t h e  hydropower gene ra t i ng  

f a c i l i t i e s .  . 

A previous  c o s t  e s t ima te  (1975) prepared  by t h e  Utah D i v i s i o n  of Water 

Resources t o  e n l a r g e  ,and r e p a i r  t h e  e x i s t i n g  dam f o r  ' i r r i g a t i o n  s t o r a g e  on ly ,  

amounted t o  $1 m i l l i o n .  This  amount was t o  be f i nanced  by $800,000 from t h e ,  

Utah Board of Water Resources Revolving ~ o n s ' t r u c t i o n  Fund with '  t h e  balance of 

$200,000 be ing  provided  by t h e  Woodruff Narrows Rese rvo i r  Company. Financing 

of t h e  $1.835. m i l l i o n '  f o r  r e p a i r  and enlargement of t h e  dam would prbbhbly b e  

a v a i l a b l e  from t h e s e  same sources ,  wi th  most of t h e  money coming from t h e  ~ t a h  

Board 'of Water Resources Revolving Cons t ruc t ion  Fund.. The amount advanced by 

t h e  fund would be r e tu rned  without  i n t e r e s t  under a  long-term purchase con- 
, . 

t r a c t  w i t h  t h e  r e s e r v o i r  company. 

The $2.625 m i l l i o n  requi red  f o r  b u i l d i n g  t h e  power g e n e r a t i o n  f a c i l i t i e s  

a t '  t h e  dam i f  i t  w e r e  both economically and f i n a n c i a l l y  f e a s i b l e  'would prob- 

a b l y  b e  f inanced  by t h e  water  Conservat ion and Development Fund es t ' ab l i shed  

by t h e  S t a t e  of Utah i n  1978. Power revenues from t h e  p r o j e c t  would be used 

t o  repay wi th  i n t e = e s t  t h e  money rece ived  from t h i s  fund. The i n t e r e s t  r a t e  

of t h i s  fund i s  set by t h e  Utah Board . o f  Water ~ e s o u r ' c e s .  on a  p r o j e c t  by 

p r o j e c t  b a s i s .  

6.4.3 RECOMMENDATIONS 

A s  shown above, none of t he  t h r e e  b a s i c  ' a l t e r n a t i v e s  f o r  h y d r o e l e c t r i c  

power development a r e  economically o r  f i n a n c i a l l y  f e a s i b l e  a t  t h i s  t i m e .  . . 

However, enlargement  of the' e x i s t i n g  Woodruff Narrows Dam. and Reservoi r  for .  

a g i c u l t u r a l  p.urpos es .is both economically and f  inanc ia119  f e a s  i b  le t o  con- 

s t r u c t .  It is, t h e r e f o r e ,  recdmmended tha t .  enlargement of t h e  e x i s t i n g  dam 

and r e s e r v o i r  be pursued a t  t h i s  time wi thout '  t h e  a d d i t i o n  of h y d r o e l e c t r i c  

power d'evelopment . 
I f  t h e  market va lue  of e l e c t r i c a l  energy ( a s  a f f e c t e d  by f u e l  c o s t s )  

e s c a l a t e s  f a s t e r  t h a n  t h e  cons t ruc t ion  c o s t s  of h y d r o e l e c t r i c  f a c i l i t i e s  , 
t h e  Woodruff Narrows Low Head Hydroe l ec t r i c  Power P l a n t  cou ld  r a t h e r  qu ick ly  

be come economi tally f e a s i b l e  . With t h e  uns t ab l e  worldwide p e t r d l & u d  supply 

s i t u a t i o n ,  such a r a p i d  esca la t , ion  of f u e l  c o s t s  w i l l  l i k e l y  t a k e  p lace .  

Furthermore, a s  c rude  o i l  and gas become more s c a r c e ,  c o n s e r v a t i o n  of t h e s e  
. . 
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v a l u a b l e  r e sou rces  should  be encouraged by a l l  r ea sonab le  mans .  Theref o r e ,  ' 

p u b l i c  subs idy  of marginal  h y d r o e l e c t r i c  p r o j e c t s  a t  t h i s  time might .  be a 

w i s e  p u b l i c  p o l i c y  l e a d i n g  t o  f u t u r e  c o n s e r v a t i o n  o f  h y d r o c a r b o n  f u e l s -  

With such subs idy ,  h y d r o e l e c t r i c  p l a n t s  could be b u i i t  now wi th  lower con- 

s t r u c t i o n c o s t s  and t h e  repayment could  be a c c e l e r a t e d  by t h e  i nc reased  market - 
v a l u e  of t h e  e l e c t r i c a l  energy i n  t h e  f u t u r e .  



Table 6.1 
Sheet I of 8 

Cost Est imate Woodruff Narrows - Upper S i t e  Raised Dam 

Unit T o t a l  
I t e m  Unit  Quanti ty  P r i c e  - .  Cost 

Land and Land Rights  - - 
Clear ing  and Grubbing 

Foundation P repa ra t ion  

Embankment 

Removal of s t r u c t u r e s  

Earth f i l l  

Rock r ip- rap  

sp i l lGay  

Excavation 

Concrete 

F i l t e r s  and d r a i n s  

L.S. . l ,  000 

L.S. 10,000 
I 

L.S. 5,000 

c.y. 98,500 2.00 197,000. 

c.y. 3,760 180.00 . 676,800 

L.S. 75,000 

Ou t l e t  Works 

S t e e l  p ipe  ( i n s t a l l e d )  

Grouting 

Concrete i n  drop s t r u c t u r e  

Modif ica t ions  t o  i n t a k e  

Spi l lway Bridge 

Chain Link Fence 

Access Road and Bridge 

S u b t o t a l  

Contingencies (15% +) 

T o t a l  F i e l d  Cost 

Engineering (5% +)  

T o t a l  Cons t ruc t ion  Cost 

I n t e r e s t  During Construct ion ( ze ro  i n t e r e s t )  

TOTAL CAPITAL COST 

l b s  125,000 2.50 312,500 

f t 3  2,500 20.00 50,000 

c.y. 170 200.00 34,OO.O 

L.S. 5,000 

L.S. 20,000 

1 . f .  ' . 1,ioo 10.00 11,ooo 

L.S. 50,000 

1,519,480 

' 227,920 

1,747,400 

87,600 

1,835',000 



,Table 6.1 
Sheet' 2 of 8 

Cost Estimate Woodruff Narrows Repair of Existing Dam 

Item Unit 

Embankment 

Work in existing spillway channel 

Embankment backfill c.y. 

Spillway 

Assume 90%. of cost with 

~aised dam = YUZ ot $948,800 = 

Outlet Works 

Steel pipe lbs 

Grouting 

Concrete in drop structure c.Y.. 

Modifications to intake 

Spillway Bridge 

Chain Link Fence 

Subtnt a3. 

Contingencies (15% 2 )  

Total Field Cost 

Engineering (10% 2 )  

Total Construction Cost 

' . Interest During Construction (no interest) 

TOTAL CAPITAL COST 

Unit 
Quantity Price 

L.S. 

4,000 2.00 

110,000' 2.50 

L.S. 

150 200.00 

L.S. 

L.S. 

L.S. 

Total 
Cost 



Table 6 .  1 
Sheet 3 of 8 

Cost Estimate Woodruff Narrows - Upper Site Raised Dam - Power Features 

Item , - 
Unit Total 

Unit Quantity Price - Cost 

Intake and Penstock. 

Excavation, channel C-YO 7,100 4.00 28,400 

Excavation, penstock c.y. 1,300 10.00 13,000 

Concrete in intake c.y. 140 200.00 28,000 

Concrete culvert c.y. 300 200.00 60,000 . 

Concrete, penstock cover c.y. 300 150.00 45,000 

Steel penstock lbs 100,000 1.60 160,000 . 

Trashrack lbs 12,000 1.40 16,800 

Powerhouse 

Clearning and securing hillside L.S. 50,000 

Excavation c.y. 7,200 6100 43,200 

Concrete. , c.y. 1,200 250.00 300,000 

Miscellaneous L.S. 60,000 

Turbine and Generator (2000 mm tube turbine) 

Accessory Electrical Equipment 

Miscellaneous Power Plant Equipment 

Substation Structures 

Substation Equipment 

Access .Road 

Transmission Line mi. 

Subtotal Power Features 

Contingencies (15% f ) 

Total Field Cost 

L.S.  700,000 

L.S. 93,000 

L.S. 75', 000 

L.S. 5,000 

L.S. 70,000 

L.S. 10,000 

5 36,000 180,000 

1,937,400 

292,600 

2,230,000 

Engineering (1 2% + ) 270,000 

Total Construction Cost 2,500,000' 

Interest During Construction (5%) 
t 

TOTAL CAP.ITAL COST 



Table 6.1 
Sheet 4 of " 

Cost Estimate Woodruff Narrows - Lower. Site Low Dam Alternative 

Item 

Land and Land Rights 

Clearing and Grubbing 

Unit Total 
Unit Quantity Price - Cost 

Foundation Treatment . L.S. . 100,000 

Excavation thru Existing. Dam c.y. 15,000 2.00. 30,000 

Access Road and Bridge L.S.. , 50,000 

Spi l lway 

Excavation, common c .y . 32,000 2.00 64,000 

E~rcavation, rock c.y. 35,000 5.00 175,000 

Concrete c.y. 3,900 180.00 702,000 

Piltess and drains T,.s. 4n, nnn 
Chain Link Fence L.S. 10,000 

Embankment 

Excavation, common 

Excavation, rock 

Earth fill 

Rip-rap 

Sub total 

Contingencies (15% +) 

Total Field Cost 

Engineering (10% +) 

Total Construction Cost 

Interest During Construction (zero interest) 

TOTAL CAPITAL COST 

Note: Estimate does not include outlet works which are included with'power 
features. 



Table 6. 1 
Sheet 5 of 8 

Cost Est imate Woodruff Narrows - Lower S i t e  Low Dam 
- . 

A l t e r n a t i v e  - Power Fea tures  

Item - 
Unit  

Unit  Quanti ty  P r i c e  

In t ake  and Penstock 

Excavation, i n t a k e  c.y. 2,700 4.00 

Excavation, penstock c .  y . 8,200 6.00 

Concrete i n  i n t a k e  c.y.  2 20 200.00 

conc re t e  conduit  c.y. 300 200.00 

Penstock s t e e l  l b s  105,000 1.60 

Concrete,  penstock cover c.y.  320 150.00 

In t ake  g a t e  and h o i s t  l b s  13,000 2.00 

Trashrclck l b s  12,000 1.40 

Powerhouse and Bypass 

Clear ing  

Excavation, rock c.y. 

Concrete 

Miscel laneous 

Bulb Turbine (2000 mm) 

Accessory E l e c t r i c a l  Equipment 

Miscellaneous Power P l a n t  Equip. 

Bypass Gate and Valve 

Subs t a t ion  S t r u c t u r e s  

Subs t a t ion  Equipment 

Transplission Line 

Sub to t a l  

Contingencies (15% f) 

T o t a l  F i e l d  Cost 

Engineering ( 12% . 2 )  

T o t a l  Cons t ruc t ion  Cost 

I n t e r e s t  During Construct ion (5%) 

TOTAL CAPITAL. COST 

L.S. 

2,700 6.00 

1,700 250.00 

L.S. 

L.S. 

L.S. 

L. s. 
L. s. 
L.S. 

L.S. 

5 36,000 

T o t a l  
Cost 



..Table 6. .I 
Sheet 6 of fi 

Cost Estimate Woodruff Narrows - Lower Site High Dam Alternative 

Unit Total 
Unit Quantity Price Cost 

Land and Land Rights ac 800 75.00 60,000 

Clearing and Grubbing a c 10 .1000.00 10,000 

Foundation Treatment . L.S. 120,000 

Excavation thru Existing Dam c.y. 15,000 2.00 30,000 

Access Road and Bridge L.S. 50,000 

Excavation, common c.y. 33, OUO 2. UU 6 b ,  uuu 
Excavation, rock c.y. 38,000 .5 . 00 190,000 

Concrete c.y. 4,100 180.00 738,000 

Filters and drains L. S. 40,000 

Chain link fence L.S. 11,000 . 

Embankment 

Excavation, common 

Excavation, rock 

Ear thf ill 

Rip-rap 

Subtotal 

Contingencies (15% k) 
. . 

Total Field Cost 

Engineering (10% f) 

Total Construction Cost 

Interest During Construction (zero interest) 

TOTAL CAPITAL COST 



Table 6.1 
Sheet 7 of 8 

Cost Estimate Woodruff Narrows - Lower Site High Dam 
~1 ternative - Power Features 

Unit 
Item - Unit Quantity - Price 

Intake and Penstock 

Excavation, intake 

Excavation, penstock 

Concrete in intake 

Concrete conduit 

Penstock s tee1 

Concrete, penstock cover 

Intake gate and hoist 

Trashrack 

Powerhouse and Bypass 

Clearing 

Excavation, rock 

Concrete 

lbs 115,000 1.60 

c.y. 355 150.00 

lbs 13,000 2.00 

L.S. 

c.y. 2,500 6.00 

c.y. 1,400 300.00 

Miscellaneous L.S. 

Kaplan Turbine (4400 KW) L.S. 

Generator L.S. 

Accessory Electrical Equipment 

Miscellaneous Power Plant Equipment 

Bypass   ate and Valve 
Substation Structures 

Subs tation .Equipment 

Transmission Line 

Subtotal 

Contingencies (15% 2 )  

Total Field Cost 

Engineering (12% 2 )  

Total Construction Cost 

Interest During Construction (5%) 

TOTAL CAPITAL COST 

L.S. 

.L.S. 

L.S. 

L.S. 

L.S. 

5 36,000 

Total 
Cost 



Table 6 .  1 
Sheet 8 of P 

Cost Estimate Woodruff Narrows Reregulating Dam at Lower Site 

Item 

Land and Land Rights 

Clearing and Grubbing 

~mbankment 

Foundation excavation 

Ear thf ill 

Rip rap 

Spillway . . 

Excvva t l o ~ z  

Concrete . . 

Gate and hoists 

Bypass 

Chain link fence 

Access Road 

Sub total. 

Contingencies '(15% +) 

Total Field Cost . 

Engineering and Adm. (102 2) 

Total Construction -cost 

Interest During Construction (5%) 

Unit Total 
Unit Quantity Price Cost 

2l550O 4 -00  

900 200.00 

3 15,000.00 

L.S. 

5 00 10.00 

L.S.. 

'TOTAL. CAPITAL COST 



CHAPTER 7 

OTHER ALTERNATIVES CONSIDERED 

7.1 GENERAL 

I n  a d d i t i o n  t o  t h e  t h r e e  b a s i c  r u n - o f - r i v e r  deve lopmen t s  d i s c u s s e d  

above, t h e  fo l lowing  a l t e r n a t i v e s  were a l s o  g iven  cons idera t ion :  

1. Power a t  t h e  e x i s t i n g  dam 

2. Peaking i n s t a l l a t i o n s  

3 .  Head development by p i p e l i n e  

4. Pumped s t o r a g e  

From rough eva lua t ions  of c o s t s  and b e n e f i t s ,  t h e  f i r s t  t h r e e  a l t e r n a -  

t ives  were excluded from d e t a i l e d  s tudy .  A power development w i th  t h e  e x i s t -  

i n g  dam would h a v e  l o w e r  head  a n d  less  o u t p u t  t h a n  w i t h  t h e  r a i s e d  dam, 

whereas the  c o s t  would not change s i g n i f i c a n t l y .  The n e t  r e s u l t  would be 

h ighe r  u n i t  c o s t s  of both power and energy and an  even less favorab le  bene- 

f  i t l c o s t  r a t i o .  . Provid ing  a d d i t i o n a l  capac i ty  f o r  peaking purposes  would have 

no merit. Cos ts  would be much h ighe r  t han  corresponding b e n e f i t s ,  p r i m a r i l y  

because t h e  p l a n t  would s t i l l  produce no f i rm power and energy. The gross  

head f o r  power cou.ld be i nc reased  by about  20 f e e t  by, l o c a t i n g  t h e  po,wer p l a n t  

about 6000 f e e t  downstream from t h e  dam. This  would r e q u i r e  t h e  c o n s t r u c t i o n  

of a  p i p e l i n e  t o  supply water  under p r e s s u r e  from t h e  r e s e r v o i r  t o  t h e  t u r -  

bine.  . The cos t  of such a  p i p e l i n e  is es t imated  t o  be a t  l e a s t  $3,000,000 

which is more than  t h e  es t imated  c o s t  of t h e  e n t i r e  p l a n t  a t  t h e  . r a i s e d  dam. 

Average ga in  i n  n e t  head i s  es t imated  t o  be only 14 f e e t .  Therefore ,  t h i s  

a l t e r n a t i v e  a l s o  can be dismissed from f u r t h e r .  cons i d e r a t i o n .  The .basic  

reason  i s  t h a t  t h e  r i v e r  ha s  a  r e l a t i v e l y  f l a t  g r ad i en t  of 0.35 percent  i n  t h e  

reach below t h e  dam s o  t h a t  . the  ga in  i n  head i s  s m a l l  compared t o  t h e  l e n g t h  

of t h e  p ipe l ine .  The only a l t e r n a t i v e  which appears  t o  mer i t  a  more d e t a i l e d  

s tudy  is a pumped s t o r a g e  arrangement a s  descr ibed  below. 

7.2 PUMPED STORAGE 

7.2.1 GENERAL 

The bas i c  concept of t h i s  a l t e r n a t i v e  is t o  provide t he  power p l a n t  

w i th  a  r e v e r s i b l e  u n i t  which would permit  peaking ope ra t i on  throughout 



t h e  year .  The proposed development would be s i m i l a r  t o  . A l t e r n a t i v e  1 de- 

s c r i b e d  i n  Chapter  4 except  t h a t  t h e  u n i t  would be a.  pump-turbine and t h a t  a 

downstream r e s e r v o i r  would be requi red .  No a d d i t i o n a l  genera t ing  capac i ty  

would be provided,  b u t  f i rm  power would be produced throughout t he  year .  

However,. t he  n e t  energy produced by t h i s  type of development would be  less 

than  by a run-of-r iver  energy p l an t .  
.. . 

7 a2 -2  POWER AND ENERGY 

Est imates  of power and energy product ion  and requirements  f o r  pumped 

s t o r a g e  w e r e  made on t h e  b a s i s  of t h e  fol lowing assumptions which r ep re sen t  

average ope ra t i ng  cond i t i ons  : 

Generat ing Cycle 
Average power 
O v e r a l l  e f f i c i e n c y  
Dai ly  d u r a t i o n  
Average d i s cha rge  
Average d a i l y  energy 

Pumping Cycle 
Average d i s cha rge  
Ove rall e f f i c i e n c y  

. Power requirement  
Uai ly  d u r a t i o n  
Dai ly  energy requirement  

2000 KW 
0.85 
8 hours  
700 c f s  
16,000 KWH 

500 c f s  
0.80 
2200 KW 
10 t o  i 2  hours  
25,000 KWH 

The r e s u l t i n g  energy balance i s  shown i n  t h e  t a b l e  below (1,000 KWH): 

Output Run-of -River Secondary Pump ing  
Month (8 h r s l d a y )  Energy Energy Requirement 

J a n  
Feb 
Mar 
A P ~  
May 
Jun 
J u l  
Aug 
S ~ P  
Oct 
Nov 
Dec 

Tot a 1  



7.2.3 CAPITAL COST 

Conversion o£ t h e  run-of - r i v e r  p l a n t  a t  t h e  Upper S i t e  (A l t e rna t ive '  

1 )  t o  a  pumped s t o r a g e  development w i l l  r e q u i r e  t h e  a d d i t i o n  of a  downstream 

r e s e r v o i r  and some mod i f i ca t i ons  t o  t h e  t u b e  t u r b i n e  u n i t .  

The minimum downstream s t o r a g e  requirement would be  equa l  t o  the.  volume 

of water  discharged 'during 8 hours  of power genera t ion ,  o r  about 465 acre-  

f e e t .  This requirement would be met by t h e  cons t ruc t ion  of a  , dam a t  t h e  

Lower S i t e  f o r  a  r e s e r v o i r  t o  e l e v a t i o n  6400. A drawdown of  5  f e e t ;  t o . -  

e l e v a t i o n  6395,  would p r o v i d e  a b o u t  700 a c r e - f e e t  of a c t i v e  s t o r a g e .  A . 

l ayou t  . of t h i s  dam is  shown on Exh ib i t  11. Releases  f o r  i r r i g a t i o n  w i l l  

be  made by p a r t i a l  opening of one of t h e  t h r e e  sp i l lway  ga tes .  The opening 

w i l l  be c o n t r o l l e d  au toma t i ca l l y  by a  f l o a t .  A bypass f o r  low d ischarges  

during t h e  w in t e r  m n t h s  w i l l  be provided through one of t h e  sp i l lway  abut- 

ments. The gene ra l  design of t h i s  dam i s  less conserva t ive  than t h e  des ign  

. . of t h e  h igher  dams d iscussed  prev ious ly  because a  f a i l u r e  would cause no 

s e r i o u s  damage downstream s i n c e  t h e  s t o r a g e  i s  q u i t e  smal l .  A c o s t  e s t i m a t e  

of t h i s  dam showing a  t o t a l  c a p i t a l  c o s t  of $670,000, is presen ted  i n  Table  

6.1, shee t  8. 

Conversion of t h e  tube  t u r b i n e  t o  s e r v e  a l s o  a s  a  pump would r e q u i r e  a s  

a  minimum t h a t  t h e  genera tor  be  equipped t o  ope ra t e  a l s o  a s  a  motor. Other  

modi f ica t ions  such & d i f f e r e n t  d r a f t  tube  shape and deeper s e t t i n g  of,  t h e  

u n i t  a l s o  may be  requi red .  For t h e  purpose of t h i s  s tudy i t  was assumed 

t h a t  t h e  modi f ica t ions  would add about $300,000 t o  t h e  d i r e c t  c o s t  of t he  

u n i t  and power p l a n t ,  o r  about  $400,000 i n  t o t a l  c a p i t a l  cos t . .  

The t o t a l  c a p i t a l  c o s t  of t h e  pumped s t o r a g e  development would then  be 

a s  fo l lows:  

Power P l a n t  A l t  1 $ 2,625,000 
Reregula t ing  Dam 670,000 
Modi f ica t ions  f o r  Pumping 400,000 

T o t a l  C a p i t a l  Cost  . . 
$ 3,695,000 

7.2.4 ECONOMIC EVALUATION 

The economic eva lua t ion  of th i s '  a l t e r n a t i v e  is  based on a  comparison 

of annual  c o s t s  and b e n e f i t s  f o r  t h e  c a s e  of no  i n f l a t i o n .  The annual  c o s t s ,  

us ing  s i m i l a r  assumptions a s  ou t l i ned  i n  Chapter  6 ,  would then  be a s  fo l lows:  



0 & M Costs  
Wheeling Charges 
Energy purchase (10 mills /KWH) 

Sub to t a l  
C a p i t a l  Recovery (4% - 50 y r s )  

To ta l  Annual Cos ts  

The annual  b e n e f i t s  w i l l  c o n s i s t  of a  capac i ty  va lue  of the  f i r m  power 

and an  energy va lue  of t h e  energy produced. For an a l t e r n a t i v e  c o a l  f i r e d  

p l a n t ,  t h e s e  va lues  w e r e  assumed t o  be about  $5O/KW/year and 10 m i l l s / K W H .  

For a  combined c y c l e  p l a n t  u s ing  No. 2 Diesel O i l  a s  f u e l ,  t h e  va lues  should 

be  about  $3O/KW/year and 25 mills /KWH. 

Thus, the total a n n ~ ~ a l  h ~ n ~ f  t t s  w i l l  be: 

Coal P l a n t  Combined Cycle 
~ l t c r n n t f v c .  AlLernarivc 

Capacity Value $ 100,000 $ 60,000 
Energy Value 

Tota l  Annual Benef i t s .  

The above e s t ima te s  ind ica t \e  t h a t  t h e  annual  c o s t s  would be cons iderab ly  

h i g h e r  t h a n  a n n u a l  b e n e f i t s .  The  b e n e f i t l c o s t  r a t i o  compared t o  a  c o a l  

f i r e d  p l a n t  i s  0.55 and compared t o  d i e s e l  p l a n t  0.85. Furthermore, t h e  above 

e s t i m a t e s  a r e  based on nnny assumptions which in genera l  tend t o  f avo r  t h e  

pumped s t o r a g e  a l t e r n a t i v e .  More d e t a i l e d  s t n d i ~ s  y o u l d  be r e q u i r e d  t n  a 

de termine if cheap energy would be a v a i l a b l e  f o r  pumping and i f  t h e  . e s t ima te s  
i 

of f i r m  power and energy a r e  r e a l i s t i c .  

'It is concluded t h a t .  a combined run-of - r i v e r  pumped-s to rage  develop&nt . 

a s  descr ibed above is not  economically ' f e a s i b l e .  However. the. e s t i m a t ~ s  , 

i n d i c a t e  t h a t  adding t h e  pumped s t o r a g e  f e a t u r e  would enhance t h e  o v e r a l l  

economics of t h e  p r o j e c t .  

7.2.5 FINANCIAL FEASIBILITY 

For a  , f i n a n c i a l  f  e a s i b i 1 i . t ~  comparison wi th  A l t e r n a t i v e  . 1, t h e  pumped 

s t o r a g e  a l t e r n a t i v e  was eva lua ted  us ing  an  i n t e r e s t  r a t e  of 8  percent .  When 

t h e  c a p i t a l  c o s t s  a r e  amort ized over  a  per iod  of 50 years  and added t o  

t h e  above opera t  ion  and nnintenance , c o s t s  inc lud ing  wheel ing.  charges  a'nd 

energy purchases ,  t h e  r e s u l t i n g  c o s t  of producing t h e . e n e r g y  is 60 m i i l s / ~ ~ ~ .  

Th i s  va lue  is i d e n t i c a l  t o  t h e  c o s t  of producing energy by a l t e r n a t i v e  1, 

and a t  l e a s t  double t h e  cu r r en t  market va lue  of energy i n  t h e  p r o j e c t  a rea .  ' i 
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CHAPTER 8 

INSTITUTIONAL ASSESSMENT 

8.1 INTRODUCTION 

8 1.1 INSTITUTIONAL SETTING 

The Woodruff Narrows Dam has  a  r a t h e r  complex i n s t i t u t i o n a l  s e t t i n g  

because of its l o c a t i o n  on t h e  Bear River ,  a n  i n t e r s t a t e  s t ream which meanders 

through t h r e e  s t a t e s  making f i v e  s t a t e  l i n e  c ross ings  i n  its course. The 

p i c t u r e  inc ludes  an i n t e r s t a t e  compact and compact commission; water plan- 

ning and regula tory  agencies of t h r e e  d i f f e r e n t  s t a t e s ;  numerous l o c a l  

o rgan iza t ions - i r r i ga t ion  companies, m u n i c i p a l i t i e s ,  i n d u s t r i e s ,  and u t i l i t i e s  ; 

a downstream w i l d l i f e  refuge;  and numerous c o n t r a c t s  and agreements concerning 

t h e  a l l o c a t i o n  and s t o r a g e  of t h e  water  i n  t h e  r i v e r .  

8.1.2 SUMMARY OF GEOGRAPHIC SETTING 

Bear River ,  shown on Figure  3.1, is t h e  l a r g e s t  t r i b u t a r y  t o  t h e .  Great 

S a l t  Lake. It has i ts  source i n  the  Uint a  Mountains of nor th-eas te rn  Utah 

and flows nor th  i n t o  southwestern Wyoming p a s t  t h e  c i t y  of Evanston, then  

back  i n t o  n o r t h e a s t e r n  Utah ,  f o r  a s h o r t  d i s t a n c e .  I t  r e e n t e r s  Wyoming 

and then  tu rns  ab rup t ly  west n e a r  t h e  community of Cokevi l le  and e n t e r s  Idaho. 

I t  cont inues t o  t h e  northwest  p a s t  t h e  c i t i e s  of Montpelier and Soda Spr ings ,  

t h e n  . t u r n s  s o u t h  and f l o w s  th rough  G e n t i l e  V a l l e y  and  Oneida  Canyon and 

i n t o  Cache Valley i n  southern Idaho and nor thern  Utah. The r i v e r  cont inues 

south  through Bear River  Canyon, p a s t  Brigham Ci ty  and empties i n t o  t h e  Great  

S a l t  Lake near  t h e  f e d e r a l  Bear River  Migratory Bi rd  Refuge. 

Bear Lake, s t r a d d l i n g '  t h e  Utah-Idaho s t a t e  l i n e ,  once had a  . .natural  

o u t l e t  t o  t he  r i v e r  but t h i s  was changed t o  make t h e  l ake  a  s t o r a g e  r e s e r v o i r  

f o r  sp r ing  runoff .  Bear River  water  now is d ive r t ed  t o   e ear Lake through 

t h e  Rainbow I n l e t  Canal and water  from t h e  l ake  is re turned  t o  t he  r i v e r  

through t h e  Ou t l e t  Canal,. Releases t o  t h e  r i v e r  a r e  made through Utah Power 

and L igh t  Company's L i f t o n  pumping p l a n t  a t  t h e  no r th  end of t h e  lake.  

8.1.3 WATER USES 

Water uses  a r e  pr imar i ly  a g r i c u l t u r a l ,  i r r i g a t i n g  approximately one- 

ha l f  m i l l i o n  acres  of land,  although Utah Power and Light  Company maintains  

f i v e  power p l a n t s  with a  t o t a l  genera t ing  capac i ty  of 125.5 MW on the r i v e r  

below Bear Lake. Three of t h e  f i v e  power p l a n t s  have small r e g u l a t i n g  pools  

f o r  peaking purposes. There a r e  s e v e r a l  smal l  s to rage  r e s e r v o i r s  above Bear 

71 



Lake b u t . t h e s e  a r e  u s e d  o n l y  f o r  l o c a l  n e e d s .  The two r e l a t i v e l y  l a r g e  

r e s e r v o i r s  on  t h e  r i v e r  a r e  Woodruff Nar rows ,  w i t h  a '  c a p a c i t y  of 28 ,000  

ac re - f ee t  and Bear Lake wi th  an a c t i v e  s to rage  capac i ty  i n  excess  of one 

m i l l i o n  acre-f e e t .  Uses, o t h e r  than f o r  a g r i c u l t u r e  and power, remain mini- 

mal,  a l though demands f o r  f i s h  and w i l d l i f e  and  by home owners and r e c r e a t i o n -  

is  ts on Bear Lake - a r e  i n c r e a s i n g -  
..I 

8.2 THE BEAR RIVER COMPACT 

8.2.1 O R I G I N A L  PROVISIONS 

The Bear River  compact, agreed t o  by t h e  S t a t e s  o f  Tdeho, . Utah, and 

Wyoming i n  1955 ,  which became e f f e c t i v e  17 March 1958 a f t e r  c o n s e n t  of 

Congress and s i g n a t u r e  by t h e  President., ~ s t a h . l d s h o s  thc rights  nnJ sLllga-  

t i o n s  of t h e s e  s t a t e s  w i th  r e spec t  t o  t h e  waters  of t he  Bear River.  The 

compact  p r o v i d e s  f o r  a p p o r t i o n m e n t  of d i r e c t  f l o w s  of t h e  r i v e r  a n d  i t s  

t - r i bu t a r i e s  among s e p a r a t e  s e c t i o k  of t h e  s t a t e s  above Bear Lake, a s  w e l l  

a s  e s t a b l i s h i n g  and  l i m i t i n g  a d d i t i o n a l  s t o r a g e  r i g h t s  above  Bea r  Lake.  

It r e se rves  a  p o r t i o n  of t h e  s t o r a g e  capac i ty  i n  Bear Lake f o r  primary use 

b y ,  and  p r o t e c t i o n  o f ,  i r r i g a t i o n  u s e s  and r i g h t s  downst ream f r o m  Bear 

Lake, and provides  t h a t  water del iv~ry hetwoon Idaho and Utah w i l l  be based 

on p r i o r i t y  of r i g h t s  wi thout  r ega rd  t o  s t a t e  boundary l i n e s .  

S torage  r i g h t s  e x i s t i n g  i n  reservnirs upstream from Bear Lake i n  1955 

amounted t o  324 ac re - f ee t  i n  Idaho, 11,850 acre- fee t  f o r  Utah, and 2,1.50 

ac re - f ee t  f o r  Wyoming. A r t i c l e  V of the compact granted a d d i t i o n a l  s t o r a g e  

i n  t h i s  upper d i v i s i o n  of the  r i v e r  i n  t h e  t o t a l  amount of 36,500 acre-f e e t  

annual ly .  This  a d d i t i o n a l  s t o r a g e  was a l l o c a t e d  1,000 acre- fee t  t o  Idaho 

and 17,750 ac re - f ee t  t o  each of Utah and Wyoming. Utah subsequent ly  has 

developed.  a l l '  of its a d d i t i o n a l  s t o r a g e  a l l o c a t i o n ,  bu t  Wyoming and Idaho 

have not.  It was t h e s e  compact a l l o c a t i o n s  t o  Utah and Wyoming t h a t  pro- .  

v ided  p a r t  of t he  s t o r a g e  r i g h t s  f o r  t h e  Woodruff Narrows Dam and Reser- 

v o i r .  

8.2.2 PROP.OSED COMPACT REV1 SIONS 

Since  1970, formal  n e g o t i a t i o n s  have ,been underway t o  amend t h e  com- 

p a c t .  The f a c t  t h a t  n e i t h e r  d i r e c t  f low nor  s t o r a g e  r i g h t s  downstream from 

Bear Lake were d iv ided  between Idaho and  Utah by the compact has hampered 

water  development i n  t h i s  a rea .  Furthermore, r e s i d e n t s  upstream from Bear 
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Lake i n  a l l  t h r e e  s t a t e s  have expressed an  i n t e r e s t  i n  having m r e  water 

a l l o c a t e d  f o r  u se  i n  t h e i r  a r eas .  Hydrologic s t u d i e s  have shown t h a t  addi- 

t i o n a l  amounts could be a l l o c a t e d  ~ t h o u t  a f f e c t  ing  downstream i r r i g a t i o n  

r i g h t s .  Negotiat ions have attempted t o  r e so lve  these  i s sues  a s  we l l  a s  t o  

inc lude  i n  the compact t h e  a l l o c a t i o n  of groundwater which was omitted o r i g i -  

n a l l y .  

On December 22, 1978, an  agreement t o  r e v i s e  t h e  Bear River  Compact 

was formally approved by compact commissioners r ep re sen t ing  the. t h r e e  s t a t e s .  

I f  i t  . is  r a t i f i e d  by t h e  l e g i s l a t u r e s  of t h e  t h r e e  s t a t e s  and r e c e i v e s  f e d e r a l  

approval.  by Congress and t h e  P res iden t ,  i t  w i l l  ' d iv ide  water  r i g h t s  between 

Idaho and Utah i n  t he  lower Bear River  Basin, and a u t h o r i z e  a d d i t i o n a l  up- 

s t r e a m  s t o r a g e  i n  Idaho, Utah, and Wyoming. 

Upstream from Bear Lake, Utah, and Wyoming w i l l  each r ece ive  an added 

s t o r a g e  a l l o c a t i o n  of 35 ,000  ac re - f  e e t  of w a t e r  and I d a h o  w i l l  r e c e i v e  

an a d d i t i o n a l  4,500 acre-f e e t .  However, t h e s e  a d d i t i o n a l  upstream e n t i t l e -  

ments inc luding  groundwater w i l l  a l l ow t h e  t h r e e  s t a t e s  t o  d e p l e t e  only 28,000 

acre-f e e t  of water  annually.  These a l l o c a t i o n s  are l i m i t e d  a l s o  by t h e  l e v e l  

of water  i n  Bear Lake. I f  t he  s u r f a c e  of Bear Lake drops below e l e v a t i o n  

5,911 f e e t ,  t h i s  a d d i t i o n a l  s t o r a g e  a l l o c a t i o n  would not  be allowed. 

8.3 ZMPACTS OF THE PROPOSED. PROJECT ON WATER RIGHTS AND INSTITUTIONS 

8.3.1 DESIGN ALTERNATIVES 

Severa l  des ign  conf igura t ions  were considered i n  t h e  engineering-economic 

f e a s i b i l i t y  s t u d i e s  f o r  a d d i n g  hydropower t o  t h e  Woodruff  arrows Dam. 

These were descr ibed previous ly  i n  Chapters 4  and 7. Tai lwater  r egu la t ing  

pools  were considered f o r  each of t h e  hydropower a l t e r n a t i v e s  t o  smooth ou t  

p e a k i n g  f l o w s  o v e r  a  24 h o u r  p e r i o d .  However, t h e  e n g i n e e r i n g  economic  

s t u d i e s  revealed t h a t  producing power f o r  peak loads is n o t .  economically 

f . ea s ib l e  due t o  high wheeling c o s t s  and o t h e r  f a c t o r s .  

8.3 - 2  EFFECTS ON LOCAL WATER USES 

A b a s i c  c o n s t r a i n t  observed i n  t h e  f e a s i b i l i t y  s t u d i e s  was t h a t  t h e  

e x i s t i n g  p a t t e r n  of flows t o  i r r i g a t i o n  uses would be maintained. Whether 

t h i s  is accomplished by a  downstream r e g u l a t i n g  pool  o r  by scheduling power 

g e n e r , a t i o n  o n l y  a t  t i m e s  when w a t e r  i s  f l o w i n g  t o  i r r i g a t i o n  u s e s ,  t h e  
. . 

e f f e c t  on l o c a l  i r r i g a t i o n  uses  and i n s t i t u t i o n s  i s  n e g l i g i b l e .  
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8.3.3 STORAGE RIGHTS ISSUES 

The major water r i g h t s  i s s u e  i n  t h e  s tudy  p e r t a i n s  t o  i nc reased  s t o r a g e  

r i g h t s  requi red  f o r  t h e  en la rged  impoundments included i n  some of t h e  a l t e r -  

n a t i v e  designs.  The ques t i on  is,  how w i l l  t h e s e  a d d i t i o n a l  s t o r age  r i g h t s  

be provided? 

For  t he  purpose of cons ider ing  t h e  s t o r a g e  r i g h t s  ques t ion  and o t h e r  

s o c i a l - i n s  t i t u t  i o n a l  i m p l i c a t i o n s ,  t h e  a l t e r n a t i v e s  l i s t e d  above  may b e  

narrowed t o  t h r e e .  A l t e r n a t i v e s  2 and 3 may be  combined with a l t e r n a t i v e  

1 f o r  f u r t h e r  c o n s i d e r a t i o n  of s t o r a g e  q u e s t i o n s  b e c a u s e  t h e  i n c r e m e n t s  

of s t o r age  provided by the  new dam downstream over  and above t h e  amounts 

of s t o r a g e  p r o p o s e d  i n  t h e  u p s t r e a m  a l t e r n a t i v e s  w i l l  b e  dead  s t o r a g e .  

S ince  t h e  Bear River  Compact p rovides  f o r  an  annual  a l l o c a t i o n  t o  s t o r a g e ,  i f  

by agreement among wa te r  u se r s ,  an increment of t h e  s t o r a g e  a l l o c a t i o n  were 

held over each yea r  i n  t h e  new impoundment proposed under a l t e r n a t i v e s  2 

and 3, t h e  e x t r a  dead s t o r a g e  capac i ty  would be f i l l e d  i n  a few years  t i m e *  

Once f i l l e d ,  any new r e s e r v o i r  would b e  o p e r a t e d  w i t h  e x a c t l y  t h e  same 

f lows  as contemplated f o r  a l t e r n a t i v e  1- Thus, only a l t e r n a t i v e  1 is  con- 

s i d e r e d  f u r t h e r  i n  t h i s  assessment.  

Storage i n  t h e  e x i s t i n g  impoundment, amounting i n  t o t a l  t o  28,000 acre-  

f e e t ,  come i n  p a r t  f r o m  a l l o c a t i o n s  t o  Utah  and Wyoming u n d e r  t h e  Bear 

R ive r  Compact and i n  p a r t  through a  c q n t r a c t  w i t h  Utah Power and L i g h t  Company 

f o r  r i g h t s  i n  Bear Lake. The Utah F$sh and Game ~ e ~ a r t u k n t  provided p a r t  

of t h e  c o n s t r u c t i o n  f u n d s  i n  r e t u r n  f o r  minimum w a t e r  releases f rom t h e  

r e s e r v o i r ,  and t h e  Wyoming Game and F i s h  Department provided funds i n  r e t u r n  

f o r  maintenance of a  dead pool  i n  t h e  r e s e r v o i r  a s  a  f i s h e r y  resource.  . Thus, 

t h e  s t o r a g e  capac i ty  i n  t h e  r e s e r v o i r  i s  a l l o c a t e d  a s  fo l lows:  

18,240 acre-f eet i r r i g a t i o n  s t o r a g e  
4,260 acre-f eet i r r i g a t i o n  hold-over 
4,000 acre-f eet f i s h e r y  s t o r a g e  
1,500 acre-f eet dead s t o r a g e  

28,000 acre-f eet TOTAL 

The i r r i g a t i o n  s t o r a g e  is  d iv ided  wi th  15,240 acre- fee t  t o  t he  Utah Wood- 

r u f f  Narrows Reservoi r  Company and 3,000 acre- fee t  t o  t h e  Wyoming Woodruff 

 arrows Reservoi r  Company. 

I f  t h e  Amended Bear River  Compact is r a t i f i e d ,  a s  it appears t h a t  , i t  

w i l l  be, t h e  a d d i t i o n a l  s t o r a g e  . r i g h t s  (es t imated  t o  be 25,200 ac re - f ee t )  

c o u l d  be p r o v i d e d  w i t h i n  t h e  70 ,000  a c r e - f  ee t  of  new s t o r a g e  . g r a n t e d  ' t o  

Utah and Wyoming i n  t h e  r e v i s i o n .  
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Should t h e  amended compact f a i l  t o  b e  r a t i f i e d ,  t h e  problem of ob t a in ing  

a d d i t i o n a l  s t o r age  r i g h t s  f o r  the  enlargement becomes p o t e n t i a l l y  more d i f -  

f i c u l t .  Most of t h e  25,200 acre-f e e t  r equ i r ed  f o r  t h e  enlargement ( a l t e r n a -  

t i ve  1 )  would have t o  come from t h e  conversion of e x i s t i n g  d i r e c t  f low r i g h t s  

t o  s t o r a g e  r i g h t s .  I n  t h i s  s i t u a t i o n ,  t h e  Utah Woodruff Narrows Reservoi r  

Company, t h e  major ope ra t i ng  e n t i t y .  of t h e  dam and r e s e r v o i r ,  would probably 

r eques t  t h e  Utah S t a t e  Engineer t o  approve t h e  conversion of 10,000 ac re - f ee t  

of p r i o r  d i r e c t  f low r i g h t s  ( p r i o r  t o  t h e  o r i g i n a l  Bear R ive r  Compact) t o  be  

converted t o  s t o r a g e  r i g h t s .  An a d d i t i o n a l  10,000 ac re - f ee t  of Bear Lake 

r i g h t s  might be  purchased by t h e  r e s e r v o i r  companies from Utah Power and L i g h t  

Company, and t h e  remaining 5,200 acre-f eet could be provided by Wyoming u s e r s  

p a r t l y  through convers ion  of d i r e c t  f low r i g h t s  and p a r t l y  from unused s t o r a g e  

r i g h t s  g ran ted  under t h e  o r i g i n a l  compact. 

A l l  t h r e e  of t he  aformentioned sources  of s t o r a g e  r i g h t s  t h a t  might 

be pursued i n  t h e  absence of a compact r e v i s i o n ,  pose p o t e n t i a l  l e g a l  com- 

p l i c a t i o n s .  Even i f  t h e  Utah S t a t e  Engineer w e r e  t o  approve t h e  conversion of 

10,000 acre- fee t  of d i r e c t  flow r i g h t s  t o  s t o r a g e  r i g h t s ,  t h e  S t a t e  of Idaho 

may ob jec t  on t h e  grounds t h a t  t h e  compact i s  be ing  v i o l a t e d .  The i s s u e  could  

be t i e d  up i n  l i t i g a t i o n  f o r  s e v e r a l  years .  Idaho might a l s o  cha l lenge  t h e  

r i g h t  of Utah Power and L i g h t  Company t o  s e l l  wa te r  r i g h t s  t o  10,000 ac re - f ee t  

i n  B e a r  Lake.  And, t h e r e  i s  u n c e r t a i n t y  w h e t h e r  Wyoming u s e r s  would b e  

w i l l i n g  t o  provide t h e  f i n a l  5,200 acre-f eet increment of s t o r age  required.  

However, t h e  l a t t e r  could be  obtained from hold-over s t o r a g e  i f .  necessary.  

A pos s ib l e  outcome of f a i l u r e  of t h e  compact r e v i s i o n  t o  be r a t i f i e d  

is  f o r  t h e  ensuing l e g a l  d i spu te s  between t h e  s t a t e s  t o  go even tua l ly  t o  

t h e  U.S.. Supreme Court where an a d j u d i c a t i o n  of t h e  e n t i r e  Bear River  could 

be made. I n  any event ,  i t  appears t h a t  cons iderab le  delay ought t o  be an- 

t i c i p a t e d  i n  ob t a in ing  a d d i t i o n a l  s t o r a g e  r i g h t s  f o r  a Woodruff Narrows Dam 

enlargement should  t h e  c u r r e n t  compact r e v i s i o n  e f f o r t  f a i l .  

8 . 3 . 4  DAM CONSTRUCTION PERMIT 

I n  a s  much as  t h e  dam and r e s e r v o i r  a r e  l oca t ed  i n  t h e  S t a t e  of Wyoming, 

approval  of t h e  enlargement and a d d i t i o n a l  s t o r a g e  i n  t h e  r e s e r v o i r  w i l l  

have t o  be obtained from t h e  Wyoming S t a t e  Engineer. The necessary app l i ca -  

t i o n s  have been f i l e d  wi th  Wyoming by Utah and pre l iminary  d i s cus s ions '  between 

o f f i c i a l s  of the  two s t a t e s  i n d i c a t e  t h a t  Wyoming approva l  w i l l ,  be given 

when t h e  wate,r r i g h t s  i s s u e s  a r e  s e t t l e d  and t h e  s t o r a g e  a l l o c a t i o n s  a r e  

c l e a r l y  def ined .  
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8.3.5 DEPLETION LIMIT 

The a d d i t i o n a l  i r r i g a t i o n  s t o r a g e  provided by t h e  enlargement a t  Woodruff' 

Narrows would,  o f  c o u r s e ,  i n c r e a s e  d e p l e t i o n  of t h e  w a t e r  i n  t h e  r i v e r .  

I f  dep l e t i on  were t o  go up i n  amount t o  t h e  28,000 acre- fee t  compact l i m i t ,  

t h e r e  would be a  minor l o s s  i n  power product ion  a t  t h e  f i v e  Utah Power and 

L i g h t  Company h y d r o e l e c t r i c  p l a n t s  down r i v e r .  For example, a t  Cu t l e r  Dam, 

where  t h e r e  i s  a p p r o x i m a t e l y  1 m i l l i o n  a c r e - f e e t  of d i s c h a r g e  a n n u a l l y ,  

t h e  28,000 ac re - f ee t  of dep l e t i on  would amount t o  2.8 percent  of the  flow. 

A t  o t h e r  dams upstream from C u t l e r  where t h e  flow i s  sma l l e r ,  t h e  percentage  

of dep l e t i on  l o s s  would be s l i g h t l y  higher .  However, without  the  Amended 

Bear River  Compact, groundwater development above Bear Lake may d e p l e t e  t he  

system by a g r e a t e r  amount than  t h e  proposed 28,000 ac re - f ee t  l i m i t a t i n n .  

CalculaL,ions made by f He Bear Kiver  tri-s t a t e  n e g o t i a t i n g  t e c h n i c a l  sub- 

c o m m i t t e e  i n d i c a t e  t h a t  312000 a c r e - f e e t  coii1.d he. d e p l e t e d  i n  tho u p p e r  

d i v i s i o n s  of t h e  r i v e r  w i thou t  i n t e r f  e r i n g  with downstream i r r i g a t i o n  r i g h t s  



CHAPTER 9 

SOCIAL .ASSESSMENT 

9.1 INTRODUCTION 

9.1.1 THE NATURE OF SOCIAL IMPACTS 

S o c i a l  impacts of resources  development p r o j e c t s  a r e  genera l ly  secondary 

and t e r t i a r y  i n  na ture .  They occur as a r e s u l t  of o t h e r  kinds of impacts,  

p r i n c i p a l l y  economic and environmental.  Understanding s o c i a l  impacts,  then ,  

becomes l a r g e l y  a t a s k  of u n d e r s t a n d i n g  t h e  ' i m p l i c a t i o n s  of t h e  p r i m a r y  

kinds of impacts.  

9.1.2 ELEMENTS OF SOCIAL ASSESSMENT 

To f a c i l i t a t e  t he  i d e n t i f i c a t i o n  and assessment of the s o c i a l  impacts 

of n a t u r a l  resources  development, s e v e r a l  agenctes  have proposed c h e c k l i s t s  

of s o c i a l ,  economic, and environmental v a r i a b l e s  t h a t  a r e  s u b j e c t  t o  change 

induced from n a t u r a l  resources  development p r o j e c t s  and which may i n d i c a t e  

p o t e n t i a l l y  import a n t  s o c i a l  impacts,  both b e n e f i c i a l  and adverse.  I n  re- 

sponse t o  t h e  P r i n c i p l e s  and Standards of t h e  Water Resources Counci l ,  s e v e r a l  

f e d e r a l  a g e n c i e s  h a v e  d e v e l o p e d  c h e c k l i s t s  f o r  t h e  s o c i a l  a s s e s s m e n t  of 

water  resources  development p r o j e c t s .  These c h e c k l i s t s  form a s t a r t i n g  p o i n t  

i n  t he  s o c i a l  assessment process .  They a r e  used t o  ensure  t h a t  important 

s o c i a l  impacts a r e  not overlooked and t o  guide d a t a  c o l l e c t  ion  where informa- 

t i o n  f o r  assessment is lacking.  Such a c h e c k l i s t ,  developed by Abt Associ- 

a t e s ,  Inc.  (Fitzsimmons e t  a l e ,  1975),  f o r  t h e  U.S. Bureau of Reclamation, ha s  

been used t o  s t r u c t u r e  t h e  s o c i a l  assessment of t he  p o t e n t i a l  impacts of 

low-head hydropower development on t h e  Woodruff Narrows Dam. A s  w i l l  be 

d e t a i l e d  i n  subsequent s e c t i o n s ,  t h e  s o c i a l  assessment c h e c k l i s t  has  f i v e  

major p a r t s :  

1. I n d i v i d u a l  and pe r sona l  e f f e c t s  
2. Community and i n s t i t u t i o n a l  e f f e c t s  
3. Area socio-economic e f f e c t s  
4 .  Nat iona l  emergency preparedness  e f f e c t s  
5 .  Aggregate s o c i a l  e f f e c t s  

9.1.3 ALTERNATIVES 

Due t o  d e t e r i o r a t i n g  sp i l lway  condi t ions  and o t h e r  f a c t o r s  , t h e  e x i s t i n g  

dam w i l l  have t o  modified ili t h e  n e a r  f u t u r e .  One p o s s i b i l i t y  t h a t  has  been 



considered f o r  such m o d i f i c a t i o n  is t o  change t h e  s p i l l w a y  l o c a t i o n  on t h e  

e x i s t i n g  dam and add  a run-of - r i v e r  hydropower g e n e r a t i n g  f  a c i ' l i t y  . . This  

opt iof i  w i l l  be u s e d  a s  a  b a s e l i n e  case  f o r  c o n s i d e r i n g  the ,  e f f e c t s  - of low- 

head h y d r o e l e c t r i c  development. Three  a l t e r n a t i v e s  t o  t h i s  b a s e l i n e  have 

been cons idered  and a r e  d e s c r i b e d  i n  d e t a i l  i n  Chap te r  4: 

1- Enla rge  t h e  p r e s e n t  dam; 
2 -  C o n s t r u c t  a  low dam downstream from t h e  p r e s e n t  dam s i te ;  and 
3 -  C o n s t r u c t  a  h igh  dam downstream from t h e  p r e s e n t  dam s i te .  

. Each of t h e s e  t h r e e  a l t e r n a t i v e s  would i n c l u d e  run-of-r iver  power i n s t a l l a -  

t i o n s .  The b a s e l i n e  c a s e  would produce approximately  3.4 gigawat t -hours ,  

would i n u n d a t e  no a d d i t i o n a l  l a n d ,  and would p r o v i d e  18,240 a c r e - f e e t  of 

a c t i . v e  s t o r a g e  f o r  i r r i g a t i o n .  The f i r s t  a l t e r n a t i v e  above wo11l.d produce 

approx imate ly  5 .0  g igawat t -hours ,  would i n u n d a t e  abou t  620 a c r e s  more t h a n  t h e  

b a s e l i n e ,  and would p r o v i d e  approx imate ly  34, OQO acre-f eet of a c t  i v c  stotsge.  

f o r  i r r i g a t i o n .  The second a l t e r n a t i v e  wou1.d p r o v i d e  about  7.1 g igawat t -  

h o u r s ,  would i n u n d a t e  an  a d d i t i o n a l  760 a c r e s ,  and would supp ly  about  34,000 

acre-f  eet of a c t i v e  s t o r a g e  f o r  i r r i g a t i o n -  F i n a l l y ,  t h e  t h i r d  ' a l t e r n a t i v e  

would produce about  8.3 gigawat t -hours ,  would i n u n d a t e  a n  a d d i t i o n a l  1,440 

a c r e s ,  and would p r o v i d e  abou t  34,000 acre-f  Let of a c t i v e  s t o r a g e  f o r  i r r i g a -  

t ion.  

9.2 PRESENT SOCIAL CONDITIONS 

Rich County, Utah, t h e  county t o  be a f f e c t e d  most by t h e  prnposed de- 

velopment ,  is a  r u r a l  a r e a  w i t h  a  p r e s e n t  p o p u l a t i o n  of approx imate ly  1 ,600.  

The major towns i n  t h e  a r e a  a r e  Woodruff and t h e  county seat, Randolph. T h e ,  

county p o p u l a t i o n  has  been d e c l i n i n g  a t  a n  average  annua l  r a t e  of about  0.4 

p e r c e n t  f o r  two decades.  More t h a n  70 p e r c e n t  of t h e  populat i -on i s  n a t i v e  t o  

t h e  s t a t e ,  and l e s s  t h a n  1 p e r c e n t  i s  non-Caucasian. The median f a m i l y  income 

i n  t h e  county ($8,051 i n  1970) t y p i c a l l y  r u n s  1 0  t o  1 5  p e r c e n t  l e s s  than  the 

s t a t e  f i g u r e .  There  a r e  approximately  ,170 farms i n  t h e  coun ty ,  and most of 

t h e s e  had a  g r o s s  income of l e s s  than  $40,000 i n  1974. Most a r e  invo lved  i n  

l i v e s t o c k  p roduc t ion .  The p e r  a c r e  v a l u e  of farmland i n  t h e  county i s  among 

t h e  lowes t  i n  t h e  s t a t e .  

J 

9.2.2 HISTORY. 

The e a r l y  h i s t o r y  of R ich  County saw s u b s t a n t i a l  i n f l u e n c e  on t h e  p a r t  

o f  e x p l o r e r s  and  t r a p p e r s  i n  t h e  e a r l y  1 8 0 0 s  and Mormon p i o n e e r s  i n  t h e  
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1860s  and 1870s .  From t h e  b e g i n n i n g ,  t h e  ma jo r  economic f o c u s  and u s e  

of the land i n  t h e  county was l i v e s t o c k  grazing.  A more complete review 

of t h e  h i s t o r y  of the  a r e a  can be found i n  a  document prepared by Planning 

and Research Assoc ia tes  (1972). 
' .> - 

9.2.3 REGIONAL RELATION SIIIP 

A s  i nd i ca t ed  by Planning and Research Assoica tes  (1972), Rich County 

is i s o l a t e d  from t h e  major i n t e r s t a t e  l i n e s  of t r a n s p o r t a t i o n  and t r a f Z i c  

except  along t h e  extreme southern  p o r t i o n  of the  county. A t  t h e  p re sen t  

t ime the re  a r e  no r e g u l a r l y  scheduled a i r l i n e  s t o p s  and r a i l r o a d  s e r v i c e  

is a v a i l a b l e  only i n d i r e c t l y  through Wyoming o r  along t h e  county's extreme 

sou t h e m  boundary. 
+ 

Most consumer goods a r e  t rucked  i n t o  t h e  a r e a  i n  exchange f o r  . a g r i -  

c u l t u r a l  products  which a r e  exported. The major lnetropol i tan a r ea s ,  while  

i n d i r e c t l y  a c c e s s i b l e ,  have l i t t l e  in f luence  on the  economy of Rich County 

except  i n  provid ing  t h e  homes f o r  t h e  people  who have con t r ibu t ed  t o  t h e  

i nc reas ing  r e c r e a t i o n a l  t r a d e  i n  Bear Lake a rea .  While improvements . a r e  

cons t an t ly  being made t o  t h e  a g r i c u l t u r e  and l i v e s t o c k  s e c t o r s  of t h e  l o c a l  

economy, t h e  g r e a t e s t  economic changes a r e  expected t o  be  t hose  r e l a t e d  t o  t h e  

deve lopment  of r e c r e a t i o n  homes and water s p o r t s  i n  t h e  Bear Lake  a r e a .  

9.2.4 EMPLOYMENT 

The p r i n c i p a l  i n c e n t i v e  , f o r  permanent s e t t l emen t  of Rich County was 

a g r i c u l t u r a l  i n t e r e s t .  However, i n  recent  yea r s  t h e  number of jobs provided 

by t h e  . a g r i c u l t u r a l  s e c t o r  . i n  t h e  county has decl ined.  A t  t h e  same t i m e ,  

t h e  mining indus t ry  and government have increased  i n  importance a s  sources  

of. employment (though mining employment , h a s  f a l l e n  s i n c e  1970). This  is  

i l l u s t r a t e d  i n  Table  9.1. 

Table 9.1: ' Rich County Popula t ion  and Employment c h a r a c t e r i s t i c s  f o r  s e l e c t e d  
yea r s .  I 

. .  
Employment 

Tot a 1  
Year Populat ion Agr i cu l tu re  Mining Government ( a l l  s e c t o r s )  



9.2.5 POPULATION 

As  i nd i ca t ed  i n  Table  9.1' (much b e t t e r  documentation can be  found i n  

t h e  r e p o r t s  by Planning and Research Assoc i a t e s  (1972); t h e  ~ e s o u r c e  Conserva- 

t i o n  and Development P r o j e c t  Execut ive Board (1974) ; t h e  County Economic F a c t s  

of the  Utah I n d u s t r i a l  Development Information,  System; and census documents 

publ i shed  by t h e  Bureau of t he  Census), t h e  county popula t ion  has been de- 

c r e a s i n g  over  t h e  l a s t  two decades. A major cause of t h i s  d e c l i n e  is the 

' low a v a i l a b i l i t y  of jobs. '  This  decrease  i n  county employment is  a t t r i b u t e d  

t o  i nc reas ing  farm l abo r  and equipment c o s t  which have lead  t o  fewer but 

l a r g e r  and mre mechanized farms employing fewer people. I n  add i t i on ,  . t he  

county has experienced a l e v e l i n g  o f f  of . phosphate mining i n  r ecen t  y e a r s ,  a 

f a c t o r  which h a s  a l s o .  aggrava ted  t h e  employment s i t u a t i o n .  

T h i s  d e c l i n e  i n  p o p u l a t i o n  h a s  s h i f t e d  t h e  a g e  d i s t r i b u t i o n  toward  

t h e  o l d e r  a g e  c l a s s e s .  T h i s  means t h a t  t h e  younge r  p o p u l a t i o n  h a s  b e e n  

l e a v i n g  t h e  c o u n t y  i n  t h e  p r i m e  of t h e i r  o c c u p a t i o n a l  l i f e .  P r e s e n t l y ,  

r e c r e a t i o n a l  development a t  Bear ~ a k e  is t h e  s i n g l e  most important element i n  

t h e  county's popu la t i on  and economic ou t look ,  w i th  t h e  popula t ions  of Randolph i 
S 

and Woodruff on t h e  o t h e r  s i d e  of t h e  county expected t o  remain a t  approxi- 

mately p re sen t  l e v e l s .  

9.2.6 AGRICULTURE 

A s  i nd i ca t ed  i n  t h e  r e p o r t  by Planning and Research Assoc ia tes  (1972), 

t h e  number of farms i n  t h e  county has shown a decreasing t r end  s i n c e  1935 

(274 farms i n  1935 ve r sus  approximately 170 p r e s e n t l y ) .  A t  t h e  same t i m e ,  

t o t a l  f a r m  a c r e a g e  h a s  i n c r e a s e d .  Ove r  90  p e r c e n t  of t o t a l  f a r m  income 

is from l i v e s t o c k  product ion,  wi th  t h e  p r i n c i p a l  emphasis on beef c a t t l e ,  

e s p e c i a l l y  c a l f  product  ion. 

9.2.7 RESOURCE PROBLEMS AND OPPORTUNITIES 

A s  i n d i c a t e d  by t h e  R e s o u r c e  C o n s e r v a t i o n  and Development  P r o j e c t  

(KCUP) Executive Board (19 74) ,  t h e  aggrega te  annual  sho r t age  of i r r i g a t i o n  

wa te r  f o r  t h e  county is  approximately 40,000 acre- fee t .  I n  add i t i on ,  s o i l  

su rveys  show an  a d d i t i o n a l  130,000 ac re s  of land i n  Rich County s u i t a b l e  

f o r  i r r i g a t i o n  i f  wa te r  could be made ava i l ab l e .  On t h i s  b a s i s ,  t h e  RCDP 

Execut ive Board (1974) recommended enlargement of the  Woodruff Narrows Re- 

s e r v o i r  by approximately 30,000 ac re - f ee t  t o  provide  supplemental  i r r i g a t i o n .  

They could provide  no informat ion ,  however, on t he  county popula t ion  and 

economic impacts t h a t  would r e s u l t  from t h e  proposed enlargement.  

8 0 



9 3  1 INTRODUCTION 

As d i s c u s s e d  above,  t h e  b a s i s  f o r  t h e  s o c i a l  impact assessment  is t h e  

c h e c k i i s t  and p rocedures  out l inecl  by Abt A s s o c i a t e s ,  ' Inc . ,  a s  adopted by 

t h e  U.S. Bureau of Reclamation.  The f o l l o w i n g  assessments  were  based on 

c a t e g o r i e s  s u p p l i e d  f r o m  t h e  Abt  c h e c k l i s t ,  w h i c h  c a n  b e  f o u n d  o n  p a g e s  

203 t o  240 of t h a t  document. The s o c i a l  impact c a t e g o r i e s  i n  T a b l e s  9.2  

through 9 .5  a r e  numbered as t h e y  a r e  i n  t h e  c h e c k l i s t .  

9 . 3 . 2  INDIVIDUAL AND PERSONAL EFFECTS 

T h e  f i r s t  component  of t h e  s o c i a l  w e l l - b e i n g  a c c o u n t  i s  c o n c e r n e d  

e x c l u s i v e l y  w i t h  t h e  impacts  of t h e  b a s e l i n e  and a l t e r n a t i v e  p l a n s  a s  they 

a r e  exper ienced  a t  t h e  most b a s i c  l e v e l ,  t h a t  of t h e  i n d i v i d u a l  and fami ly .  

T h i s  component f o c u s e s  on how each a l t e r n a t i v e  p l a n  w i l l  a f f e c t  t h e  p e r s o n a l  

h e a l t h  and wel l -being of members of t h e  community and whether  v a r i o u s  a s p e c t s  

of t h e  p l a n  w i l l  c o n t r i b u t e  t o  o r  d e t r a c t  from t h e  q u a l i t y  and s t a b i l i t y  of 

f a m i l y  l i f e .  There  a r e  f i v e  major c a t e g o r i e s  i n  t h i s  component: 

1- L i f e ,  P r o t e c t i o n ,  and S a f e t y  encompasses t h e  e f f e c t s  of n a t u r a l  ' 

d i s a s t e r s  on l i f e  and p r o p e r t y  and t h e  p o s s i b l e  d iminu t ion  of such 
e f f e c t s  by a l t e r n a t i v e  development p l a n s .  

2 .  ~ e a l t h  encompasses b o t h  t h e  h e a l t h  of i n d i v i d u a l s  i n  t h e  community 
and t h e  s e r v i c e s  and f a c i l i t i e s  a v a i l a b l e  t o  d e a l  w i t h  h e a l t h  prob- 
lems. 

3 -  Family and I n d i v i d u a l  d e a l s  w i t h  t h e  p o t e n t i a l  d i r e c t  and i n d i r e c t  
impacts  of a l t e r n a t i v e  w a t e r  p l a n s  on t h e  h e a l t h ,  well-being and 
p e r s o n a l  s a t i s f a c t i o n  of i n d i v i d u a l s  i n  t h e  community and . on t h e  
s t r u c t u r e  and. s t a b i l i t y  of f a m i l y  l i f e .  

4 A t t i t u d e s ,  Values ,  and B e l i e f s  d i s c u s s e s  t h e  a t t i t u d e s  of i n d i v i d u a l s  
i n  t h e  community towards a l t e r n a t i v e  w a t e r  p l a n s  and t h e  e x t e n t  
t o  which t h e s e  p l a n s  a f f e c t  people ' s  a t t i t u d e s  towards o t h e r  con- 
c e r n s ,  i n c l u d i n g  t h e i r  community, t h e  environment,  government agen- 
c i e s ,  e t c .  

5 -  ' Environmental  C o n t r i b u t i o n s  d e a l s  w i t h  community members' i n t e r -  
a c t  i o n  w i t h  t h e i r  environment and t h e  e x t e n t  t o  which a l t e . r n a t i v e  
p l a n s  may a f f e c t  t h i s  i n t e r a c t i o n ;  e . g . ,  by c o n t r i b u t i n g  t o  o r  
d e t r a c t i n g  from i n d i v i d u a l s '  enjoyment of t h e i r  environment. .  



H able 9.2 summarizes the  expected impacts under t h i s  component. The 

impacts  cen t e r  around t h e  p r o v i s i o n  of supplemental i r r i g a t i o n  supply i n  

a l t e r n a t i v e s  1 t o  3 ,  t h e  c o n t r i b u t i o n  toward  repayment  of c o n s t r u c t i o n  

c o s t s  which hydropower would make, and t h e  p o t e n t i a l  l o s s  of 'graz'ing land 

t o  inundat ion  i n  a l t e r n a t i v e s  1 t o  3. I n  gene ra l ,  t h e  a d d i t i o n  of hydropower 

g e n e r a t i n g  f a c i l i t i e s  would  b e  ' l o o k e d  upon'  v e r y  f a v o r a b l y  by a r e a  w a t e r  

u s e r s  if i t  would enhance the  development of supplemental i r r i g a t i o n  water.  

The m j o r  poterilrial drawback from t h i s  p o s i t i v e  b e n e f i t  would be t he  l o s s  

of some grazing land under each of t h e  a l t e r n a t i v e s .  

9-3.3 COMMUNITY AND INSTITUTIONAL EFFECTS 

The Community and T n s t i t l l t i o n ~ l  Rf fec to  aomponent uf Lllr SOCPRI  W e l l -  

Being Account con ta in s  11 rz~ t e g o r i e s  which a r e  concerned with t he  impacts 

which might occur a t  a  h ighe r  l e v e l  of aggrega t ion  than thnse  i n  t ha  f i r s t  

component ,  b u t  which a r e  s t i l l  l i m i t e d  t o  t h e  c o n f i n e s  of t h e  community 

( o r  communi t i e s )  which  w i l l  p o t e n t i a l l y  b e  af f e c t e d  by t h e  a l t e r n a t i v e  

p lans .  Here t h e  focus  is on groups of people,  t h e r e  a c t i v i t i e s  a s  members 

of d i f f e r e n t  g r o u p s ,  t h e  v a r i o u s  a s p e c t s  of t h e  community which  a f f e c t  

t h e i r  l i v e s ,  a n d  t h e  i n f o r m a l  and f o r m a l  i n s t i t u t i o n s  which  s e r v e  them- 

Equal ly  important is t h e  n a t u r e  of the  community i t s e l f  as an e n t i t y ,  i t s  

c o m p o s i t i o n ,  i t s  i n t e r n a l  s t r u c t u r e ,  e t c .  The  11 e v a l u a t i o n  c a t e g o r i e s  

which c h a r a c t e r i z e  t h e  Community, I n s t i t u t i o n a l  E f f e c t s  component of t h e  

S o c i a l  Well-Being Account a r c  as f  ol luws:  

1- Demographic  r e l a t e s  t o  t h e  s t r u c t u r e  of t h e  comrnun2ty i n  t e r m s  
of s i z e ,  e t h n i c i t y ,  m a r i t a l  s ' t a t u s ,  a g e l s e x  d i s t r i b u t i o n ,  e t c .  

2 Education dea ls  w i th  educa t iona l  i n s  t i t u t i -ons  w i t h i n  t h e  community 
(primary, secondary,  and post-secondary academic e d u c ~ t i o n  a s  w e l l  
a s  v o c a t i o n a l  t r a i n i n g ) ,  and with t h e i r  a c t i v i t i e s  and capac i ty  

3 .  Government Opera t ions  and Se rv i ce s  dea l s  w i th  t h e  s t r u c t u r e ,  s i z e  
and complexity of l o c a l  government, and t h e  s e r v i c e s  which govern- 
ment provides  t o  members of t h e  community. 

4 .  Housing and ~ e i g h b o r h o o d  c o n c e r n s  t h e  q u a l i t y  and q u a n t i t y  of 
housing i n  t h e  community, a s  w e l l  a s  t h e  cond i t i on  of i t s  neighbor- 
hoods. 

5 -  Law and J u s t i c e  d e a l s  w i t h  t h e  c r i m i n a l  j u s t i c e  s y s t e m  i n  t h e  
community and t h e  p o s s i b l e  impacts i n  t e r m s  of c r imina l  and c i v i l  
v i o l a t i o n s  which might r e s u l t ,  e i t h e r  d i r e c t l y  o r  i n d i r e c t l y ,  from 
t h e  implementation of a wa te r  r e sou rce  p lan .  

8 2 



Descr ip t ion  of Impacts f o r  t h e  Ind iv idua l  and Personal  E f fec t s  Components 

Category 

A. L i f e ,  P ro t ec t ion ,  
and Safe ty  

2. Property l o s s  due 
t o  water-related 
n a t u r a l  . d i s a s t e r s  

D. A t t i t udes ,  ' 

Bel i e f s ,  and 
Values 

1. Resident 
expec ta t ions  of 

.what w i l l  be t h e  
impacts of t h e  
plan;  a t t i t u d e s  
about t h e  e f f e c t s  

a .  hydropower 

b.  augmented 
water supply 

Descr ip t ion  of Impacts 

Basel ine A l t e r n a t i v e  1 Al t e rna t ive  2 

No change from 
p resen t  condi t ions  

A l t e r n a t i v e  3 

A l l  a l t e r n a t i v e s  would provide s u b s t a n t i a l l y  increased  f lood  
c o n t r o l  w i t h  t h e  a d d i t i o n  of about  34,000 acre- fee t  of a c t i v e  
s t o r a g e  

Local support  f o r  p o t e n t i a l  hydropower product ion i s  ind ica t ed  i n  t h e . r e s o l u t i o n  of 
support  f o r  a  hydropower f e a s i b i l i t y  s tudy passed by t h e  s tockholders  of t h e  
Woodruff Narrows Reservoir  Company, ~ a n u a r )  3 1, 1977. Hydropower product ion  could 
be seen  a s  a  p o s i t i v e  b e n e f i t  of t h e  b a s e l i n e  and a l l  a l t e r n a t i v e s  i n  i t s  c o n t r i -  
bu t ion  t o  repayment of dam cons t ruc t ion  c o s t s  depending on t h e  revenue from p.ower 
production. 

. . 

No change from 
p resen t  condit ions 

Provis ion  of a d d i t i o n a l  a c t i v e  s t o r a g e  f o r  i r r i g a t i o n  w i l l  be  
seen  by water  u se r s  a s  a  p o s i t i v e  b e n e f i t ,  b u t  inundat ion  of 
some graz ing  lands might be  viewed nega t ive ly  by a few a r e a  
ranchers  



6 -  S o c i a l  Se rv i ce s  cmncems t h e  pub l i c .  and p r i v a t e  s e c t o r  s e r v i c e s  
a v a i l a b l e  t o  va r ious  popula t ion  groups w i t h i n  t h e  community ( e . ~ . ,  
c h i l d r e n ,  youths,  e l d e r l y  persons,  e t c . )  . 

7 -  Re l ig ion  dea l s  w i th  t h e  r e l i g i o u s  s t r u c t u r e  of t he  community -and 
t h e  e x t e n t  t o  which r e l i g i o n  a f f e c t s  t h e  l i v e s  of community members. 

8- C u l t u r e  c o n c e r n s  t h e  e t h n i c  c o m p o s i t i o n  of t h e  p o p u l a t i o n  and 
i t s  a s s o c i a t e d  va lues  and folkways, a s  w e l l  a s  c u l t u r a l  "mi t e r i a l s f '  
( e - g o ,  a r c h e o l o g i c a l  s i t e s ,  a r t i f a c t s ,  e t c . )  f o u n d  i n  o r  n e a r  
t h e  community,. 

9. R e c r e a t i o n  r e l a t e s  t o  p u b l i c  r e c r e a t i o n a l  f a c i l i t i e s ,  and l a n d  
and wa te r  a r e a s  i n  o r  n e a r  t h e  community used f o r  l p u b l i c  r e c r e a t i o n ,  
and t o  changes i n  r e c r e a t i o n a l  u se s  which might occur a s  a  r e s u l t  
of t h e  implementation of a  water - re la ted  plan.  

10 Informal  0l:ganizat ions and Group,s, d i s cus se s  cornmun i . t y  grorl.ps which' 
are not a  p a r t  of t h e  l o c a l  governmental o r  i n s t i t u t i o n a l  s t r u c t u r e ,  
i nc lud ing  f  r a t e g n a l  o rgan iza t ions ,  advocacy groups, 1 1 1 1 s  np 
eL11~llc sucier ies, environmental groups, e t c .  

11. Cummunity and I n s t i t u t i o n a l  V i a b i l i t y  focuses  on t h e  capac i ty  of 
a  community's i n s t i t u t i o n s  t u  ' m e e t  demands f o r  a  range of s e r v i c e s ,  
on t h e  i n t e r - r e l a t i o n s h i p s  among community i n s t i t u t i o n s ,  and on 
t h e  members' views of t h e i r  community. 

No s i g n i f i c a n t  s o c i a l  i.mpacts a r e  expected f o r  any of t he  t h r e e  a l t e r n a -  

t i v e s  f o r  t h i s  component. A s  i nd i ca t ed  i n  Table  9.3, no demographic e f f e c t s  

are a n t i c i p a t e d .  

I n  add i t i on ,  s i n c e  t h e  a r e a  is not one of high re r . rea t ion  demand a6 

~ u ~ u p a r r d  co more acces sab l e  si tes i n  t h e  a r e a  ( t h e  r epo r t  by Planning and 

Research Assoc ia tes ,  1972, ranks t h e  Woodruff Narrows f a c i l i t y  a s  on ly '  f a i r  

f o r  n e a r l y  a l l  water-based r e c r e a t i o n  a c t i v i t i e s ) ,  .very marginal impacts ( i f  

any) '  on wa te r -based  r e c r e a t i o n  a c c e s s  and u s e  w i l l  be l i k e l y  t o  res .uI . t .  

9.3.4 AREA SOCIO-ECONOMIC EFFECTS 

The  Area  Socio-Economic E f f e c t s  componet c o n t a i n s  s e v e n  e v a l u a t i o n  

c a t e g o r i e s  which e x i s t  a t  a  h i g h e r  l e v e l  of a g g r e g a t i o n  t h a n  e i t h e r  t h e  

' i n d i v i d u a l / f a m i l y  o r  t h e  community l e v e l s .  A l though  s e v e r a l  c a t e g o r i e s  

seem t o  conta in  a s p e c t s  which may be app l i cab l e  a t  t he  community, i n s t i t u -  

t i o n a l  l e v e l ,  t h e  c a t e g o r i e s  have been grouped under t h i s  p a r t i c u l a r  component 

because t h e i r  cons ide ra t i on  may involve more than  one community, o r  because. 

they a r e  important  enough t o  pervade s e v e r a l  a s p e c t s  of community l i f e  a t  

once; i . e . ,  cons ide ra t i on  of t r a n s p o r t a t i o n ,  f o r  example, cannot be l i m i t e d  



Descr ip t ion  of Impacts f o r  t h e  Community and I n s t i t u t i o n a l  E f f e c t s  Component 

Category 

A. Demographics 

1. Changes i n  
genera l  demo- 
graphic makeup 
of t h e  populat ion 

I. Recreat ion 

1. Annual use of 
pub l i c  
r e c r e a t i o n  
f a c i l i t i e s  

2. TypesICondition 
of roads t o  and 
from r e c r e a t i o n  
f a c i l i t i e s  

10. Area i n  miles  of 
water-related 
r e c r e a t i o n  
a reas  

Descr ip t ion  of Impacts 

Basel ine A l t e r n a t i v e  2 Al t e rna t ive  1 A l t e r n a t i v e  3 

No s u b s t a n t i a l ,  long-term changes i n  t h e  demographic make-up of t h e  a r e a  a r e  
a n t i c i p a t e d  from t h e  b a s e l i n e  o r  any of t h e  t h r e e  a l t e r n a t i v e s  

L i t t l e  i f  any in- 
c r ease  i n  use  of 
water-based recre-  
a t i o n  i s  expected 

Water-based r e c r e a t i o n  p o t e n t i a l  ( e spec i a l ly  f i s h i n g )  w i l l  b e  
augmented under each a l t e r n a t i v e .  However, due t o  t h e  abundant 
supply of high-qual i ty  r e c r e a t i o n  oppor tun i t i e s  elsewhere i n  
t h e  reg ion ,  increased  use  w i l l  b e  s l i g h t  a t  most. 

Access t o  t h e  immediate a r e a  a t  and below t h e  dam s i t e s  w i l l  l i k e l y  improve under 
a l l  t h r e e  a l t e r n a t i v e s .  This w i l l  probably have l i t t l e  impact on r e c r e a t i o n a l  u se  
i n  t h e  a rea .  

Large inc rease  i n  
t o t a l  l ake  s u r f a c e  
a r e a  (from about 1600 
ac re s  t o  approximatel) 
3100 a c r e s )  

No change from 
present  condi t ions  

Moderate i nc rease  i n  t o t a l  l a k e  s u r f a c e  
a r e a  (from about 1600 ac re s  t o  approxi- 
mately 2300 a c r e s )  



t o  t h e  community l e v e l  a lone ,  ' s i n c e  t r a n s p o r t a t  ion. by d e f i n i t i o n  f r equen t ly  

r e l a t e s  t o  e x c h a n g e s  among communi t ies .  L i k e w i s e ,  a  d i s c u s s i o n  of t h e  

economic base of a  community and t h e  changes which might occur  i n  t h e  ec'onomic 

b a s e  a s  t h e  r e s u l t  of a  w a t e r  r e s o u r c e  p l a n ' s  i m p l e m e n t a t i o n ,  mus t  g i v e  

c o n s i d e r a t i o n  t o  t h e  .more ' f a r - r e a c h i n g  e f f e c t s  which accompany ' c h a n g e s  

i n  t h e  economy, such as changes i n  housing, pub l i c  and p r i v a t e  s e c t o r  ser- 

v i c e s ,  e t c .  The c a t e g o r i e s ,  d i s c u s s e d  h e r e  a r e  t h u s  of a  f a i r l y  b r o a d ,  

comprehens ive  n a t u r e ,  a l t h o u g h  , t h e i r  f o c u s  w i l l  s ome t imes  b e  w i t h i n  t h e  

community context .  The seven eva lua t ion  ca t ego r i e s  which make up t h e  Area, 

~ o c i o - ~ ' c o n o m i c  E f f e c t s  component of t h e  S o c i a l  Well-Being Account a r e  a s '  

f  0 l lows : 

1- Employment and Real  Income d e a l s  w i th  t h e  means by which people  
i n  t h e  a r e a  earn t h e i r  l i v i n g  a n d  t h e  amoiint of insomo which they 
rece ive .  

2. W e l f a r e  and F i n a n c i a l  Compensa t ion  d e a l s  w i t h  t h e  q u a l i t y  a n d  
q u a n t i t y  of b e n e f i t s  ( i nc lud ing  money and s e r v i c e s )  provided t o  
people  who, f o r  v a r i o u s  reasons ,  a r e  unable t o  support  themselves. 

3 -  Communications d i s c u s s e s  va r ious  i n t e r -  and intra-community methods 
of communications, inc lud ing  pe r sona l  and media methods, and con- 
s i d e r s  how a  w a t e r - r e l a t e d  p l a n  may a f f e c t  communcia t ions  and 
may be a f f e c t e d  by them. 

4 .  Transpor t a t i on  d e a l s  wi th  p u b l i c  and p r i v a t e  t r a n s p o r t a t i o n ,  both 
w i t h i n  and hetween rnrnrm.lnities, as w e l l  as w i t h  t h e  co'nditioil slid 
l o c a t i o n  of roads and waterways used f o r .  v a r i o u s  . t y p e s  of t r anspo r t .  . . 

5. Economic Base dea l s  w i th  t h e  o v e r a l l  economy of the  a r e a ,  inc lud ing  
types  of i ndus t ry  (and/or  a g r i c u l t u r e )  which e x i s t  i n  t h e  community, 
t h e  c h a n g e s  wh ich  migh t  o c c u r  i n  i n d u s t r y  and  a g r i c u l t u r e  a s  a  
r e s u l t  of a  water - re la ted  p r o j e c t ,  and t h e  e x t e n t  t o  which these  
changes w i l l  have a  s o c i a l  impact i n  t h e  community. 

. . 

6 .  Ylanninq dea l s  w i t h  t h e  per iod  during which a l t e r n a t i v e  p lans  are 
formulated and analyzed,  and t h e  e f f e c t s  which the  planning pe r iod  
might  have  on t h e  c o m m u n i t y ( i e s )  u n d e r  c o n s i d e r a t i o n  f o r  p l a n  
implementation. 

7. Const ruc t ion  concerns t h e  p o t e n t i a l  sho r t -  and long-term e f f e c t s  
of cons t ruc t ion ,  ranging from temporary no i se  and .other  annoyances 
t o  long-range economic and s o c i a l  impacts. 



A s  documented i n  F  able 9 . 4 ,  t h e  most s i g n i f i c a n t  s o c i a l  i m p a c t s  . i n  

t h i s  component w i l l  be  the  income and employment e f f e c t s -  Espec i a l l y  s i g n i -  

f  i c a n t  w i l l  be  t he  i nc reased  income. r e a l i z e d  by i r r i g a t i o n  users .  A l l  t h r e e  

a l t e r n a t i v e s  would .a l low them supplemental la te-season i r r i g a t i o n  water  f o r  

p rovid ing  a d d i t i o n a i  f a l l  g raz ing .  This  w i l l  probably r e s u l t  i n  t h e  c r e a t i o n  
. . 

of a  few a g r i c u l t u r a l  s e c t o r  jobs. Some graz ing  land w i l l  be  inundated  under 

each a l t e r n a t i v e ,  however. 

Min ima l  i m p a c t s  a r e  e x p e c t e d  f rom s h o r t - t e r m  c o n s t r u c t i o n  e f f e c t s .  

Workers requi red  f o r  t h e  cons t ruc t ion  phase of t h e  t h r e e  a l t e r n a t i v e s  w i l l  

never  number more t han  20, and t h i s  w i l l  be  only a  s h o r t  time per iod .  This  

w i l l  r e s u l t  i n  minimal phys i ca l  d i s r u p t i o n  and changes i n  l o c a l  demand on 

p u b l i c  and p r i v a t e  s e r v i c e s .  

9.3.5 NATIONAL AND EMERGENCY PREPAREDNESS EFFECTS 

The Nat iona l  and Emergency Preparedness  E f f e c t s  component dea l s  wi th  

t h e  way i n  which t h e  changes brought about by t h e  p l a n  would have s e l e c t e d  

n a t i o n a l  impacts. I n  many cases ,  t h e s e  changes w i l l ,  i n  f a c t ,  be l i m i t e d  

t o  t h e  geographical  a r e a  covered by t h e  plan;  i n  o the r s ,  however, changes 

c o u l d  c o n t r i b u t e  t o  ( o r  d e t r a c t  f rom)  n a t i o n a l  v i a b i l i t y ,  , e s p e c i a l l y  i n  

t h e  =ase  of emergencies such a s  drought ,  f l oods ,  o r  a t t a c k s  by h o s t i l e  fq rces .  

There a r e  n i n e  e v a l u a t i o n  c a t e g o r i e s  i n  t h i s  component: 

1- Water Suppl ies  d e a l s  w i th  ques t i ons  of t h e  q u a n t i t y ,  s t a b i l i t y ,  
d i s t r i b u t i o n ,  e t c . ,  of water.  

2 .  Food Product ion concerns p rov i s ion  of r e se rve  food product ion  poten- 
t i a l ,  a s  w e l l  a s  ques t i ons  of e x p o r t a b i l i t y  of crops.  

3 -  Power Suppl ies  dea l s  w i th  ques t i ons  concerning t h e  q u a n t i t y  , s t a b i l -  
i t y  , and respons iveness  of a v a i l a b l e  power. 

4 .  Water T ranspo r t a t i on  d i s cus se s  tonnage support  capac i ty  and network 
l o c a t i o n  c h a r a c t e r i s t i c s ,  a s  w e l l  a s  t h e  a r e a  c o v e r e d  by w a t e r  
t r a n s p o r t a t  i on  rou t e s .  

5. Scarce  Fue ls  concerns the use  of abundant f u e l s  t o  conserve s c a r c e  
ones and t h e  use  of alternative power supp l i e s .  

6 -  Popula t ion  Dispers ion  r e l a t e s  t o  p o t e n t i a l  f o r  s e t t l e m e n t  of a r e a s  
i n  t h e  event  of a  n a t i o n a l  emergency. 

7- I n d u s t r i a l  Dispers ion  i s  concerned with t h e  p o t e n t i a l  f o r  d i s p e r s i o n  
and r e l o c a t i o n  of i ndus t ry  i n  t he  event of a  n a t i o n a l  emergency. 



Descr ip t ion  o f .  Impacts f o r  t h e  Area Sosio-Ecoriomic Ef.fects Component 

Category 

A.  Employment and 
Real Income 

5. Mean income by 
c l a s s  of worker 
o r  r e c i p i e n t  

Descr ip t ion  of Impacts 

25. (Other) Number 
of. jobs i n  a r e a  

a 
a 

1. Short-term 
e f f e c t s  

Base l i n e  

N o  change from 
p resen t  condi t ions  

: 

E. Economic Base 

12. Land us =d f o r  
.grazing and 
farming 

The short-term cons t rnc t ion  impacts ( i n  terms of ph-rsical disrupt ion. ,  t r a n s i e n t  
housing requirements ,  and change i n  demand f o r  pub l i c  and p r i v a t e  s e r v i c e s  caused 
from an  i n f l u x  of workers) w i l l  be  minimal under t h e  b a s e l i n e  and a l l  t h r e e  a l t e r -  d - 
n a t i v e s .  There w i l l  tle a maximum of 20 workers a t  t he  s i t e  f o r  a three-month period; u - 
peak employment w i l l  he  between 10 and 20 workers during cons t ruc t ion  of t h e  s p i l l -  (D 

I n  gene ra l ,  a r e a  incomes w i l l  not  be apprec iab ly  a f f e c t e d  by 
any of t h e  a l t e r n a t i v e s .  An except ion t o  t h i s  would be  in-  
creased income t o  i r r i g a t i o n  users .  Most of t h e  supplemental 
water  provided by each a l t e r n a f i v e  would be used i n  J u l y  and 
August t o  provfde a d d i t i o n a l  g r a s s  fo rage  a f t e r  t h e  meadow hay 
is  harves ted .  This  would genera te  f a i r l y  s u b s t a n t i a l  income t o  
t he  a r e a  a s  shown i n  Chapter 6. Some income l o s s e s  might re-  

The. add i t i on  of The a d d i t i o n  of hydropower w i l l  r e s u l t  i n  t h e  c r e a t i o n  of one 
hydropower w i l l  new fu l l - t ime  equiva len t .  Addt t iona l  income t o  i r r i g a t i o n  

way, only.  
(D 

P 

A l t e r n a t i v e  1 

- s u l t ,  however, from l o s s  of grez ing  t o  inundat ion.  

. r e s u l t  'n - the  
c r e a t i o n  of one 
new f u l l -  time 
equiva len t  

.No. change from 
p r e s e n t  condi t ions  - 

- 

-'users w i l l  l i k e l y  r e s u l t  l n .  fewer than 10  new jobs .  

Each a l t e r n a t i v e  w i l l  provide supplemental i r r i g a t i o n  w a t e r - f o r  
approximately 5,000 t o  8,000 f u l l - s e r v i c e  a c r e  equ iva l en t s .  

. A l t e r n a t i v e s  1 and 2 w i l l  r e s u t t  i n  moderate l o s s  o f - g r a z i n g  
land (ranch land  inundated by Al t e rna t ive  1 has a l r eady  been 
7urchased);  A l t e r n a t i v e  3 w i l l  inundate  s u b s t a n t i a l l y  more 
g raz ing  land .  

A l re rna t ive  2 A l t e r n a t i v e  3 



8. M i l i t a r y  Preparedness  r e l a t e s  p r imar i l y  t o  t h e  p o t e n t i a l  of a  given 
a r e a  t o  house m i l i t a r y  bases  and/or  support  m i l i t a r y  opera t ions  
i n  a  n a t i o n a l  emergency 

9- I n t e r n a t i o n a l  Trea ty  Obl iga t ions  dea ls  wi th  t h e  ques t i ons  of bound- 
a r i e s ,  use of common bodies of water ,  t r e a t y  o b l i g a t i o n s  governing 
q u a n t i t y  and/or q u a l i t y  of water  c ross ing  i n t e r n a t i o n a l  boundaries ,  
e t c . ,  among neighboring na t ions .  

The s o c i a l  impacts i n  t h i s  component of the  S o c i a l  Well-Being Account 

a r e  a l l  p o s i t i v e ,  though q u i t e  minimal a s  viewed from a n a t i o n a l  pe r spec t ive .  

A s  documented i n  T a b l e  9 .5 ,  t h e  b a s e l i n e  a n d  a l l  a l t e r n a t i v e s  w i l l  h a v e  

s l i g h t  impacts on t h e  supply and s t a b i l i t y  of power and t h e  u se  of s ca rce  

f u e l s .  The power generated a t  t h e  s i t e  would be  wheeled over UP&L t rans-  

m i s s  i o n  l i n e s  and u s e d  o u t s i d e  t h e ,  a r e a  of  p r o d u c t i o n .  A l t o g e t h e r ,  t h e  

nominal power product ion e s t i m a t e s  r ep re sen t  p o s i t i v e  bu t  very s l i g h t  impacts 

on the '  n a t i o n a l  s c a l e .  

9 . 3 . 6  AGGREGATE SOCIAL EFFECTS 

The A g g r e g a t e  S o c i a l  E f f e c t s  component i n v o l v e s  t h e  a g g r e g a t i o n  of  

p o t e n t i a l  impacts of water resource  p r o j e c t s  as they r e l a t e  t o  s o c i a l  e f f e c t s  

a s  a  whole. While t h e  p rev ious  components f o c u s  on more p r a c t i c a l  concerns f o r  

t h e  most p a r t ,  i t  is a l s o  d e s i r a b l e  t o  be a b l e  t o  cons ider  t h e  more gene ra l  

s o c i a l  imp l i ca t i ons  of a l t e r n a t i v e  water  resource  plans.  The measures of 

impact f o r  t h i s  component a r e  almost e n t i r e l y  q u a l i t a t i v e  i n  na ture .  Three 

e v a l u a t i o n  ca t ego r i e s  a r e  of i n t e r e s t  here :  

1. Qual i ty  of L i f e  dea l s  w i th  t h e  phys i ca l  and mental wel l -being of 
t h e  i n d i v i d u a l  and family and with t h e i r  percept ions  of t he  op- 
p o r t u n i t i e s  f o r  f u r t h e r  development of i n d i v i d u a l  and family , l i f e  i n  
t h e  f u t u r e .  

2. R e l a t i v e  S o c i a l  P o s i t i o n  concerns t h e  ex t en t  t o  which the  va r ious  
s o c i a l  b e n e f i t s  and adve r se  e f f e c t s  of p l an  implementation would 
be equ i t ab ly  d i s t r i b u t e d  among va r ious  i nd iv idua l s  o r  groups i n  
t h e  community and t h e  capac i ty  of i nd iv idua l s  and groups t o  bear  
s o c i a l  cos t s .  

3 -  S o c i a l  Well-Beinq r e f e r s  t o  t h e  o v e r a l l  impacts on t h e  c h a r a c t e r  
and c a p a c i t i e s  of the  community and i t s  i n s t i t u t i o n s ,  .both formal  
and informal .  

On t h e  a g g r e g a t e ,  t h e  s o c i a l  i m p a c t s  of t h e  t h r e e  a l t e r n a t i v e s  are 

n e g l i g i b l e .  No s u b s t a n t i a l  p o s i t i v e  or  nega t ive  e f f e c t s  a r e  expected f o r  



Descr ip t ion  of Impacts f o r  t h e  Nat iona l  and Emergency P r e ~ a r e d n e s s  E f f e c t s  Component 

Category 

C .  Power supp l i e s  

1. Changes i n  t he  
amount of power 
produced 

2. Changes i n  t h e  
s t a b i l i t y  of  
power supply , 

E. Scarce Fuels  

1. Changes i n  t h e  
amount of s c a r c e  . . 

f u e l s  consumed 

Descr ip t ion  of Impacts 

A l t e r n a t i v e  3 

Increased  power 
product ion:  
8 . 3  gigawatt-hours 

A l l  power generated a t  t h e  s i t e  w i l l  be s o l d  o - ~ t s i d e  of t h e  l o c a l  a r ea .  The amount 
of  'power produced w i l l  n o t  be  very s i g n i f i c a n t  from tihe s t andpo in t  of t h e  s t a b i l i t y  
of n a t i o n a l  o r  regLonal power supply. 

Hydropower product ion  under t h e  b a s e l i n e  and t5e t h r e e  a l t e r n a t i v e s  would r e s u l t  in 
a sav ings  of up t o  approxLmately 1250 b s r r e l s  of o i l  pe r  y e a r .  

A l t e r n a t i v e  2 

Inc r sa sed  power 
p r o d ~ c t  ion:  
7 .1  3igawatt-hours 

Base l ine  

Increased  power 
prcduc t  ion: 
3.4 gigawatt-hours 

A l t e r n a t i v e  1 

1nc r i a sed  power 
product ion:  
5.0 gigawatt-hours 



any of the  t h r e e  a l t e r n a t i v e s  i n  terms of Q u a l i t y  of L i f e  o r  S o c i a l  Well- 

Being. From t h e  s t andpo in t  of R e l a t i v e  S o c i a l  P o s i t i o n ,  very  s l i g h t  dec reases  

i n  p u b l i c  graz ing  acreage  w i l l  have t o  b e  absorbed under  a l t e r n a t i v e s  2 and 3 .  

A l l  owners of p r i v a t e  land t h a t  would be inundated i n  a l t e r n a t i v e  1 have 

a l ready  been compensated. Under each of t h e  a l t e r n a t i v e s ,  f a i r l y  s i g n i f i c a n t  

income b e n e f i t s  would acc rue  t o  i r r i g a t i o n  wa te r  u s e r s ,  who would, of course,  

be p a r t i a l l y  respons ib le  f o r  repayment of t h e  c o s t s  of dam cons t ruc t ion .  

Very modest i nc reases  i n  a g r i c u l t u r a l  employment would b e  expected f o r  each of 

t h e  a l t e r n a t i v e s .  This  would b e n e f i t  t h e  e n t i r e  county. 

9.4 SUMMARY 

I n  summary, n e i t h e r  t h e  b a s e l i n e  n o r  any  of t h e  a l t e r n a t i v e s  u n d e r  

cons idera t  ion  w i l l  have very s i g n i f i c a n t  nega t ive  so c i a 1  impacts.  The pro- 

posed a l t e r n a t i v e s  w i l l  r e s u l t  i n  l i t t l e  o r  no change i n  p re sen t  p a t t e r n s  of 

water  and land use ,  income, p o p u l a t i o n ,  and employment. The 'very s l i g h t  

p o s i t i v e  impacts from any' o£ the  t h r e e  a l t e r n a t i v e s  w i l l  not  r e s u l t  i n  any 

s i g n i f i c a n t  changes of t h e  s o c i a l  s t r u c t u r e  o r  cha rac t e r  of the  a r ea .  The 

most s i g n i f i c a n t  s o c i a l  and economic t r a d e  of f s  w i l l  be i n  t h e  p rov i s ion  of 

a d d i t i o n a l  ' l a te -season  i r r i g a t i o n  wa te r  versils . inundat ion  of some g r a z i n g  land 

i n  a l t e r n a t i v e s  2 and 3. The i n c l u s i o n  of low-head hydropower i n  a  Woodruff 

Narrows s to rage  f a c i l i t y ,  such as env.isioned i n  a l t e r n a t i v e s  1 t o  3., might 

c o n t r i b u t e  t o  t he  economic v i a b i l i t y  of the  p r o j e c t .  I f  t h e  p r o j e c t  proves 

f e a s i b l e ,  f a i r l y  s u b s t a n t i a l  l o c a l  econoinic b e n e f i t s  could be r e a l i z e d  .from 

i n c r e a s e d ~ a g r i c u l t u r a l  product ions.  This  would be a  d e s i r a b l e  s o c i a l  impact 

t o  t h e  l o c a l  community, e s p e c i a l l y  i f  g raz ing  l o s s e s  could be compensated. 
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CHAPTER 1 0  

ENVIRONMENTAL ASSESSMENTS 

10.1 NATURE OF ECOLOGICAL IMPACTS 

The a n a l y s i s  of t he  impact of t he  proposed Woodruff Narrows Low Head 

H y d r o e l e c t r i c  Power P l a n t  (WN LHHPP) depends  on  t h e  p a r t i c u l a r  p t o p o s e d  
*) 

changes i n  t h e  Bear River  system and t h e i r  s i g n i f i c a n c e  i n  terms of rk'gmitude 

and q u a l i t a t i v e  e f f e c t s  on t h e  s t r eam e c o l o g i c a l  systems. Impacts- of s t ream 

a l t e r a t i o n s  on a q u a t i c  ecosystems have been a s se s sed  i n  m n y  d i f f e r e n t  p r o j -  

e c t s  and provide some g e n e r a l i z a t i o n s  a s  suggested i n  F igure  10.1. It is 

apparen t  from t h e  r e l a t i o n s h i p s  descr ibed  i n  F igu re  10.1 t h a t  t h e  impact i n  a  

s p e c i f i c  s i t u a t , i o n  depends g r e a t l y  .on t h e  magnitude of t he  proposed a c t i o n s .  

A s  a  means of developing a  l o g i c a l  environmental assessment of t he  proposed 

a c t i o n ,  t h e  WN LHHPP impacts  w i l l  be approached i n  t h e  fo l lowing  s t e p s :  1 )  a  

d e s c r i p t i o n  of t h e  proposed s i t e  and a c t i o n ,  2) a n  a n a l y s i s  of important 

v a r i a b l e s ,  and 3) a  s p e c i f i c  assessment of t h e  Bear R ive r  i n  t h e  immediate and 

downstream a r e a s  of t h e  p r o j e c t .  

10.2 GENERAL DESCRIPTION 

A gene ra l  d e s c r i p t i o n  of t h e  Bear River  has been given prev ious ly  i n  

Chapter  3  and w i l l  not  be repea ted  he re .  Some gene ra l  comments r e l a t e d  t o  

water  q u a l i t y  fol low.  . 

Because much of t he  mountain land i n  t h e  headwaters of the  Bear ~ i v e r  

is  wi lderness  a r ea ,  t h e  water  i s  nea r ly  p r i s t i n e .  Some r e c r e a t i o n a l  u se  by 

h i k e r s  i n  t h e  Uin ta  wi lderness  a r ea  and t h e  presence  of g raz ing  animals i n  

t h e  a r e a  upstream from Evanston m y  have had some minimal e f f e c t s  on water  

q u a l i t y ,  b u t  it  i s  not p o s s i b l e  t o  d e t e c t  them. The f i r s t  n o t i c e a b l e  changes 

I appa ren t ly  occur a f t e r  t h e  r i v e r  passes  through t h e  Wyoming p o r t i o n  of Bear 

River  Valley p r i o r  t o  e n t e r i n g  Woodruff Narrows Reservoir .  Severa l  l a r g e  

f e e d l o t s ,  an o l d  o i l - coa l  mining development j u s t  n o r t h  of Evanston, and o t h e r  

a g r i c u l t u r a l  a c t i v i t i e s  begin t o  a f f e c t  t h e  q u a l i t y  of  t he  Bear River  s i g n i -  

f i c a n t l y .  A s t a t e  r e c r e a t i o n  a r e a  is loca t ed  ad j acen t  t o  t h e  r e s e r v o i r ,  bu t  

t h e  r e s e r v o i r  i s  p r imar i l y  f o r  i r r i g a t i o n  no t  r e c r e a t i o n .  

A f t e r  l e av ing  t h e  Woodruff Narrows Reservoi r  t h e  Bear R ive r  cont inues  i t s  

course  through mostly a g r i c u l t u r a l  areas ,  u n t i l  i t  even tua l ly  reaches  t h e  Bear 

R ive r  Migratory Bi rd  Refuge and t h e  Great  S a l t  Lake. The water  q u a l i t y  a t  

t h a t  po in t  has  been s e r i o u s l y  impaired, bu t  most of t h e  change has taken  

p l a c e  below t h e  Woodruff Narrows Reservoi r .  

9 3 



Figure 10.1 

Ecosystem Quality a. 

Assessing environmental impacts of stream flow alterations 
such as dams, power plants, diversions (import and export). 



I n  i t s  500  m i l e  j o u r n e y  t o  t h e  Great S a l t  L a k e ,  B e a r  R i v e r  d r a i n s  

4,778,000 a c r e s  hav ing  a n n u a l  p r e c i p i t a t i o n  of 8-40 i n c h e s  /year ,  l o s e s  abou t  

8,500 f e e t  i n  e l e v a t i o n ,  a c h i e v e s  f low n e a r  12,000 c f s ,  accumulates  s i g n i -  

f  i c a n t  q u a n t i t i e s  of s p e c i f i c  p o l l u t a n t s ,  and journeys  through mountain l a n d s ,  

c o l d  n o r t h e r n  d e s e r t s  a n d  f e r t i l e  r i v e r  v a l l e y s  i m p o r t a n t  t o  t h e  a r e a ' s  

economy. The Bear R i v e r  accumulates  f lows  from s i x  major t r i b u t a r i e s  and 

forms f o u r  r e s e r v o i r s  i n c l u d i n g  Woodruff Narrows and many s m a l l  d i v e r s i o n  dams 

a long  i t s  r o u t e ;  i n  a d d i t i o n ,  Bear Lake is u t i l i z e d  a s  a  r e s e r v o i r -  

I n  t h e  immediate a r e a  of t h e  proposed WN LHHPP t h e r e  i s  some r e c r e a t i o n a l  

a c t i v i t y  (camping, f i s h i n g ,  b o a t i n g ,  b i r d  and d e e r  h u n t i n g ) ,  g r a z i n g ,  and 

r e s i d e n c e s .  Otherwise  u s e  and r e s o u r c e  i n t e r f e r e n c e  is minimal. 

Throughout t h e  l e n g t h  of t h e  Bear  R i v e r ,  f low and power r e q u i r e m e n t s  a r e  

c l o s e l y  c o n t r o l l e d ;  i r r i g a t e d  a c r e a g e  is  s t a b l e  and f l o o d  c o n t r o l ,  i r r i g a t i o n ,  

and r e c r e a t i o n a l  u s e  a r e  a d d i t i o n a l  m u l t i p l e  u s e s  of t h e  b a s i n  waters. A 

m j o r  advantage of WbJ LHHPP would be i t s  minimal impact  on t h e s e  uses .  

10.3 BEAR RIVER WATER QUALITY STANDARDS 

Because t h e  major impact of a c t i o n s  i n  Woodruff Narrows R e s e r v o i r  would 

be expressed  i n  t h e  immediate downstream reaches  which a r e  i n  Utah,  only  

Utah w a t e r  q u a l i t y  s t a n d a r d s  w e r e  a s s e s s e d .  

The Utah S t a t e  D i v i s i o n  of H e a l t h  h a s  d e s c r i b e d  s t a n d a r d s  (da ted  August 

2 ,  1971) which have been a p p l i e d  t o  t h e  Bear  R i v e r  System ( June  23, 1972) and  

w h i c h  h a v e  b e e n  a c c e p t e d  by t h e  E n v i r o n m e n t a l  P r o t e c t i o n  Agency.  T h e s e  

s t a n d a r d s  are  d e f i n e d  a s  t h e  c l a s s  " C "  Water Q u a l i t y  R e q u i r e m e n t s .  T h e  

s t a n d a r d s  state: 

"It s h a l l  b e  un lawfu l  t o  d i s c h a r g e  w a t e s  r e s u l t i n g  i n :  

Cb j e c t  i o n a l b e  d e p o s i t s  
F l o a t i n g  d e b r i s ,  o i l ,  scum, and o t h e r  m a t t e r s  
O b j e c t i o n a b l e  c o l o r ,  odor ,  t a s t e ,  t u r b i d i t y  
I n t e r f e r e n c e  w i t h  c l a s s  "C" w a t e r  u s e s  

U s e s  of c l a s s  "C" w a t e r s :  

Municipal  
( fo l lowing  complete  t r e a t m e n t )  

. A e s t h e t i c s  
I r r i g a t i o n  
S tock  w a t e r i n g  
F i s h  p r o p a g a t i o n  
W i l d l i f e  

R e c r e a t i o n  
(excep t swimming) 

I n d u s t r i a l  s u p p l i e s  
O t h e r  ( a s  de te rmined  by 

t h e  Utah S t a t e  Board 
of H e a l t h  and  U t a h  

Water P o l l u t i o n  
Committee) 



The s t a n d a r d s  l i s t e d  i n  T a b l e  1 0 . 1  s h a l l  n o t  b e  v i o l a t e d . "  I n  a d d i t i o n  

s p e c i f i c  reaches of t h e  Bear River  system have been f u r t h e r  c l a s s i f i e d  f o r  

thermal  discharge t o  prevent  undue hea t ing  of the water  and the  r e s u l t a n t  

s i g n i f i c a n t  e f f e c t s  on f i s h  and o t h e r  aqua t i c  l i f e .  Also, t hese  requi re -  

ments f u r t h e r  l i m i t  t he  minimum l e v e l  of d i sso lved  oxygen (DO) i n  t h e  stream. 

The reader  should be aware t h a t  t h e  amount of oxygen capable of being he ld  

by water  descreases  a s  t h e  temperature of the  water  i nc reases .  These modi- 

f i c a t i o n s  a r e  noted by t h e  appending of "C" f o r  cold and "W" f o r  warm waters  

a s  fo l lows:  

C la s s  "CC" -- 2OF incrementa l  i n c r e a s e  and not  above 680F; 

nO i c  6 mg/l niiuiuwlu. 

Class  "CW" ;- 4oF incrementa l  i n c r e a s e  and not  above 800F; 

DO i s  6 mall, minimam. 

C las s  "CCR" -- 20 F incrementa l  i n c r e a s e  and not above 680F; 

DO i s  6 mg/l minimum; MPN col i forms  1000/100 m l  

upper l i m i t  (average) .  

A s  shown on t h e  schematic  drawing of t h e  Bear River  on F igure  10.2, reaches 

of t h e  r i v e r  have  been  d e f i n e d  t o  meet  one  o r  t h e  o t h e r  of t h e s e  t h r e e  

c l a s s i f i c a t i o n s .  Those reaches not s o  c l a s s i f i e d  are i n  t he  genc ra l  c l a s s i -  

f i c a t i o n  of '%" which h a s  no tcmpcratuse requlremerlt and a lower d isso lved  

oxygen minimum of 5.5 mg/l. The downstream reaches a r e  CW r e f l e c t i n g  t h e  

g r e a l t ? ~  warming o t  t h e  water b u t  not t h e  yual l i :y  A ~ g r a d a t i o n  which h a s  

taken  p l a c e  wi th  d i s t a n c e  from t h e  headwaters of the Bear i n  t he  Uintas .  

I n  t he  Woodruff Narrows reach t h e  water  i s  c l a s s i f i e d  a s  CC. Because 

t h e  LHHPP is  not a water  q u a l i t y  degrading process ,  t h e  only v a r i a b l e s  t h a t  

might be a f f e c t e d  a r e  t hose  which respond t o  phys i ca l  changec. R e s e ~ v o i r s  

and power p l a n t s  tend t o  i n c r e a s e  water  temperatures of s t reams;  however, 

t h e  change i n  water  tempera ture  due t o  t h e  proposed a c t i v i t y  w i l l  be minimum 

and no e f f e c t s  of LHHPP on water  q u a l i t y  v a r i a b l e s  a r e  expected. 

10.4 PROPOSED CONSTRUCTION OF WN LHHPP 

The proposed WN LHHPP i s  designed t o  be loca t ed  a t  o r  w i t h i n  approxi- 

mately two mi1.e~  nf the e x i o t i n g  Woodruff Narrows Dam. Impacts of t h e  s e v e r a l  

a l t e r n a t i v e s  considered would probably b e  contained w i t h i n  a t e n  mi l e  reach of 

t h e  r i v e r  (Figure 3.1) except  t hose  downstream e f f e c t s  t h a t  might r e s u l t  from 

a l t e r a t i o n s  of f l o w .  E s s e n t i a l l y ,  t h r e e  a l t e r n a t i v e  s i t u a t i o n s  must b e  

9 6 
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Utah class "C" stream standards for spe.cific constituents and pollutants 

Limit 

Item Recommended 
mgll 

Mandatory 
mg/ 1 

r 
TDS 500 - 

Ba - 1.0 

CCe 0.2 - 

Phenol 0.001 - 

Ag 

so4 
MBAS 

I 
Zn 5.0 - 

I 

MF'N Coliforms 5,000/100 upper limit (average) 
I BOD5 mg/l upper limit 

DO 5.5 mg/l lower limit 
Radionuclides not to exceed 1/30 of the values as defined in 

National Bureau of Standards Handbook 69 

'~e~endent on climate. O 
. . 

5 b~aximum permissible concentration in water. • 



Figure 10.2' 
# 

Stream water quality classification in Utah1 s portion of 
the Bear River Basin. 
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considered i n  comparison wi th  t h e  e x i s t i n g  system (Table 10.2).  A h ighe r  dam 

could b e  cons t ruc ted  a t  t h e  e x i s t i n g  s i t e  o r  a dam a t  t h e  lower s i te ;  a t  t h e  

lower s i te  two a l t e r n a t i v e s  w e r e  cons idered ,  a lower and a h ighe r  dam. These 

dams would cover a d d i t i o n a l  a r e a s  of about 620 a c r e s ,  760 ac re s ,  and 1,440 

a c r e s  respec t  i ve ly  . Inf  low t o  t h e  p re sen t  and planned r e s e r v o i r s  has  averaged 

157,000 ac re - f ee t l yea r  and t h e  flow a c t u a l l y  used f o r  power genera t ion  f o r  t h e  

d i f f e r e n t  a l t e r n a t i v e s  ranges between 128,000 and 134,000 ac re - f ee t l yea r .  

Increased  capac i ty  g ives  l a r g e r  s u r f  ace  a r e a  s o  t h a t  evapora t ion  i n c r e a s e s  t o  

0.6 percent of t h e  inf low.  Flow changes f o r  t h e  a l t e r n a t i v e s  downstream o f  

t h e  dam show minimal e f f e c t s  o t h e r .  than a s l i g h t  dec rease  i n  peak va lues  and 

s l i g h t  displacement i n t o  e a r l y  sp r ing  and t o  later summer (F igure  10.3). 

These f low impacts a r e  minimal. 

The s p e c i f i c  s t r u c t u r a l  and o t h e r  changes involved i n  t h e s e  a l t e r n a t i v e s  

a r e  descr ibed i n  Chapters  4 and 7. Genera l ly ,  t h e  e f f e c t s  of the WN LHHPP 

would be t o  i nc rease  t h e  amount of l and  f looded  a s  a r e s u l t  of dam construc-  

t i o n  and perhaps a l t e r  . f low p a t t e r n s  w i t h i n  t h e  system. It is  pe rce ived  t h a t  

t h e  flow w i l l  no t  be  changed s i g n i f i c a n t l y  because of t h e  requirement f o r  a 10 

c f s  minimum a s  r equ i r ed  by c o n t r a c t  f o r  t h e  Utah Div i s ion  of W i l d l i f e  Re- 

sou rces  o r  t h e  s e l e c t i o n  of a peaking power option. I n  o t h e r  words t h e r e  

would a t  t h e  most be  8 hours  of r e l e a s e  f o r  power product ion w i t h i n  each 24 

h o u r  p e r i o d .  T h i s  m i g h t  o c c u r  t w i c e  a day f o r  p e r i o d s  of  2 t o  4 . h o u r s -  

I n  gene ra l ,  t h e r e  would be  s u f f i c i e n t  r e l e a s e  t o  guaran tee  10 c f s  over 

approximately 24 hours. The cons t ruc t ion  of t he  WEJ LHHPP wi th  peaking capa- 

c i t y  might r e q u i r e  re - regula t ing  ponds and some a l t e r a t i o n  of t he  s t r eam and 

t h e  p r e s e n t  dam s i t e .  The  p o s s i b l e  r e - r e g u l a t i n g  r e s e r v o i r ( s )  would  b e  

e s s e n t i a l l y  d i v e r s i o n  ponds and would f l o o d  some of t he  lower l y ing  land i n  

t h e  a r e a  and i n c r e a s e  t h e  res idence  t i m e  .of t h e  water  w i t h i n  t h o s e  s p e c i f i c  

reaches.  Those reaches  would be 0.5 t o  1 mile i n  length .  

Stream flow requirements  f o r  downstream water  r i g h t s  e s s e n t i a l l y  would 

be  unaf fec ted .  There is no o b l i g a t i o n  beyond P ix l ey  Dam (Figure 3.2).  and 

t h e  10 c f s  of t h e  Utah Div i s ion  of W i l d l i f e  Resources would be adequate  t o  

m e e t  o t h e r  requirements  ( i r r i g a t i o n ,  e t c . )  w i t h i n  t h e  reg ion .  

S ince  most s t ream and r e s e r v o i r  impacts occur as a r e s u l t  of low f lows,  

s t ream flows w e r e  eva lua ted  f o r  the  1977 water  year ,  t h e  minimum observed 

low flow during t h e  pe r iod  1942-1977. The e f f e c t s  of the  low flow were t o  

decrease  s i g n i f i c a n t l y  t h e  annual  inf low t o  t h e  r e s e r v o i r ,  157,000 a s  an 



Woodruff Narrows proposed LHHPP a l t e r n a t i v e s  and t h e i r  e f f e c t s  on t h e  hydro logic  regime 

1,000 a c r e - f t l y e a r  
Maximum Average Used Power Typica l  _ Generat ing 

WS e l ev . ,  Evapora- End-of-Year f o r  Produced f low Capaci ty  
f t .  Capaci ty  t i ona  s to rageb  Power GWH Peak, c f s  MW 

Ex i s t i ng  Upper 
S i t e  (Basel ine)  6,,439.38 28.0 2.07 11.5 0 3. 4C 0 2 . l c  

Raised Dam, 
- . Upper S i t e  

( a l t .  1 )  6,452.5 53.2 1.94 18 .1  128 5.0 600 3 .O 

Low Dam, Lower - 
S i t e  (Al t .  2) 6,442.5 52.0 2.85 18.4 134 7.1 600 3.9 

High Dam, Lower 
S i t e  ( A l t .  3) . 6,452.5 76.9 3.02 37.5 134 3 .3 600 4.5 

a mean .annual. 

b ~ e a n  2nd-of-water year  s t J r age .  See Chapter  5 f o r  hydro logic  an , r l y s i s .  

C 
P o t e n t i a l  i f  a gene ra to r  were added t o  p re sen t  dam. 



Figure 10.3 
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Change in Monthly Average Flows (1942-77 ) 
Due to Di f f er.ent Alternatives 
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average '  t o  33,000 acre-f e e t  f o r  1977. However, t h e  p a t t e r n  remained s i m i l a r  

even f o r  t h e  d i f f e r e n t  a l t e r n a t i v e s  (F igure  10.4). I n  t he  cases  of a l t e r n a -  

t i v e s  1, ' 2 ,  and' 3 ,  t h e  o u t f l o w  was i n c r e a s e d  by u s i n g  p r e v i o . u s l y  s t o r e d  

water .  Also t h e  peak f lows du r ing  t h e  runoff season (F igure  10 -4 )  were con- 

s i d e r a b l y  reduced compared t o  t h e  average  s i t u a t i o n  (F igure  10.3). Because of 

f low p a t t e r n  s i m i l a r i t y  and t h e  s i m i l a r i t y  hetween base  f lows and a l t e r n a t i v e  

f lows ,  t h e  a d d i t i o n a l  impact a t  minimum flow of a  LHHPP was judged i n s i g n i -  

f  i c a n t  . 
10.5 IMPORTANT ASSESSMENT VARIABLES 

To i d e n t i f y  and a s s e s s  ecosystem impacts of n a t u r a l  r e sou rces  develop- 

ment, f e d c r a l  a g r a c i e s  , and nt  he t s  have u s e d  check1 i s  ts of environmental 

v a r i a b l e s  t h a t  are s u b j e c t  t o  change due t o  develuprueat: p r o j e c t s .  P o t e n t i a l l y  

i m p o r t  a n t  a q u a t i c  e c o s y s  t e m  i m p a c t s ,  b o t h  b e n e f i c i a l  and  a d v e r s e ,  s e r v e  

as a s t a r t i n g  p o i n t  i n  t h e  a s s e s s m e n t  p r o c e s s  and e n s u r e  t h a t  i m p o r t a n t  

impacts  a r e  not overlooked, and guide d a t a  c o l l e c t i o n  where in format ion  f o r  

assessment  i s  l ack ing  (USBR, 1972; Ross e t  a l . ,  1978; C i c c h e t t i  e t  a l e ,  1973; 

Mar t e l  and Lackey, 1978). 

A s  Leopold e t  a l .  (1971) po in ted  o u t  f o r  t h e  USGS, t h e s e  impacts can 

b e  d i v i d e d  i n t o  two b r o a d  c a t e g o r i e s :  1 )  E x i s t i n g  c h a r a c t e r i s t i c s  and 

c o n d i t i o n s  of t h e  e n v i r o n m e n t ,  and 2 )  p r o p n s e d  a c t  i o n s  which may c a u s e  

e n v i r o n m e n t a l  i m p a c t .  W i t h i n  e a c h  of t h e s e  c a t e g o r i e s  s e v e r a l  l o g i c a l  

groupings havc boen d @ f l r ~ e r l .  A oolect~rl 'list of  he a p c c i f i c  p t t r i b u t e s  

w i t h i n  each category was app l i ed  t o  t h e  Bear River  and impact of t h e  proposed 

WN LHHE'P (Table 10.3) was eva lua t ed  i n  terms of a  gene ra l i zed  l i s t  of s p e c i f i c  

v a r i a b l e s  t h a t  would apply t o  o t h e r  r i v e r  systems as  w e l l  a s  t o  WN LHHPP. 

The l i s t  of v a r i a b l e s  was not completely s i te  s p e c i f i c  t o  t h e  Bear River.  

10.6 ASSESSMENT CRITERIA 

The proposed , ac t i ons  w i l l  have impacts on a q u a t i c  ecosystems t h a t  i nc lude  

9 8  l i s t e d  i t e m s  grouped  as f o l l o w s :  m o d i f y i n g .  t h e  t y p i c a l  r e g i m e ,  l a n d  

u s e  . t r a n s p o r t a t  ion and cons t r u c t i o n ,  r e sou rce  e x t r a c t  ion ,  p rocess ing ,  land 

a l t e r a t i o n s ,  r e sou rce  renewal,  changes i n  t r a f f i c ,  waste  emplacement and 

treatmenr:, cliemieal t r ea tmen t ,  and acc iden t s .  S i m i l a r l y ,  e x i s t i n g  char- 

a c t e r i s t i c s  i nc lude  86 s p e c i f i c  a t t r i b u t e s  grouped. i n t o  e a r t h ,  water , .  atmo- 

sphe re ,  b i o l o g i c a l  cond i t i ons ,  c u l t u r a l  f a c t o r s ,  and e c o l o g i c a l  r e l a t i o n s h i p s .  

Others  a r e  permi t ted  i n  both c a t e g o r i e s  i f  i d e n t i f i e d .  



Figure 10.4 

Changes in 'onthly Flows During the Driest Year (1977) 
Due.-..to Different Alternatives. 
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Table 10.3 
  he p o t e n t i a l  impacts of changing an e x i s t i n g  dam and r e s e r v o i r  system t o  

add low-head hydropower 

Major Act ions w i t h  P o t e n t i a l  1mpactsa 

- -- -,- .,.. . -. .. . .- . 

Water Qual i ty  0 0 0 - +. - + 0 0 

Water Temperature + + 0 + + 0 0 

Flooding Character-  
i s t i c s  + + 0 + 0 - + b u t  small  

Aquat ic  p l an t s  + + 0 + 0 0 0 

T e r r e s t r i a l  p l a n t s  - . - 0 - 0 .' 0 - b u t  smal l  

Endangered s p e c i e s  - + 0 - + - + - + 0 0 

Fish  + - + - + '  0 - + b u t  smal l  

Migratory Fauna 0 0 0 - + ' 0  0 0 

Land l i s p s  0 0 0 - n 11 - but  cmall 

R~rrration - Hunting - I 0 

Recrea t ion  - Fish ing  - + 0 

Recrea t ion  - Boating 0 .  0 

Recrea t ion  - Misc. 0 0 

Scenic  V i e w s  0 0 

~ a n d s c a ~ e  des ign  - + 0 

Heal th and Sa fe ty  0 0 

a 
P o t e n t i a l  Impacts: + i s  p o s i t i v e  change (an  i n c r e a s e  o r  improvement*) 

- i s  nega t ive  change ( a  decrease  o r  degradation*) 
+ i s  e i t h e r  depending on s i t e  and s p e c i f i c  v a r i a b l e  - 
0 is  no e f f e c t  

"improvement is (+) 
degrada t ion  i s  (-) 



Those v a r i a b l e s  most r e l evan t  t o  LHHPP impacts ( cons t ruc t ion  and opera- 

t i o n )  were i d e n t i f i e d  i n  T a b l e  10 .3 .  The v a r i a b l e s  w e r e  s ' e l e c t e d  f rom 

l ists  compiled f o r  t h e  USGS (Leopold e t  a10  , 1971),  t h e  Canadian government 

(McKee e t  al., USU, unpublished.), t h e  USBR (USBR, 1972),  and r ecen t  a t t empt s  

t o  ana lyze  a q u a t i c  ecosystems using computer approaches (Ross e t  a l . ,  1978; 

Martel  and Lackey, 1978). 

The p o t e n t i a l  impacts  generated by developing a  LHHPP on an  e x i s t i n g  dam 

and r e s e r v o i r  s i t e  must be assessed  i n  r e l a t i o n  t o  t hose  produced by t h e  

e x i s t i n g  condi t ions .  Because q u a n t i t a t i v e  f u n c t i o n a l  r e l a t i o n s h i p s  f r e q u e n t l y  

do n o t  e x i s t  between e c o l o g i c a l  v a r i a b l e s  and phys i ca l  and chemical changes, a  

s u b j e c t i v e  e v a l u a t i o n  is  o f t e n  used. Although some ambiguity e x i s t s  when 

us ing  a  + t o  show i n c r e a s e  as w e l l  a s  improvement, t h e  system a l lows  f o r  

ob t a in ing  a  q u a n t i t a t i v e  eva lua t ion  f o r  t h o s e  cases  where i t  is  not p o s s i b l e  

a t  p r e s e n t  t o  r e l a t e  i n c r e a s e  o r  decrease  t o  improvement ( tempera ture  change). 

The impact e v a l u a t i o n  scheme a s  noted approximates t h e  USGS system (Leopold e t  

a L ,  1971). The f a c t  t h a t  a  p o t e n t i a l  impact could occur does pot mean t h a t  

t h e  magn i tude  of t h e  a c t i o n  i s  s u f f i c i e n t  t o  c a u s e  a  m e a s u r a b l e  i m p a c t .  

I n  the  c a s e  of t h e  WN LHHPP, t h e  magnitude of t h e  a c t i v i t y  i s  in su f f  i- 

c i e n t  t o  cause any s i g n i f i c a n t  impacts.  Two f a c t o r s  lead  t o  t h i s  conclusion:  

1 )  t h e  magnitude of h a b i t a t  change of t h e  reach i s  t o o  small; 2)  o t h e r  f a c t o r s  

mask any impacts w i t h i n  t h e  reach. 

E s s e n t i a l l y  about 0.5 percent  of t h e  r i v e r  would be impacted - by t h e  

a c t i o n  (<2 miles o u t  of more than  400) and very l i t t l e  impact on r i v e r  flow 

p a t t e r n  would occur  (F igure  10.3). Add i t i ona l  f looded  land  could  amount t o  a s  

much a s  1 - 2  square  mi les  bu t  t h i s  amounts t o  only 0.016 percent  of t h e  t o t a l  

l and  a r e a  i n  t h e  bas in .  Rare and endangered spec i e s  are not  i n  t h e  immediate 

a r e a  and e f f e c t s  of adding LHHPP would be minimal anyway because t h e  e x i s t i n g  

dam provides  a  b a r r i e r  t o  migrat ion.  The o t h e r  impacts a r e  i n  t o t a l  judged t o  

be  n e g l i g i b l e .  

A l though  c h a n g i n g  of peak f l o w s  have  been  shown t o  p r o d u c e  changes  

i n  h a b i t a t  i n  Intermountain streams (Grenney and P o r c e l l a ,  1976a), t h e  f low 

changes t h a t  a r e  produced by LHHPP a r e  inadequate  t o  ' cause t hose  changes. 

S t a lnake r  (1979) has shown t h a t  s t ream h a b i t a t  is a  good means t o  e v a l u a t e  

i n s t r eam flow needs. Again, t h e  e f f e c t s  of WN LHHPP a r e  t o o  i n s i g n i f i c a n t  t o  

produce h a b i t a t  changes of t h e  magnitude suggested by S ta lnaker .  



Previous  a t t empt s  us ing  a water  q u a l i t y  model t o  e v a l u a t e  water  q u a l i t y  

i m p a c t s  of a l t e r n a t i v e s  i n  a p p l y i n g  ' w a s t e w a t e r  t r e a t m e n t ,  p r o c e s s e s  t o  a 

r eg ion  of the Green R ive r  i n  Utah i n d i c a t e d  l i t t l e  impacts  of t h e  a l t e r n a t i v e s  

(Grenney and P o r c e l l a ,  1976b). Because t h e  r e l a t i v e  magnitude " of .impact 

was l e s s  f o r  t h e  LHHPP on t h e  Bear River ,  t h i s  approach was not appl ied  t o  

Woodruff Narrows. S imi l a r ly  t he  EIS e v a l u a t i o n  m d e l  developed by Martel  

and Lackey (1978) was not app l i ed  because of t h e  i n s i g n i f i c a n c e  of impacts 

genera ted  by t h e  proposed a c t  ion. 

The . f a c t  t h a t  o t h e r  a c t i v i t i e s  have environmental.  impacts i n  t h e  r i v e r  

system and mask LHHPP is  i n s u f f i c i e n t  t o  ignore  LHHPP impacts. However, i t  

would be impossible  t o  measure t h o s e  LHHPP impacts because e c o l o g i c a l  "noise" 

wou ld  p r e v e n t  a s s e s s m e n t  of t h o s e  impac t$ .  An exa.nple  i s  t h e  change  i a  

macrof auria ( T a b l e  10 .4 )  be tween  a s t a t i o n  l o c a t e d  u p s t r e a m  nf  Evans t o n ,  

Wy~~lii ' lg,  aud a s c a t i o n  downstream of Woodruff'. The change i n  s t r eam c h a r a c t e r  

and impact of po in t  and nonpoint was te  ma te r i a l s  decreased d i v e r s i t y  and 

biomass- Q u a l i t y  v a r i a b l e s ,  s t r eam hydrodynamics, and geomolrphic f a c t o r s  a l l  

r e a c t  t o  cause t h e s e  changes i n  t h e  s t r e a m  macrof auna l  comrmnity. 

10.7 CONCLUSION 

Based on a n  a s s e s s m e n t  of e c o l o g i c a l  v a i r a b l e s  t h a t  would r e f l e c t  

s t r eam ecosystem i n t e g r i t y ,  i t  is  judged t h a t  t h e  Woodruff Narrows LHHPP 

would  have  n e g l i g i b l e  i m p a c t  on  t h e  B e a r  R i v e r  e c o s y s t e m  o v e r  and above  

e x t s c l n g  s t n i r t l l r e s  and otrcam c r p % ~ a ~ l o n s .  PLOW p s t t c r n o ,  q u a l i t y  and q u a n t i t y  

would be e s sen t  t a l l y  unchanged. Sens it fvt! e c o l o g i c a l  f a c t o r s  appear non- 

e x i s t e n t  f o r  t h a t  segment of t h e  Bear River  system. Also based on t h i s  one 

example, i t  appears t h a t  WN LHHPP would be a low impact technique f o r  pro- 

ducing hydropower. 

10.8 SOURCES OF ECOLOGICAL DATA 

Most d a t a  were obtained from water  q u a l i t y  s t u d i e s  (Sorensen e t  a l e ,  

1976; IIWRL, 1974). Other  d a t a  were reviewed s u b j e c t i v e l y  a s  needed- Typ ica l  

EIS d a t a  have not been compiled nor c o l l e c t e d  i n  t h i s  region. S i g n i f i c a n t  

c o l l e c t i o n  and a n a l y s i s  woi~ld be requi red  t o  develop such a pool  of d a t a  

and t h e  proposed a c t i o n  is judged t o  be t oo  i m i g n i f i c a n L  KO r e q u i r e  such 

d a t a  c o l l e c t i o n  because of low magnitude of impact and low s e n s i t i v i t y  of t h e  

s p e c i f i c  environment. 



Table 10.4 
A comparison of macrofauna.community v a r i a b l e s  f o r  sampling s t a t i o n s  

upstream and downstream of t h e  proposed WN LHHPP 

USGS 
S t a t i o n  Number of 

and Recorded Number gm biomass 
River Mile. ~ i v e r s  itya Taxa per  f t 2  Per  f t 2  

10011500 1.90 18  228 . 1.51 
Rm 401.5 

a n 
d = -  (: - E i n  2) ; d i s  d i v e r s i t y ,  n i s  the  number of  i n d i v i d u a l s  re- 

N i 

corded i n  taxon, i, and N is t h e  t o t a l  number of  i nd iv idua l s  ' i n  t h e '  
community sampled. 
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CHAPTER 11 

REGULATORY REQUIREMENTS 

11.1 STATE OF WYOMING 

11- 1.1 WYOMING STATE ENGINEER'S OFFICE 

The fo l lowing  informat ion  and permi ts  would be  r equ i r ed  f o r  adding hydro- 

e l e c t r i c  power gene ra t i on  a t  t h e  Woodruff Narrows Reservoi r :  

1- A secondary a p p l i c a t i o n  mst be f i l e d  f o r  t h e  water  s t o r e d  i n  t h e  
Woodruff Narrows R e s e r v o i r  u n d e r  P e r m i t  No. 6556 R e s . ,  and  t h e  
enlargement of woodruff Narrows Reservoi r ,  T.F. No. 22 2/84. This  
would a l low water  from bo th  f i l i n g s  t o  be  u t i l i z e d  f o r  power genera- 
t i o n  i n  a d d i t i o n  t o  t h e  e x i s t i n g  uses.  

2. A d i r e c t  flow f i l i n g ,  S.W. 1 Form, must be f i l e d  f o r  water  t h a t  
would be passed .  d i r e c t l y  through t h e  r e s e r v o i r ,  and u t i l i z e d  f o r  
power genera t ion .  

3 -  A map, c e r t i f i e d  t o  by a . l i c e n s e d  engineer  i n  Wyoming, must accompany 
t h e  f i l i n g s .  

11.1.2 WYOMING PUBLIC UTILITY ADMINISTRATION 

An a p p l i c a t i o n  mst be f i l e d  f o r  t h e  proposed t r ansmis s ion  l i n e  from 

t h e  power house t o  t he  Utah Power and L igh t  Company 46 KV t r ansmis s ion  l i n e .  

11.1.3 WYOMING DEPARTMENT OF ENVIRONMENTAL QUAL ITY 

An a p p l i c a t i o n  must be f i l e d  f o r  t h e  water  and was te  water  d i s p o s a l  

from any rest room f a c i l i t i e s  and f o r  t h e  t a i l w a t e r  d i scharge  a t  t h e  power 

house. 

11.; 1.4 WYOMING .OFFICE OF INDUSTRIAL SITING ADMINISTRATION 

An a p p l i c a t i o n  must be f i l e d  i n  conformity wi th  r u l e s  and r e g u l a t i o n s  of 

th ' i s  o f f i c e .  

11.1.5 WYOMING DEPARTMENT OF GAME AND FISH 

A s e t  of p lans  f o r  t h e  proposed development w i th  an  a p p r o p r i a t e  app l i ca -  

t i o n  form must b e  s u b m i t t e d  t o  t h e  Wyoming Depa r tmen t  of Game and F i s h .  



11.2 FEDERAL AGENCIES 

11.2.1 U.S. ARMY CORPS OF ENGINEERS 

' An a p p l i c a t i o n  is  requi red  f o r  cons t ruc t ion  of the  permanent foundat ion  

of t h e  power p l a n t  i n  t h e  r i v e r  bed below t h e  h igh  water  su r f ace .  

11.2.2 U. S  . BUREAU OF LAND MANAGEMENT 

An a p p l i c a t i o n  has been f i l e d  f o r  an easement f o r  t h e  proposed en la rge-  

ment  of t h e  p r e s e n t  dam ( u p p e r  s i t e )  f o r  a d d i t i o n a l  l a n d  t h a t  would b e  

i n u n d a t e d  by r a i s i n g  t h e  dam. No a d d i t i o n a l  p e r m i t s  would b e  r e q u i r e d  

f o r  , t h e  upper s i t e  s i n c e  t h e  proposed power development would be hui.1.t nn. 

l and  owned by t h e  Utah Board of Water Reso~~rres  a.nd t h e  pr'oposed powcr tranoq- 

miss ion  l i n e s  would be cons t ruc t ed  on land e i t h e r  owned by t h e  Utah Board of 

Water Resources o r  t h e  s tockho lde r s  of t h e  Woodruff Narrows Reservoi r  Company 

I f  t h e  p r o p o s e d  power deve lopment  were c o n s t r u c t e d .  o n  a  dam a t  t h e  

lower s i te ,  an a p p l i c a t i o n  f o r  a d d i t i o n a l  easements t o  t h e  U.S. Bureau of 

Land Management would be requi red  f o r  both inundat ion  of land between the  

upper  and lower s i t q s  and f o r  a  s h o r t  d i s t a n c e  f o r  t h e  power t ransmiss ion  

l i n e s .  

11.2.3 FEDERAL ENERGY REGULATORY COMMISSION 

I f  power f e a t u r e s  are t o  he added t o  the Woodruff Nnrrowo Reservoi r ,  i t  

would be necessary t o  o b t a i n  a  l i c e n s e  from t h e  Federa l  Energy Regulatory 

Commission. p r i o r  t o  s t a r t  of cons t ruc t ion .  A t  t h e  p re sen t  t i m e  t h i s  would 

r e q u i r e  s u b m i t t a l  of a n  a p p l i c a ' t i o n  w i t h  c o m p l e t e  document a t  i o n  of t h e  

proposed project . ,  S ince  i t  i s  l a r g e r  than 1.500 kw, a t n t a l  of 70 exh ib i t€  

must b e  prepared inc lud ing  s t a t emen t s  on water  r i g h t s ,  proposed f i nanc ing ,  

p r o j e c t  ope ra t i on ,  arid a n  environmental j.mpact s ta tement .  A "proposal  t o  

e s t a b l i s h  a  short-form a p p l i c a t i o n  or  p r o j e c t s  of , less than  15,000 KW capa- 

c i t y  i s  ,under cons ide ra t i on  by t h e  Congress. I f  the proposal. i s  enac ted ,  t h e  

procedure  f o r  ob t a in ing  an FERC l i c e n s e  f o r  a  power development a t  Woodruff 

Narrows would be much s i m p l i f i e d .  



CHAPTER 12 

.CONCLUS'IONS AND RECOMMENDATIONS 

12.1 GENERAL CONCLUSIONS 

A summary of t h e  r e s u l t s  and conc lus ions  reached  from t h i s  f e a s i b i l i t y  

s t u d y  a r e  r e p o r t e d  below f o r  each  i t em of i n f o r m a t i o n  r e q u i r e d  by Coopera t ive  

Agreement in umber DE-FC07-78ID01767 a s  l i s t e d  i n  Chap te r  2  under Scope of 

Study 

1. Hydropower C o n f i g u r a t i o n  and Capac i ty .  Run-of - r i v e r  h y d r o e l e c t r i c  

power  i n s t a l l a t i o n  w a s  c o n s i d e r e d  f o r  t h r e e  a l t e r n a t i v e s  w h i c h  i n c l u d e d  

an  i n t a k e ,  pens tock ,  powerhouse, t u r b i n e ,  a c c e s s o r y  e l e c r i c a l  equipment,  

m i s c e l l a n e o u s  m e c h a n i c a l  e q u i p m e n t ,  a c c e s s  r o a d s ,  s u b s t a t i o n  e q u i p m e n t ,  

and t r a n s m i s s i o n  l i n e .  A l t e r n a t i v e  1 i s  t h e  most economical  a l t e r n a t i v e  

w i t h  hydropower development a t  t h e  e x i s t i n g  dam a t  t h e  upper  s i t e  r a i s e d  t o  

p r o v i d e  a r e s e r v o i r  with normal maximum w a t e r  s u r f a c e  a t  e l e v a t i o n  6,452.5 

f e e t .  Hydropower i n s t a l l a t i o n  a t  a  low dam and a  h i g h  dam a t  t h e  lower s i t e  

w e r e  a l s o  c o n s i d e r e d  as  a l t e r n a t i v e s  2  a n d  3  r e s p e c t i v e l y .  T h e  maximum 

c a p a c i t i e s  o f  t h e  h y d r o p o w e r  i n s  t a l l a t i o n s  f o r  a l t e r n a t i v e s  1, 2 ,  a n d  3  

r e s p e c t i v e l y  are 3,000 KW, 4,000 XW, and 4,500 KW. 

2 .  H y d r o e l e c t r i c  Power C h a r a c t e r i s t i c s  and  P r o d u c t i o n .  The  power  

p r o d u c t i o n  f o r  t h e  above t h r e e  a l t e r n a t i v e s  would occur  dur ing  t h e  5  month 

p e r i o d  of A p r i l  through August 'w i th  June  as t h e  miiximum p r o d u c t i o n  month. 

Over 85 percen t  of t h e  f low of t h e  Bear R i v e r  a t  t h e  Woodruff Narrows s i t e  

o c c u r s  d u r i n g  t h i s  5  month per iod .  Peaking power p r o d u c t i o n  and a pumped 

s t o r a g e  a l t e r n a t i v e s  were  a l s o  cons idered  a t  t h e  upper  s i te.  Peak power 

p r o d u c t i o n  was c l e a r l y  less f a v o r a b l e  t h a n  run-of - r i v e r  a l t e r n a t i v e s .  The ? 

pumped s t o r a g e  a l t e r n a t i v e  appeared t o  be more economical  t h a n  t h e  run-of- 

r i v e r  a l t e r n a t i v e s  when compared t o  g e n e r a t i n g  power from c o a l  o r  d i e s e l  o i l .  

However, from a n  a n a l y s i s  of c o s t s  and t h e  c u r r e n t  market v a l u e  of energy i n  

t h e  a r e a  t h e  pumped s t o r a g e  a l t e r n a t i v e  is no b e t t e r  t h a n  a l t e r n a t i v e  1. The 

average  annual  energy p r o d u c t i o n  f.or t h e  pumped s t o r a g e  a l t e r n a t i v e  was 7.6 

GWH w i t h  a  pumping requ i rement  of 5.6 GWH r e s u l t i n g  i n  a n e t  average  annua l  

e n e r g y  p r o d u c t i o n  o f  2 .0  GWH. An e s t i m a t e  o f  t h e  a v e r a g e  a n n u a l  e n e r g y  

p r o d u c t i o n  f o r  a l t e r n a t i v e s  1, 2 ,  and 3  r e s p e c t i v e l y  a r e  5.0 GWH, 7 .1  GWH, and 

8.3 GWH. 
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3. Hydropower Impact on Other Uses. Woodruff Narrows Reservoi r  i s  

used p r imar i l y  f o r  i r r i g a t i o n .  Hydropower product ion would be s u b j e c t  t o  

r i v e r  f lows and r e s e r v o i r  r e l e a s e s  f o r  i r r i g a t i o n  purposes and f i s h  cons erva- 

t i o n  and would n o t  have any s i g n i f i c a n t  nega t ive  e f f e c t  s o  Hydropower develop- 

ment would have a  p o s i t i v e  e f f e c t  by providing b e t t e r  r e g u l a t i o n  f o r  i r r i g a -  

t i o n  and f l ood  c o n t r o l  during t h e  5 month per iod  of Apr i l  through August. 

4.  Power M a r k e t i n g  P o t e n t i a l .  A number of p o t e n t i a l  u s e r s  i n  t h e  

a r e a  were contac ted  concerning t h e  marketing of the  p o t e n t i a l  energy t h a t  

could  be developed a t  t h e  Woodruff Narrows site. The cu r r en t  va lue  of t he  

energy t h a t  could be produced i s  approximately 30 mills per  KWH. The power 

company i n  t h e  a r e a  d id  no t  show much i n t e r e s t  i n  purchasing t h e  power bu t  is 

w i l l i n g  KO wheel the powcr a t  approximately 9 mills pe r  KWII f o r  a ~~nximum 

p l a n t  capac t iy  ou tput  of 3.0 megawatts based on a  charge of $15 p e r  KW-yr 

and product ion  of 5  GWH pe r  year .  Therefore ,  t h e  n e t  va lue  of t h e  energy 

produced a t  t h e  Woodruff Narrows s i te  is approximately 21 mills per  KWH- 

5. Regulatory Requirements. Hydropower development a t  t h e  Woodruff 

Narrows s i t e  would r e q u i r e  a  Federa l  Energy Regulatory Commission License,  

a  U.S. Army Corps of Engineers permi t  f o r  cons t ruc t ion ,  water  r i g h t  approvals  

from t h e  Wyoming S t a t e  Engineer,  and a p p l i c a t i o n s  f i l e d  a s  r equ i r ed  by the  

fo l l owing  agencies  of the  S t a t e  of Wyoming: P u b l i c  U t i l i t y  Adminis t ra t  ion ,  

Department of Environmental Qua l i t y ,  Off i c e  of I n d u s t r i a l  S i t i n g  Administra- 

t i o n ,  and Department of Game and Fish.  A l t e r n a t i v e s  2  and 3 would r equ i r e  

easements f  ram t h e  U .S . Bureau of Land Management. 

6. Economic Analyses. None of t h e  t h r e e  b a s i c  run-of-r iver  a l t e r n a t i v e s  

o r  t h e  pumped s t o r a g e  a l t e r n a t i v e  a r e  economically o r  f i n a n c i a l l y  f e a s i b l e  a t  

t h i s  t i m e .  A l t e r n a t i v e  1 i s  t h e  most favorab le  a l t e r n a t i v e .  The c a p i t a l  

investment  pe r  i n s  t a l l c d  k i l owa t t  is $1,094 f o r  t h i s  a l t e r n a t i v e  w i ~ h  an 

average p l a n t  capac i ty  of 2,400 KW. Thc c a p i t a l  investment c o s t s  per  in- 

s t a l l e d  k i l o w a t t  f o r  a l t e r n a t i v e s  2  and 3 r e s p e c t i v e l y  a r e  $1,370 and $1,498. 

The t o t a l  c o s t  of energy produced by a l t e r n a t i v e  1 is  51 mills p e r  KWH based 

on a n  8 percent  r e t u r n  on investment.  I f  t h e  wheeling charges  a r e  added, t h e  

t o t a l  c o s t  of producing t h e  energy i s  60 m i l l s  p e r  KWH. The r a t e  of r e t u r n  on 

investment  f o r  a l t e r n a t i v e  1 is  l e s s  than  one percent  based on t h e  cu r r en t  n e t  

market va lue  of 21 m i l l s / K W H  f o r  t h e  energy. A l t e r n a t i v e s  2  and 3 a r e  even 

l e s s  favorab le  t han  a l t e r n a t i v e  1. The cos t  of producing power by a l t e r n a -  

t i v e s  2  and 3 based on a  r a t e  of r e t u r n  on investment of 8  percent  inc lud ing  

wheeling charges  i s  ove r  75 m i l l s  p e r  KWH. 
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7. Annual Operat ion and Maintenance,Costs.  The annual  ope ra t i on  and 
i 

maintenance ( O M )  c o s t s  of each a l t e r n a t i v e  were es t imated  a t  1.5 percent  of 
. . 

t h e  t o t a l  c a p i t a l  c o s t  .of t h e  p r o j e c t .  This  r e s u l t e d  i n  annual  O&M c o s t s  f o r  

a l t e r n a t i v e s  1, 2, and 3 r e s p e c t i v e l y  of approximately $40,000, $72,000, . and 

$90,000. These cos t s  do no t  inc lude  wheeling charges which a r e  es t imated  a t  

$15 p e r  k i l o w a t t  of p l a n t  capac i ty .  The wheeling charge could amount t o  

approximately 9  m i l l s  p e r  KWH. 

8.  A n t i c i p a t e d  P r o j e c t  L i f e .  The a n t i c i p a t e d . l i f e  of  t h e  p r o j e c t  

was es t imated  t o  be  50  years  f o r  a l l  a l t e r n a t i v e s  considered.  

9 .  I n s t i t u t i o n a l ,  S o c i a l ,  and  E n v i r o n m e n t a l  Assessment .  The o n l y  

i n s t i t u t i o n a l  problem of any m g n i t u d e  i s  t h e  water  r i g h t  pr.oblems a s s o c i a t e d  

w i th  t he  t r i - s t a t e  Bear River  Compact. The Bear River  Commissioners of each 

s t a t e  have r e c e n t l y  s igned a n  Amended Bear River  Compact t h a t  would a l l e v i a t e  

t h i s  problem. The Amended Compact is now be fo re  t h e  l e g i s l a t u r e s  of each of 

t h e  t h r e e  s t a t e s  f o r  r a t i f i c a t i o n .  None of t h e  a l t e r n a t i v e s  under  considera-  

t i o n  would have s i g n i f i c a n t  nega t ive  s o c i a l  impacts* The propos,ed a l t  erna- 

t i v e s  would r e s u l t  i n  l i t t l e  o r  no change i n  presen t  p a t t e r n s  of water  . and  

l a n d  u s e ,  income,  p o p u l a t i o n , '  a n d  empl.oyment= The v e r y  s l i g h t  p o s i t i v e  

impacts from any of t he  a l t e r n a t i v e s  would not  r e s u l t  i n  any s i g n i f i c a n t  

changes of t h e  s o c i a l  s t r u c t u r e  o r  cha rac t e r  of t h e  a rea .  The most s i g n i -  

f i c a n t  . s o c i a l  and economic t r a d e  o f f s  would be  i n  t h e  p r o v i s i o n  of a d d i t i o n a l  

l a t e - s  eason i r r i g a t i o n  wa te r  ve r sus  inundat ion  of some g raz ing  land i n  a l t e r -  

n a t i v e s  2  and 3. Based on an assessment of eco log ica l  v a r i a b l e s  t h a t  would 

r e f l e c t  s t ream ecosystem i n t e g r i t y ,  it  is judged t h a t  hydropower development 

a t  t h e  Woodruff Narrows s i te  would have n e g l i g i b l e  impact on t h e  Bear River  

ecosystem over  and above e x i s t i n g  s t u c t u r e s  and s t ream ope ra t i ons -  Flow 

p a t t e r n s  , q u a l i t y ,  and q u a n t i t y  would be  e s s e n t i a l l y  unchanged. S e n s i t i v e  

e c o l o g i c a l  f a c t o r s  appear nonexis ten t  f o r  t h a t  segment of t he  Bear R i v e r  

s y s  t e m .  

1 0 .  S a f e t y  C o n s i d e r a t i o n s .  Whi le  some s a f e t y  p r e c a u t i o n s  would b e  

necessary  during t h e  cons t ruc t ion  of hydropower f a c i l i t i e s  a t  t h e  s i t e ,  t h e r e  

a r e  no known or f o r e s e e a b l e  s a f e t y  hazards t h a t  would be in t roduced  by t h e  

a d d i t i o n  of a  power p l a n t  a t  t he  Woodruff Narrows Dam and Reservoi r  s i t e .  

11. Eng inee r ing  A c c e p t a b i l i t y  of t h e  S i t e  f o r  Hydropower Development. 

Both t h e  u p p e r  s i t e  and l o w e r  s i t e  l o c a t i o n s  a r e  g e o l o g i c a l l y  sound a n d  

accep tab l e  from a  geot echn ica l  engineer ing  viewpoint f o r  h y d r o e l e c t r i c  power 

11 3 



development. However, h y d r o e l e c t r i c  power development a t  the Woodruff Narrows 
4 

' 
s i t e  is not economically s o m a  a t  t h i s  time. 

12. Turbine A v a i l a b i l i t y  and S u i t a b i l i t y .  For a l t e r n a t i v e  1, with a  

maximum n e t  head of 48 f e e t ,  a  s t anda rd i zed  pre-designed ready-made tube 

t u r b i n e  was s e l e c t e d  on t h e  bas is of cos t ,  a v a i l a b i l i t y ,  s imple i n s t a l l a t i o n  

and easy maintenance. For a l t e r n a t i v e  2 ,  which has  a  mximum n e t  head of 65 

f e e t ,  a  h o r i z o n t a l  bu lb  type  t u r b i n e  was s e l e c t e d  because t h e  ope ra t i ng  head, 

of more than  60 f e e t  is beyond t h e  range of a  s t anda rd  t ube  t u r b i n e  and a l s o  
I because a  v e r t i c a l  Kaplan type .  t u r b i n e  would b e  more c o s t l y .  For  a l t e r n a t i v e  

3,  which has  a  maximum n e t  head of 75 f e e t ,  a  v e r t i c a l  Kaplan t u r b i n e  was 

s e l e c t e d  because t h e  ope ra t i ng  head i s  h ighe r  than  t h e  normal range f o r  a  bu lb  

t u r b i n e .  It should be noted t h a t  a s  the maximum power head i s  inc reased  t h e  

c o s t  of t h e  t u r b i n e s  t h a t  a r e  s u i t a b l e  f o r  t h e  corresponding heads rises 

f a s t e r  than t h e  va lue  of t he  a d d i t i o n a l  energy generated by t h e  a d d i t i o n a l  

head. 

13-  Development Schedulinp f o r  P u t t i n g  Power On-Line. S ince  i t  was 

concluded t h a t  i t  i s  not economically f e a s i b l e  a t  t h i s  t i m e  t o  develop hydro- 

power at the  Woodruff Narrows s i te ,  a  d e t a i l e d  schedule  f o r  p u t t i n g  power on 

l i n e  was not  developed. However, i f  i t  were economically f e a s i b l e  t o  develop 

hydropower a t  t h e  si te,  i t  is e s t i m a t ~ r l  t h a t  i t  wol.rld t&.4 approximsfely 

s i x  months t o  c o m p l e t e  f i n a l  d e s i g n  of t h e  p r o j e c t .  I n  a d d i t i o n ,  i t  i s  

a n t i c i p a t e d  t h a t  i t  would t a k e  an add i t i ona l  18 months t o  compl.ete a n  Gnviron- 

mental Impact Statement and t h e  r egu la to ry  requirements  f o r  ob ta in ing  t h e  

necessary  l i c e n s e s  and permits.  Cons t ruc t ion  of the  p r o j e c t  could be com- 

p l e t e d  i n  a  1 yea r  lime per iod.  The r e s u l t i n g  t ime required t o  pu t  power 

on-l ine would be  a t  l e a s t  3 years .  From exper ience  i n  development of o t h e r  

s t a t e  and l o c a l  wa te r  p r o j e c t s  involv ing  numerous r egu la to ry  approva ls ,  a  more 

r e a l i s t i c  e s t i m a t e  f o r  p u t t i n g  power on-l ine i s  4 years .  

2 . 2  RECOMMENDATIONS 

None of t h e  t h r e e  b a s i c  run-of-r iver  or t h e  pumped s t o r a g e  a l t e r n a t i v e s  

f o r  h y d r o e l e c t r i c  power divelopment a r e  economically o r  f i n a n c i a l l y  f e a s i b l e  

a t  t h i s  time- However, enlargement of thc  c x i s t i n g  Woodruff Narruws Darn 

and Reservoir  f o r  a g r i c u l t u r a l  purposes  is  both economically and f i n a n c i a l l y  
I 

f e a s i b l e  t o  c o n s t r u c t -  It is, t h e r e f o r e ,  recommended t h a t  enlargement of t h e  



e x i s t i n g  dam and r e s e r v o i r  be pursued a t  t h i s  t i m e  wi thout  t h e  a d d i t i o n  of 
, 1 h y d r o e l e c t r i c  power development. I f  t h e  market va lue  of e l e c t r i c  energy i n  

t h e  p r o j e c t  a r e a  should  rise a t  a  r a t e  much f a s t e r  t h a n  i n f l a t i o n  of construc-  

t i o n  c o s t s ,  i t  may be f e a s i b l e  i n  f u t u r e  years  t o  add h y d r o e l e c t r i c  power 

genera t ion  f a c i l i t i e s  a t  t h e  Woodruff Narrows Dam and Reservoi r  s i te.  How- 

eve r ,  a t  t h e  presen t  t ime, i t  would not be e c o ~ o m i c a l l y  sound t o  cons t ruc t  

hydropower f a c i l i t i e s  a t ,  t h e  si te.  
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