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ABSTRACT 

A s u r v e y  o f  s m a l l  m u n i c i p a l  a n d  r u r a l  e l e c t r i c  c o o p e r a t i v e  
(REC) u t i l i t i e s  w a s  a c c o m p l i s h e d :  T h e  r e l a t i o n s h i p  b e t w e e n  
t h e s e  small u t i l i t i e s  and t h e  mean wind power a t  t h e i r  l o c a t i o n s  
w a s  found by  l o c a t i n g  them on  a p p r o p r i a t e  maps of mean wind power 
d e n s i t y .  Some of t h e  s a f e t y ,  sys tems ,  and economic i m p l i c a t i o n s  
o f  WECS deployment by t h e s e  u t i l i t i e s w e r e  d i s c u s s e d .  

T h e  a u t h o r s  c o n c l u d e  t h a t  c e r t a i n  f i n a n c i n g  a d v a n t a g e s  a n d  
g.eog-rap.hica.1 c o n s i d e r a t i o n s  make t h e  G r e a t  P l a i n s  r e g i o n  a  
s t r o n g  c a n d i d a t e  f o r  t h e  e a r l y  c o m m e r c i a l i z a t i o n  of WECS.. 





SECTION 1.0 

INTRODUCTION 

T h i s  r e p o r t  c o n s i d e r s  c e r t a i n  e l e c t r i c  u t i l i t y  sys tems  w i t h  r e g a r d  t o  t h e i r  
s i z e ,  l o c a t i o n ,  and t y p e  of o r g a n i z a t i o n .  S p e c i f i c a l l y ,  a f i e l d  s u r v e y  of 
r u r a l  e l e c t r i c  c o o p e r a t i v e s  (REC) h a v i n g  a  summer o r  w i n t e r  peak demand l e s s  
t h a n  o r  e q u a l  t o  10 PlW w a s  done by t h e  a u t h o r s  [ I ] .  T h i s  i n f o r m a t i o n  i s  
c o m p i l e d  i n  A p p e n d i x  A .  A s u r v e y  o f  s n a l l  m u n i c i p a l  e l e c t r i c  s y s t e m s  
 r resented c o u r t e s y  o f  Burns and McDonnell E n g i n e e r i n g  Co., Kansas  C i t y ,  
Mo.) i s  p r e s e n t e d  i n  Appendix B.  

With r e s p e c t  t o  wind energy  t h e  s i z e  of c a n d i d a t e  u t i l i t i e s  i s  i m p o r t a n t .  
Because of t h e i r  small s i z e  i t  i s  f e l t  t h a t  t h e  i n s t a l l a t i o n  of a  modest  
number o f  p r e s e n t l y  a v a i l a b l e  wind energy  c o n v e r s i o n  sys tems  (\JECS) would 
have a  s i g n i f i c a n t  impact  on t h e  amount of power purchased by t h e  u t i l i t i e s .  
Almost a l l  o f  t h e  REC a r e  d i s t r i b u t i o n  c o o p e r a t i v e s  w i t h  no g e n e r a t i n g  
c a p a c i t y .  Some of t h e  m u n i c i p a l  sys tems  have g e n e r a t i n g  c a p a c i t y ;  a l m o s t  
a l l  of  them u s e  d i e s e l  g e n e r a t o r s .  A v e r y  few have h y d r o e l e c t r i c  power. 
Nany of t h e  d i e s e l  g e n e r a t o r s  b u r n  r e l a t i v e l y  e x p e n s i v e  No. 2  f u e l  o i l .  The 
combina t ion  o f  a  WECS w i t h  a d i e s e l  g e n e r a t o r  p r o v i d e s  f i r m  c a p a c i t y  and 
f u e l  s a v i n g s  dependent  on t h e  c a p a c i t y  f a c t o r  and s i z e  of t h e  [JECS. 

An i m p o r t a n t  p r o p e r t y  of t h e  REC and m u n i c i p a l  u t i l i t i e s  i s  t h e i r  f i n a n c i n g .  
The b u l k  o f  t h e  c o s t  of a  WECS i s  e x p e c t e d  t o  be i t s  c a p i t a l  c o s t ,  w i t h  
o p e r a t i o n s  and maintenance e x p e c t e d  t o  be a b o u t  one t h i r d  of t h e  a n n u a l  
c o s t s  [ 2 ] .  The a n n u a l  c o s t s  a r e  s t r o n g l y  dependent  on t h e  c o s t  of money. 
F o r  example ,  assuming a  f i x e d  c h a r g e  r a t e  of 12% f o r  t h e  m u n i c i p a l s  o r  REC 
and 18% f o r  a p r i v a t e  u t i l i t y ,  w i t h  a l o a n  of $1,000 a m o r t i z e d  o v e r  20 
y e a r s ,  t h e  a n n u a l  c h a r g e  t o  t h e  p r i v a t e  u t i l i t y  i s  $ 1 7 3 . 8 8 ;  f o r  t h e  
m u n i c i p a l s  o r  REC i t  i s  $133.88. T h i s  i s  a d i f f e r e n c e  of 23% of  t h e  h i 2 h e r  
c o s t .  The t o t a l  c a p i t a l  c o s t  of WECS i n  p r o d u c t i o n  i s  e s t i m a t e d  t o  be 
between $1,038 and $432 p e r  kW [ 2 ] .  Assuming a  v a l u e  of $735 p e r  kW, t h e  
a n n u a l  f i x e d  c h a r g e  t o  a  m u n i c i p a l  o r  REC would be $98.40 p e r  kW, w h i l e  t h e  
f i x e d  c h a r g e  r a t e  t o  a  p r i v a t e  u t i l i t y  would be $127.80. (The c a l c u l a t i o n s  
assume t h e  same l o a n  amount and payback p e r i o d  a s  t h e  p r e v i o u s  c a l c u l a t i o n . )  





SECTION 2.0 

SURVEY OF SMALL REC AND MUNICIPAL UTILITIES 

A survey of small (summer or  winter  1974 peak demand less than o r  equal  t o  
10 MW) r u r a l  e l e c t r i c  coooperat ives and small  (0.5 t o  2 MW peak demand) 
m u n i c i p a l  u t i l i t i e s  was u n d e r t a k e n .  The o b j e c t  of t h e  s t u d y  w a s  t h e  
c o r r e l a t i o n  between the  l o c a t i o n s  of candidate small u t i l i t i e s  and regions  
of high wind energy densi ty .  The data  used a r e  l i s t e d  i n  Appendices A and 
B. Maps were a l s o  generated using these  da ta  and t h e  b e s t  c u r r e n t  d a t a  
d e t a i l i n g  t h e  n a t i o n a l  wind energy a v a i l a b i l i t y  131. 

Figure  2-1 shows contours of average power i n  t h e  wind per square meter 
during the  summer and l o c a t e s  the smal l  RECs having summer peak e l e c t r i c a l  
loads i n  the  base year. Figure 2-2 shows t h e  winter  wind power contours and 
t h e  small  RECs having winter  peaks. Figure 2-3 shows the  winter  wind power 
contours and t h e  l o c a t i o n s  of t h e  small  municipal u t i l i t i e s .  On a l l  maps 
t h e  shaded a r e a s  a r e  mountainous regions and t h e  numbers given a r e  es t ima tes  
of l o w e r  l i m i t s  f o r  exposed mounta in  t o p s  and r i d g e s .  I f  a u t i l i t y ' s  
l o c a t i o n  could not  be determined, i t  w a s  e i t h e r  not  mapped (REC) o r ,  f o r  a 
m u n i c i p a l  u t i l i t y ,  a p o i n t  was p l a c e d  i n  a random l o c a t i o n  w i t h i n  t h e  
boundaries of t h e  appropr ia te  s t a t e .  Only a small number (C3%) of t h e  
u t i l i t i e s  had t o  be so  t r e a t e d .  

Almost a l l  of t h e  RECs a r e  d i s t r i b u t i o n  coopera t ives  with no generat ing 
capaci ty .  Many of t h e  municipal systems have genera t ing capaci ty ,  most 
commonly a d i e s e l  engine-driven e l e c t r i c  genera tor .  

Inspec t ion  of t h e  maps shows a l a r g e  number of small  u t i l i t y  systems i n  t h e  
n o r t h  and c e n t r a l  midwest. ( I n  t h e  s t a t e  of Minnesota a lone ,  the  municipal 
u t i l i t i e s  i n  the  0.5 t o  2 MW range represen t  a combined peak demand of 
31.19 MW, with  an average demand of 1.3 MW. With only 25% of peak demand i n  
wind, t h e  municipal e l e c t r i c  systems i n  Minnesota represen t  a p o t e n t i a l  
market f o r  th i r ty-nine  200-kW WECS.) This  area, extending south t o  the  
Texas panhandle, i s  noted f o r  s t rong and p e r s i s t e n t  winds, w e l l  s u i t e d  t o  
WECS u t i l i z a t i o n .  (The s t r o n g e s t  winds on t h e  p l a i n s  occur i n  t h e  spring.  
Winter da ta  a r e  mapped because of t h e i r  correspondence t o  t h e  peak loads i n  
many cases of i n t e r e s t ) .  Of note  a r e  t h e  many smal l  systems i n  a band 
running from Minnesota t o  Texas, corresponding t o  some of the  country ' s  
h ighes t  wind energy dens i ty  areas. 

Other small systems may be found i n  l o c a l l y  windy regions. However, present  
development of commercial wind tu rb ines  should be concentrated i n  t h e  p l a i n s  
a r e a  f o r  a number of r e a s o n s .  F i r s t ,  a h i g h  q u a l i t y  wind r e s o u r c e  i s  
a v a i l a b l e  the re ,  which impl ies  t h a t  ind iv idua l  i n s t a l l a t i o n s  w i l l  have good 
product iv i ty .  On a systems b a s i s  a high q u a l i t y  wind resource impl ies  t h a t  
a dispersed WECS i n s t a l l a t i o n  may be assigned capac i ty  c r e d i t .  Second, the  
land i n  t h i s  a r e a  i s  r e l a t i v e l y  f l a t  and open, implying t h a t  t h e r e  w i l l  be 
many candidate  s i t e s  f o r  a WECS and t h a t  c o s t  w i l l  be f a i r l y  low because of 
mul t ip le  land use  considera t ions .  Access t o  t h e  i n s t n l l a t i o n s  genera l ly  
should e n t a i l  no d i f f i c u l t y .  The lack of trees i n  t h e  a rea  a l s o  tends t o  
reduce turbulence i n  t h e  windstream. Third,  widely d ispersed populat ion 



Figure 2-1. Seasonally Averaged Sununer Mean Wind Power Contrxrs [3]  and Location 
of Small Summer-Peaking Rural Electric Cooperatives 



Figure 2-2. Seasonally Averaged Winter Mean Wind Power Contours [3]  and Location 
of Small Winter-Peaking Rural Electric Cooperatives 



Figure 2-3. Seasonally Averaged Winter Mean Wind Power Conto-~rs [3]  and Location 
of Munici>al Electric U t i l i t i e s  



c e n t e r s  minimize  t h e  chance  o f  e l e c t r o m a g n e t i c  i n t e r f e r e n c e  w i t h  TV and  
r a d i o  communication. 

T h a t  t h e  p l a i n s  a r e  i n  t h e  g e o g r a p h i c a l  c e n t e r  of t h e  c o u n t r y  a l s o  h a s  
commercia l  i m p l i c a t i o n s .  I f  a WECS m a n u f a c t u r i n g  f a c i l i t y  were b u i l t  i n  
Iowa, i t  would have ready  a c c e s s  t o  t h e  e n t i r e  midwest f o r  e a r l y  p r o d u c t i o n .  
A s  t h e  CJECS marke t  expanded,  t h e  c e n t r a l  l o c a t i o n  would r e t a i n  i t s  p l a c e  f o r  
new manufac tu re .  P robab ly  a s  i m p o r t a n t  a s  t h e  m a t u r i n g  t echnology  would b e  
a  c e n t r a l l y  l o c a t e d  r e b u i l d i n g  and s e r v i c e  f a c i l i t y .  ( F r e i g h t  r a t e s  f o r  t h e  
l a r g e  and bu lky  components of WECS c a n  be  e x p e c t e d  t o  be h igh . )  

The G r e a t  P l a i n s  r e g i o n  h a s  h i s t o r i c a l l y  been  h o s t  t o  many wind t u r b i n e s .  
E s t i m a t e s  of e l e c t r i c i t y - g e n e r a t i n g  IJECS s t i l l  s u r v i v i n g  range  i n t o  t h e  
t h o u s a n d s ,  a n d  t h e r e  a r e  many more  t h o u s a n d s  of s u r v i v i n g  s m a l l  w a t e r  
pumping w i n d m i l l s .  I t  would be s u r p r i s i n g  i f  t h e  p e o p l e  l i v i n g  on  t h e  
p l a i n s  s e v ' e r e l y  opposed t h e  b u i l d i n g  of.  l a r g e  WECS; t h i s  migh t  n o t  be  t h e  
c a s e  i n  o t h e r  a r e a s  of t h e  c o u n t r y .  

I n  summary, t h e r e  a r e  many s m a l l  REC and m u n i c i p a l  u t i l i t i e s  f o r  which 
p r e s e n t . d a y  WECS c o u l d  p r o v i d e  a  s u b s t a n t i a l  p o r t i o n  o f  t h e  peak e l e c t r i c a l  
demand w i t h  s u b s t a n t i a l  f u e l  s a v i n g s  a c c r u i n g  f o r  e n e r g y  produced. Most o f  
t h e s e  u t i l i t i e s  are i n  t h e  G r e a t  P l a i n s .  Commercial development of WECS 
s h o u l d  c o n c e n t r a t e  on t h i s  r e g i o n  i n  o r d e r  t o  f o s t e r  a  s t r o n g  commercial  
b a s e  i n  a d i s c r e t e  g e o g r a p h i c a l  r e g i o n .  





WE CS ECONOMIC I S  SUES 

3.1  BENEFITS AND PENALTIES TO THE UTILITY 

Both sys tems  and p e n a l t i e s  may b e f a l l  t h e  s m a l l  u t i l i t y  t h a t  i n s t a l l s  wind 
sys tems .  N a t u r a l l y  t h e  amount of e n e r g y  (klJh) t h a t  must be  purchased  o r  
g e n e r a t e d  by c o n v e n t i o n a l  means would be  r e d u c e d ,  w i t h  t h e  g r e a t e s t  b e n e f i t  
t o  t h e  u t i l i t y  o c c u r r i n g  d u r i n g  i t s  p e r i o d  of peak demand. To t h e  d e g r e e  
t h a t  wind energy  and  peak demand a r e  c o i n c i d e n t ,  t h e r e  would be a  d i r e c t  
monetary b e n e f i t  from t h e  d i s p l a c e m e n t  of h i g h  m a r g i n a l  c o s t  power. More 
t h a n  l i k e l y ,  t h e  energy  produced by t h e  WECS would r e d u c e  t h e  amount of o i l  
r e q u i r e d  f o r  p roduc ing  e l e c t r i c i t y .  

I f  t h e  p r imary  s o u r c e  o f  e l e c t r i c i t y  t o  t h e  s m a l l  u t i l i t y  i s  p u r c h a s e d ,  some 
s u p p l y  c o n t r a c t u a l  problems migh t  a r i s e .  Some s u p p l y  c o n t r a c t s  r e q u i r e  a  
minimum energy  p u r c h a s e  o v e r  a g i v e n  t i m e  p e r i o d .  Wind s y s t e m s ,  pe rhaps  i n  
combina t ion  w i t h  c o n s e r v a t i o n  e f f o r t s ,  c o u l d  c a u s e  a  v i o l a t i o n  of t h i s  
c l a u s e  and f i n a n c i a l  p e n a l t y .  However, t h i s  p e n a l t y  would be more t h a n  
o f f s e t  by t h e  r e d u c t i o n  i n  demand c h a r g e s .  A r e d u c t i o n  i n  t h e  e n e r g y  
purchased  o r  g e n e r a t e d  migh t  r e q u i r e  a  r a t e  i n c r e a s e  because  t h e  c a p i t a l  
c o s t  of e x i s t i n g  equipment must be r e c o v e r e d  t h r o u g h  fewer  kWh. 

Because  of t h e  u n p r e d i c t a b i l i t y  of wind,  i t  p robab ly  would n o t  be p o s s i b l e  
t o  c o n s i d e r  t h e  e n t i r e  lECS i n s t a l l e d  c a p a c i t y  a s  a v a i l a b l e  t o  meet sys tem 
demands. A l s o ,  WECS probab ly  c a n n o t  be  c o n s i d e r e d  a s  p a r t  o f  t h e  r e q u i r e d  
s p i n n i n g  r e s e r v e .  F o r  t h e s e  r e a s o n s  t h e  t o t a l  c o n v e n t i o n a l  c a p a c i t y  
r e q u i r e d  t o  be  s p i n n i n g  a p p r o a c h e s  t h a t  r e q u i r e d  w i t h o u t  t h e  wind p l a n t s .  
A l s o ,  a l l  a v a i l a b l e  wind energy  would b e  u t i l i z e d  b e c a u s e  of i t s  n e a r  z e r o  
i n c r e m e n t a l  c o s t ,  s o  t h a t  t h e  a v e r a g e  l o a d  on  t h e  c o n v e n t i o n a l  u n i t s  
p r o b a b l y  would d e c r e a s e ,  c a u s i n g  t h e  a v e r a g e  e f f i c i e n c y  t o  d e c r e a s e  a l s o .  

3 . 2  TRANSMISSION AND DISTRIBUTION SYSTEM CREDITS AND COSTS 

T r a n s m i s s i o n  and d i s t r i b u t i o n  c o s t  e f f e c t s  of wind p l a n t s  i s  a t o p i c  of 
c u r r e n t  r e s e a r c h .  The IJECS l o c a t i o n  w i t h  r e s p e c t  t o  t h e  u t i l i t i e s '  s e r v i c e  
a r e a  a n d  e x i s t i n g  f a c i l i t i e s  a f f e c t s  t h e  c o s t s  o r  c r e d i t s  ( i f  a n y )  
a t t r i b u t a b l e  t o  t h e  wind f a c i l i t i e s  when compared t o  c o n v e n t i o n a l  power 
p l a n t s .  The e x i s t e n c e  of a  s o u r c e  of power such  a s  WECS on t h e  d i s t r i b u t i o n  
s y s t e m  m i g h t  r e q u i r a  m o d i f i ~ a t ~ o n s  t o  t h e  p r e s e n t  r e l a y i n g  f u s i n g  a n d  
v o l t a g e  c o n t r o l  sys tems  t o  e n s u r e  prompt f a u l t  c l e a r i n g ,  a c c e p t a b l e  v o l t a g e ,  
p e r s o n n e l  s a f e t y ,  and p r e v e n t i o n  o f  damage t o  u t i l i z a t i o n  equipment .  The 
s o l u t i o n  t o  t h e s e  and  o t h e r  c o n c e r n s  c o u l d  i n v o l v e  c o s t s  t h a t  would r e d u c e  
t h e  a d v a n t a g e s  of i n d i v i d u a l  a p p l i c a t i o n s  of WECS. 
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3 . 3  EFFECTS O N  UTILITY ECONOMICS OF INDEPENDENT WECS (PASSIVE SYSTEMS) 

The a d d i t i o n  of wind sys tems  a t  . t h e  u s e r ' s  l o c a t i o n  means a  r e d u c t i o n  i n  
c o n v e n t i o n a l l y  produced e n e r g y ,  b u t  i f  backup must be p rov ided  c o n v e n t i o n a l  
f a c i l i t i e s  must  be  c a p a b l e  o f  s u p p l y i n g  peak r e q u i r e m e n t s .  T h i s  migh t  
n e c e s s i t a t e  r a t e  changes  and t h e  i n s t i t u t i o n  of a  demand c h a r g e  i f  one i s  
n o t  p r e s e n t l y  i n  f o r c e .  

3 . 4  IMPACTS ON GENERATION CONSTRUCTION SCHEDULES AND COSTS 

Yile a d d i t i o n  of WECS m i g h t  d e l a y  t h e  a d d i t i o n  of c o n v e n t i o n a l  power s o u r c e s ,  
a  d e l a y  which c o u l d  mean pay ing  more f o r  t h e  c o n v e n t i o n a l  power p l a n t s  b u t  
c o u l d  a l s u  a l l o w  f o r  technologi .ca1 a d v ~ n c e s .  The amount of d c l n y  would 
depend on  t h e  a l l o w e d  WECS c a p a c i t y  c r e d i t .  L i k e w i s e ,  t h e  t o t a l  i n s t a l l e d  
c a p a c i t y  would be l a r g e r  t h a n  f o r  c o n v e n t i o n a l  g e n e r a t o r s  u n l e s s  t h e  CJECS 
c a p a c i t y  c r e d i t  were  e q u a l  t o  100%. 

3 . 5  NON-UTILITY OWNERSHIP 

S m a l l e r  u t i l i t i e s  f a c e  a u n i q u e  d i f f i c u l t y  i n  t h e  u s e  of r#CS because  t h e y  
m u s t  o f  n e c e s s i t y  t a k e  l e s s  r i s k  w i t h  r e s p e c t  t o  new t e c h n o l o g i e s .  A 
s u i t a b l e  s t r a t e g y  m i g h t  t h e r e f o r e  be f o r  a  t h i r d  p a r t y  t o  r e d u c e  t h i s  r i s k  
t o  t h e  u t i l i t y .  

The e x i s t e n c e  a t  the l o a d  of wind sys tems  a l s o  c a p a b l e  of s u p p l y i n g  energy  
t o  t h e  u t i l i t y  g r i d  migh t  r e q u i r e  e x t r a  hardware  and s p e c i a l  o p e r a t i o n a l  
p r o c e d u r e s .  To p r e v e n t  t h e  backfeed  o f  c u r r e n t  from WECS i n t o  a f a u l t ,  
a d d i t i o n a l  equipment  would be needed and  new d i s t r i b u t i o n  sys tem d e s i g n  
c o n c e p t s  migh t  need t o  be developed.  To a l l o w  r e p a i r  of t h e  d i s t r i b u t i o n  
s y s t e m ,  a means t o  p o s i t i v e l y  disconnect a11 WECS m i l s t  be p r o v i d e d  a n d  
a c c e s s  be  made a v a i l a b l e  t o  t h e  u t i l i t y .  To d e t e r m i n e  t h e  q u a n t i t y  of 
e n e r g y  p rov ided  t o  t h e  u t i l i t y ,  e x t r a  m e t e r i n g  would be needed b e c a u s e  t h e  
u t i l i t y  p r o b a b l y  would n o t  pay t h e  same amount f o r  e l e c t r i c i t y  r e c e i v e d  a s  
f o r  e l e c t r i c i t y  produced. 

3.6 LEVEL OF WECS INSTALLED CAPACITY (PENETRATION) 

The l e v e l  of WECS i n s t a l l e d  c a p a c i t y  d e t e r m i n e s  i t s  e f f e c t  on a u t i l i t y .  
Very small p e n e t r a t i o n  by WECS c a u s e s  l i t t l e  t o  no  system-wide o p e r a t i o n a l  
d i f f i c u l t i e s ,  a l t h o u g h  t h e r e  migh t  be some l o c a l i z e d  problems and s p e c i a l  
ha rdware  r e q u i r e m e n t s .  F o r  t h e  u t i l i t y  t h a t  g e n e r a t e s  i t s  own e l e c t r i c i t y ,  
t h e  r e d u c t i o n  i n  t h e  a v e r a g e  e f f i c i e n c y  of t h e  g e n e r a t i o n  system would 
p r o b a b l y  n o t  be  n o t i c e d .  



L a r g e r  p e n e t r a t i o n  i n t o  a  u t i l i t y  by w i n d  s y s t e m s  c a n  c a u s e  s e v e r a l  
problems. For  t h e  u t i l i t y  t h a t  p u r c h a s e s  i t s  e l e c t r i c i t y ,  s i g n i f i c a n t  
r e d u c t i o n  i n  peak kW demand and kWh p u r c h a s e s  would have a  p o s i t i v e  economic 
e f f e c t .  For  t h e  u t i l i t y  t h a t  g e n e r a t e s  e l e c t r i c i t y ,  l a r g e  WECS p e n e t r a t i o n s  
would r e q u i r e  g e n e r a t i n g  sys tem o p e r a t i o n  and e x p a n s i o n  m o d i f i c a t i o n s .  The 
i n t e r m i t t e n t  n a t u r e  o f  t h e  wind  w o u l d  p r o b a b l y  n o t  a l l o w  t h e  s y s t e m  
d i s p a t c h e r s  t o  c o n s i d e r  t h e  f u l l  WECS c a p a c i t y  a s  a v a i l a b l e  t o  meet sys tem 
demands. Thus t h e  c a p a c i t y  of t h e  c o n v e n t i o n a l  power p l a n t s  committed t o  
s e r v i c e  would a p p r o a c h  t h a t  r e q u i r e d  i f  t h e  wind p l a n t s  d i d  n o t  e x i s t ,  w i t h  
t h e  n e a r n e s s  of t h e  a p p r o a c h  dependent  on  t h e  c a p a c i t y  c r e d i t e d  t o  t h e  wind 
p l a n t s .  S i n c e  t h e  wind p l a n t s  would have a n  i n c r e m e n t a l  c o s t  of power 
p r o d u c t i o n  n e a r  z e r o ,  maximum a v a i l a b l e  wind e n e r g y  would be u t i l i z e d ,  
r e q u i r i n g  t h a t  c o n v e n t i o n a l  power p l a n t s  compensate f o r  wind f l u c t u a t i o n s .  
S i n c e  t h e  c o n v e n t i o n a l  c a p a c i t y  s p i n n i n g  a p p r o a c h e s  t h a t  r e q u i r e d  w i t h o u t  
t h e  wind p l a n t s ,  t h e  a v e r a g e  l o a d  o n  e a c h  c o n v e n t i o n a l  u n i t  w o u l d  be  
lowered ,  r e s u l t i n g  i n  a  reduced e f f i c i e n c y  of t h e s e  u n i t s .  U n l e s s  t h e  wind 
a v a i l a b i l i t y  were a s  r e l i a b l e  a s  a  c o n v e n t i o n a l  b o i l e r ,  e x t r a  c a p a c i t y  would 
a l s o  need be  i n s t a l l e d .  





SECTION 4.0 

DISTRIBUTED VS CENTRALIZED SYSTEMS--TECHNICAL ISSUES 

CECS i n  s i z e s  s m a l l e r  t h a n  1 0  MW f o r  REC o r  m u n i c i p a l  u t i l i t i e s  c a n  be  
c l a s s i f i e d  a s  d i s t r i b u t e d  sys tems .  C e n t r a l i z e d  s y s t e m s ,  on t h e  o t h e r  hand,  
a r e  similar t o  c o n v e n t i o n a l  power s t a t i o n s ,  hav ing  l a r g e  t o t a l  i n s t a l l e d  
c a p a c i t i e s  o f  5 0  t o  1 0 0  MW. The  d i s t i n c t i o n  b e t w e e n  d i s t r i b u t e d  a n d  
c e n t r a l i z e d  s y s t e m s  i s  made h e r e  on t e c h n i c a l  r a t h e r  t h a n  e c o n o m i c  
c o n s i d e r a t i o n s .  D i s t r i b u t e d  wind sys tems  may be connec ted  a t  d i f f e r e n t  
p o i n t s  o f  a  T&D ne twork  a t  l o c a l  c e n t e r s  on t h e  d i s t r i b u t i o n  system o r  on 
s u b t r a n s m i s s i o n .  Such d i s p e r s e d  i n t e r c o n n e c t i o n s  pose  d i s t i n c t l y  d i f f e r e n t  
t e c h n i c a l  problems t h a n  do l a r g e r  c e n t r a l  sys tem i n s t a l l a t i o n s  connec ted  t o  
h i g h  v o l t a g e  main  g r i d  t r a n s m i s s i o n .  D i s t r i b u t e d  s y s t e m s  a l s o  p o s e  
d i f f e r e n t  economic and i n s t i t u t i o n a l  problems.  

4.1 MACHINE SIZE 

Wind s y s t e m s  c a n  be c l a s s i f i e d  i n t o  

a s m a l l  sys tems  < 50 kW 
a medium s i z e  sys tems  50 t o  300 kW 
a l a r g e  sys tems  > 300 kW 

. ... . - - . .  

Although t h e  c l a s s i f i c a t i o n  i s  n o t  r i g i d ,  t h e  t h r e e  c a t e g o r i e s  r e p r e s e n t  
d i f f e r e n t '  t e c h n o l o g i e s .  S m a l l  s y s t e m s '  h a v e  t o  b e  b u i l t  w i t h  h i g h  
r e l i a b i l i t y  and s a f e t y  i n  u n a t t e n d e d  o p e r a t i o n ,  p e r h a p s  t o  u t i l i z e  lower  
a v e r a g e  wind s p e e d s ,  and t o  be s u i t a b l e  f o r  domes t ic  use .  There  h a s  been 
c o n s i d e r a b l e  e x p e r i e n c e  w i t h  t h i s  s i z e  of machine. ( T a b l e  4-1).  

TABLE 4-1, COST I N  $ 1 ~ 2 . ~  OF SOME TYPICAL WIND MACHINES ON THE MARKET 

Machine Rated Blade T o t a l  Cos t  $ / f t 2  of , 

S i z e  Speed Diameter  o f  System Swept 
H a n u f a c t u r e r  ( k ~ )  (mph) ( f t )  ($1 Area Remarks 

Aeropower 1 .O 2 5 4.5 2 ,500 44 .O 
American Wind 

T u r b i n e  1.8 20 16 2 ,675 13.3 w a t e r  pumping 
Dynergy 5 .O 2  4  15 5 , 8 0 0  32.9 v e r t i c a l  a x i s  
Kedco 3.0 . 2 5  16 3,500 17.5 
G rumman 15 .O 26 . 25 20,000 40 .O 

Medium-size machines  may have t h e  g r e a t e s t  a p p l i c a b i l i t y  i n  t h e  n e a r  f u t u r e  
b e c a u s e  t e c h n o l o g y  c a n  be  s c a l e d  u p  f r o m  s m a l l  m a c h i n e s  w i t h  some 
m o d i f i c a t i o n .  There  are many d i s t r i b u t e d  a p p l i c a t i o n s  t h a t  can  u s e  t h i s  
s i z e  of machine; e .g . ,  i r r i g a t i o n  s y s t e m s ,  d e s a l i n a t i o n  p l a n t s ,  e l e c t r i c i t y  
p r o d u c t i o n  f o r  r u r a l  c o m m u n i t i e s ,  e t c .  T h e r e  h a s  b e e n  c o n s i d e r a b l e  
e x p e r i e n c e  i n  Europe,  accumula ted  i n  t h e  1950s  and 6 0 s ,  which h a s  made t h e  



c o n s t r u c t i o n  of t h e s e  mach ines  f a m i l i a r  t e r r i t o r y .  C o n s i d e r a b l e  o p e r a t i n g  
e x p e r i e n c e  h a s  a c c r u e d  from t h e  European Gedser  M i l l  and  H u t t e r ' s  .machines,  
and i n  t h i s  c o u n t r y  from t h e  e a r l y  Smith Putnam machine and  more r e c e n t l y  
t h e  DOE/NASA Mod 0 machines .  

L a r g e  machines  i n  t h e  MW s i z e  range  a r e  c u r r e n t l y  b e i n g -  des igned .  They 
a r e  s t i l l  i n  t h e  e x p e r i m e n t a l  s t a g e  and a  few y e a r s  a r e  needed f o r  t h e  
t e c h n o l o g y  t o  mature .  

Each s i z e  machine h a s  i t s  own marke t s .  I t  i s  c o n c e i v a b l e  t h a t  d i s t r i b u t e d  
wind sys tems  c o u l d  i n c l u d e  a l l  o f  t h e  machine s i z e s .  The REC and m u n i c i p a l  
e l e c t r i c  u t i l i t i e s  may i n  t h e  f u t u r e  have machines  of a l l  s i z e s  connec ted  t o  
t h e i r  sys tems .  The small machines  w i l l  a l m o s t  c e r t a i n l y  be l o c a t e d  a t  l o a d  
c e n t e r s  under  u t i l i t y  ownersh ip ,  s e r v i c i n g ,  o r  backup. 

?ledium-size machines  c o u l d  be l o c a t e d  a t  l o a d  c e n t e r s ,  a s  i n  i r r i g a t i o n ,  o r  
c o u l d  s e r v e  as  e l e c t r i c  power p l a n t s  i n d i v i d u a l l y  o r  i n  c l u s t e r s  a t  good 
wind s i t e s .  Such a  power p l a n t  would most l i k e l y  be owned by RECs and 
m u n i c i p a l  u t i l i t i e s .  The t echnology  f o r  t h e s e  machines h a s  been developed 
a n d  mass p r o d u c t i o n  c o u l d  make them e c o n o m i c a l l y  v i a b l e  i n  t h e  1980s f o r  
RECs and  m u n i c i p a l  u t i l i t i e s .  

L a r g e  machines  p e r h a p s  w i l l  make t h e  l a r g e s t  c o n t r i b u t i o n  t o  t h e  n a t i o n a l  
e n e r g y  s c e n e  i n  t h e  1 9 9 0 s .  T h e  t e c h n o l o g y  i s  y e t  t o  b e  p r o v e n ,  w i t h  
c o n s i d e r a b l e  r e s e a r c h  and  development needed. 

4.2 ONE-WAY AND TWO-WAY POWER FLOW 

I n  one-way power f l o w  c o n n e c t i o n  t h e r e  i s  no power t r a n s f e r  from t h e  'VECS t o  
t h e  g r i d .  I n  a two-way c o n n e c t i o n  power c a n  f l o w  b o t h  ways. ( S e e  F i g u r e  
4-1).  Flow of  power back t o  t h e  u t i l i t y  sys tem poses  b o t h  t e c h n i c a l  and 
b u s i n e s s  c o m p l i c a t i o n s .  I t  i s  c o n c e i v a b l e  t h a t  a  consumer h a v i n g  a  wind 
s y s t e m  c o u l d  b e  s u p p l y i n g  power i n s t e a d  of consuming i t .  Then t h e  c o s t  
o f  d i s t r i b u t i o n ,  backup, and o t h e r  f a c t o r s  must be  i n c u r r e d  by t h e  u t i l i t y ,  
making development  o f  r a t e  s t r u c t u r e s  q u i t e  complex. On t h e  o t h e r  hand,  f o r  
a  p a s s i v e  c o n n e c t i o n  wind e n e r g y  i s  used  t o  d e c r e a s e  t h e  e n e r g y  consumption 
and  peak demand. I n  t h i s  c a s e  t h e  p r e s e n t  rate s t r u c t u r e s  may c o n t i n u e  w i t h  
minor  m o d i f i c a t i o n s .  
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N i t h  a  r e v e r s e  power r e l a y  t o  s e n s e  e x c e s s  WECS-generated energy  b e i n g  f e d  
i n t o  t h e  u t i l i t y  and p a s s i v e  i n t e r c o n n e c t i o n ,  a  wind system c a n  be i s o l a t e d  
from t h e  u t i l i t y  sys tem when t h e  power r e v e r s e s .  I n  t h i s  c a s e  t h e  n e c e s s a r y  
60-Hz r e f e r e n c e  s i g n a l  i s  p r o v i d e d  by t h e  u t i l i t y  sys tem f o r  t h e  synchronous  
i n v e r t e r  i f  one i s  used w i t h  t h e  wind system. A l t e r n a t i v e l y ,  t h e  u t i l i t y  
c o u l d  p r o v i d e  t h e  e x c i t a t i o n  and  s t a r t i n g  power n e c e s s a r y  f o r  i n d u c t i o n  
g e n e r a t o r s .  The wind system does  n o t  f e e d  i n t o  t h e  f a u l t  on t h e  u t i l i t y  
s y s t e m  b e c a u s e  i t  becomes  i s o l a t e d  by t h e  r e v e r s e  power  r e l a y .  T h i s  
c o n n e c t i o n  i s  p r e f e r r e d  i f  t h e  wind sys tem i s  a t  t h e  l o a d  s i t e  and  owned by 
t h e  consumer. 

I n  a n  a c t i v e  i n t e r c o n n e c t i o n ,  power f l o w  can  occur  b o t h  ways. The wind 
sys tem i s  c o n n e c t e d  t o  t h e  u t i l i t y  d i s t r i b u t i o n  o r  t r a n s m i s s i o n  network 
wherever  i t  i s  c o n v e n i e n t ;  f o r  example ,  a t  a  s u b s t a t i o n .  The wind sys tem 
c a n  i n t e r a c t  d y n a m i c a l l y  w i t h  t h e  r e s t  n f  t h e  s y s t e m ,  m a k i n g  v o l t a g e  
t r a n s i e n t s  and s t a b i l i t y  i m p o r t a n t .  These  problems a r e  f a r  more s e r i o u s  i n  
a  d i s t r i b u t e d  s y s t e m  t h a n  i n  c e n t r a l  power  s t a t i o n s ,  b e c a u s e  t h e  wind 
s y s t e m s  may b e  w e a k l y  c o u p l e d  t o  t h e  power  s y s t e m  a s  a  r e s u l t  o f  l o n g  
t r a n s m i s s i o n  o r  d i s t r i b u t i o n  network segments s e p a r a t i n g  t h e  wind machine 
f r o m  o t h e r  g e n e r a t o r s .  A l s o ,  i n  c a s e  of a  f a u l t  , w i t h  a  s y n c h r o n o u s  
g e n e r a t o r ,  a  wind  m a c h i n e  c a n  f e e d  power  i n t o  t h e  f a u l t .  T h i s  p u t s  
a d d i t i o n a l  burdens  on p r o t e c t i o n  sys tems .  





SECTION 5.0 

IMPACTS O N  TRANSMISSION AND DISTRIBUTION SYSTEM 

S e v e r a l  b e n e f i t s  may a c c r u e  from d i s t r i b u t e d  wind sys tems  a s  compared t o  
c e n t r a l  s t a t i o n  w i n d  p o w e r  p l a n t s  f r o m  t h e  p o i n t  o f  v i e w  o f  e l e c t r i c  
t r a n s m i s s i o n  and d i s t r i b u t i o n  sys tem d e s i g n  and o p e r a t i o n .  Some of t h e  
i m p o r t a n t  f a c t o r s  a r e  d i s c u s s e d  h e r e . .  

5.1 LOAD-SUPPLYING CAPABILITY OF TRANSMISSION SYSTEM 

Unl ike  t h e  c e n t r a l  s t a t i o n ,  d i s t r i b u t e d  wind systems.  l o c a t e d  c l o s e  t o  t h e  
l o a d  may s o m e t i m e s  r e s u l t  i n  c r e d i t s  f r o m  i n c r e a s e d  l o a d - s u p p l y i n g  
c a p a b i l i t y  i n  t h e  sys tem.  I n  a n  e l e c t r i c  u t i l i t y  sys tem t h e  maximum l o a d  
t h a t  t h e  sys tem c a n  supp ly  i s  u s u a l l y  l i m i t e d  by a  number o f  d e s i g n  and 
o p e r a t i n g  f a c t o r s ,  i n c l u d i n g  g e n e r a t i o n ,  t r a n s r p i s s i o n ,  and d i s t r i b u t i o n  on 
t h e  sys tem and n e i g h b o r i n g  i n t e r c o n n e c t i n g  sys tems .  

5.2 TRANSMISSION LOSSES 

A s  shown s c h e m a t i c a l l y  i n  F i g u r e  5-1,  t h e  c u r r e n t  f l o w i n g  t h r o u g h  t h e  
t r a n s m i s s i o n  l i n e  i s  reduced because  t h e  wind sys tem s u p p l i e s  p a r t  of t h e  
l o a d  [ 4 ] .  

5.3 TRANSFORMER SIZE 

When t h e  wind system i s  suppor tkd  by ' d e d i c a t e d  s t o r a g e  i n  a  d i s t r i b u t e d  
s y s t e m ,  p e a k  l o a d - s h a r i n g  c a n  b e  a c c o m p l i s h e d .  I n  t h a t  c a s e ,  t h e  
t r a n s f o r m e r  s i z e  r e q u i r e d  i s  smaller t h a n  t h a t  f o r  a power sys tem w i t h o u t  
d i s t r i b u t , e d  wind power p l a n t s .  [ 4 ]  ' 
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SECTION 6.0 

SPSTEM PROTECTION FOR DISTRIBUTED SYSTEPfS 

6 .1  POWER SYSTEM STABILITY 

A wind system a t  t h e  end of a  t r a n s m i s s i o n  l i n e  o r  a d i s t r i b u t i o n  f e e d e r  i s  
weakly connec ted  t o  t h e  synchronous machines i n  t h e  system. I f  t h e  GJECS 
i n c o r p o r a t e s  a synchronous  g e n e r a t o r ,  as i n  NASA-developed wind s y s t e m s ,  t h e  
weak c o u p l i n g  c a n  l e a d  t o  i n s t a b i l i t i e s .  The problem i s  compounded by t h e  
f a c t  t h a t  w i n d  g u s t s  c a n  c a u s e  l a r g e  p o w e r  c h a n g e s  ( p o w e r  b e i n g  
p r o p o r t i o n a l  t o  t h e  cube  of wind v e l o c i t y )  i n  f r a c t i o n s  of a  second.  The 
c o n t r o l  sys tems  t h a t  respond t o  such  power changes  i n  such  s h o r t  times have 
t o  b e  v e r y  f a s t .  ~ u = h  power  o s c i l l a t i o n s  c o u l d  a l s o  a f f e c t  n e a r b y  
e l e c t r i c a l  equipment connec ted  t o  t h e  same f e e d e r .  

I n  d i s t r i b u t e d  wind s y s t e m s  t h i s  problem i s  compounded because  t h e  h o s t  
sys tem t o  which t h e  lECS i s  connec ted  may b e  small, of a  s i z e  comparable t o  
t h e  wind sys tem i t s e l f .  I n  t h i s  c a s e  wind g u s t s  c o u l d  s e t  up o s c i l l a t i o n s  
w i t h  s y n c h r o n i z i n g  p o w e r  e x c h a n g e s  o c c u r r i n g  b e t w e e n  t h e  WECS a n d  t h e  
c o n v e n t i o n a l  g e n e r a t o r  i n  p a r a l l e l .  Such a  s i t u a t i o n  would be t y p i c a l  o f  
many RECs a n d  m u n i c i p a l  u t i l i t i e s  w h e r e  t h e  i n s t a l l e d  c a p a c i t y  i s  o f  
comparable  s i z e  t o  t h e  WECS. The t r a n s i e n t  s t a b i l i t y  problems a s s o c i a t e d  
w i t h  machines of a  comparable  s i z e  a r e  f a r  more c o m p l i c a t e d  t h a n  t h e  problem 
o f  a  wind  s y s t e m  c o n n e c t e d  t o  a n  i n f i n i t e  b u s ,  w h i c h  h a s  b e e n  s t u d i e d  
r e c e n t l y  by NASA. 

6.2 VOLTAGE TRANSIENTS 

When t h e  wind sys tem i s  s u b j e c t e d  t o  g u s t s ,  t h e  i n p u t  power f l u c t u a t e s  o v e r  
a wide range  i n  a  few seconds .  T h i s  c a u s e s  t h e  l o a d  a n g l e  i n  a  synchronous  
machine t o  change ,  c a u s i n g  changes  i n  power and v o l t a g e  a t  t h e  t e r m i n a l s  a s  
shown i n  F i g u r e  6-1. T h i s  c o u l d  a f f e c t  t h e  o p e r a t i o n  of a p p l i a n c e s  
connec ted  t o  t h e  sys tem,  p a r t i c u l a r l y  b r i e f  changes  i n  t h e  v e r t i c a l  h e i g h t  
o f  a  t e l e v i s i o n  p i c t u r e .  I f  t h e  wind  s y s t e m  i s  c o n n e c t e d  t h r o u g h  a n  
asynchronous  l i n k ,  v o l t a g e  t r a n s i e n t s  c a n  be c o n t r o l l e d  e f f e c t i v e l y .  

6 . 3  HARMONICS 

Waveform o f  v o l t a g e  as  s u p p l i e d  b y  c o n v e n t i o n a l  g e n e r a t o r s  i s  a p u r e  
s inewave.  However i t  c a n  d e v i a t e  from s inewave due t o  o t h e r  g e n e r a t o r s  o r  
l o a d s  r e s u l t i n g  f r o m  i n j e c t i o n  o f  h a r m o n i c s .  When a  s y n c h r o n o u s  o r  
i n d u c t i o n  g e n e r a t o r  i s  u s e d ,  t h e r e  a r e  no problems w i t h  harmonics.  I f  a  
s y n c h r o n o u s  i n v e r t e r  i s  u s e d  t o  i n t e r f a c e  WECS w i t h  t h e  power  s y s t e m ,  
a t t e n t i o n  s h o u l d  be  p a i d  t o  harmonics .  The o u t p u t  c u r r e n t  of a  synchronous 
' i n v e r t e r  i s  shuwu 111 F i g u r e  6 - 2 .  A s t r a i g h t f o r w a r d  F o u r i e r  a n a l y s i s  can be 
done t o  c a l c u l a t e  t h e  m a g n i t u t e  of harmonics .  Such a  methodology, though on 
a n  e n t i r e l y  d i f f e r e n t  power s c a l e ,  h a s  been a p p l i e d  t o  HVDC systems.  
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6 . 4  PERSONNEL SAFETY 

When a  number of wind g e n e r a t o r s  a r e  on  a  d i s t r i b u t i o n  sys tem,  p e r s o n n e l  
s a f e t y  q u e s t i o n s  c a n  a r i s e .  The c i r c u i t  b r e a k e r s  may be open, i s o l a t i n g  
t h e  f e e d e r  from t h e  r e s t  of t h e  l i n e .  ( F i g u r e  6-3). However, i f  t h e  wind 
s y s t e m  c o n n e c t e d  t o  t h e  f e e d e r  c o n t i n u e s  g e n e r a t i n g ,  i t  p r e s e n t s  d a n g e r  t o  
t h e  workers  on t h e  f e e d e r .  I f  t h e  WECS i s  u s i n g  a  synchronous  i n v e r t e r  f o r  
t h e  i n t e r f a c e ,  t r i g g e r i n g  of SCRs c o u l d  be  d e r i v e d  from t h e  l i n e .  I n  t h a t  
c a s e  t h e  SCRs w i l l  b e  open c i r c u i t s  when t h e  f e e d e r  i s  dead,  t h u s  i s o l a t i n g  
t h e  wind  s y s t e m  f r o m  t h e  f e e d e r .  I f  t h e  w i n d  m a c h i n e  i s  a n  i n d u c t i o n  
g e n e r a t o r ,  i s o l a t i o n  i s  a g a i n  a u t o m a t i c  b e c a u s e  e x c i t a t i o n  i s  d e r i v e d  from 
t h e  f e e d e r .  However, i f  t h e  i n d u c t i o n  g e n e r a t o r  h a s  power f a c t o r  c o n n e c t i n g  
c a p a c i t a t o r s ,  t h e r e  may be a  d a n g e r  t h a t  t h e  i n d u c t i o n  g e n e r a t o r  i s  s t i l l  
p r o d u c i n g  power. I n  s u c h  a c a s e  p r o t e c t i o n  schemes have t o  be d e v i s e d  t o  
e n s u r e  s a f e t y  of p e r s o n n e l .  

6.5 FAULT INTERRUPTION CAPABILITY 

A d d i t i o n  of a n o t h e r  g e n e r a t o r  t o  t h e  power sys tem always h a s  t h e  p o t e n t i a l  
t o  i n c r e a s e  power f e e d i n g  i n t o  a  f a u l t ,  p a r t i c u l a r l y  i f  t h e  WECS i s  u s i n g  
synchronous  g e n e r a t o r s  where e x c i t a t i o n  s y s t e m s  a r e  independen t .  To remedy 
t h e  problem,  t h e  i n t e r r u p t i o n  c a p a b i l i t y  of p r o t e c t i o n  d e v i c e s  h a s  t o  be .- 
i n c r e a s e d  a n d  t h e  p r o t e c t i o n  d e v i c e s  m u s t  b e  c o o r d i n a t e d  f o r  p r o p e r  
f u n c t i o n i n g .  I f  a n  asynchronous  l i n k  i s  prov ided  ( a n  i n d u c t i o n  g e n e r a t o r )  
t h a t  r e c e i v e s  e x c i t a t i o n  from t h e  g r i d ,  t h e r e  i s  no  f a u l t  power f e d  i n t o  t h e  
f a u l t  by WECS. T h i s  i s  a n o t h e r  i n c e n t i v e  f o r  u s i n g  i n d u c t i o n  g e n e r a t o r s  i n  ... 
WECS. 



Substa t ion 

F 7 3 
Ci rcu i t  7 7 I-- V, 

5c" a Breaker, E g  E r 
L aJ 

0 7 0 a 
= u  0 Z O  

- - --- 0 the r  
Feeder L--A 

tri  buti on - 1'' 
1 Minor Primary Lateral  

Autornati c 
Recl o se r  

w L i  ne Transformer 
rn Y I 

Servi ce 

Cus torner 

\open Switch 
I 
I 
I 

Other 
Feeder 

F igu re  6-3. Wind Energy S y s t e m  i n  a T y p i c a l  U t i l i t y  
D i s t r i b a t i o ' n  Environment 





SECTION 7.0 

SOCIAL ISSUES 

Many s o c i a l  i s s u e s  a r e  i n v o l v e d  i n  t h e  e x p a n s i o n  of a  new t e c h n o l o g y .  Sone 
of t h e  i s s u e s  of ma.jor impor tance  t o  t h e  c .ommerc ia l i za t ion  of WECS a r e :  

e n v i r o n m e n t a l  e f f e c t s  of t h e r m a l ,  n o i s e ,  o r  c h e m i c a l  p o l l u t i o n ,  

effects on communication,  

p h y s i c a l  p r o t e c t i o n  of peop le  and l i v e s t o c k ,  

l e g a l  l i a b i l i t i e s  and i n s u r a n c e ,  and 

l a n d  u s e ' i s s u e s .  

T h i s  l i s t  s h o u l d  n o t  be  t a k e n  a s  e x h a u s t i v e .  For  e l a b o r a t i o n  on t h e s e  
p o i n t s ,  t h e  r e a d e r  i s  r e f e r r e d  t o  t h e  b i b l i o g r a p h y .  
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Appendix A 
1974 OPERATING DATA FOR SMALL RUN ELECTRIC COOPERATIVES~ 

Genera t ing  
Summer Winter Capac i ty  Cost  

Coopera t ive  Loca t ion  Peak kW Peak kW kW TY pe L/kW 

Alaska 

. . G l a c i e r  Highway Auke Bay 900 1,500 0 - 5.82 
Elec .  Assn. 

Kodiak E lec .  Kodiak 6 ,890 7 ,430  12,778 D i e s e l  5.83 
Assn., I n c .  

Kotzebue Elec .  Kotzebue 806 . 1,240 . 3 , 4 0 0  Diese l  12.04 
Assn., I n c .  

Naknek E l e c .  Naknek 850 1 ,050 1 ,550 . D i e s e l  10 .O 
Assn., I n c .  

Nushagar Elec .  Dil l ingham 530 850 1 ,900 Diese l  l i  .6 
Coop., I n c .  

Arizona 

Duncan Val ley  Duncan 3,257 2,557 0 - 
Elec .  Coop. 

E lec .  D i s t .  No. 4 Eloy 26,000 9 ,500 0 - 
P i n a l  Co. 

Graham Co. P ima 16,868 9,871 0 - 
Elec .  Coop. 

Ashley-Chicot Hamburg 9,415 5 ,842 0 - 
Elec .  Coop., I n c .  

Clay Co. E lec .  Corning 9 ,253  7,352 0 - 
Coop. Corp. 

Farmers E lec .  Newpor t 14,469 9 ,618 0 - 
Coop. Curp. 

Blythe- 8 ,045  6,159 0 - M i s s i s s i p p i  Co. 
E l ec .  Coop., I n c .  v i l l e  

Rich Mountain Mena 9 ,001  8 ,334 0 - 
Elec.  Coop. , I n c .  



Generat ing 
Summer Winter Capaci ty , Cost  

Coopera t ive  Loca t ion  Peak kW Peak kW kW Type k/kw 

C a l i f o r n i a  

Anza E lec .  
Coop., I n c .  

Lumas-Sierra 
Xura l  Elec .  
Coop. , Inc .  

Delta-Montrose 
Rura l  P o w e r  
L i n e s  Assn. 

Grand Valley 
Rura l  Power 
L i n e s ,  I n c .  

Gunnison Co. 
E l e c .  Assn., 
I n c  . 
K.C. E lec .  
A s  s n  . 
La PlaLa Elec .  
Bscn., Znc. 

San L u i s  Val ley  
Rura l  Elec .  
Coop., Inc. 

Anz a 

P o r t o l a  

D e l t a  

Grand 
J u n c t i o n  

Cres t ed  
B u t t e  

Hugo 

Durango 

Itonte 
V i s t a  

Sangre De C r i s t o  Buena 5,149 7,783 0 - 2.9 
E lec .  Assn. V i s t a  

San Pliguel lJuc l a  8,000 N / A  0 - ' 2 .5  

Power Aasn,, Tnc. 

White River  Meeker 9,040 8,980 0 - 1.6 
E lec .  Assn., I n c .  

S l a s h  P ine  Homer- 9,175 8,898 0 - 2.8 

E l e c .  Member- v i l l e  
s h i p  Corp. 



G e n e r a t i n g  
Summer Win te r  C a p a c i t y  Cos t  

C o o p e r a t i v e  L o c a t i o n  Peak kW Peak kW kW Type d/kW 

The L i t t l e  
0 cmul ge e 
E l e c .  Member- 
s h i p  Corp. 

Alamo 

Upson Co. E l e c .  
Membership 
C orp .  

Thomas t o n  

Idaho  

I d a h o  Co. L i g h t  
& Power Coop. 
Assn., I n c .  

Grange- 
v i l l e  

L o s t  R i v e r  E l e c .  
Coop., I n c .  

Mackay 

P r a i r i e  Power 
Coop., I n c .  

F a i r f  i e l d  

R a f t  R i v e r  
E l e c .  Coop., I n c .  

Mal ta  

Salmon R i v e r  . 

E l e c .  Coop., I n c .  
C h a l l i s  

I l l i n o i s  

Clay  E l e c .  
Coop., I n c .  

F l o r a  

Edgar  E l e c .  
Coop. Assn. 

Paris 8 ,758  10,448 0 - 2.54 

Genesco'  3,328 3 ,818 0 - 2.7 

Champaign 8 ,530  10,950 0 - 3.0 . 

E l i z a b e t h  6,250 9,620 0 - 2.8 

Water loo 10,168 8 ,529  . , O  - 2.75' 

Farmers  Mutual  
E l e c .  Co. 

I l l i n i  E l e c .  
Coop. 

Jo -Car ro l  
E l e c .  Coop. 

Monroe Co. 
E l e c .  Coop; 

Spoon , R i v e r  
E l e c .  Coop. 

Canton 9,133 8 , 6 3 2  0 - 3 .O 



G e n e r a t i n g  . 
Summer Win te r  C a p a c i t y  Cos t  

C o o p e r a t i v e  L o c a t i o n  Peak  lclJ Peak kW k W Type LIkW 

Faye t t e  Union L i b e r t y  4 ,685  6 ,250 0 - 2.12 

Co. R u r a l  E l e c .  
Membership Coop. 

F u l t o n  Co. R o c h e s t e r  8 ,376  12,666 0 - 1.9 
R u r a l  E l e c .  
Membership Coop. 

La Grange La Grange 3 ,226 10 ,152  0 - 2.2 
R u r a l  E l e c .  
ivlembersllip Coop. 

M a r s h a l l  Co. R u r a l  Plymouth 9 ,144 12,246 0 - 2.3 
E l e c .  Nembership 
Coop. 

Xiama Cass Co. P e r u  7 ,128 12,432 
R u r a l  E l e c .  
Membership Coop. 

Newton Co. R u r a l  K e n t l a n d  3 ,162  4 ,545 
E l e c .  Nembership 
Coop. 

Orange Co* R u r a l  O r l e a n s  8 ,279  9 ,670  
E l e c .  Membership 
Coop. 

Rush Co. R u r a l  R u s h v i l l e  6 ,280 9 ,647  
E l e c .  Membership 
Coop. 

S t e u b e n  Cn. Rural Angola . 2 ,902  3,356 
E l e c .  ;,lernbership 
Coop. 

Iowa 

Adams Co Corn ing  3 ,709  5 ,789 
Cuup. E l c c .  CO. 

Ben ton  Co. V i n t o n  7 ,837 11,036 
E l e c .  Coop. 
Assn.  

Boone V a l l e y  Renwick 830 1 ,280 
E l e c .  Coop. 



Genera t ing  
Summer Winter Capaci ty  Cost 

Coopera t ive  Loca t ion  Peak kW Peak kW kW Type d/kw 

Buchanan Co. Indepen- 9,234 14,316 0 - 2.5 
Rura l  E l ec .  dence 
Coop .. 

B u t l e r  Co. A l l i s o n  9,700 17,780 
Rura l  E lec .  
Coop. 

Cedar Val ley  Ansgar 6,756 10,524 
E lec .  'Coop. 

Cha r i t on  Val ley  Alb ia  4,150 5,760 
E lec .  Coop. 

Cherokee Co. Cherokee 4,560 6,159 
Rura l  E lec .  
Coop. 

Clarke  E lec .  Osceola  8,267 11,462 
Coop., I nc .  

D.E.K. Rural  Es t e r -  7,993 11,210 
E lec .  Coop. v i l l e  

Farmer 's  E lec .  
Coop. , I n c .  

F r a n k l i n  
Rura l  E lec .  
Coop. 

Glidden 
Rura l  E lec .  
Coop. 

Grundy Co. 
Rura l  E lec .  
Coop. 

Gu th r i e  Co. 
Rura l  Elec.  
Coop. Assn. 

Hancock Co. 
Rura l  Elec.  
Coop. 

Hardin Co. 
Rura l  E lec .  
Coop. , I n c .  

Green- 9,677 18,698 
f i e l d  

Hamp ton  N / A  7,871 

Glidden 4,150 6,100 

Grundy 5,200 8,372 
Center  

Gu th r i e  9,372 11,569 
Center  

Garner 4,635 7,169 

Iowa 
F a l l s  



Genera t ing  
Summer Winter Capac i ty  Cost 

Coope ra t i ve  Loca t ion  Peak kW Peak kW kW Type LIkW 

H a r r i s o n  Co. Woodbine N / A  8,112 0 - 2.4 
R u r a l  E l ec .  
Coop. ' 

North 5,000 7,214 
Humboldt 

Humboldt Co. 
R u r a l  E lec .  
Coop. 

I d a  3,024 5,283 
Grove 

I d a  Co. Rura l  
E l ec .  Coop. 

Lyon Rura l  
El ec. C v f ~ p .  

Rock 6,012 8,934 
8x1~  L t l  s 

Marshal l -  9,991 10,932 
town 

Marsha l l  Co. 
Rura l  E l ec .  
Coop. 

Monona Co. 
R u r a l  E lec .  
Coop. 

Onawa 7,382 6,781 

S tanf  e r  3,945 4,970 Wyman E lec .  
Coop. 

O 'Br ien  Co. 
Rura l  E lec .  
Coop. 

Primghar 4,080 6,191 

S i l b e y  . 3,048 4,248 Osceola  Rura l  
E l e c .  Coop. 

P e l l a  Coop. 
E l e c .  Assn. 

Plymouth 
E l e c .  Corp. 

Pocahontas  
R u r a l  E lec .  
Coop. 

Pocahontas  7,024 10,208 

Mount Ayr 4,843 6,381 Ridera Elec .  
Coop., I n c .  

Sac  Co. Rura l  
E l ec .  Coop. 

Sac C i t y  3,610 4,270 

S ioux  E lec .  
Coop. Assn. 

Orange 9,240 13,456 
C i t y  



G e n e r a t i n g  
Summer Win te r  C a p a c i t y  Cos t  , 

C o o p e r a t i v e  L o c a t i o n  Peak kW Peak kW kW TY pe d/kW 

S o u t h  Crawford Denison 3,997 3,886 0  - N/A 
R u r a l  E l e c .  
Coop. 

S o u t h e r n  Iowa Bloomf ie ld  8 ,940 10,135 
E l e c .  Coop. I n c .  

Woodbury Co. M o v i l l e  4,152 6 ,312 
R u r a l  E l e c .  
Coop. 

Wrighr Co. R u r a l  East 7 ,299 10,295 
E l e c .  Coop. C l a r i o n  

Kansas 

Brown-Atchison 
Elec-. Coop. 
Assn. 

Caney V a l l e y  
E l e c .  Coop. Assn. 

The C .M.S. 
E l e c .  Coop. 

Coffey Co. E l e c .  
Coop. Assn. 

Doniphan E l e c .  
Coop. Assn. 

G r e a t  P l a i n s  
E l e c .  Coop. 
Assn. 

I o l a  Coop. E l e c .  
L i g h t  & Power 

Hor ton  5,976 7 ,101 

Cedar 8 ,297 6,345 
V a l e  

Meade 10,057 5 ,674 

B u r l i n g t o n  3 , 6 9 1  4,554 

Troy 2,762 2,716 

Colby 12,916 8 ,208  

I o l a  6 ,000 6,400 

Lane-Scot t P i g h t o n  10,466 6,562 
E l e c .  Coop. 

Leavenworth  McLouth 8,847 9,507 
J e f f e r s o n  E l e c .  
Coop. 

Lyon Co Emporia 4,737 4,232 
Elec .  Coop, I n c .  



Genera t ing  
Summer Winter Capac i ty  Cost  

Coope ra t i ve  Loca t ion  Peak kW Peak kW kW Type d/kW 

Nick E l e c .  Coop., Belle- 12,081 7,557 0 - 3.06 
I n c .  v i l l e  

Nemaha H a r s h a l l  A x t e l l  7,657 8,390 0 - 2.1 
E l e c  Coop. Assn., 
I n c .  

Winnescah P r a t t  6,050 4,350 0 - 2.15 

Kura l  E lec .  Coop. 

Northwest Kansas Bi rd  7,070 4,207 0 - 3 -4  
E l e c .  Coop. C i t y  
Assn., I n c .  

Norton-Decatur Norton 15,410 9,335 
Coop. E lec .  Co. 

P.R. and W.C. Wame g o 6,027 4,563 
E l e c .  Coop. Assn. 

Rad ian t  E lec .  Fredonia  8,075 6,832 
Coop., I nc .  

Sekan E lec .  Coop. G i r a r d  7,913 5,919 
Assn.,  I n c .  

Smoky H i l l  E l l s w o r t h  5,261 5,054 
El ,oc,  COOP. , 

d- 

I n c .  

Smoky Va l l ey  Lindsberg  994 804 
E l e c i  Coopi Aasn. 

Sugar  Va l l ey  Mount 2,750 3,000 
E l e c .  Coop. Assn. C i t y  

Sumner Cowley Wel l ing ton  9 ,811 7,975 
Elec. Coop., Pnc. 

Twin Val ley  Altamont 4,163 3,469 
E l e c .  Coop., I nc .  

V i c t o r y  E lec .  Dodge 16,333 8,681 
Coop. Assn., I n c .  C i ty  

Kentucky 

Fox Creek Rura l  Lawrence- 8,664 12,012 
E lec .  Coop. Co. burg 



G e n e r a t i n g  
Summer Win te r  C a p a c i t y  Cos t  

C o o p e r a t i v e  L o c a t i o n  Peak kW Peak kW kW TY pe d/kW 

Grayson R u r a l  Grayson 9 ,930 14,886 0 - 3.1 
E l e c .  Coop. Co. 

L o u i s i a n a  

P o i n t e '  Coupee New 15,908 6 ,552 
E l e c .  Member- Roads 
s h i p  Corp. 

Maine 

Kingman Kingman 1 ,000  1 ,050 0 - N / A  

E l e c .  Coop. 

Swans I s l a n d  Mint u r n  310 245 350 D i e s e l  N/A 
E l e c .  Coop. , 
I n c .  

Union R i v e r  Aurora  600 622 0 - N / A  
E l e c .  Coop., 
I n c .  

Michigan 

A l g e r  D e l t a  Glads  t o n e  6 ,105 7,367 
Coop. E l e c .  
Assn. 

Oceana E l e c .  Hart . lo ,  104 9 ,600  
Coop. 

The Ontonagon Co. 
R u r a l  E l e c .  Assn. 

Western  Michigan 
E l e c .  Coop. 

Minnesota  

Arrowhead 
E l e c .  Coop. 

Brown Co. R u r a l  
E l e c .  Assn. 

C a r l r o n  Cu. Coop. 
Power Assn. 

Clearwa t c r - P o l k  
E l e c .  Coop., I n c .  

Ontonagon 2,589 3,350 

S c o t t v i l l e  7 ,824 7 ,912 

L u t s e n  2 ,498 2 ,831 

S leepy  9 ,282 13,633 
Eye 

K e t t l e  8 , 5 0 3  10,322 
R i v e r  

Rag ley 6,372 8 ,982 



C o o ~ e r a t i v e  Locat ion  

Genera t ing  
Summer Winter Capaci ty 

Peak kW Peak kW kW 

F a r i b a u l  t Co. F r o s t  
Coop. Elec .  Assn. 

Goodhue Co. Zumbro t a  
Coop. Elec .  Assn. 

I t a s c a  Mantrap Park 
Coop, Elec. Assn ,  Rapida 

Lyon-Lincoln T y l e r  
E lec .  Coop., I n c .  

Nor th  P i a e  E lec .  Ff rilayson 
Coop., Inc .  

Nor th  S t a r  Baudet te  
E l e c .  Coop. 

Red Lake Red Lane 
E lec .  Coop. F a l l s  

Red River  Ha l s t ad  
Va l l ey  Coop. 
Power Assn. 

R e n v i l l e  S i b l e y  Danube 
Coop. Power 
Assn. 

Roseau Elec .  Roseau 
Coop., Inc .  

South  C e n t r a l  S t .  James 
Elec .  Assn. 

Southwestern P ipes tone  
Minn. Coop. 
E iec .  

T r a v e r s e  Wheaton 
E lec .  Coop. 

Wells Elec .  Wells 
A s  sn.  

Mis sour i  

Bar ton  Co. E lec .  Lamar 
Coop. , I n c .  

Cost 
TY pe b 1 klJ 



G e n e r a t i n g  
Summer V i n t e r  C a p a c i t y  Cns t 

Coqperat  i y e  -. L o c a t i o n  Peak kW Peak kW k W TY pe d/kW 

Crawf o r d  Bourbon 7,456 8 ,087 0 - 3 .O 
E l e c .  Coop., 
I n c .  

Gascosa,ge Dixon 12 ,461  9,737 0 - 2.1 
E l e c .  Coop. 

0 - Howard E l e c .  Faye t t e 3 ,650 4,040 2.9 
Coop. Assa. 

Nodaway Worth M a r y v i l l e  8 ,650 10,648 0 - 2.7 
E l e c .  Coop., I n c .  

R a l l s  Co. E l e c .  New 6,150 6 ,500 0 - 2.9 
Coop. Assn. London 

Se-Ma-No Mansf i e l d  6 ,075 5,722 0 - 3.2 
E l e c .  Coop. 

Montana 

B e a r t o o t h  E l e c .  Red Lodge 4,720 6 ,668 0 - 2.2 
Coop., I n c .  

B i g F l a t E l e c .  ' Malta 1,966 3 ,674 0 - 2.6 
Coop., I n c .  

F l a t h e a d  E l e c .  K a l i s p e l l  8 ,715 8 ,675 0 - 1.4 
Coop., I n c .  

Goldenwest W i  baux N / A  2,422 0 - 3 .O 
E l e c .  Coop. 

H i l l  Co. E l e c .  Havre 6 ,594 9,861 0 - 2.3 
Coop., I n c .  

Mar ias  R i v e r  She lby  8 ,000 10,039 . O  - 1.6 
E l e c .  Coop., I n c .  

McC,one E lec. C i r c l c  7 ,635 11,731 0 - 2.3 
Coop. , Inc.  

Mid Yellow- Hy s ham 3,522 4,096 0 - 1.7 
s t o n e  E l e c .  
Coop. , I n c .  

N o r t h e r n  E l e c .  Opheim - 6,750 0 - , . ' 2.2 
Coop., I n c .  



Genera t ing  
Summer Winter Capac i ty  Cost  

Coopera t i v e  L o c a t i o n  Peak kW Peak kW k W Type CIkW 

Pa rk  E lec .  Coop. , L i v i n g s  t on  3,772 5,174 0 - 2.2 

I n c .  

She r idan  Elec .  Medicine 7,139 11,670 0 - 1.9 

Coop., I n c .  Lake 

S o u t h e a s t  E l ec .  Ekalaka 1,815 2,819 0 - 3.1 

Coop. , I n c .  

Tongue R ive r  Ashland 5,609 7,448 0 - 2.6,  

E l e c .  Coop., I n c .  

2,183 3,558 0 - Val l ey  Cn.  Elec .  Glasgow 3.8 
Coop., Inc. 

V i g i l a n t e  E lec .  D i l l o n  17,153 8,992 0 - 2 .o 
Coop., I n c .  

Nebraska 

Panhandle  Rura l  A l l i a n c e  23,413 7,499 0 - 3 .O 

E l e c .  Member- 
s h i p  Assn. 

Nevada 

Wells Rura l  
Elec. Co. 

New J e r s e y  - 
Sussex  Rura l  
E i e c .  Coop., 
Tnc. 

New Mexico -..-- 

Wells 5,568 5,780 

Sussex 8,260 11,840 

C e n t r a l  New Mountain- 5,820 5,500 
Mexico Elec .  air 
Coop., I nc .  

Columbus E l e c .  Deming 14,352 5,388 
Coop., T n c .  

Mora San Miguel Mora 1,059 1,149 
E lec .  Coop. 

Nor thern  Rio C hama 2,700 2,416 
A r r i b a  Elec .  
Coop. , Inc.  

120 Hydro N1.4 



G e n e r a t i n g ,  
Summer Win te r  Capaci  t y  Cost. 

Cuupe~ 'aLive L o c a t i o n  ' Peak kW Peak kW . kW Type d/kW 

S i e r r a  E l e c .  E l e p h a n t  3,231 2 ,341 0 - 4.1 
Coop., I n c .  . B u t t e  

Sou thwes te rn  Clay ton  1 ,490 1 ,140 0 - 5.5 
E l e c .  Coop., I n c .  

New York -- 
Delaware Co. D e l h i  5 ,986 3,680 
E l e c .  Coop., I n c .  

Otsego  ~ l e c .  Har twick - 4,900 
Coop., I n c .  

S t e u b e n  R u r a l  Bath  5 ,100 8 ,500  
E l e c  Coop., I n c .  

Nor th  C a r o l i n a  

Cape H a t t e r a s  But t o n  4,020 1 ,890 2 ,600 D i e s e l  - 
E l e c .  Membership 
Corp. 

H a l i f a x  E l e c .  Enf i e l d  10,637 9,377 o - 3.3 
Membership Corp. 

- - Harker '  s I s l a n d  Harker  ' s 29 p o l e  - - 
E l e c .  Coop., I n c .  I s a n d  miles 

Ocracoke E l e c .  
1,Iembership Coop. 

- 220 160 345 D i e s e l  

Nor th  Dakota 

Burke D i v i d e  Columbus - 8,461 0 - 2.3 

E l e c .  Coop.., I n c .  

C a p i t a l  E l e c .  North  9,020 11 ,811  0 - 2.3 
Coop., I n c .  Bismarck . 

C a v a l i e r  R u r a l  Langdon 7 ,214 10,164 0 - 2.3 
E l e c .  Coop., ' fnc .  

James V a l l e y  E l e c .  Edgeley ' 7,848 12,807 0 - 2.4 
Coop., I n c .  

Kem E l e c .  L i n t o n  6,812 10 ,361  0 - 2.6 

Coop., I n c .  



Genera t ing  
Summer Winter Capac i ty  Cost 

Coope ra t i ve  ~ o c a t i o n  Peak kW Peak kW kW TY pe LICW 

McKenzie Elec .  Wat f o r d  5,332 8,404 0 - 2.8 
Coop., I n c .  

NcLean E lec .  G a r r i s o n  5,457 9,032 0 - 2.3 
Coop., I n c .  

Nor-Gran- Sou F l a s h e r  8,227 14,243 0 - 2.5 
E l e c .  Coop., I n c .  

~IOUTI t r  a i  1 S t a n l e y  4,668 7,859 0 - 2.3 
E l e c .  Coop., l n c .  

Of  iver-Mcrccr i-Iazea b , 883 - 
E l e c .  Coop., I n c .  

R.S.R. Elec .  West 6,738 13,546 0 - 2.5 
Coop., I n c .  M i  l n o  r 

Sheyenne Va l l ey  F i n l e y  8,442 11,457 0 - 2 . 3  
E l e c .  Coop., I n c .  

S lope  E lec .  New 5,468 9,240 0 - 2.4 
Coop., I n c .  England 

West P l a i n s  Dickinson 7,467 12,833 0 - 2.1 
E lec .  Coop., I n c .  

Wi l l iams  Elec .  W i l l i s t o n  4,494 6,539 0 - 2.1 
Coop., I n c .  

Ohio - 
Adams Rura l  E l ec .  West 5,589 6,805 
Coop., I nc .  Union 

Darke Rura l  E l ec .  Green- 7,392 12,969 
Coop. , I n c .  v i l l e  

Delaware Rura l  Delaware - 7,618 
E lec .  Coop., 
I n c .  

F i r e i a n d s  E lec .  New 9,892 14,195 
Coop., I nc .  London 

Logan Co. Coop. Bel le -  6,434 10,824 
Power & L i g h t  f o n t a i n e  
Assn., I n c .  



Gene ra t i ng  
Summer Winter  Capac i ty  Cos t  

Coopc ra t i ve  Loca t i on  Peak kW Peak kW kW TY pe d/kW 

Marion Rura l  Marion 5,100 9,200 0 - 2.1 
E l ec .  Coop., I .nc.  

Nor th  Western 
E l ec .  Coop., I n c .  

T r i  Co. Ru ra l  
E l ec .  Coop. 

Union Rura l  
E l e c ,  Coop., I n c .  

Uni ted  Rura l  
E l ec .  Coop., I n c .  

Washington 
E l e c .  Coop., I n c .  

Oklahoma 

Kiwash E l ec .  
Coop. , I n c .  

Nor th  Fork E l ec .  
Coop., I n c .  

Oregon 

Columbia Power 
Coop. 

Hood R i v e r  E l ec .  
coop. 

Pennsy lvan i a  

N e w  E n t e r p r i s e  
Ru ra l  E l ec .  Coop. 

S u l l i v a n  Co. Rucal 
E l ec .  Coop., I n c .  

Warren E l ec .  
Coop., I n c .  

South  C a r o l i n a  

Bryan 6,994 1 1. ,026' 0  - 2.7 
. . 

Napoleon 6,591 7,567 0 - 2.7 

M a r y s v i l l e  5,109 10,920 0 - 2.9 

Kenten 5,809 . 8,984 0 - 2 .O 

M a r i e t t a  7,942 11,767 0 - 2.9 

C o r d e l l  10,954 6,818 

Sayre  9,016 8,778 

Mnnument 8 ,147 8,100 

O d e l l  8 ,000 15,550 

New 1 ,732 2,492 
E n t e r p r i s e  

F o r k s v l l l e  4 ,593 8 ,678  

Youngsv i l l e  - 6,837 

C o a s t a l  E l ec .  Wal te rboro  10,551 9,122 
Coop. , I n c .  



G e n e r a t i n g  
Summer Win te r  C a p a c i t y  C o s t  

C o o p e r a t i v e  L o c a t i o n  Peak kW Peak kW kW Type d/kW 

S o u t h  Dakota  

B e a d l e  E l e c .  Huron 6 ,030 6,747 0 - 2.7 
Coop., I n c .  

B l a c k  H i l l s  C u s t e r  5 ,416 . 7,079 0 - 2.8 

E l e c .  Coop., I n c .  

Bon Homme-Yankton Tabor 6,969 7 ,794  0 - 2.5 
E l e c .  Assn. ,  I n c .  

B u t t e  E l e c .  Coop., Newel1 5 ,085 . 5 ,834  0 - 2.7 

I n c .  

C a m  Wal E l e c .  S e l b y  6 ,434 8 ,540  0 - 2.3 

Coop., I n c .  

C h a r l e s  Mix E l e c .  Lake 4,761 5 ,052 0 - - 
Assn. ,  I n c .  Andes 

C h e r r y  Todd E l e c .  M i s s i o n  9 ,520 9 ,310 0 - 2.3 
Coop. , I n c .  
. - .. 

C l a y  Union V e r m i l l i o n  6,237 6 ,768 0 - 2.12 

E l e c .  Coop. 

Coding ton  C l a r k  Watertown 6,096 10,347 0 - 2.43 

Coop,, I n c .  

Douglas  E l e c .  A m o u r  2 ,691 3 ,609 0 - 2.3 
Coop., I n c .  

Fern E l e c .  Ipswich  4 ,375  9 ,002 0 = 
- 

Coop., I n c .  

6 ,569 9 ,991  0 - C,ra.n.d Elec, Bison  2.6 
Coop., I n c .  

I n t e r c o u n t y  E l e c .  M i t c h e l l  8 ,622 12,288 U - 2.5 

Assn., I n c .  

Kingsbury  E l e c .  D e  Smet - 4,314 0 - 2.5 

Coop., I n c .  

La Creek  E l e c .  N a r t i n  6,930 6 ,300 0 - 2.5 
Assn. ,  I n c .  

Lake Region Webster  5 ,775 8 ,883  0 - 2.5 
E l e c .  Assn., I n c .  



G e n e r a t i n g  
Summer Win te r  C a p a c i t y  C o s t  

C o o p e r a t i v e  L o c a t i o n  Peak kW Peak kW k W Type h /  kW 

L i n c o l n  Union Alces  t e r  7 ,494 9 ,816 0  - 2.1 
E l e c .  Co. 

Moreau Grand Timber 4 ,760 9 ,116 0  - - 
E l e c .  Coop., I n c .  Lake 

N o r t h e r n  E l e c .  Bath  9,200 10,500 . 0 - 2 .o 
Coop., I n c .  

Oahe. Elec. B l u n t  4 ,311 5 ,130 0  - 2.4 
Coop. , I n c .  

REE E l e c .  M i l l e r  3 ,990  5 ,200 0  -. 2.4 
Coop., I n c .  

Rosebud E i e c .  Gregory 9 ,868 12,149 870 D i e s e l  2.1 
Coop., I n c .  

Spink E l e c .  Redheld 2 ,022 2,451 0  - 2.7 
Coop., I n c .  

T r i  Co. E l e c .  P l a n k i n t o n  7 ,583  11,054 0  - 2.4 
Assn. ,  I n c .  

Union Co. E l e c .  . Elk  P o i n t  3 ,264 2,706 0  - 2.5 
Coop., I n c .  

Whetstone V a l l e y  Milbank 6 ,411 9,219 0  - 2.1 
E l e c .  Coop. 

Texas  

B a r t l e t t  E l e c .  Bartlett  7 ,585  6 ,072 0 - 2.4 
Coop., I n c .  

B e l f a l l s  E l e c .  Rosebud 6 ,502 4,736 0  - 3.04 
Coop., I n c .  

Ok E l e c .  Coop., Seymour 10,750 7,000 0  - 2.9  
I n c .  

Coleman Co. C o  l'ema n  8 ,410 7,906 0  - 3 .o 
E l e c .  Coop. 

Concho V a l l e y  San Angelo 7 ,560 5 ,926 0. - 2.9 

E l e c .  Coop., I n c .  

D e w i t t  Co. E l e c .  Cue r o  7 ,685 7,202 0  - 3.4 
Coop. , I n c .  



Genera t ing  
Summer Winter Capac i ty  Cost 

Coope ra t i ve  Loca t ion  Peak kW Peak kW kW TY pe LlkW 

Dickens Co. E l e c .  Spur 9,988 7,702 0 - 3.8 
Coop,, I n c .  

I n c .  

Fannin  Co. E l ec .  Bonham 4,749 4,460 0 - 
Coop., I n c .  

F o r t  Belknap 0 l ney  7,521 - 0 - 
E l e c .  Coop., I n c .  

H a l l  Co. E lec .  Memphis .2 ,350 2,962 0 - 
Coop., I n c .  

Hunt C o i i i n  E i e c .  Greenvif  i e  3,188 2,406 0 - 
Coop., I n c .  

J .A.C. E l ec .  Bluegrove 10,314 8,546 0 - 
Coop. Assn. 

J ackson  Elec .  Edna 4,234 3,546 0 - 
Coop., 1nc .  

Kimble E l e c .  J u n c t i o n  5,255 4,634 0 - 
Coop., I n c .  

McCulloch Elec. Brady 5,673 4,091 0 - 
Coop., I n c .  

Navarro Co. E l e c .  Cors icana  10,602 8,949 0 - 
Coop., I n c .  

Nueces E lec .  Robs town 15,630 9,963 0 - 
Coop., I n c .  

R i t a  Blanca E lec .  Da lha r t  10,803 9,021 0 - 
Coop., Inc. 

Rober t son  E lec .  F r a n k l i n  8,081 - 0 - 
Coop., I n c .  

San P a t r i c i o  S i n t  on 14,076 8,679 0 - 
E l e c ,  Coop., I n c .  

Southwest  Texas Eldorado 10,241 9,500 0 - 
Elec .  Coop., I n c .  

~ h a r ' t o n  Co. E l ec .  E l  Campo 15 ,:125 9,264 0 - 
Coop., I n c .  



Gene ra t i ng  
Summer Winter  Capac i t y  Cos t  . 

Coope ra t i ve  . L o c a t i o n  Peak kW Peak kW . kW Type . d/kW 

Utah 

D i x i e  Rura l  Be ry l  2,469 2,969 0 - - 
Elec .  Assn. 

F l o w e l l  E lec .  F i l l m o r e  5,500 512 0 - 
Assn,, I n c .  

Vermont 

Washington E l e c .  E a s t  6 ,173  11,358 0 - .  3 . 3  
Coop., I n c .  , Montpe l ie r  

V i r g i n i a  

Cra ig-Bote tour t  New 4,914 7,745 
E l ec .  Coop. C a s t l e  

Washineton 

L i n c o l n  E l ec .  
Coop., I n c .  

Nespe le in  Va l l ey  
E l ec .  Coop. , I n c .  

Okawogan Va l l ey  
E l ec .  Coop., I n c .  

Tanner  E l ec .  
Coop. 

West V i r g i n i a  

H a r r i s o n  Rura l  
E l ec .  Assn., I n c .  

Wisconsin  

B u f f a l o  E l ec .  
Corp. 

C e n t r a l  Wisconsin  
Elec.; Corp. 

Chippewa Val ley  
E l ec .  Coop, 

Davenport  19,380 

Nespe l e in  4,934 

Winthrop 2,660 

Nor th  1,534 
Bend 

C la rk sbu rg  3,829 

A l m a  7,500 

I o l a  7,238 

C o r n e l l  9,384 



Genera t ing  
Summer Winter Capac i ty  Cost 

Coopera t ive  Loca t ion  Peak kW peak kW kW TY pe t/kW 

Columbus Rura l  Columbus 5 ,700  8 ,280  0  - 2.7 
Elec .  Coop. 

Crawford Elec .  Gays 4 ,812  7 ,380  0 .  - 2.5 
Corp. Xills 

Head of t h e  Lakes S u p e r i o r  3,128  4 ,138  0  - - 
Elec .  Corp. 

J ackson  Elec .  Black 'River  7 , 2 6 0  8 ,772  0  - 3.1 
Coop. Falls 

J U U I ~ '  R i v e 1  E l e ~ .  Lddy s l u i  ~1.1 7 , 4 5 2  0 , 3 3 4  0  3.3 
Coop., I n c .  

Lafaye  t t e  E l ec .  Da r l i ng ton  6 ,603  8 , 8 7 4  0  - 2.6 
Coop. , 

Oconto E lec .  Oconto 8,632  10,227 1 ,000  Hydro 2.7 
Coop. F a l l s  , 

Pierce-Pepin  
E l e c .  Coop. 

P r i c e  E lec .  
Coop. , I nc. 

Rich land  Elec .  
Coop. 

Rock Co. Elec .  
COOP*. Assn* 

S t .  C ro ix  
Elec .  Coop. 

Tay lo r  Co. Elec. 
Cnnp. 

Washington I s l a n d  
E lec .  Coop., I nc .  

IJaushara Elec .  
Coop. 

E l l s w o r t h  9 , 6 8 4  12 ,828  

P h i l l i p s  4 , 8 7 4  5 ,657  

Richland 5 ,500  6 , 4 5 4  
Cen te r  

J a m e s v i l l e  5 ,200  7 ,828  

Baldwin 9,216  13 ,620  

Medford 5 ,500  7 ,000  

Washington 850  725  
I s l a n d  

Wau L uua 13 ,505  7 , 1 5 0  

0  - 

0 - 

0 - 

2,120  D i e s e l  

0 - 



~ e n e r a t i n g  
Summer Win te r  C a p a c i t y  Cos t  

C o o p e r a t i v e  L o c a t i o n  Peak-  klJ Peak kW kW TY pe klkW 

Wyoming 

Big Horn R u r a l  Bas i n  8,667 9,104 0 - 2.8 
E l e c .  Co. 

B r i d g e r  V a l l e y  
E l e c .  Assn., 1x1~. 

Carbon Power & 
L i g h t ,  I n c .  

Gar land  L i g h t  & 
Power 

Nobrara E l e c .  
Assn. ,  I n c .  

R i v e r t o n  V a l l e y  
E l e c .  Assn., I n c .  

Sher idan-Johnson 
R u r a l  E l e c .  Assn. 

, Shoshone R i v e r  
' Power Co. 

Mountain- 
v iew 

S a r a t o g a  

Powel l  

Lusk 

S h e r i d a n  

Cody 





Appendix B 
SMALL MUNICIPAL ELECTRIC SYSTEMS WITH 1974 PEAK 

DEMAND BETWEEN 0.5 AND 2 MW 
(COURTESY BURNS AND MC DONNELL, KANSAS CITY, MO.) 

Sys tem Address  Peak Demand-MW 

C e n t e r  Munic ipa l  E l e c t r i c  Box 400 
L i g h t  and Power System C e n t e r ,  Colo. 81125 1.25 

Haxtun M u n i c i p a l  Power 
and L i g h t  Department 

H o l l y  L i g h t ,  Power and 
Water Department 

Holyoke I4un ic ipa l  L i g h t  
and Power Department 

S p r i n g f i e l d  Munic ipa l  
U t i l i t i e s  

Albany L i g h t  and Power 
Department 

Box 205 
Haxtun,  Colo. 80731 0.98 

Box 458 
H o l l y ,  Colo. 81047 1.08 

207 West Denver 
Holyoke , Colo . 807 34 1.98 

Box 4 
S p r i n g f i e l d ,  Colo.  81073 1.16 

Box 356 
Albany, I l l .  61230 0.95 

Al tamont  M u n i c i p a l  E l e c t r i c  601 West Madison Ave. 
L i g h t  P l a n t  Al tamont ,  I l l .  6241 1 1.50 

Bethany Munic ipa l  L i g h t  
Depar tment  Bethany,  I l l .  61914 1.44 

Argos M u n i c i p a l  L i g h t  
And Water Department 

B a i n b r i d g e  Munic ipa l  
E l e c t r i c  Department 

D a r l i n g t o n  L i g h t  and 
P owe r Company 

C o a t e s v i l l e  M u n i c i p a l  
L i g h t  and Power Company 

Thorntown U t i l i t i e s  

Veedersburg H u n i c i p a l  
E l e c t r i c  Department 

Warren Water and L i g h t  
Department 

A n i t a  Murlicipal  U t i l i t i e s  

119 West Walnut S t .  
Argos,  I l l .  46501 1 .OO 

Eox 216 
~ a i n b r i d ~ e ,  I l l .  46105 

D a r l i n g t o n ,  Ill. 47940 1.28 

C o a t e s v i l l e ,  I u d .  46121 0.57 

102 Nor th  P e a r l  S t .  
Thorntown, I n d .  46071 0.58 

R a i l r o a d  Ave. 
Veedersburg,  I n d .  47987 1.78 

132 Nor th  1Jayne S t .  
Warren,  I n d .  46792 1.84 

825 Main 
A n i t a ,  Iowa 50020 1.51 



Sys t e n  Address  Peak Demand-PlW 

A i t a  M u n i c i p a l  Power 
P l a n t  

209 E. Second S t .  
A l t a ,  Iowa 51002 

B a n c r o f t  M u n i c i p a l  E l e c t r i c  
P l a n t  B a n c r o f t ,  Iowa 50517 

Brooklyn  ? ~ l u n i c i p a l  E l e c t r i c  
P l a n t  

207 F r o n t  S t .  
Brooklyn,  Iowa 52211 

Cascade  M u n i c i p a l  E l e c t r i c  
Depar tment  

102 P i e r c e  S t .  
Cascade,  Iowa 52033 

C6ggon ? lu tkc ipa l  E l e c t r i c  
P l a n t  

131 West Main 
Coggon, Iowa 

Uayton L i g h t  and Power 
Depar tment  

101 S. Main S t .  
Daytnn, Tnwa 50530 

Dike E l e c t r i c  Department Box 160 
Dike,  Iowa 50624 

Eldon  M u n i c i p a l  E l e c t r i c  
L i g h t  and Water  Works E ldon ,  Iowa 52554 

Gowrie ~ 1 u n i c i ~ a l  L i g h t  
P l a n t  Gowrie, Iowa 50543 

G r a e t t i n g e r  E l e c t i c  U t i l i t y  

G u t t e n b e r g  E l e c t r i c  U t i l i t y  

G r a e t t i n g e r ,  Iowa 51342 0.91 

Box D 
G u t t e n b e r g ,  Iowa 52502 1.33 

Box 248 
IlopkiitLrru, Ivwa 52237 0.82 

Hopkin ton  M u n i c i p a l  U t i l i t i e s  

Hudson E l e c t r i c  Depar tment  Hudson, Iowa 50643 1.98 

Keosauqua M u n i c i p a l  L i g h t  
and  Power 

Box 216 
Keosauqua, Iowa 52565 1.06 

Lake P a r k  Munic ipa l  
U t i l i t i e s  Lake P a r k ,  Iowa 51347 1.36 

M a n i l l a  M u n i c i p a l  S e r v i c e  
Depar tment  

Box 335 
I . iani l la ,  Iowa 51454 1.13 

Maple ton  M u n i c i p a l  E l e c t r i c  
P l a n t  

. . 
F r o n t  S t .  
Mapleton,  Iowa 51034 1.64 

McGregor M u n i c i p a l  U t i l i t i e s  126 F i r s t  S t r e e t  
McGregor, Iowa 52157 1.17 



System Address  Peak Demand-MW . - 

P a u l l i n a  M i n i c i p a l  L i g h t  103 E .  Commerce S t .  
and Power P a u l l i n a ,  Iowa 51046 1.45 

P r e s t o n  P lun ic ipa l  L i g h t  and G i l l e t t e  S t . ,  Box 24 
Power P r e s t o n ,  I'owa 52069 1.60 

Pr imghar  M u n i c i p a l  L i g h t  

Renwick Munic ipa l  L i g h t  
and Power P l a n t  

741 1 6 t h  S t .  
P r imghar ,  Iowa 5  1245 1.28 

Renwick, Iowa 50577 0.60 

Rockford M u n i c i p a l  L i g h t  
P l a n t  Rockford,  Iowa 50468 0.90 

Sanborn t l u n i c i p a l  E l e c t r i c  Box J 
P l a n t  Sanborn,  Iowa 51248 1.77 

She lby  E l e c t r i c  Department 

S t r a w b e r r y  P o i n t  Munic ipa l  , 

E l e c t r i c  Department 

Whittemore E l e c t r i c  L i g h t  
. and Power P l a n t  

Haven ~ l e c t r i c  Department 

A l m a  E l e c t r i c  Department 

Al tamont  M u n i c i p a l  E l e c t r i c  
Departmcnt 

A t t i c a  M u n i c i p a l  Water 
and L i g h t  P l a n t  

Cawker C i t y  M u n i c i p a l  L i g h t  
and Water Department 

S h e l b y ,  Iowa 51570 

S t r a w b e r r y  P o i n t ,  
Iowa 52076 

Whit temore,  Iwa 50598 1.10 

118 S. Kansas Avenue 
Havens,  Kans. 67543 0.73 

Alma, Kans. 66401 1.04 

Box 305 
Al tamont ,  Kans. 67330 1.34 

B t t i c a ,  Kans. 67009 0.85 

Cawker C i t y ,  Kans. 1 .OO 

C e n t r a l i a  ,?4unicipal  E l e c t r i c  
Depa'r trnent C e n t r a l i a ,  Kans. 66415 0.72 

Chetopa M u n i c i p a l  Power P l a n t  Chetopa,  Kans. 67336 1.13 

Cimarron M u n i c i p a l  E l e c t r i c  Main S t .  
L i g h t  P l a n t  Cimarron,  Kans. 67835 1.84 

Johnson  M u n i c i p a l  Tdight Box 387 
P l a n t  Johnson C i t y ,  Kans. ,67855 1.63 



System Address Peak Demand-MW 

Moran Water and E l e c t r i c  
Department Moran, Kans. 66755 0.66 

P r o t e c t i o n  E l e c t r i c  Department P r o t e c t i o n ,  Kans. 67121 1.50 

Sharon Spr ings  Municipal  Light  
and Power Sharon Spr ings ,  Kans. 67758 1.52 

Wilson Municipal  Water and 
L i g h t  Department Wilson, Kans, 67490 1 . 5 5  

Smoky Valley E l e c t r i c  Coop. 117 E a s t  Lincoln ,  Box 469 
hssoc ia t j .on ,  Znc. Lindsborg,  Kans. 6 7 4 5 6  0.99 

Eardwell. C i c  y U ~ l l l  ~ l e s  2 17 
Bardwell,  Ky. 42023 

Lubec Water and E l e c t r i c  24 Water S t r e e t  
D i s t r i c t  Lubec, Maine 04652 1.24 

Ada Water and L igh t  
Department 

10 F i f t h  Ave. 
Ada, Minn. 56510 

A r l i n g t o n  Municipal  U t i l i t i e s  312 Alden S t .  
Ar l ing ton ,  Minn, 55307 1.92 

B a r n e s v i l l e  Municipal  L igh t  Box 295 
Department B a r n e s v i l l e ,  Minn. 56514' 1.01 

Baude t t e  Municipal  L i g h t  P l a n t  Baudet te ,  Minn. 56623 1.46 

Biwabik Water, L i g h t ,  Power Box A 
and Bui ld ing  Commission Biwabik, Minn. 55708 1.35 

Blooming P r a i r i e  P u b l i c  Blooming P r a i r i e ,  
U t i l i t i e s  Minn. 55971 

Brownton Municipal  L igh t  C i t y  Bal l  
Department Brownton, Minn. 55312 0.67 

Buhl Water,  L i g h t ,  Heat 105 Jones  Avenue 
and Bu i ld ing  Commission Buhl, Minn. 55713 0.75 

F a i r f a x  Municipal Power 206 South F i r s t  S t r e e t  
P l a n t  F a i r f a x ,  i4inn. 55332 1.34 

Grand Marais P u b l i c  U t i l i t i e s  Box 83 , . 
Commission Grand Marais ,  Minn. 55604 1.75 - .  

Hals t ad  Municipal  U t i l i t i e s  . Hals t ad ,  Minn. 56548 0.92 



sY s~e lu  Address  - . Peak .... . . . . Demand-MW 

Hawley P u b l i c  U t i l i t i e s  ', Box 277 
Commission Hawley,. Minn. 56549 1.15 

J a n e s v i l l e  M u n i c i p a l  
U t i l i t y  

219 N o r t h  Main 
J a n e s v i l l e ,  Minn. 56048 1.32 

Kenyon M u n i c i p a l  U t i l i t i e s  713 Second S t r e e t  
Kenyon, Minn. 55946 1.75 

Lanesboro P u b l i c  U t i l i t i e s  202 Parkway S . ,  Box 333 
Lanesboro,  Minn. 55949 0.94 

Moose Lake Water and 
L i g h t  Comnission E4oose Lake,  Minn. 55767 . 1.88 

Mountain I r o n  M u n i c i p a l  Box 505 
L i g h t  Department Mountion I r o n ,  Minn. 55768 0.73 

Nor th  Branch L i g h t  and 
Power Commission 

Box 62 
North  Branch,  Minn. 56568 1.55 

P i e r z  U t i l i t i e s  P i e r z ,  Minn. 55364 0.87 

P r e s t o n  P u b l i c  U t i l i t i e s  

S p r i n g  Grove M u n i c i p a l  
L i g h t i n g  System 

Truman Munic ipa l  L i g h t  
P l a n t  

T y l e r  Munic ipa l .  L i g h t  
and Power Department 

Box 157A 
P r e s t o n ,  Minn. 55965 

S p r i n g  Grove,  
Minn. 55974 

Truman, Minn. 56088 

Box 398 
T y l e r ,  Minn. 56178 

Westbrook Munic ipa l  L i g h t  
and Power P l a n t  Westbrook, Minn. 56183 1.04 

Winthrop U t i l i t i e s  

F a y e t t e  Water and L i g h t  
Department 

Kahoka Munic ipa l  E l e c t r i c  
L i g h t  and Water Department 

La P l a t a  M u n i c i p a l  Power 
and L i g h t  P l a n t  

Lockwood Water and L i g h t  
Company 

Winthrop,  Minn. 55396 1.43 

117 S. Main S t .  
F a y e t t e ,  Mo. 65248 1.65 

255 N o r t h  Washington 
Kahoka, Mo. 63445 i .85 

La Plata, Mo- 63549 0.70 

Box 0 
Lockwood, Mo. 65682 1.27 



System .Address  Peak Demand-PlW 
-- 

P r i n c e t o n  E l e c t r i c  
Depar tment  

604 Main S t .  
P r i n c e t o n ,  Mo. 64673 1.75 

Salem M u n i c i p a l  L i g h t  and  W. 3 r d  and Grand 
Power P l a n t  Salem, Mo. 65560 

S h e l b i n a  M u n i c i p a l  Water W. C h e s t n u t  
and  L i g h t  Depar tment  S h e l b i n a ,  Mo. 63468 1.50 

S l a t e r  M u n i c i p a l  U t i l i t i e s  Box 247 
S l a t e r ,  Mo. 65349 1.90 

S t a n b e r r y  L i g h t ,  Power and  C i t y  H a l l  
Water Depar tment  Stanberry, Mo. 6/1/189 1.30 

Arapahoe L i g h t  and  Water 
n ~ p a r t r n ~ n t  

Arno ld  L i g h t  and  Water 
Depar tment  

B a r t l e y  E l e c t r i c  
Depar tment  

Box 235 
Aiapal iue ,  1Jebr. 68922 1.13 

Box 462 
Arno ld ,  Nebr. 69120 

Box 177 
B a r k l e y ,  Nebr. 69020 0.97 

B a t t l e  Creek M u n i c i p a l  L i g h t  Box 128 
and  Power Depar tment  B a t t l e  Creek ,  Nebr. 68715 1.39 

Bayard C i t y  L i g h t  and Water 
Depar tment  Rayard, Nehr. 69334 1.64 

B r i d g e p o r t  U t i l i t i e s  B r i d g e p o r t ,  Nebr. 69336 0.78 

Cal laway Mun.icipa1 L i g h t  Box 157 
P l a u t  Ca l laway ,  Nebr. 68825 0.76 

C h a p p e l l  M u n i c i p a l  U t i l i t i e s  757 Second S t r e e t  
Chappebl,  Nebr. 

C u r t i s  L i g h t  and  Water 310 Center Avenue, Box 31 
C u r t i s ,  Nebr. 69025 1.61 

D e s h l e r  M u n i c i p a l  U t i l i t i e s  D e s h l e r ,  Nebr. 68340 1.81 

D o r c h e s t e r  E l e c t r i c  
Depar tment  D o r c h e s t e r ,  Nebr. 68343 0.85 

Emerson M u n i c i p a l  Ut i l i t i e s  Emerson, Nebr. 68733 1.08 

F r i e n d  M u n i c i p a l  L i g h t  and 146 Maple S t .  
Water Depar tment  F r i e n d ,  Nebr. 68359 0.59 



.System Address  Peak Demand-MW 

Howells N u n i c i p a l  E l e c t r i c  
L i g h t  System Howel ls ,  Nebr. 68641 0.98 

L a u r e l  N u n i c i p a l  E l e c t r i c  101 Elm S t .  
P l a n t  L a u r e l ,  Nebr. 69352 1.85 

Lyman E l e c t r i c  Department Box 301 
Lyman, Nebr. 6.93562 0.69 

Lyons Munic ipa l  U t i l i t y  Lyons,  Nebr. 68035 1.55 

M i t c h e l l  L i g h t  Department X i t c h e l l ,  Nebr. 69357 1.34 

p i x t o n  M u n i c i p a l  Power 
Department P a x t o n ,  Nebr. 69155 0.57 

Pender  M u n i c i p a l  L i g h t  
P l a n t  Pend'er , Nebr. 68047 

P i e r c e  U t i l i t i e s  113 S o u t h  Brown 
P i e r c e ,  Nebr. 68757 

Randolph Munic ipa l  E l e c t r i c  
L i g h t  P l a n t  

Box 220 
Randolph,  Nebr. 68771 

S a r g e n t  M u n i c i p a l  Power 
P l a n t  

Box 40 
S a r g e n t ,  Nebr. 68874 
S p a l d i n g ,  Nebr. ,68665 S p a l d i n g -  E l e c t r i c  Department 

Spencer  E l e c t r i c  Depa'rtment S p e n c e r ,  Nebr. 6877 

. S t r o m s b u r g  E l e c t r i c  Department Stromsburg,  Nebr. 68666 

S t u a r t  N u n i c i p a l  Water and 
Power Department S t u a r t ,  Neb. 68780 

S u t h e r l a n d  Munic ipa l  Water 
Department S l i t h e r l a n d ,  Neb. 69165 

S u t t o n  L i g h t  and Water 
Department 

Box 437 
Sut ' ton,  Neb. 68979 

Talmage E l e c t r i c  Depar tment  C i t y  H a l l  
Talmage, Neb. 68448 

Wisner M u n i c i p a l  E l e c t r i c  
L i g h t  and.  Water Department 

Box 367, 1115 Avenue E a s t  
I J i s n e r ,  Neb. 68731 

C a l i e n t e  P u b l i c  U t i l i t i e s  ~ a l i e n t e ,  Nev. 8'9008 1.30 



System Address Peak Demand-PlW 

C a r l i n  Municipal  Power 
P l a n t  

Box 37 
C a r l i n ,  Nev. 89822 1.09 

Woodsville Water and L i g h t  3 North Court S t .  
Department Woodsville,  N.H. 03785 1.83 

Pemberton E l e c t r i c  Department 114 Hanover S t .  
Pemberton, N . J .  08068 1.34 

Andover Water and L i g h t  
Department 

4 Main 
Andover, N.Y. 14806 0.78 

Angel ica  E l e c t r i c  Department White S t .  
Angel ica,  N.Y. 14709 0.58 

Bergen Municipal  E l e c t r i c  13 S. Lake S t .  
Departrqent S ~ r g o n ,  M.Y. l1l11 16 1.06 

Corne l iu s  Nun ic ipa l  E l e c t r i c  Box 66 
L i g h t  Syotcm Curne l iu s ,  1J.C. 28031 U.18 

P i n e v i l l e  E l e c t r i c  Company 20 Dover S t .  
P i n e v i l l e ,  N.C.  28134 1.60 

Sharpsburg E l e c t r i c  Department Box 305 
Sharpsburg,  N.C. 27878 1.31 

Northwood Municipal  L i g h t  
and Power Department 

Beach C i t y  Board, P u b l i c  
A f f a i r s  

Bloomdale Municipal  L i g h t  
and Power Department 

Bradner Municipal  E l e c t r i c  
L igh t  and Waeer Department 

Elmore Municipal L i g h t  and 
Water Department 

Northwood, N . D . ,  58267 1.84 

Box 388 
Beach C i t y ,  Ohio 44608 

Box 286 
Bloomdale, Ohio 44817 

Box 516 
Bradner,  Ohio 43406 

108 C l i n t o n  St.. 
Elmore, Ohio 43416 

/ 

Graf ton  Municipal  U t i l i t y  1009 Chestnut  S t .  
S e r v i c e  Gra f t en ,  Ohio 44044 1.94 

~ e w  Knoxvi l le  Board of 
P u b l i c  A f f a i r s  

P ionee r  Municipal  P l a n t  

Corner Main and W .  
Breman S t .  , New 
Knoxvi l le ,  Ohio 4587 1 1.20 

Box 332 
P ionee r ,  Ohio 43554 1.12 



system - Address 9 e a k  P.e.rq.n d-MwMw 

Plymouth Board of P u b l i c  25 Sandusky S t .  
A f f a i r s  Plymouth,  Ohio 44865 1.20 

P r o s p e c t  M u n i c i p a l  L i g h t  198 N. Main, Box 186 
P l a n t  P r o s p e c t ,  Ohio 43342 1.19 , 

S e v i l l e  ~ u n i c i p a l  L i g h t  40 West t4ain S t .  
and Power System S e v i l l e ,  Ohio 44273 0.95 

South  Vienna L i g h t  
. Department 

Waynes f ie ld  Board of 
P u b l i c  A f f a i r s  

Box 45 
South  Vienna,  Ohio 0.53 

~ a ~ n e s f i e l d ,  Ohio 45896 0.86 

Wharton 3 o a r d  of P u b l i c  
A f f a i r s  Wharton, Ohio 43359 1.07 

Che l sea  M u n i c i p a l  L i g h t  
and Water Department 

Copan L i g h t  and Water 
Sys  tern 

G r a n i t e  E l e c t r i c  ' 

Department 

Waynoka L i g h t  and  Water 
Department 

600 Walnut S t r e e t  
C h e l s e a ,  Okla. 7 4016 0 .83 

Box 218 
Copan, Okla.  '74022 0.72 

Box 116 
G r a n i t e ,  Okla. 73547 1.33 

201 E a s t  C e c i l  S t .  
Waynoka , Okla.  7 3860 1.89 

".Wynnwood Water and  L i g h t  Box 82 
Department Wynnwood, Okla. 7 3098 0.88 

Y a l e  M u n i c i p a l  L i g h t  
Department Y a l a ,  Okla.  74085 1.13 

Pond Creek N u n i c i p a l  Power 
Depar tment  Pond Creek ,  Okla. 73766 1.43 

Ha.tfie.l,rl M11ni.c.ipal E l e c t r i c  Chestnut S f .  
P l a n t '  H a t f i e l d ,  Pa. 19440 1.60 

Smethpor t  E l e c t r i c  Depar tmetn Water S t r e e t  
Smethpor t ,  Pa. 16749 1.80 

S t .  C l a i r  M u n i c i p a l  E l e c t r i c  39 Nor th  Second S t r e e t  
L i g h t  Department S t .  Clair ,  Pa. 17970 1.63 

Watsontown E l e c t r i c  
Department 

Box 273 
Watsontown, Pa.  17777 1.86 



Svstem Address  Peak Demand-MW 

Due West Commissioners 
o f  P u b l i c  Works 

Box 128 
Due West, S.C. 29639 1.15 

P r o s p e r i t y  Commissioner of 
P u b l i c  Works P r o s p e r i t y ,  S.C. 29127 1.06 

Wes tmins te r  Commissioner of Box 216 
P u b l i c  Works Wes tmins te r ,  S.C. 29693 1.80 

A r l i n g t o n  L i g h t  Depar tment  A r l i n g s t o n ,  S.D. 57212 1.07 

E l k  P o i n t  N u n i c i p a l  L i g h t  Box 280 
a n d  Power Plant Elk P o i n t ,  S . D .  57025 . 1 - 6 6  

E s t e l l i n e  H u n i c i p a l  L i g h t  
and Power Depar tment  E s t e l l i n e ,  S.D. 57234 0.87 

G r o t o n  E l e c t r i c  L i g h t  and Box 121 
Power Depar tment  Gro ton ,  S.D. 57445 1.70 

Howard Wuncipal  Power 
Depar tment  

T y n d a l l  L i g h t  and Wate.r 
Depar tment  

Volga M u n i c i p a l  L i g h t  and 
Power Depar tment  

Wess ing ton  S p r i n g s  M u n i c i p a l  
E l e c t r i c  Depar tment  

C a s t o r v i l l e  U t i l i t y  System 

C r o s b y t o n  Power and  L i g h t  
S y s  tern 

L e x i n g t o n  M u n i c i p a l  E l e c t r i c  
D e p a r ~ ~ u e n C  

Howard, S.D. 57349 1.69 

T y n d a l l ,  S.D. 57066 1.67 

108 Kason Ave. 
Volga,  S.D. 57071 1.24 

Wessington S p r i n g s ,  S.D. 
57382 1.09 

Box 479 
C a o t o r v i l l c ,  T c ~ r a o  78009 1.86 

119-23 S o u t h  ~ ~ r s h i r e  
Crosby ton ,  Tex. 79322 1.62 

L e x i n g t o n ,  Tex. 78947 , 1.06 

W i n t e r s  L i g h t  and Power 
P l a n t  W i n t e r s ,  Tex. 79567 1.20 

F a i r v i e w  > f u n i c i p a l  E l e c t r i c  C i t y  H a l l  
Depar tment  F a i r v i e w  C i t y ,  Utah  84629 0.70 

H e l p e r  L i g h t  and Power 
Depar tment  H e l p e r ,  Utah  84526 1.56 



System Address  Peak Demand-MW 

Levan M u n i c i p a l  E l e c t r i c  
L i g h t  System Levan, Utah  84639 0.60 

M o n t i c e l l o  E l e c t r i c  
Department 

35 West 1st N .  
M o n t i c e l l o ,  Utah 84535 1.03 

M t .  P l e a s a n t  Munic ipa l  L i g h t  " 115 W. Main S t .  
and Power Department M t .  P l e a s a n t ,  Utah 84647 1.60 

Johnson  Water and L i g h t  
Department Johnson ,  V t .  05656 1.25 

Ruston E l e c t r i c  U t i l i t y  5117 N .  Winn i f red  
Ruston,  Wash. 98407 0.74 

Argy le  Munic ipa l  E l e c t r i c  and 
Water U t i l i t y  P l a n t  Argy le ,  W i s .  53504 0.94 

Black E a r t h  E l e c t r i c  
U t i l i t y  

1210 H i l l  S t .  . ,. 

Black E a r t h ,  W i s .  53515 1 .43 

Cash ton  Water and L i g h t  709 Main S t .  
Department Cashton,  Wis. 54619 1.17 

. . 
C e n t u r i a  H u n i c i p a l  E l e c t r i c  

U t i l i t y  C e n t u r i a ,  Wis. 54824 0.67 

C o r n e l l  Water and  L2ght  
U t i l i t y  

D e e r f i e l d  Munic ipa l  L i g h t .  and 
Water Department 

E l r o y  H u n i c i p a l  L i g h t  and 
Water Depar tment  

F l o r e n c e  Water and L i g h t  
Commission 

r re sham X u n i c i p a l  L i g h t  
And Power Department 

Haze l  Green L i g h t  and 
Water U t i l i t y  

H u s t i s f o r d  E l e c t r i c  
U t i l i t y  

v 
L a  Farge  X u n i c i p a l  

E l e c t r i c  Company 

C o r n e l l ,  Wis. 54732 1.66 

113 N .  Main 
D e e r f i e l d ,  Wis. 53531 1.21 

507 F r a n k l i n  S t .  
E l r o y ,  W i s .  53929 1.44 

F l o r e n c e ,  Wis. 54121 1.08 

Box 157 
Gresham, W i s .  54128 0.78 

Box 112 
Haze l  Green,  W i s .  53811 

H u s t i s f o r d ,  Wis. ' 53034 1.65 

La F a r g e ,  Wis. 54639 0.95 



System Address  ..- , =-- - Peak Demand-MW ---- 
M e r r i l l a n  E l e c t r i c  L i g h t  

and  Water Depar tment  M e r r i l l a n ,  W i s .  54754 0.50 

Muscoda E l e c t r i c  and  Water 109 N. Second S t .  
Depar tment  Muscoda, W i s .  53573 0.76 

N e w  G l a r u s  M u n i c i p a l  L i g h t  313 2nd S t .  
and Water Works New G l a r u s ,  Wis. 53574 1.82 

New L i s b o n  M u n i c i p a l  E l e c t r i c  218 E .  Br idge  S t .  
New L i s b o n ,  W i  s .  5 7 9 5 0  1.71 

P a r d e e v i l l e  E l e c t r i c  
Commission 

P r a i r i e  Du S a c  M u n i c i p a l  
E lecLr  lc U c l l i r y  

P r i n c e t o n  E l e c t r i c  L i g h t  
Depar tment  

124 Lake S t .  
P a r d e e v i l l e ,  Wis. 53954 1.66 

560 P a r k  Ave. 
P r a i r i e  Du Sac ,  
Wis. 53578 

438 Main S t .  
P r i n c e t o n ,  W i s .  54968 1.70 

S t r a t f o r d  14unicipal  E l e c t r i c  Box 144 
and  Water Depar tment  S t r a t f o r d ,  W i s .  54468 1.64 

Trempealeau M u n i c i p a l  
E l e c t r i c  U t i l i t y  

50 E .  3 r d  S t .  
Trempealeau,  Wis. 54661 0.94 

V i o l a  ? l u n i c i p a l  E l e c t r i c  
U t i l i t y  V i o l a ,  Wis. 54664 0.70 

B a s i n  M u n i c i p a l  L i g h t  and Box 618 
Power Department Basin, Wya. 82410 0 , 7 5  

Lusk L i g h t  and Power 
Department 

Nor th  Main, Box 385 
Lusk,  Wyo. 82225 1.70 

P i n e  B l u f f s  L i g h t ,  Water 
and Pnwet Department  Pine R l . i i f f s ,  Wyo.. 82082 1.23 

u p t o n  M u n i c i p a l  L i g h t  and 
Power Depar tment  Upton,  Wyo. 82730 0.78 
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