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This appendix is one of a series making up the complete
Columbia-North Pacific Region Framework Study on water and
related lands . The results of the study are contained in the
several documents as shown below :

Main Report Summary Report

Appendices

I. History of Study IX. Irrigat ion

I I .  The Region X.  Nav igation

III. Legal ~ Adminis tra tive X I .  Mun icipal ~ Indus-
Back ground trial Water Supply

IV. Land ~ Mineral Resources XII . Water Quality ~
Pollution Control

V. Water Resources
XIII. Recrea ti on

VI.  Econom ic Base ~
Projections XIV . ?ish ~ 

Wildlife

VII . Flood Control XV. Electric Power

V I I I .  Land Measures ~ Watershed XVI. Comprehensive Frame-
Protection work Plans

Pac if ic  Nor thwes t River Bas ins Commiss ion
1 Columb ia River

Vancouver , Washington
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APPENDIX XV
E l e c t r i c  Power

Pre pared under the direction of the
Columbia-North Pacif ic Technical S t a f f

by the
E l e c t r i c  Power Studies Committee

Chester E .  Mohler , Coordina tor
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Developmen t
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Chester E. Mobler Introduction
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This appendix to the Columbia-North Pacific Region
Framework Report was prepared at field level under the auspices of
the Pacific Northwest River Basins Conullission. It is subject to
review by the interested Federal agencies at the departmental level,
by the Governors of the affected States, and by the Water Resources
Counci l prior to its transmittal to the President of the United States
for his review and ultimate transmittal to the Congress for its
consideration .

Photography Credits
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l i e ’ p i t  rposc  i n  t h i s  ap p e n d i x  i s to t’o recas t powe r loads
5e i i e ’l ’ : lt  ion , and t i’ansiniss inn for t h e  C o l u m b i a — N o r t h  P a c i f i c  Reg ion
as th ey re’ I i t  c to t lie t’u t u  re use  of w a t e r .  These m e asu re s  of power
deve I ogme i t  a r ’e’ re I ;i t c ’ )  t a o t h e r  wa t e’ t ’ and l and  ii se’ S through t h e I r
r o d i  I i  cat  ion of ’ i a t e ’ r supp l i e ’ s of the r eg ion  . ‘I’he impac t on w a t e r
suppl ies is twn tL )ld . I-i r’;t , t he  de’vc ’ lo p m e n t  of hvdro electri c ca p a—
h i  lit>’ hi:is a m a j o r  i n f l u e n c e  Oil l i c e ’ of water sup p li e s for other  pur—
P us e’’~ , I l l  l f l i l r l \ ’  i n s t  : i i l e L  S i t  i s  ;i 1101 1 or det erm i nan t  t i  ir  w a t e r  c o n t r o l ,
shore ’ t h e  c o n f l i c t  n i t l i  t i u - r  w a t e r  ‘i:~es is slight. Second , the

~hcv e’ I M ci- R n t of t h e  r ica 1 e’ le’ct r I c c:i I iib i I i  t 
~ 

w 11 re qu i re a s’ater
supp ly f o r  st e ’am condensat j ail wh i  cii mu s t  be c o n s i d e r e d  wi th use of

i’ supp l i e s  f o r  o t h e r  i i i rp os e ’ s

The :inpendi x has been formulated c o c c i  Ii cal  lv  in  keep lug  with
standar d s of the ’ l a t e r Resources ( :01111 cm 1 (‘J O I .!~ As such , i t  r e l a t e s
i cwe’r development to the broad—sc a led a n a I y s ~~s of w a t e r  and r e l a ted
l a n d  r e so u r c e’ prob I e’ f l S  and I urn i shes a general appral sal of the

i’i ! ~ at ) Ic n a t u r e  , e x t e n t , and t I Tfl l u g  of power ele ’ve ’ 1 opmen t in the  reg ion.

\ l  ‘i~oug h p r o j  oct  ( o m It l a t  i o u  ‘ t  u d i  es We ’ re not  u n d e r t a k e n
j ’ec i f  1 c ge ’n era t  i n g  p r o j e c t s  at c’a c li i f  t he three l e v e l s  of power

dov e  ( c e m e n t  have’ been i ( t e n t  i fi ed for stile!>’ pll rpeises . These levels
n c r . ’ the’ v ’:ir~ 1950 . 2( 00 , and 202 ( 1 ,

I or some cc i t  ions  of t h e  append 1 x , s tllel i es were  made i n  c o n—
‘ i d c r : i h  Jo de’tai 1 . Ib is is par t  i cu larl t rue’ of the’ studies ~di i cb
d e ’v e ’ lo oe . ’d t h e  s t a g i n g  of e le ’ e’t t i c ’ power develo pment. Such de tail ,
l j iseyei ’ , i s  n i t  in  con f ’l i ot W i th the ob i e’ct iv e  i f ’ broach—scaled
:iii:i l~’c j s. ‘the dot i i  1 i s  i n  s t u e h ~’ of a power  se s t em  t i n t  in  t i le  s tud y
of m d i  v i d i i : t l h r o ,i e c t s .  5t iiiI io ~ of  such ele’tai 1 h a v e ’ been niad
p u s s  i i  Ic on l v throug h the’ m~ttheri:it i cal 51111111 l i t  i on at  the  ent  i i c ’

i’~- g i  o roi l p os- i - r  i n r r ’ : i t  i n g  n v - i t t - n  (In l a r g e  c ap : t ci  tv  d i g i t a l  e’oi f lp i it er s

I n  mos t  o t h e r  app en d i sos of ’ th ’i is  f ramework st tid y’ , t h e
( o l u ~d i  i — Sort Ii P:ie 1 f ’ i c R e g i  on h a s  been d i  ~‘i d c d  i n t o  sub r e g i o n s .
‘lb i s  w i t s  n o t  clone’ f o r  the powe r a p p e n d i x  as t h e  r e s u l t s  t he r eo f
would he of l i t t l e  v a l u e . \ l t h o u g h i t  is cut  i re l y f’e:i’~ i b l e  to
I c l t ’t i t  I l v  p i w i ’ r  loads and gene’ r a t  I on by sub reg i oil s , it coorel m ated
powe r - i v n l  em serve ’ s t h e  Ia e ’i Ci e’ N o i ’ t h i s c ’ c t i n  i t s  cut i l e t > ’  by means
( i f  a ii ght — v o l t  age t ritnsn i ss ion ne t  work  . Some subreg ions  are  re in —
t vi i> ’ p ower  r i ch and  I- he i r r e s u l t  ret’s are used to  he I p meet the
nc ’c ’ t hs  of o th i c  r ‘n h  reg i oii s wh i cli h a v e  h i g hi I oads b i t t  f ’cw powe 1’
r on ( i i i  re - c

I / S i t ’  R i  h I  I og t ’ :tp h v

--
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I: Ic’ c t r i c powo 1’ so rv i e’c t ii the reg i on may have begun in 1882
when t h e  Ci t n t  e l e c t r i c  1 i gh t  p l a n t  in l\Ni shi ngton began operation in
I , icoma . On June  3 , 1889 , a h v d  I’ m ’  Iee’ t r i  c p 1 lint  w i t s  camp I eteel at

W i  I l am e t t e  Eu 1 is at Oregon C i t y ’ . In  September  1891 , a l t e r n a t o r s
w e r e  i ns t al  le’ eI at  t he  p l a n t  and were  connected  w i t h  kurt l and  b y wha t
“ :i >  be regarded its the first lon g—distance t r ans n i i ss i  oil l i n e  i n  the
tin i tech St at c’s . ‘I’hi i s p h in t  , cons i derab l y mod i f I eel , ape ra te s today
as the  ‘r. W . Sit I i i  v an pl an t of Por t l and  Gene r~il I lectr i c Company .
~‘tit i ’t i  c ip a l  electric ’ pl ants began operation in Mc ’ M i i i i i v i  l i e ’  in  1889 ,
in  Ce’ Itr al ia i n  1893 . in i’:t~ ama i n  1894 , i n  S e a t t l e  i n  1911 2 , and in
1 ugene i i l  191()

‘I’he Priv a te’ IJt i i i  t i c s

‘I’h e p r i  v : ite  Iv  owned cit i l l  t i e s  w h i  cli serve ’  t h e  r e g i o n  had
theit’ ori g in  in  s m a l l , l o c a l l y owned e n t e r p r i s e ’ s to prov i de u t i l i t y ’
s e r v i c e s  i n c  I i te l  i ng gas sitnp lv and elect ri ci tv . Some were subs id  —
a r i e s  of ra i  lro ad  conipan i c ’ s  . Puget  S o u n d  Power  ~ Li gh t  Company w i t s
formed t h r o u g h  an ex t e n s i v e  s e r i e s  of merge r s  in w e s t e r n  W a s h i n g t o n
wh i ch es t  ~th i i  shed the  company in 19 12 , and cont inued  t h r o u g h 1940 .
‘Fhie W a s h i n g t o n  W a t e r  Power Compan y s t a r t ed  i ts  a s m a l l  e n t e r p r i s e  in
Spokane i n  1583. ‘l ’ilroug h sttcce ’s s i ye reorgan i ::tt ions  i t  e ’v o lvc ’d  i n t o
a succe’ss f ul  e’ le’ct r i  c an d st  rec’t r a i  I sa>’  company b y 1899 , :i l  t houg h
acqui si t ion of o t h e r  smal  1 systems in western Washington and
nor the rn  I elaho cont i nueel for a cons i dO rab le per i oil t h e r e a f t e r .

‘l h rough ii s imi  l~t r  pa t  t e rn of success ive reorgan I :ut ion o t h e r
m alor pri vately ownei,h ut i lit i es sprang up in Oregon and Wa sh  i ng to n
‘I’h e Paci fic l ower t~ l. i gh t  Co m p a ny  w i s  i n c o rp o r a t e d  i n  ,June 16 , 191 0
lii i s. company  , wh i ch or i g I il l! 11 > Se’ rvc’cl sou theastern Wash i ngton and
n o r t h e a s t e r n  Oregon , s ub s e q u e n t l y’ merged on ‘~e’ p : i t ’ li t e  oce’as i Oils  51  ft

N o r t l i w e s t e  rn E I e ’ct r i c Comp any , ‘lotuit : i i  ii St :i t es  ‘ow e ’ 1’ C oi ’tp : inv , and
C~i i i  forn  i n  Oregon Pow e r ( :onipanv to becom e t I le ’ la rges t  pr i  ~‘ate  Iv
owned cit i i i  ty in t h e  l’e’g i on. In  addi t i on , t h e  company sei.ves
c e n t r a l  W y o m i n g .

‘l’he Port lunch General Elect ri c Company ‘~c’ i ’ve5 ~~it i’t i ’ f ’ the’
cit > of Port land and a d j o i n i n g  areas in n o r t h w e s t e ’ r n  I ) i ’ e ’go i t  . F ront
i ts smal 1 hegi nil i ng at I\ i l l  am e ’tte ’ F~t 1 ls i n  1889 , I t we’nt throug h
si i cce ’ss i ve r eo r g a n i  :at ions to become the company It is today
A c t i v e  o p p o s i t i o n  to  t h e  comp an> ’ ~t t  an ea r l  c h u t e  r i ’n t i l t c ’ tl i i i  a

re ’ f ’erendum in I t )  12 , by ’ wh i ch Port  land e x t e n d e d  ;t Cr u n c h  i se also to
N o r t h w e s t e r n  I: I c ’ct r i c Company , t hus  c re’at i ng au u n u s i t a  I condi  t ion
of compc.t it i on w i t h i n  a s i n g l e  e l f > ’

.2
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b r  a long period the priv ate’ utilities in the region were
subs idiaries at’ h u l d i n g  companies , both Washington l~ater Power
Comp:inv and Pacif ic Power ~ Li ght Company as well as Idaho Power
Lomp any and M o n t a n a  Power  Comp any , which serve southern Idah o and
‘lontana i i i  the  reg ion , we ’ re c o n t r o l le d  b y the Llectric Bond and
Share Company . Chroug h i Fede ra l  i n t e r v en t i o n  in the 1930 ’ s ,
E l e c t ri c Bond and Share w as d i v e s t e d  of con t ro l  of these and other
utilities. A coo rdina ting service wh i ch the company provided the
private utilities in the Paci fic Northwest was continued through
the Northwest Power I’ool , hut in t i m e  t h i s  f u n c t i o n  as w e l l  was
separated f r o m  the  c o : R p t I l v

I ic’  M u it  i c  ip a  1 Sy’s t ems

Tacoma w a s  the  f i r s t  1:11 - g d c i t y ’  of ’ the J’egiot l  to  e s t ab i ish
muuii ci p a l owui e  r sh ip  . At th iu t t b ~, same t t un e , sev e r a l  sma 11cr
c i t i e s  unde r took  t o  a c q u i r e  their own e’ 1 e’ c ’~ric sys tems i n c l udin g
Por t  A n g e l e s , \ lc ’ l i u i t i v i  l i e , Fe ii’e~~t Grove , , i i i d  Cent  r a l i~t . l’Ite



largest municipal utility in the reg ion , and indeed a large one
under any standards , has been Seatt le Ci ty Li ght. Althoug h
empowered by charter to provide street lig hting since 1869, the
city did not become a power u t i l i t y  until the Char ter of March 3,
1896 , which provi ded fo r owne rshi p and opera tion of power supply
facilities . In time munici pal service was provided throughout the
city, although not without a series of campaigns involving rate
reductions in competition with the private utilities then serving
the city .

‘rhe city of Eugene became a munici pal electric system
through its opera tion of water supp ly fac i l i ties , as have many
other systems . In September 1908 , the city purch ased the existing
water system and used the balance of the bond issue to construct
the Wa ltervil le hydroelectric p l ant on the McKenzie River . The
plan t was constructed primari ly to provide pump ing powe r, but it
provided a surplus for commercial sale. The city then bought out
it s fran chise holder , the Oregon Power Company , in February 1916.

The Cooperative Systems

Electric cooperatives are priv ate, nonprofit enterprises ,
locally owned and managed , and incorporated under state law .
Some of the earliest cooperatives were formed in Southern Idaho
over 50 years ago to distribute power from the Government ’s Minidoka
project to small groups of rural customers . Two of the first were
Northside Power Company and Rural E lec t r i c  Cooperative .

The large growth in the cooperative power field came about
with  the creation of the Rural E l ec t r i f i c a t i on  Administrat ion by
Executive Order of the President on May 11 , 1935 . ‘I’h e ori g in al
plan to promote rural e l e c t r i f i c a t i o n  was to make low-cost money
avai l able to pr iva te  companies in the e lec t r i c  d is t r ibut ion  business .
Comp any research at that  t ime ind ica ted  that  rural electrifi cat ion
was not economical even w i t h  the avai l a b i l i t y  of 2 percent money.
Since private companies were not w i l l i n g  to bui ld  in to  rural areas ,
groups of peopl e began seeking means of’ getting electricity to
the ir homes . They founu the cooperative form of enterpri se as a
solution to their problem . Over a period of 35 years about 1 ,000
cooperatives were fo rme d and received loans from the Rural
Elec t r i f i c a t i o n  Adm i n i s t r a t i o n ;  33 of these are located in the reg ion .

1-cUe ral Power L i cy c  Iopmcnt

Federal power development in the eastern part of the region
date s back to i90~ when the f i r s t  h y droelectri c power was authorized
for Construction by the Bureau of Reclamation . ‘I’he f i rs t  Federal
hydroplant in the reg ion began operation in 1909 , as a part of the
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inido ka Recl ;ti :i :i t ion Pro jec t  in  southern Idaho. Continuing
reclamation development in Idah o provided hy d r o e l e c t r i c  power at
tile R e ) I S C  Iiive r sion project in lYl2 , and at B l a c k  Cany on in 1925 .

In  the western part i f  the region , the  Federal Col umbia  Ri ver
Power Sy s t e m  was  added in l93~ to the p a t t e rn  of mi xed p r iva te -
p u b l i c  ownershi p.  iw o  Federa l  g e n e r a t i n g  p lants  were being comp le ted
1w that time’ . B o n n e v i l l e  p r o j e c t  was p lan ned by the Corps of
Eng i n e e r s  as the  f i r s t  step i n de ve lo p ing the navi gat io n of the
Lowe r Co l um b i a  R i v e r , w h i l e  Grand  Coulee was bei n g con st ru cted by
the Bureau of Reclamation as a part of the 1 million-acre Columbia
b a s in  i r r i g a t i o n  p r o i e c t  of c en t r a l  W ashington . Both projects , in
aclel i t ion , provided power for comme rcial sa le . On Augus t 20 , 1937 ,
tile President signed the Bonneville Project Act. Power to be
generated at Bonneville was to receive the widest possible use and
tile project was to be interconnected w i t h othe r Fede ral p roj ects
and p u b l i c l y owned powe r systems .

Bon n e v i l l e  Power A d m i n i s t r a t i o n  was made the marke t ing
agenc>’ for  power gen era ted  at Grand Coulee b y Exe cut ive  Order of
.\ugust 2~~, 1940 . The Bonn evi  l i e  and Grand Coulee p l an t s  were inter-
con n ect e d at M i d w a y  S u b s t a t i o n  ear l y in l i )4 l .  A year  l a t e r , tile
t’irs t Grand Coulee power was flowing cast to Spokane and west over
t h e  Cascades  to Puge t  Sound. A line w:is extended north from
Portland to coilnect with the Grand Coulee  l i n e  near  S e a t t l e , and
~ , i 1 l a  Va l la and Lewiston were linked to Midw ay . In t he  cou rse of
this development , in terconnections were made with the m unic i p a l i t i e s
and p r i v a t e  u t i l i t i e s  thus s e t t i n g  the stage ~or even tua l  coordinated
opera tion .

Following W o r l d  W a r  I I , til e Federal  Go vernment continued
its policy’ of multi purpose s a t e r  resource development , and majo r
p r o j e c t s  were  c o n s t r u c t e d  at ‘Ic\ai ’y , A l b e n i  F a l l s , Chie f  Joseph ,
The I t a l i c s , and in the  i V i l l a m e t t e  Bas in  (Corps of Eng ineers ’
p r o j e c t s )  and at hungry  horse , Ande rson Ranch , and P a l i s a de s
(BR p r oj e ’_ t s j  . l’hesc projects , together with the completion of
the initi a l power installation at  Grand Coulee , accoun ted for
near l y two-thirds of the capacity added to the  regional power system
through tile fifties .

Due ini tiall y to tile budget restraints caused by the korean
w ar and later to the policies of the administration then  in  powel ,
Fede ral hydroelec tric development was large l y’ curtailed during the
mi ddle and late fifties . Construction continued on projects alread y
we l l  under w ay , bu t p l anning and design were de layed for new projects
even thoug h authori zed . Because of the long t ime i n t e r va l  r equired
to des ig n and construct major water resource projects , it was t lot
un til  the sixties that the effects of this poli cy were felt .
Between 1960 and mid-1968 , when the firs t units went in t o  s e r v i c e
a t John Day , only 15 percent of the capaci ty added to the Pacific
Northwest power system was Federal.

S
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The “ no new s t a r t s ” p o l i c y of the fi fties was eventuall y
rescinded anel the construction of Federal projects was resumed.
Between 1968 and the earl y seventies , when  the f i r st the rm al p lants
will be placed in serv i ce , Federal hvdro projects will supp ly most
of the region ’s additional generation requirements. lable 13 lists
the projects which make up the Federal Columbia River Power System .

Non— Federal Public Agencies

I h e  hashington public utility’ districts stepped into the
gap created by the lack of newl y scheduled Federal generation by
requesting licenses for  the large mid-Columbia Riv er projects.
At the same tine financing arrangements were arrived at whereby
the capability’ of such projects was disposed of to other utilities ,
as the capability of these large p lants far exceeds the loads of
the licensees . Unde r such arrangements , construction was started
on Priest Rap ids in 19S6, Rocky Reach in 1937, Wanapum in 1939 ,
and Wells in l9~ 3.
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P R E i S L N I  S I ’ l U A ’ l ’ l O N

‘File power resources of the region because of current inter-
utility’ contracts and transmission interconnections should be
regarded as a unit for p lanning purposes. The power load of the
reg i on sh ou ld t h ere fo re be regarded as a unit for the same reason .
In de t ai l th i s  approach is less supportable for  some loads and
resources than others , but it neve r theless  provides a ra t iona l
analysis.

P RLSLN ~ ELEC ’l R I C  PO WLR REQU IPJiMEN ’l’S

Uni ted States

I’he phemomenal growth in  th e use of e le c t r ic  p owe r in t h e
United States , which on the average has doubled every decade for its
85-year history , is due i n  large part to the fact that the indus t ry ’s
technolog ical progress has made electricity’ one of the best bargains
available. Its use is taken for granted. Yet without electricity’
there would be no modern commum’m ications , no television or other
electronics , no electroprocess industries , and few of the appliances
wh i ch have become indispensable in most American homes today .

The electric power industry’ of tile United States has grown
in capital investment from an infan t born in the 1880 ’s to a gian t ,
now the largest in the Nation . Electric power ’s growth is unmatched
in rate and consistency by any other major industry . Production has
increased at about tw i ce tu e rate 0!’ increase of overall industrial
production . The consistency of this expansion and , especiall y, tile
re l at i vely stable flow of expenditures for new electri c system p lant
and equi pment have provided a persistent impetus to the Nation ’s
economi c growth and h a v e  acted as a cushioning force during business
recessions.

The electric powe r indus t ry requires particularl y large
cap ital out lays. Its average annual dollar expenditures for p lant
and equipment arc’ by far the greatest of any industry . In 1968,
for examp le , construction expenditures of the investor-owned segment
of the electric utility industry alone amounted to over $7 billion .

Electric ene rgy generation and use in  the count ry increased
at an annual compound rate of about 7 percent  u n t i l , in 195 5 , the
total energy requirements of the country were approximately 635
b i l l i o n k i lowa t t -hour s . I’he growth la te  in the next decade , 1955-196S ,
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was s l i gh t l y’ l o w e r — - a v e rag ing about ) . 2 pe rc en t  annua l l y’ , the
N a t i o n ’s tot al requiremen t in 1965 am o u n t i n g  to 1,156 b i l l i o n
kilowa tt hours . ihese ’ t o t a l  cisc rgy rcqui x’ements and those for
l~~~0 are shown in table 1 , b rokeis down by’ type ’ of use.

The month- b y-mo n th  v a r i a t i on  in ener gy re q uirements  and
pe ak demand ( the  annual  “load shape ”) is of importance in schedul-
ing the ope ra t i on  of h y d r o e l e c t r i c  p la n ts and the maintenance work
to be done on all types of generating units. Monthly energy and
dema nd c o u n t r y w i d e  t o t a l s  for  the majo r  e l ec t r i c powe r systems for
the  ~‘ ea rs  1b~~~, 1960 , and 1965 are contained in table 2 .

I - I i~~, t r , c  I ~ - i g ’  Requ i re me nt ’~ and supp l y of the U n i ted  ~t - ,1cs

I 1,’ , t t i ,  Ini’igy 1955 I 9 t , i L  1965
i ” l x i t i o n  h f I u i . a t ~~- hours)

~‘ c t  r i ’ t  Ii
: , ‘ ~ ,‘‘~t I c  1 , 1912 i89 , t0 ( - 1 2 ’ 4 , 24 6

i i i  Mi ’ , e~, -’ 1 2 1 , 4 3  188 , 960
in d u s t r i a l  ‘5 , 1 5 9  531i ,484 436 ,9W

ther  1 , ITh “ i
I i ec t  r IC I 

~ t~ (a ,’,’, f ied  -

“ uI ’t t i i  2’ ) I 324 1 2 . 631 ‘J65, 8S~
Los ~ ,• s eu 

, 
8 ( 9  9i ,980

T’ iii , ‘It i i  t y  i~~’y i i  r, -r ’ u ’r ¶ s ‘ , 2 4 1  “ ‘~ 

, 
9(15 1 ,0~ 1’ 83”

i n d u s t r - i  . r ’ n i ’ r a t , , ’ n  for s., . k -  ““ , i l ’i! SS , 1- ~ l 
__________

I , ,t a l  8,’ r , -l ” it s  i t  : 1  - ‘ l”~~~l I ,i56 ,4’.’(

( i ’ ’ , t r i c  I l t i l i t ,  , - , , , r- . , t , . r l  - - 1 5 , 301 ~:,3 , 5 : ,
1n dn ’~t r , i  - i ’ r , , - r I l I o n  52 , 2,19 .i ““ “52 101 , 83i
i n t t ’ rn at i ,n ’ u I  n(’r ,i’ I r;ifl ’ , t , ’ r s

1 p r t s  -t , -_ , l , _ 
5 , 129  -

i x y ~~r t s  1:” -

%et  I r , , f l ’i t , ’  ri -t ( a s  -l i V 148

,o ,. I , Supply 5 1 5 , 01= 1 , 156 , 4 w

i I -~ I , ,  l i t , ,  fl i onl y l i t  e I ’  r 16

I ,ih IC 2 - Month ly  f f t IC rgy and ‘oak Demand
I i c c t r i c  t ower S~’ ’ - t ~~m~ of the I l n i t ed  S t . i t , ’ s

1955 
- - 

1960 I
Peak l e a k  Py a~Month Energy Demand ~~ t ’r ~~~ Demand ‘ ‘ i i ” -

( I n  M i t t  io n s  of S i  lowat I - hours and M i l l  ‘ u s  ‘if I ,u,~i tt

Januar y 43 , 5 4 ”  84 .  t 63 , i8S 2(1 ,9 86 ,363 160 .6
February 30 , 971 83 , 7 ~‘( ,S 8 t  1 1 7 . -I 7 8 , 9 k m  160 ,0
March 44 ,090 H 3 . i 63 , 60” 1Ik ~~ s ’ ,4 2 2  So il
A p r i t  4 1 , 840 82 , 3 58 , 139 113 ,5 50 , 338 5 2 . 1
May 43 , 1611 8 .9 59 , 9 ”2  I l k  . 3 .53 ,n40 l ( ’(~ . 5
June 1 ,‘~~_‘‘ 86 ,5 I i ,(. “ ‘ i 2 2 , 0 5( . 255 1 2 ( 1 , 2

J u l y  -D 261 ) 8 9 . 3  63 , l i i i ,  12 - t  - .‘ 91 ‘iii ” t “ 4 ,3
August 48 , 830 ¶ 1 1 . 6  66 ,~~74 t 2 ” .8  ‘ l l , ” t ’ “ 8 . 5
Septe I!~)e r -O .7 t- t  ‘10 . ]  61 . 81 ) 1 ) ‘ ( ‘ . 1  5 , 1 ( 2  “ s , i
October 46 ‘( ‘ i i ‘8 ( 1, 61 , 282 11 9. 5 s: 16)9 LII
‘~ov,’mh,’ r 47 , 465 II, - I I i i )  SI) I 121 MI. 312 11,7 ,9
December 50 , 0-i ’ 9 8 . 9 65 , ‘s al (2 8 . 7

54 2 , t 2 9  9 8 , 3  “ 4 , 1 1 2  i 2 8 . 7 1 , I O ’ ,900 ( “ 8 . 5
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P a c i  tic Northwest

Compared w i t h the United States , the Columbia-North Pacifi c
region , referred to herein as the Pacific Northwest , has a similar-
i t y  in  annual  load f ac to r s  l)ut has i winter rather than a summe r
annua l  peak de .nand and has  a g rea te r  per cap i t a  energy use.

In Use reg io n the l9~~ annua l  load f ac to r  was 66 percent .
l en  years  la ter i t w as 05 per~2en t . The nat ional  experience was
o5 Nrcent in 1955 , increi~s ing t o 67 percent by 1965.

-lax i ’Iul’. a nnua l  e l e c t r i c  power demands in the P a c i f i c  Northwest
occur in the winter iionthr . In contrast , sum ner detaands have been
g rea te r n a t i o n a l l y. iwo characteristics hel 1’ deternine tile seasonal
electric power requirements . ‘the proportion of homes with elect ric
heat  is much greater  i n tile Pac i f i c Nor thwes t  th an n a t i o n a l l y ,  and
summer air conditioning is not as important in the region as elsewhere .

Nationally, home electric heating installations were less
than 2 percent of the total during 1905. Regionally, 20 percent
of the homes had electric heat in 1965. ‘l’hese factors contr ibute
to tile differing seasonal patterns in national and region al el e c t r i c
power requirements .

Another diffe rence in regional power use , compared with the
Nation , is the much greater per capita annual energy use in the
Pacifi c Northwest. In 1965, the regional per capita consumption
was l2 ,6~b kilowatt-hours--more than double the national average
of 5 ,944 kilowatt-hours .

‘l’his hi gh per capita consumption results from the avai l-
ability of low cost hydroelectric power . During 1965 , 99 percent
of all electric power sold in tile region was generated at hydro-
electric projects in contrast with 20 percent from th i s  source
nationally. Regional wholesale electri c power costs are among the
lowest in the Nation because of this. The benefits to the area
are import ant. h i gh electric powe r consuming electroprocess
industries have been attracted to the Paci fic Northwest. Lower
wholesale power costs are furthermore reflected in lower resale
rates which also encourage greater residential and commercial
consumption .

Annual  Energy Loads

Table 3 show s the annual energy requirements in the P a c i f i c
Northwest during the 1955-1965 period. ‘the powe r requirements
shown inc lude  Oregon , Washington , the 11 counties in wes tern Montan a ,
and all of I daho , w i t h  the exception of the Utah Powe r t~ Li ght
Company service area in the southeastern part of the state.
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Regionally, sales by major consume r classification are
generall y comparable to tile nat i onal distribution as shown by
table 4. Approximatel y 31 percent of energy sales went to domestic
consumers in the region compared with 2~ percent nationally during
1965. Commercial sales were 15 percent in the region and 19 percent
n a t i on a l l y ,  w h i l e  i ndus t r i a l  sales  were  51 p e r c e n t  within tile region
comp ared wi th 45 percent nationally. Some of these differences in
percentages between commercia l  and i n d u s t r i a l  c l a s s i f i c a t i o n s  may
be due to definition . ~‘ha t is c l a s s i f i e d  as a commercial  customer
by one distributor may be called an industrial account by another.
The combined commerc~ a1 and industrial percentage is 64 percent
both in the Pacific Northwest and nationall y’.
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S a I)

I ’ , t , i t ( I i ’  01 DIII 1)1(1 IL ’ s  100

2 I n c l u - l u - - - - U ,- , -?  l ig h t i n g , ~t . , t  ion 1 , 0 , and i n o

Pe r ce nt age i n cre ases in  t o t a l  energy’  s a l e s  by major
categories were  lower in a l l  i n s t an c e s  in th e Paci fi c Nor thwes t
when compared w i t h  t u e  Nation during l955-19o5 . Ihe 1965 sales
to domestic consumers were 87 percent hi gher  than lYsS in the
region while the na t iona l  increase was l2~ percen t . The IYOS
energy sales  to commerc ial custome rs were 110 percent higher than
1955 in the region wh ile the national increase was 134 p e rcen t .
The 1965 energy sales to industry were 65 percent hi gher than 19j5
in the reg ion while the  national  increase was o9 p e r c e n t .  O v e r a l l
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g rowth i n  e l e c t r i c  energy requ i remen t s  in the reg ion during 1955-oS
was at a 3.7 percent compound annual rate . This was below the
nat i onal ra te  of 0 . 2  percent for tile sante period.

Percentage increases do not r e f l e ct the entire picture since
the growth rates are from substantiall y different levels. ‘the
h i s t o r i c a l l y’ grea ter  use pc I’ consume r in  the Pacific Northwest will
con t i nue , a l t h o u g h  reg iona l  and nat ional di fferences may be less
pronounced in the f u t u r e .

‘l’h e compound a n n u a l  r a te  of i n c r e ase in number of domest ic
cus t ome rs was 2 .1 perc ent in t i l e  Pacifi c Northwest , and 1 , 4 percent
nationally’ during the 1933-o3 per iod . T h i s  re f l e cts ti le s l i ghtl y
lower population growtil rate in tile reg ion compared with the Nation .
The ratio of population to total domestic customers decreased over
the period in the Pacific \orthl’.est as well as in the Nation as
follo ws:

Item 1953 1965
Reg io nal  V6p u l a t i o n  - — 5 ,074 ,000 5 ,’871 ,900
Ratio: Pop./Don. Cust . 3.3/1 3.1/1

total U.S. Population 163 ,931 ,000 194,372 ,000
Ratio: Pop./Dom. Cust. 3.T/l 3. 1/1

Kilowa tt-hour use per domestic custome r in the Pacific
No r t h w e s t  was more than  double  tile n a t i o n a l  average dur ing  th i s
period as shown by table S. Resale rates are anor~ the lowest in
the Nat i on . ‘Ibis 1~ is resulted in a hi gh saturation of major electric
a p p l i a n c e s .  Also , a c t i v e  p r o m o t i o n  of e l e c t r i c  heat i n s t a l l a t i o n s
con t r i b u t e d  to the grea ter  use . (inc in f i v e  hones in the reg ion
had e l e c t r i c  heat  b y 1905 . The reasons fo r g reate r reg io nal  domest ic
energy use per custome r are better understood from tile f o l l o w i n g
comparison between the United States and tile Pacific Northwest
showing the percent of ilomes witil major electrical app liances .

Such a comparison is made in the following bar chart
(figure 1} from data publ ished in the U.S. Census of Uousing,
1960 (8). ‘l’he nat i onal r e l a t i v e  us ag e exceed ’e’d ti le’ reg ’ion only in
ai r cond i t i one r s  and t e l e v i s i o n  d u r i n g  l9oO .

I i ) ’!,’ S - Snnu a I I III’ I)’ ’ ( i s o  ii’, D o m e s t i c  Custom,’ r

( P n L ? , ’ I  ‘ - t a t , - ’ - i’ , i c , t ’ i c  \ o r - t ) L ~~,’s t
(ii i low .it t h I l ls )

( ‘ i , 2 , 773 7 , 21, ”
( ‘ ( I I I 3 8 - I
I’ll, - , 1 ) 1 3  11 ,1111
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( o ln tTR ’  I C  l i i  (‘tie rgy’ i l ’~i ’ per  cu s t  i l o ’ t’ h a s  a I so lw’t’n (‘Oil s i S t  —

i’ t t t  lv c I i ’ , ! ]  or in t u e  ; i t ’ s’~ i h t r i  ng ti t is period as shown by tab It’ (

Improved  1 i~~ht lug, elect r i ’~ i ie ;t t  l u g ,  and ai r c o n I l i t  I oning of new
( t i l l  Ct ’  h i t i  I d i n g s  )~a t o  c o n t r i b t i t o d  to  t h i s  g r o w t h .  ‘th e t r e n d  toward
1 : t r c ~’r  shopp i n g  c - i t  cr s  an d f ’ow l ’r ’  s tna l  l e r  e n t e rp r i s e s  a l s o  is
‘v i  d en t  slur  i n g  t h i s  decade

I, i( It I’ - ‘,,i,u,i I I a t  i :- Ice ‘‘ - i  L umtn,- rc I 1 ( l i s t  ‘ 0 ,1 -1

1 I 
—— 

I I I I I i  I
- 

— I I,n. it I - t , ’w r ’ -

I I  - 1  12 , 1
17 , 1 1  - 21 ’

I ’ l l  1’ 2’, 9 ( 11 SI,  ( i l ’

ale  r gv  sales to indtts t r i n  t h e  rig Ott ac L ’ I ) I l I I t  ~ i I for
51 ce r c e n t  01 the t I l t  ii sales in 19(5 . ( l c ; t v  lest power users in
h, reg ion i t l C hide the aluminum ind tt st rv , pu l p and paper  m a n u f a c t u r —

1 h g  , non fe rr ous  m e t a l  m i n i  ng and ref  i n  ng , and the phosp h a t e  i ndus  —

t rv . \11 1 1 1’ ,lxilv:l t c 1 v 30 percen t  ot’ the f l a t  i ona l  a l u m i n u m  r e d u c t i o n
c a p a c i t \ ’ is  I ocated in t h e  a rea  . Sales to i n d u s t r y  ar e shown in
t a b l e

i.Iht,’ 7 - I’’ t ;u l m d l  - t  rol l  Salc~

(‘ Ii c i f ~~c ‘ I ,,

fl I ,- r, - n t
1, - a r  ‘9it,- ,I “ t , t ’ -  - I L  ‘, - I I I I, , s I  lit ’-

t l ) 5 ~ 255 , 1 9 1  ,lI I M t ,  9 . 1
I ‘ lU l l  9 0 1 , 4 5 1  — I , ‘- .15
1 ) 1 ,1, 0’ 11,1,  II , ill, “ . 5

Roth nat iona l lv and rt’~~j olll ( l lv , ind tt st ri ;i l sales I tS  a per-
cent of total sales hays’ dccl !fli’L I  d u r i n g  I l l s ’ l955- (~ peri od. Some
of th i s  anp ar en t  d e c l i n e  may be due I i i  r i - c l  a ss  i L i  ca t  I on be tween
comm erc I l l  I and industrial a c c o u n t s

I rrig a t ion s;tls ’’o in the  reg ion d u r i n g  1t1(I~ were 3.(i percen t
of  t o t a l  a n n u a l  energy  s a l e s .  A l  t h o u g h t h i s  i s  a sm a l l  all 11 ( 1111 of
t l i ’ -  t o t a l  r e g i o n a l  sales , i t  is h i g h l y  s i g n i f i c a n t  i n  sc~’ s’ra l l oca l
It h’CIIS -\ 1 most 15 p e r c en t  of ’ the SI) 1 e s in scot ths ’  rn I d a h o  and over
10 p e r c e n t  in  n o r t h e a s t  IVash i ngt  on we re m ts ed t’o r i t’r i gat i on du t’ i ng
19( 15, I m p r o v e m e n t s  i n  ptimps and s ( l r i i l k l s ’r i r r i g a t i o n  e q u i p m e n t  have

Pl a i t s ’  R OSS ib i t~ t h e  tie i i  ~~ i v  ( I t  wat t ’  t’ t o  l and  nov. : r h o ( ‘ore cons ide red
I t’ 1~ gable. Con sep icnt lv , P l o t ’ s ’ econom i s-a I 1 m a r g  m I ll l and  i s hi’ ing
rl. ’claim ed and i r r i g a t e d .  Plan s to lift  w a t er  8 (1 (1  to I .001) ( ‘s e t  to
la nds p r e v i o u s l y not class i f l e d  as i rrigal )le w i 11 in cr elt s ’ t h e
pumnp i mmg load s u b s t a n t i a l l y ’ . -\ second not i ceable trend in  I r ri ga—
tion is the e x t e n s i o n  of t h e  season bey ond  t h e  2 or 3 - m o n t h  p e r i o d

o a s much ;ts 10 m o n t h s  (‘or improved crop product ion . These t w o
f a c t o r s  w i l l  i is s~tre ’  an i n c r t ’ase i n e l e c t r i c  power sales in t h e
coming  v I ’ a r s .

13



O t h e r  s a l e s  in c lude s t r eet  and h i g h w a y  l i gh t i n g .  Less than
2 pe rcent of total sale’ s were’ in this category d u r i n g  l~(oS
Al thoug h this category as a pe’rcellt 01 total sales in t h e reg ion
was  dccl inin g during t h e  l h J~~d_ e3 period , the lb6~ sales were ~l0
percen t mor e th an tile l9~~ l ov e 1

Mon t h l y  Peak and Ln e rgy l , o~ sls

L i e  c t ri c ut 1 1 i t v  loads  h ave  Lii .’ come i nc r ea s  I ng l y S e l i S  I t i VO
to temperature van I t  ion in recehI t Years due to space heating. By
lYtuS , t he  load r e sponse  o;ls almost 1 percent per  degree  I’ItlII’ C i I I L / l  t
in the Pacific \i rthss’st . 1 oi’ ex amp le , ~i l 0 — d e ’ g i ’ s’e drop in t cl :pei —
a t u r e  i~ ill increase the l oad  Li p I l 1 ’ o x l  m a t e  l y 9 pe rc s ’nt  . b u r i n g  ~~~~
the  t o t a l  r e g i o n a l  load response to teu lpe  r .11 . u l ’e a p p r o x i m a t e d
82 ,000 k i l o w a t t s  per degree . ‘l ’hus d lu—degr ee d r o p  in t emp e r a t u r e
w o u l d  i n c r e ase the  area loud F 820 ,000 k i l o w a tt s . I L L ’  t c l s p s ’ r a t u l  5

response causes  some v a r i a t i o n  ~n load shapes f r om  v ’:aI’ t o  y e ar .
In some local areas summer i r riga t i on  loads are impor tan t  its
dete rmining the annual load shape .

Mon thly p eak  aissi chIc rgv  loads listed in t al Ic U are 5110511
i n percent  c f  a n n u a l  req i l i  I’ements ill t ab l e  S . For c o m p a r a t i v e
purposes , the loads shown in table 9 arc also sholcii oti figu re 2 .

4 ‘5, 1 1 1 ( 1  I ’ I III 59 1 iro l (‘ i ’ S  ‘ 1- 1 ,1 1 , 1 ’ ’ ’ ’  15

‘1.,,o r i l , ’~~t r I C  i’ ’,t. , r ‘ , ‘- t ~~’ i’ I s , 1:10’ s’ , ‘,- I i ’ I Pa il  I I C  RegI ,’n

1955 I ‘ L I I I  I l l

“I n i h  I r~ I I i~ I I
I I TI C I ‘- - - 1 Ic- ’

~
, I t ’ I ” l ’ Il l

1 , 1 1 1 1 1 , ,  I ’ S 4 , 1(5 SI  - l~ 5 ‘I  - I I  ( i l l  - I ll ’ II - II , 9 i l  , )~~
i , ’(’rl ,it - ’- 7 , 5-i 4 . 1 ) 1  5 . 2 7  ‘1.1 15 8, 1111 .0’ . -lI.

4 , 3’- .5 2 . 1 5  5 , 7 1 119 . 1 7  9 .51 1  85 ,81’
S I  1 — I 411 - I 8 ,0” 59 1,1  7 ‘ i2 4 2 . 1 , 1

‘. 1 ” “I I’- 5 . 5 ’  ~9 ‘ I  4 , 2 )  9- I  -

1 ,111 , - s _ I l l )  5 2 . 111 ) 7 ,”5 0 5 5 ‘ 10 5l’ . l l ’

Ju l  4 III 78 II 5 ,1)11 113 2 1  ‘ ,‘ -~~ “7 , “ .9
0 1 9 1 1 - I  “ i l  ‘01 . 113 1( 11 ’  8 ’ , 4 1 1 ) 2  “1) 71,

‘ , ‘j ’ t t ’ mt,i’r 5 , 2)1 4 - 1 1,7 ‘- . i , 4  s-C , 7I, “ . 5 . .  .~~l 30
I 4 , ” J  ~~ 9 ’  5 , 1) 5  5 1 1 ) 1  4 ,2 4 ‘9-1 0

liIIl . I l l i 8 , h8  ‘.0 ‘ ‘ i  5 , 5 ,, 1 2 , 1,1,

i)et t ’n l I’ ,’ t  ‘ ‘ i ’ ” 1)8 , 154 ‘ 1 , 19 99 . 10 ‘.1 , ”)) 0 ,11 ,00

Y e a r  1) 1 ) 1 Ii’ lo l l  ( I l l  11(1) 00

‘l o t a l  Re g io nal  I l e c t r i c  Loads

l ab Ic 10 sum m on zes ;tnitua 1 peak and e t te  )‘g) ’ i’eqUi r eiaent  S (‘a
the region ;il ong 1st  tii otlic 0 I’ d i t t e d  d a t a  dis cussed above  f o r  the
I 9 5—  1965 pe r i lid. M i n o r  di Lie rences in t o t a l s  Ls i l l  L It ’ l I 5 l t t’d 1 4 1 1 ; ’ l I

t o t a l  cl e rgy sa les  shown on tab Ic 10 a t e  compared  ~c i tli ti l t , )  I s on
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t ab le  9. Fable  9 summar i  :es da ta  for  c las s I u t i l i t i e s  w h i l e
t able 10 s ummarizes  ope ra t ions  for  a l l  u t i l i t i e s  in the area.

h o u rl y Loads for’ l yp i cal Icc eks - (A p r i l ,  Augus t, and Lii’ce’niber lUo j

Ap r i l , Augus t , and December 19t~ hourly loads are show n in
tables  11 , 12 , and 13. The f i r s t f u l l  w eek in each month i s  shown.

Maximum hour l y loads w i t hi n t ile ea t ’  occur  dur ing  t i le  I~ l t t t e  1’
in the P a c i f i c  \or thwest  in contras t with the na t iona l  o c c u r r en c e
during summe r months . Ano ther  regional charac te ri sti c i s the
sea sonal ch ange in t ime  dur ing  the day of max i m u m load . i~1n t e r
max imum loads gene ra l l y occur in the evening w ll ilc spring, suiiu::e r,
an d ea r ly f a l l  maximum loads occu r in t h e  l a t e  morn ing  Lo ut’s b e f o r e
noon or o c c a s io n a l l y  immediatel y a f t e r  the noon hour .

I s m’, _ i r i , I  , 1 I ‘ ,I’ ’ lIi. I
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tab le 10 - l’op ut at ion ~.d F le c t r i c Power Use
(o luW8lIa -N or th P a c i f i ’, Region , A l l  U t i l i t i e s

__________ 
i s’ ’ ’ ’  —— - 

1~)6~ “i’~~~
” 11165

Population 5 ,1)7 4 ,1100 S , 489 . ’29 5 ,871 ,900

Rat i o : Pop /lb. . Cu st , 9 . 3/I 3 2/1 9 , 1/ 1

I) cs t ac Cus to me rs 1 ,525 ,116 l .684 , 1” 9 1 ,878 ,814
~W)I (se Per Do., L u s t , “ 2 6 ” 9 , 4bT ~ 11 ,0 1)
To ta l  tlo e s t a c  l Ise - 11W11! 1 1 ,083 15 ,941 20 , 611”

R a t i o :  Pop / su m.  l i s t ,  24 1 , 1  24 , 2/ I  24 S ’ t

I , ‘mml ’ r ,  L a )  Custo mers 2(19 ,881. 226 , 31, 9 23” 1114 ”
)‘~~I( I I’ , , ’  Per ‘rn - I ,“ t  - 21) ‘51, 26 1,25 It , . 6(1 ’

‘1 , 1  , ‘n’ I~ 5t ~,l l’ I i  -1 , 19 1 6 , 1) 2”

t nd u ” t r a a l  ) u s t l , I T T e r s  6 ,62 1 1 , 9 7 9  6 , 486
t n ,J u s t r a , , ) I I ,, k~~Il Per L I5 i t . I  4 ,1 14 4 , 72i , 5 ,936
C ‘~ T a t  lndu st l i i I II ’,i’ I~~I( 20 ,8’)’ 24 ,14414 94 , 916

I rn g a l  ion I l s , ’ - ‘ ,Wl I 1 , 2 ” 2  I ,6 1  2 , 4 2 1

Oth er Use I,~~):  ‘1.’) 8 17 I ( “ 41 ’

1 ,1 1 , 4 1  S . , I o’ I . 851 14 , 18 2 1’) 5112 6 ” 52 5
Los e s - ) W I f 5 , 229 5 , 579 7 , 110
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I i , ,, 55:. :i 164 1)  , I ’ I ’ 4
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‘ ‘ .4,) Li , t,,r - I’,’r~~,’n t 1,7 I’ 0,1, 4 65,0

I Mi l l ion  I~14Il.

t .11 Ic I t  (~. ‘, ‘ , ‘ , I ’ I - , r  I,’ a - ’ - 15 1 , 1  - I, - I ,
~ )~ il~ ’ I i 5 s - T I .  I ,, 1 , ,  

~~~~

- •“~~2 ~~~~~ i~ I ’ 1.. . 11’ .I,,’ ,’s4 av ‘ - i  - i I I,,. Sati ,rd ,.T
‘0, ~ ,i.11t , I

‘ I  , 1’~ ’ - ,,‘ ‘ ,‘ ‘I ‘ 0 ’ ’  “ ‘ ‘ ‘ ‘ 4  ‘ . 1114
2 , ‘ - J -  0’ , I i ’ ’  o - ‘ ‘ - I ’ S  1’ , ‘‘ 2 ‘ -  , ‘ 2  40”
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, ’i 4 11111  ‘ I , 4’9 8 , 589

I o il) ’ ‘51 -‘ - I ’  ‘I  - I ‘4 , 0111 ‘I , 4”., 8 , 11111
I” ‘ “1 2 1 , 1101 ‘1 ,22 I l lS’ 4 , 113’ ‘a , ,’II ‘ 8911
It’ - “ “ . 1118 . 1 1 8  1, 011$ 5 ,821 1 , 11401 “ ‘ 5 9

~~. 0 .0 ‘ i ’ l l  ‘1 , 5 51 1 11 , 0 1 4 1  M ’19,’ ‘~ ,$ l )  ‘ .860
It M , I L ’- S O I l  44 , 5 ( 1  “ I ’ S  11, 2 1 ,  ‘4 , 1’’ 8 , 139
19 4 . 0 . ’ JO . ’ I L  ‘4 )4 ’ , ‘ i l ’  ‘ 4 1*11 ‘i ’ll’ 5 979
20 9 , 1 ) 0  l I la II III ’ S -  ‘1 , 0 , 4 0 , 0,1,1 “ Ml ’ )  8 , 11”’

i ’ll. ‘4 5 1 1  ‘1 1’) ’ . ‘ i S ’)! ‘‘ . 4 42
11 , 783 9 , 1 0 , 3  ‘l ,~~~I 0  ‘0~~L 4  8 , 1112  8 , 890 8 , 19 )

.511 11 ,0’S 8 . - ‘ I  ‘1 441 ‘4 , ,’ ,,,’ 8 ) 1 1 1  8 , 3118 ‘ . 119’
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Table 12 . Reg iona l I lou rt s ta,a,l , Aug ust 510 ’. , L , , I i ~n 4s - i4 - No r th  P a c i f i c  Region

Hou r cun4,,,, Mon~~y T ’ 1 F~
”

~~’1 In I Thur sday 
~~~~~ _______

(Megawat ts )

I o I ls- o ’ , 24 0 , 544  6 , 536 11,4,30 6 ,636 6 ,612
2 5 , 994 S ir’ 6 , 25” 1 , 90’ 6 , 364 6 , 362 6 ,333
3 5 , 8 21  5 , 92 2  6 , 14 (1 1 .22 0 6 , 274 6 , 228 6 . 177
4 5 , ’Rll 5 .900 6 ,069 11, 199 11, 223 6 , 257 6 ,093
S S ,’I’ 6 , 005 6 ,190 b , 1 1 6  6 , 423 6 ,40 1 6 , 145
I, 5 , ”1 0 , 40, 2 0’ , ‘119 6 . 92 ) 1 6 ,934 6 ,943 6 ,345
7 4, 1112 ‘ 4 1 2  7 , ”9 4 ‘ 0(51 7 ,916 7 ,900 6,862

6 ,691 8 , 4 ) 4  11 , 119” M , ’25 8 , 722 8 . 669 ‘ .588
9 ‘ 15” 9 , 1.5.5 11 ,111 ‘l , t’O 9 ,254 ‘) , t ’O, 8 .290

10 ‘ SI’ ’ 9 , 5.5 * 1 ,428 44 , 51 0 9 , 48 ’ 9 , 3.5 ,5 8,546
I t  . 11SI ll , ,”1I ‘4 ,40’ 9 ,558 9 , 466 9 , 4 3 3  8 , 728
12 ‘,l. ’S ‘.4 , 54 *  ‘4 .581 9 ,4 1 !  9 .325 2 ’” 8 ,688

t 3  ‘ . 498 9 ,4 , 3 1  , 2 0 ,  9 , 4 ( 4  9 , 385 9 ,27 !  6 . 455
II ‘ 3114 9 , 44 6 ‘l . IY 9 . 2 5 9  9 , 239 9 , 166 8 , 36’
IS ‘, II’ ’ 14 , 2 8 1  ‘l O l l  ‘ . 083 ‘4 , 094 8 ,999 9 . 144
111, ‘ 14 -I  ‘~~~ 31.5 5 ,5511 ‘ . 9 12 8 ,905 8 , 817 S I t S
1’ ‘ 2 11 , “ I S )  “ .005 9 ,985 3 .914 8 , 852 8 , I~~IS “ 1 1 2 *  4 ‘ ‘ 21 ’  8 , 15 ’ ’  11 8 4 1 ’ “5 ’ 8 ,~ 59 8 ,096
‘I ‘ 111 5 ,  ‘ ‘ I ’ - ’  M t , ’ i8 s , ” 2 t  8 , 598 8 , 6 .51  ‘.985

20 ‘. 3 4 1  11 , 8 ’ 8 , ’I~ ‘ ‘511 8 , 665 8 ,835 8 , 109
21 ‘ . 4 1 8  il . M2~ 8 , “ II ‘. 541 8 ,84 )3 5 , ’44 8 , 2 1 1 1
22 ‘ 328 11, 2911 5~ 5’ i 4 ,)’O , 8 .4 14  11 , 90’ ! ‘.811 ’ ’
.3  0 , 92 1  — , ‘ ‘‘ 

‘ . 1 , 1 9  , 6’4 ‘ ‘1111 ~~‘311 ‘ 216
0 , 4 3 1 1  6 , 11151 4 , 5 4 ’,) 6 , 459 ‘ 1188 ‘ 1150

T ” ta l  1 , 326 ,235 mega w att hours
(s eo6Is t ’ verag es ‘ .894 . 5  mega w att-hour s

t iP, I,- I)  11,-~ ‘s., llo, ir I’ ‘ - - v  I - ‘ ,- .erl’, ’ ,- ‘0’ , , , - ‘ I, ,r) ’ , - ‘ 5,111’, P acs  I , , ,  Region

Hour Sa nd a ,- -— ‘i , .n ,C7 ~~~~~ s , - -, . i i ’  a, ’ J ,, , ’, i ,  5! , , ~‘ ‘1T,. I r , , ) , , s  ‘Iat ur ,t a ,
Hog s. i l l

1 7 .51 .5 ‘.I’S I ‘ 
- . 1 “ , 5s )  ‘,t’Il’ ‘ t’)l ‘ 991’

.5 01 , 98 ’ o- , ’OS fl . ’ ’ - ‘ I I. ‘ , .“% ‘.210
11 5 0 1 ’,’ ’  ‘ l,~~! I ‘50 0, 48 ’ ‘ ,‘‘ 0 ’ 9 ‘ (143
4 4 , 9 . -s  ‘ - . 5 1 0.  0. , “ ‘0 .  0. ,~ “ L ‘, ‘ ‘ 4 2  0 , -14 ’ ‘ 184
5 1, 1 1 1 1  I S’’’ 6 , ’!2 I . 02 ‘ I S )
11 “ , 1~1’’ S ‘I’’ ’ ‘. 1 1 ’- - , 9 I ’ I  ‘ “85 ’ ‘.1,11

‘ 54 1  s I ll 5 , 25. ’ ~~, ‘ M ,’I’ .5  ‘ . 1,4 1’ ‘ . 111.4
21’’ ‘4 . ’1 ‘9 ‘ ‘ 5 1  I’ ’ . 143  II’ , .0 ”  11 1 , 11) 3 8 . 0, ’’ I

9 5 , 1 ” - 11 , 4 ’ — I-  , 9 5 s  1 , 11’ ’.. I0 , 80 ’ l  11 , 129 ‘1 , 0,0,9
Ill 11 ’ s - )  lI’ ,) . ’. Ill -lI’ ’- II’ ‘112 10 , 34 ’ I  ) ) , , I o - )  ‘ ‘ . 240 ’
I t  I C,’ 1 11 , 91- I  11 , 1111 13 , 0 .1 5 Il’ , sl ’ ’  111 , 4 3 5  111 , 15I1
1.5 l , ’’ O I .  ‘ ‘ . 2 1 1  1 , 1 ,6’ I ’ ’ , 2 1 4  10 . I’ l l .  l0 , o- .55  Ic . 123

I t  ‘3 , 105 ‘4 , ’’ :.2 ‘ ‘0 1 1  4 ,1)1’ I0 ,,S’ o’ I’’ 3 4,1 151 , 1,54
14 01 , 1)1,5 ‘1 , 5 2 2  ‘1 , 81 ’ ‘1 , 141 0 111 . 1 8 1  1 ’ ’  . 11)1’ ~4 )114

13 1 1 5’,’ ‘1,1,11 - ‘ ‘ .1 -8 ‘( “‘ ‘I I - ‘ ‘*3 1, 1 ,1’,l ‘I ’ll
It ’ 5 , 4 .5 - I  9 , ’ 2’ I ‘ ‘ . ‘ ‘‘ l , 5 ’O, 10 , ‘ “ 0  10 ,21 ’’
I’ ‘I , 1 1 1 1 5 .  II’ , II, ’ Ii) , II’’ L I ’  1,1,1’ II’ , S’ 15 10 , 112,’ I ’ ’ . 4 21’
18 ‘1 ,4 4 11 , 012 I t , ’ ’ ) , ’  1 1 , 1 ’ ’  1 1 , 4-I : ’  1 1 . 1 , 8  I - ’
19 ‘ 4 , 110 I, ’ , ’ l4 11 ,850, 1 1 , 11.51 1 1 . 2 2 1  1 1 , 15 ) 3 1, 1 , 5 1 1
2 1’ ‘ . 45-I  til lS ’  II ’ S’I ’ 5 , 11, ’  I ’ ’ , 9 L 2  ‘‘ 8, 1 111 , 40,0,
2 1  ‘ 1 , 113 .1  II l , ’ I l ’ O ’  10 ,210 ’  ‘ ‘ I I I  ‘‘ . 4 5 4  I ’ ’ , 41 ’ -l lIP . ’ ’ 4 5
.5,1 M S 5 )  9 , 40,4 ‘I ,’ ( ’ L  “0 ’ ’  14 , 11 ’ ~~~~
23 8 , 9” ’ ’  ‘ ‘8’ ‘ - ‘ 4 2  ‘ 1 1  ‘ I  ‘‘ . 1 1 5  ¶1 , 958 ‘1
.5 4 ‘ 5 , 30 , ‘ 112 ‘, I ’’~ ‘ , , ‘ l ’ L  11 , 1(l) 8 , I’ IS

I,’t I I t . ‘1 , I I’ S ’  li-’ ” .’t
4, ’ , ’ )  I, 3,,- r u0,’,’ ’ I , I ‘ ‘4 2 ,oo ’~~,is I t T  I, ’ , , , ’
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F\ H’l’ lNC l,Fc’rRl c: l’flh ’FR P1 “3) IlRfl , ’—

ftc t o t a l  of th t ’  t ’ ( ’ g i ) l I I ’ s e l e c t r i c  gcro ’l ’su tin g capacit y :ts of ’
l ) ece tnber  Si  , l ) nI  , w a s  l~ ,~Th3 t m ’ g s t % s ; t t  t s  , i n s t a l l e d  SI t  186 ( 1  lants
(l~~ . ~ over  i) ( ) pt r,,sent of’ this capaci tv i s hvdroe l ect  r i  c . hi th the
e ssee p t ion of’ the SOO m ega w:t t t  H a n f o r d  nuclear p l a n t  . most o f the
t h e r m a l  ca1);icitv is old and normall y used on i s’ as re ’- ;erves . In
add i  t i on  , there i s  under construction 8 ~~5 3 m e g a w a t t s  of cap ah i i i  t v ,
about  (3 percent oi W h’I ch is h ”d r o e l e ct r i  c . -\ l a rge  share o f the
il vdro Cil ~~i ( C i tv current is’ tt nder con st ruct ion co n s i s t s  of e xp a n s i o n
of ex i s t i n g  p r oj e c t s . ‘Iwo large therma l plants are under construc-
t ion , t i t c  coal — f i r e d  I , ‘iOO m e g a w a t t  Central  i a p l a n t  and the
I , lO~ ‘ ,i Z a w : t t t  n u c l t ’ar T r o j a n  p l a n t . n ea r  Ra i n ie r , O regon .

Ab out  h a l f  of ’ t he  e x i s t  i ng  capaci tv of the  reg ion  i s
i t S- s t.a l i e d  a t  Fede r al  m u l t i p u r p o s e  hy dr o  pro s e t s .  \ 11 but  II few
ru nor  p l a n t s  are a par t  ot ’ the  F cder : I  I Colutnh i a R i s e r  Power  ~vs te m ,
“, i i ~~st’ p roduc t ion  is m a r k e t e d  he the  R o n n e s ’i I It’ Powe r A d m i n i s t r a t i o n .
‘l’h e RP. -\ t r a n s m i s s i o n  g r i d  i n t e r c o n n e c t s  a l l  of the ~s’stem plants
except  f i v e  bureau of R e c l a m a t i o n  p l an t s  loca te d  in southern Ida h o .
I n  add i t  i on to  the  8 ,196 me g :os ; l t t  S of t ’x i st i r ig cap ac i t s ’ , there are

, 2 ( i~ megawatts of Federal h y d l ’Ll c ap a c i  tv unde r con st m e t  ion . ‘l’h e
F e d e r a l  Co lumb i a R i v e r  Power ‘ s’ s t i ’ I ’ s p r oj e c t s  are summari :ed on
t a b l e  I I .

‘l ’he hal ancs’ of ’ t he reg i on ‘ ~ pow- & ’r  Cs ’ S 151 l’ t’s’~ i s t t n 4 k ’  I ’ t he
o w ner sh  i p of t i l t ’ p u b l i c  and  rn vat ~ ‘ l I t  l i t  ics  . ‘ ( ‘ ab l e  I S summ ar i  :cs
:111 of t h e  reg ion ’ s power  resoit r et ’s be I t  I i i ’ s’

‘l’he n o t — F e d e r ; l  I ( I t  l i t  I t ’S with in the folumb I a—\orth Paci i i  C
Reg i on have  l~

( ) hs’d roe l e c t  r i  C t~r o ;~ c t  s w i t h  an I n s t a l  led hs ’dro —
e k’ct r i  c cap ac t t v  of about 9 , I ,SS mega w ; l t  t s . . \dded capacit y I f

50 1 .6 m e g a w a t t s  i S he i ng inst a l i e d i t  t h e  R o c k y  Reach pro j ect of ’
1he I an  LoII lt ts ’  Pi l l ) . ‘l ist’ non — i’edera 1 Itt I l i t  i es h a v e  29 thermal
electric plants L I I  t h  an insta I led capaci t~ of I . I s ’c g a w at t s  of
wh I ch 64 pc’ rcc’t it i s :tt t h e  nu c  lt’ar p 1 an t at Hanford . The t’ema in i r i g
pla nt ~4 IflI’ r’;i t l’ on 1 v in 5 ( 5 1  rs I’ilt’n the pos~c7 t’ 5 ys ten) app roaches  a
dc’ t ’ i cienes’ condition . These ~L ’ t u e r : ( t 3 n g  cap ;I s ’i t j t ’ s  are  s u n im a r i  “ed
by ut I l i t  j I ’ S  on t31) le  15.

‘(‘i n’ hui I’. of t i l l’ gs’ne rat I ri g Cap ;I t ’ i t v  of t h e  l1’ ( ’ 1l l i e s ni t t h e
i i ) C l i  utmb I a River  wite I t ’  t h e  p l a n t s  a r e  b ot h  l ede ra 11 s ’ ’ and non —

1- etlt’ 15 ) 11  5’ owns ’d . ‘l’h e fi m u  cllpab i l i t  i es , s f  t hs ’se p l a n t s  SI u ’ s’ r ea l  l v
enh I I I  C d  ( lv  rt’s,t’ r’ s’o I r st  r a g e  , ‘I’ais le 16 is a sti lottl a me of t h e  rest’ 5’ —
s- u i  i’s ss’h i cli provide this regui:Il i o n , th c i r ~1 rIlgrammed s t

r~ le : tsc ’  , and  t he  g a i n  it s tnt ’ r ’gs ’ wh i cli t 1~ev prov i dc’ over  t i l t ’  8 — m o n t h
c r 1  t 111 ( 1 . 1  ream! low pei ’i rid at  5 i t t ’  and t o  d owi i s t  r’ t ’ : I f l )  

~ ia n t s unde r
1 968—(I~

) t ’ (lnIiI t l u l l s .  ‘ l ’ ii & ’ I i  t ’ fl ) pow er c : u l l a l ’ l i  Ii tv of t h e  r e g i o n ,
‘ S I  r t  i c l i  J I l l’ I s ’ (In t i te  ma i n ( S l i u m b  i a R i c e r , is great lv enhanced by

r l .’’l c r v o i  r s t o r ag e . ‘( :1( 3 k’ 16 ss imma r i  ~es t he  r s ’ser voi  r s torage  of
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H ~ Co I iamb I a R i v e r  l o w , r “‘ I t n . \‘~ show n , the  t I l t  S I  1 I I  sab I s ’ S t  L ) I ’ ~~~ t ’
i i  ~~s t’ s’’- u ’  C V I ’ i  I ’ i S  2 ” , 11, 1 ,00I( a c r e — t s ’et . \ 1  I tht ss storage i s  oper —
att’d in di ) ‘ I ’ s’t coord i nat ion I ’ ’  r t i l t ’  C o l u m b i a  R i v e r  l ower  ‘~~ 5 t 5 55: .
I n  add i t  i on  , t h e r e  are  t’e ‘ r i I l l  r s le s s  d i  r ec t  i v c o o r d i n a ted , bu t
~ch ch n e st ’  r t  1 ’ l~ p roe i t ie  l ’ I l L s t ’  C ‘ t i l t ’! i t s  t’rom s t o r a g e . ~1 i n o r
m i  See 1 l : i l ’ , l i s -  s t o r a g e  i s  ‘ ‘ ‘ i i  ‘J h ’s ’ t h e  p ( ’wt ’ r t t t  I l i t  i e s  ~iric1 powe r
St or;u~e i n  t h e  f ri 111 ) 11 I t i p  amoun t  ‘; 1 s or e r at  c’ s! by the bti re ;ut t  of Ps ’s’ l ;w ssu t io n
at re -Il- rvo i  r’’~ t ’ons t  r t t c t s ’d  p r i n c i p a  1 t o t ’  nonpow’er p u r p o s e s

( ‘ a i i  sades I .202 , ) ) 0 ) )  a c r e —  feet
,\me i’ i saIl Fsul  Is  ‘iS , 00)) acre— f i s t

in ido l ’  a ‘ I ,  , 00)) at ’ rc ’ — t
’
L ’ e t

- \ n I I  ‘15011 R at) Ci ) ( 2 3  ,00 ))  si c m e — Let ’ t
C:tsc’ad ’ 653 , 00)) aC re —  k’t’t

I t  a! 2 , I I  S , 0 ( H )  s i c  n, — f ee t

Vt t h til l ’ owu’r s t l l t ’ a p l ’  (SF1 I I I))  Ii’ 16 , sul  1 power  ca r a t ’  i ii t of ’
t lu l e g  I o n  cat s  I l l ’  f i t  t e d  t o  L i  m l  l oad  S I t i l  r e c u r r e n c e  of ’ hi ‘~t on cal
“-1 ream ! lows lIve !’ t i l l ’  period \npuI’~ t 16 , 19~

() , t i l l ’Oltg h A p r i l  15 . 19,Y’ .
IThe n “Ii ca 1,’ ‘ .~~ ‘ r s l ’  i r i s t ’i )) fl p l e t  ed , t h I s c r i t  I t a  I pc r i  od w i 11 e x t  end
1 ) )  a u t ’ I od ~~ (I t’ ne s t  m the 13 mont h ’~ of ’ 

~eIlt enibe r (925 th rough
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March 1932 . Studies show that hydroelectric cap ability outside this
period w i l l  be no less than this critical period capability. In
man y months there will he considerab le additional energy to meet
secondary loads .

As all generating utilities in the west part of the region
operate in close coordination , their capabilities under such coordi-
nation measure the loads that they can carry . Table 16 shows that
these utilities had a collec ’,,ive firm energy load carry in g cap ab i l i t y
for the 1969-70 contract year of 11,611,100 average kilowatts. This
is for a critical storage release period of August 16 throug h Apri l 15.
As there is a 683 ,300-kilowatt surp lus of peaking capab ility in the
system , while energy loads and resources are in balance , this energy
capability measures the firm load that the system can carry . The
amounts for individual utilities on table 17 reflect sales of firm
power between the utilities and , the refore , are not a measure of
individual utility generating capability.
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‘rhe system operated by the parties to the Coordination
Agreement is smaller than the region in that the hydroelectric
resources in southern Idaho are omitted . Adding the capability of
Idah o Power Company and the Federal Upper Snake River projects in
the amount of 827,000 kilowatts , the firm energy load carrying
capability of the Columbia -North Pacific Reg ion for 1969-70 is
12 ,438,1(10 kilowatts.

‘ I t ’  1” - I’  i , ’ ,  (‘
i t ’ \ , ‘ r t 1 I o , ’ s t  I , , , ‘ y ’ , I t n  t h I n  \~ ‘ ri -S I , ’  lIt

I i  ri’ I 0, - r i : ’  l o a d — l it  rs ’ l n g  I -Ii’ I i ’ I  l i t ’ ,

I, ‘ ‘ r ; i r ’ ’  ~li’i ’ ,iI, - i tt S

Iii It ‘‘~I ‘ — t t , ’ s  i, I Iit’lI’ i i  It I ’ , ‘ ‘ s - - 0-i ’- I, , Ill ’ - U
i t”  S t I’ , ~, 1 ’  44 “1

( ‘ i t s ’ 0 1 St ’ , t t  it ’
C it y ot I t o n i 359 , 5
I ; r i n  t I ‘ III ’ , t v P111 ’  2 ’ ) , I

( bc ’  l ; i r , I sun s ‘lilt 55  - 5
1

)) rr I I It’ I - ‘ h r - I s  I’IIIi
I ‘ , “ ,~~: I , is  I ,‘ r i r ,  I - - Pi ll ) t~~, oIl
C I t t  I ‘I/Il 5~ ‘III) (( ((i!

il c i t  ‘-ulI tilli ‘ l I ,’ , ’ )’ 5 , I I (5!It l it , 1 , 1 011 ,

I’ ‘ I i  ill,1 ‘ .i’II, ’ r;I l ‘ - - I~ I ,,- ( s  Sill’ ‘I
I c l ’s,. ’ r- I, I - i - , I (,~~, 1 . 0555 - 

—

‘he 1 ~ t i l 1 t i I ’  n ~~, , t ’  I ’ , l o t ,’r I , i , ‘ ‘ 4 , 1-
lb, ‘- I ~r r I  ,iti a ‘ ‘ ‘1 , t ’S C,i , 1113, 1)

( ‘ ‘ 10,1  I ” ‘ t r , i n ” ” i ’ o s i ’ r ’  (5’ ,

I ‘t i l  I I  ( ‘ 1 1, 1

I~ \i” l ’ I I I t t  I l l  , i lf l h i t ,’ I I I’ :  o ,, I ,-  ‘I ’ t ’ i r r’ s ’ ,it’ , t t ’ i I I t v  I ’ ’  , , t t l i ’ r  l i s t ’ s t
‘,tt I I  t ~‘s

F X I s T I N ( ;  ‘rRANS MI SS I ON FAC I L I T I L S

A vast ne twork  of t r a n s m i s s i o n  circui ts l i n k s  generating
p lan ts to load centers in the r eg ion . Transmission circuit voltages
range from 69 kilovolts to 500 kilovolts. In some are as , the lower
voltage circuits may he considered transmission circuits , while
circuits of the sane voitsige in other areas are considered to he
subtransmission or even distribut i on circuits. In general , at the
present time , circuits at the 115-kilovolt leve l and hi gher are
considered to be t ransmission circuits. Circuits of 230 kilovolts
and even higher are coming into increasing ly common use , however ,
f o r  i n t r as v s tem and suhtransmi ss ion networks.

A recent survey of the systems of the Northwest Power Pool
indicates approximatel y 12 ,000 miles of transmission circuits rated
230 kilovo lts or hi gher in service in 1967. Most of these circuits
are in the Columb ia-North Pacific Reg ion . A breakdown of these
circuits by voltage categories is as follows :
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231) k i  l i i ~’ o l t c _ .’, [5 hi lo vo l t s  11 ,lO() m i l e s
50( 1 hi In s u l t s  and h ig her ¶ ) 3 () m i l e s

Thes e Ii ni’s l ) [ ’ i ’  rat  r’ moss t of t hi’ t me w i thout manual j o t  ( ‘1’ —
vent ion through S i  highl Y sojsii 1st i c a t r ’d commun i cat  ion sys tem.  For
exam p le , it is  es t im a ted  that 38 ,0(R ) re lays  ;~re in ser v ice  in the
r i g  ion to provide prl~ t er ’t  i (S n f o r  gi ’ne rat ing f:,c i 1 i t i c’s and
t r’ansm is s i on ~‘i I’cu i t S

liv t he end of ’ 19Th) , an add i t iona l  3 ,‘;‘( U (  m i les  of t ransmiss ion
line l’,ited 230 h i  l o v o lt s  or hi ghi’r 1~’ e rc a dded to  the ~.orthwc’st Cr id .
\ p~o rox ima te l v  o n e — t h i  I’d ‘ I I

’ t hes e l ines w r ’ l’ I ’  of ’ 50(1 k i  i ns u l t s  or
higher.  ‘i’h is  incl i ldi’ s the Nor thwest  po r t i o n , 265 mi J I,’s , of the

h I  lo vI l i t  di t’ect — t I l t  r i - l I t  l ine he iwee n ‘t he (a l lt,’s and [(Is An gel es .
Ri gh t — o t ’—Is : i v  t’r’ [lI I rt ’mr ’ n ts  (‘or t hese and p r oj e c t e d  lines a n ’  making
sen l i I I~~ I tl roads in t “Ihi’ r , apr i cii 1 tura 1 , and ~O~ U 1 ated areas
lIols~ ’\ ci’ , the use i s )

’ h i  gils’ t’ t ransmi ss ion vo l tages  I’at i’ri a l i v  reduces
the I and requ i t’ i’i” t’ il ts Ill I ’ I  I ri- il in tc ’ rms of acres per hi 1 owa t t trans —

m i t t e d ,  For e x a m p l e , a 5 ( 1 ( 1 — h i  1 ’ s - li lt I inK ’ (if fllOdi’rn design i~1 11
t ransrt i t i n  the order  it  I i  yr t I ‘ e S  the power normal lv ca r r i ed  by
SI  23 1 )—hi lovo it line , i% i th l i t t l e  or no increa se in ni gh t — o f — w a s ’
requirements , 12 5 — 1 5 1 )  f ,  I -I  ifl w i d t h  f o r  t u e  5 ( 1( 1—k i l ovo l t  l ine , as
,.- Ii!ni Iar c’d w i t h 125 f eet  f I r  t 1 . I 3 ( l — k i  los ’o lt  I inc . In add i t ion ,
wit  Ike ri ght — i s f — w a ~’ for 11 ghc i~’ ’- SIt Id roa ds , some pro duct ion can he
~ I I  ~t a i ned oti  land oc S I  I J I  I ccl he t I’atlsm i ss ion lines

[‘he 1 ocat i on and c h a r a c t e r  i st i cs of the hvdro power suppl y ,
t he i nt r’ rc [i’p (-ndei) ci’ III e 1 r’c t r i e n I and h~’drau 1 i c coordi nat i on and
t he many t ransact i cins betwe en ~~\ ‘ st i ’t1ls in the form of sa les
pu rchnt’— e s , an d exchanges have resu l ted  ill a mu It i tude of inter-
connect i (tiS between the m aj o r  geni ’ rat I ng 5 V 5t i ’t ’ ls . Figure 3 shows
t hese in te rconnect  ions in diagrammat I ca l  fo rm . These inter-
connect ions have ber n made nit pract i ca l  lv v i e  i’s’ t ransmiss ion and
suhtrar ls mi  s s ion  voltage liii’ I . \ few of those wh i ci) n~re s hown
we ri comp lct r’d before 1931) . In addi t ion to these interconnect ions
between t he major sys tems , t here are many more w i t h  the smal le r
nonge nr’ rntt ing sys tems , part i cii i ar ir between ROl ’I f leVi l Ie Power
A d m in i s t r a t i on  and these systems . ‘l’hesc add i t i ona l  in te rconnect ions
a ll ’  ma de at all so I tage leve ls  but generall y it 01’ IX ’low 115 ki lovol ts

I n  addi t ion to  the many sy s tem inte rcot lnect ions s I th in  the
reg i uI , titeri’ a rv interconnect ions with other reg i oIl s . in 1958
the Northwest i’ i) (ct’r Pool %c ’ n I S i ntercotinected with the Rocks’ Mountain
}‘ owi’r Pool . Fli rtiu’ r rite rconnect i ons were made in I 961 , when the
i’ ac i f i  c ~-StlI thwcs t stud New Mc’x I co areas were i nte rconnected with tile
No rt hwr ’ s t Power Pool and the Rocky Mountain Powe r Pool . The in t i ’  t’ —
connect  ion of western sys tems was f u r t h e r e d  s u h s t a t t i a l l y when the
large capac i ty ,  e x t r a  h i gh vol tage inte r t ie s  w i t h  the Pac i f i c
Southwest were comp leted . Of these in te r t ies , two are of
501) ~ i lovolt  a l ternat ing current and a third is an 800 k i lovo l t
d i r c ’ c t — c u r r e n t  l ine.

“5



-~~ ,~~ 

.

‘
‘
~~ 

-

4 ”  
‘ 

~~~
. 

1’

4 -
_‘-

~
:

_

~~~
\

~~~~~~ 

~~~~~~~~~~~ ‘t

I 

~~~~

‘ 

S

9 0  “

1’ 
/ 4 -

H ~ ~~, , N / .

(/
I

! 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ H,
r \\~ 

i~H I I  
//( ((

~~~
t ? / /

~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

I
l

~~~~

;

~~

H

~~~~~

H 

‘i~~~~ ~/

H 
/

z — —
~0 

-

~~~~~~~~~~~

‘

w 4 ~ 
__ _ I’, ’

2 ‘ 

~~~~
c
,: ~~~ 

~~~
‘

H * 

> ~~~~~~~~~~~~ 

‘ ,

H ‘ 

w 2 ~~~:— “
“ ~~

z — 

~~~~~ 

, H I 
D

z ~~~ 

- 

~~~~~~~

“ “ H’ •

— -
~~ / 

“ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~

-~ ~ 
- / ~~~~~~~~~~ ~

, 
‘I 

_

~~~~

/ ~/////Jj~ \~ 
~

~~ \~~

/1 
\

- ,! ‘ 

i, :-



/
Cust ~, Bou~ d1ivy

t ~~~ ( .n q kt, ‘ O’olil i, I

% i~,t
0 

ç

r

1 ‘ 
‘ j

r , ,, ,

Port An91)55 C h t e f I”

40 dOS G ron~
mGi ‘‘ ulqe I

I ‘- , G H Bel l  , .‘ ‘ —

, 
, 

‘ 

. :i” ‘‘ 
‘i

t’ 

‘ 

‘ ‘ /
- ‘ g ., ‘ Beoco / /

t” , ‘ T 0 N ‘
— 

rsM*~’- ’ C~ ~~~~~~~~~~~~~~~ “ c ’ 
‘

B ert e~~oh: ‘

~ 

O~~mp io (1 
1 ’ S  “ - 

‘ 
‘ 

‘ 
I

1 

‘ ‘ “ “ ‘  , e ‘ ‘ Va~~0 ’~

Hon to rd
o ,~..4 o

t,J ~~\ 4

1,040
, .‘ M onu me nt a

CIatgop~~~~~°”t’. • 
- ,

~‘ 
~-

‘.1 ‘‘ ‘‘ ‘‘ -

~ N 8Onne~i lI ~ 
, “ ..‘ ‘  -- 

i~IlO 5” I 0

‘ , JD Ros ~ 
‘i’., ‘‘  

‘

~~ “ : S ’ -. 
~~~~~~~~~~~~~~~~~~ 

d

N 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

Day 
o~n~ UP 

E n ter o r se °\
\ 

Hell:

~~ 
~

e:mon
~~~~~~~~~~

1Ul Y 

N

Coo,  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
~~~~~~ 

~~~~~~~~~~~~~~~~~~ :~\ So : 

‘

e~~ h \
Hon,, 0

I -‘

I
Lon e n.

t I)~~ Mci It

-

v A

/
/



‘ ‘
~

‘
~~~~~~~T~~~~~~~~

T ’
~ ~~~~~~ EX P L A N ~ T ( ON

(“ /.. “
~ 

MA I~ l’~ ’ , l ’ ”,

‘~ r ‘-... ~~

- / Conke l l ey
5, ‘ I ~I 111(5 1 I I ’ , ‘ “‘ PIt- ‘iia ‘5

‘i,, 1 I - - 
~~ / 1 i  - 

~,A ‘ ‘ ‘ I  P M,  - (4 ’  I if

Chiet - 
‘ ‘ £ ‘, - I A”  ‘~‘ I ’ 

-

Grand ‘

I “i —‘ — - 1’ I~ A~,’,M- , ‘ , ‘,,t’~ - - ‘s I A ’, ’ - ,
~ -

B e l l  ,, “

~ 44 1 ’ , N o o o n

0 N 
B~oco — 

, I ’ ~~~~

‘ 

Spr , n~ s

~~~~~~~~~~~~~~~~~~~~ Oufl dup
E n te rpr se °~ , ‘l_, ~ 100

~5,~ 
0 

~~~~ ,, , - ‘, ~ 
-‘-‘-I (P

,, s- ,
b Or on “ M I L E S

Hells Canton s0 *

Oubo~ 
‘ 

‘ 
-

• Sr ownI * i I

N ‘ ‘ I  D A H 0
I 

5-

‘ I  ,~ Fn I I s ~~

‘S 
/ 

Brod 5/ ’0 b 0
~~~

U0

,, ,,,,. ~~~
__ I reasu r•s on

N E  V A D A

1M,’ O I ” i ’ i S ! , i  ‘5 5* 1

MAJOR TRANSMISSION
FACILITIES — 970

THE REGION

FIGURE 4

1,,



‘i’he 1 i n c ’s  p ermit sn l les  of su r p l u s  N o r t h w e s t  secondary energy
and peaking capac i lv  to  the Southwest. I xchange of capac i ty  between
the two reg ions to ta ke advantage of seasona l  d i f f e r e n c e s  in load
w i l l  provide suibstant i nil adv a t i t n i g es  to both regions. The exchange
of Pacif tc Northwest capacit y for Pacific Southwest energy will
eff ect savings in cap i tal cost for the Southwest utilities and
i n c r e a s e  the firm power avai lab Ic in the Nor thwest .  Off peak steam
etiergv from the Southwest w i l l  enable the Northwest to firm up some
330 ,000 k i l o wa t t s  of secondary energy . The l ines also make it
po ss i b l e for the uti l i t ie s  which have purchased Canada ’ s share of
t he t r e a ty  posi’ r to s e l l  t h i s  power in the Southwest su i)j ect  to
r i ca  11 as needed in the Not’thwest

(:00111)1 N ‘JEt) ,S’l ’S’I ’EM OP ER ATION

Coordina ted system operation had i t s  b e g i n n i n g s  in the ea r le
t r a n s m i s s i o n  i n t r ’ r c ( l t l n e c t i o ns between u t i l i t i es, These provided the
ph y s i c a l  opp or tun i tv (‘or volun tary c o o r d i n a t i o n  through a power
pool. Such voluntar y coord ina t i on c u l m i n a t e d  i n  196 1 in three
accom p l i s h m e n t s  wh i ch greatl y expanded the scope of power opera t ions
and w I l l  v a s t l y a f f e c t  the f low regimen of the Columbia R i v e r .  The
th ree  w e r e  (I ) rat i fi eat ion of the Columbia River ‘I’reaty by Ca n ada ,
( 2 )  au tho r i  z n l t  ion  of the Paci f i c  N o r t h w e s t — P a c i f i c  Southwest  h i gh
v o l t a g e  t ran s m i s s i o n i n t e r c onn ec t ions , and (3) the Pacific Northwest
Coo rd ina t i on Agreement. These act ions  should not be viewed in
i s o l a t i o n  hut  are in fact c lose ly  interdependent .  The t ime schedule
fo r  comp l e t i o n of each was geared to the  accom p l i s h m e n ts exp ected
of the ot her  two .

The N o r t h w e s t  Powe r Pool

The Nort hwes t  Power Poo l was formed d u r i n g  Wo r ld Wa r I I  as
a result of an orde ,r by tile Wa r Produc t ion  Board for i n t e r u t i l i t v
coope ra t i on  to i nc rease  power genera t ion  for i n d u s t r i a l  product ion .
‘rhis operat i on proved so success fu l t h a t  i t  has been expanded to
i nc lude  vir tual ly all of the major  g e n e r a t i n g  u t i l i t i e s  in the
C o l u m b i a - N o rth P a c i f i c  Reg io n and British Columbia. There were
begi n n i n g s  of pooled opera t i o n i n t he  Nor thwes t  con s i d e rabl y be fo re
that time , however .  In 1923 , the Seattle and ‘racoma munici pal
Sy s t e m s  were l inked together , as were The Washington Water Power
Company and The Mon tan a Power Company. lurther interconnecti ons
were  made through tile yen lrs so that by the t i m e  the  War P roduc t ion
Boa rd orde r was i ssued , a fairly effective reg ional transmission
sys tem was in ex i s t ence . The c o n s t r u c t i o n  of t he  Federa l  g r i d  by
the Bon n e v i l l e  I’ower Ad m i n i s t r a t i o n  f u r t h e r  s t r e n g t h e n e d  the sy s t e m .

The l’owe r Pool I s a vo lun t  sirv organ in’ nIt ion whereb y  til e
g ’ii’ rn t t iri g fit ci l i t  i es  of ’ til t’ memb e rs n ine opera ted t o g e t h e r  in  si



coord i nni I nil mantle r S O  ( h - I t  till’ m i  orta 1 1 mid can be met rno.s t
c H ic  I en t lv . I1p ’  rat i rig J) rog rni’~Is a re p repar ed a n n u a l  I y on the has  is
II t h ’  ( i tt !  t I i ’ s ’ f ’OI’ ei ’ n l s t l ’ I! l oad s and ni t ’a i  l ab l e  resources , in
1 t)~ t -2 , to  i I I I I  t~ I rII ’ to the requ rem en t s of th e Canad ian  ‘i’ rea t y , many of
t h e  cl Ip i’1~l i  III ted  opt’ r a t  i r~g p rocedtires of the Power Pool  were formalized
as a part  ot t u e  Paci t’ ic  \ I 1 rt lo s - l’~~ t l o nr i lina t i on  A greement , which is
discussed in detail later , \l though not all members of the Powe r
Pool  I r e  S i  g i l l )  IlrV to  th i ’  Coo rd inat ion -\ greement , the t e r ms of the
zig t’ eeII , iit must 1w’ t’u 1 (‘ill eu he t lit’ l os e i’ Pool in preparing its
annual op erating program S In fnlet , th e same load and r eso u rce
dat a zit id system aria h’s is serve as tile bn ls I s of both the Pow’-r Pool
and Coo r i  i at i on \ g reemen t ope m i t  i ng programs

I h e  l C t  uni I dnt~’— t o — d a ~’ opera t  i ons of ’ thc’ Pool are c a r r i e d
out 1w ’ ag i’eI ’mI ’n t anti under standin gs ‘i t seen t he respect i ye power
dispatchers , powe r si’hedul ing , and other operat i ng personnel . As
an ad junct to the o p e r a t i n g  program a c t i v i t i e s , the Pool performs
ce rtain other mut ua ll beneficial funct ions.  Examples are the
emerg ency load dropping program , coordinat i on of maintenance
( l i l t  a ges , v ar ious types of t e s t  i n g  p rograms  , and an annual review’
(1 1 o p e r a t i o n s .
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ht’stern ‘ 1 5 1  - i ’ I I I  1 ( 5 1  i nziti r~g iounc i I

Work o t ’ til l ’ h ’ , ~ 1 -  mu Sc St ems ‘ so i’d I flat i t lg ( 1 1 1 ( 1  e i I w’g nin in
t i ne  f t  I 1 mont I I ’ - I t  I I I  I T  , Mt-oi l -  rsh i 

~ 
o t t I I  cout le  i I cons i ‘~ t s of ’

3s S V S t c ’ O s  i ’t  t h  ln ii ’g t’ i’ nIp;I c u i  gnni’r at  ing i’nii ’~ l i t  ies zind t r a i l - —
1 ss ion in i rcu i t  S t ii nit s i  rye i lii i  II I  ~~~

-0
~~ I I - has’ in g an i’ led r i c

p111 w-I s l ( ’ OL I I I i I  I l l  I~~(’~ l I t  nI~~ n~ n I t  i ‘ a t  t -  Ic ~~) mi I I ion ~ i low n It  t ‘L lh(’
co l i t ic i  1 nnt ’mhi ’ i’s d I ’ \ t - l ’  nil I or p I n t  of 13 w ( ’ ’ - . t I - l ’ f l  st z t t -s :(fls l B r i t i s h
Co lumb i L I Is I th hig h v o l t  age  t r n I1I - ;m i ss ion loops e x t  11th ng 2 ,70(1 m l les
il r I n n i l d  t i c  fle n I nlet I n  o f  the nin e: !

\ nr I ‘- L I  t’\ t ’un c t  ion of tli i’ count’ i 1 is to pr o~ ’i de t o each
p ii’~ h i’i ’ a ‘t ( I i I r( ’i of’ addi t is l nal gem’rzit in g rese mci’ u’n tp ;I ci tv t r I o
rii ’i giil ’ori ng sestems , Creater’ use of the more i’ff’ i c l i n t  gclw’ rn ttin g
f a c i l i t i e s  is prov ided , I; n( ’ n IlI r f l e x i b i  i it ~’ is n i c li je vesh in
l ( ’ o g r n l i n II:I I 11(~ main tenzinc e work . Coordinated schedul jug of fu tu ri -

g I - I I I  - m I t  t r i g f a c i  l i t  i i ’ s  j w ’ m u  t s t h e  en h a n c e d  eco t lomui ’s of l a rg e r
g l ’ i i i ’ m n l t  lug units. (lIi’se ben t its i’nl li’ i’t ix’el result in r’educi’iI
cap ital and 0th’ ra t  I rig costs



W ork (if t h e i’OUflC i I is ach i need throug h an Exe ’c i i t  i vi’
C o m m i t t e e , p lus c o m m i t t e e s  on Op e r a t i o n s , P l a n n i n g  C o o r d i n a t i o n ,
I n v i r o n m e n t  , and P u b l i c  I n f o r m a t i o n .  The council ma in t a ins  l ia i l : c I n

w i t h  the  W e s t e r n  C o n f i ’r e n c e ’ of ’ Pub lii’ Sent ’ i c e  Commi  ss I (ins and
t h r o u g h  i t s  o p e r a t i n g  c o m m i t t e e  with the Mid C o n t i n e n t  -\re’ni Re l iab i I i t v
(‘oord i na t ion  Ag reement  I MAR ( ’ . \ )  on op e r a t i o n  of t he  i’ni’t t - s ’ ’ s t

t r a n s m i s s i o n  interconnection .

Co l u m b i a  R i v e r  Trea ty

F o l l o w i n g  a long  seri es of n e g o t i a t i o n s , the Columbia River
T r e a ty  was e n t e r e d  m o  by Canada  and the Un i t e d  S t a t es i n  January
1961. The f i n a l  step in i m p l e m e n t a t i on ( l f  the treats ’ occurred on
October 1 , 196 1 , with the p a y m e n t  t o  C n ln n idnl of $2~ I m i l l i o n  t’or i t s
share  of t he  downs t r eam b e n e f i t s  r e s u l t i ng  f ro r ’  c o t i s t ru c t  ion  of t h e
tr eat s ’  r e s e r v o i r s . In l a t e  A u g u s t  of that \ ‘e ar , the Coordin ation
A greement  w a~ s i g n e d  about the same time that Congri”:s w - : is a c t i n g
on the  P a c i f i c  S o u t h w e s t  i n t e r c o n n e c t i o n . The t r i n i t y  p r o v i d e s  f o r
Canad a to b u i l d  t h r e e  rese’ rvoi  rs Duncan  , -\rr ow I,:ikes , and M i cn i
w i t h  a t o t a l  s t o r ag e  of 15. 5 fl Il 11 ion a c re— t I n t  usnIll Ic f’or i~~~~t l  nov i ng
st r e am f l o w  i n  the  u n i t e d  S t a t e s . C o t ì s t r u c t  i o n  of these p r l Ij i ’ ct s  is
to  be comp le t ed  w i t h i n  9 years nifter the r a t i f i c a t i o n  d a t e .  i n
a d d i t i o n , Canada is  to  p r o v i d e  the  lands  and p repa re  tilt’ r e s e r v o i r
s i t e  for  the  C a n a d i a n  p o r t i o n  of ti le L i b b y r e s e r v o i r .

In r e tu rn  for  b en c f i  t s  received , the iin i ted S t a t e s  i s  to
g i v e  Canada o n e - h a l f  t h e  d e p e n d a b l e  c a p a c i t y  and o n e - h a l f  t i le  e n e r g y
ga ined  i n  t he  tin i t e i l  St n i t i ’ s nis a r e s u l t  of Cat iad i an storage , ‘i’he
b e n e f i t  is to  he d e t e r t a i n e d  by ‘‘fi rs t added’’ comp utati on s w h ich  a t’e
descr ibed in the  t reats ’ . The u n i t e d  Sta tes , in  a d d i t  ion , i s  t o  J - n i y
Canada at the  t i m e ’  of commencement  of operat i on of en ic h  of t h e
three  r e s e r v o i r  amoun t s  t o t a l i n g  $( 1’I , ’lOfl , O O I )  fo r  f l ood  c o n t r o l
b e n e f i t s  d e r i v e d  in  the  tin I ted S t a t e s  over  t i l t ’  t r e a ty  p e r i o d .

F o l l o w i n g  r a t i  f i cat i o n  of t he  t ri n I t y  by  til e tin I t ed  St : I t e s
chang ing c o n d i t i o n s  in  Canada made r a t i f i c a t i o t l  by C l n n I d ; I  increas-
ingly d i f f i c u l t .  Other  new c a p a b i l i ty  made t he  pow er  surp lus  to
the  needs of B r i t i s h  C o l u m b i a  and s u g g e s t i o n s  for  s a l e  o u t s i d e  til e
Prov ince  had not been rece ived  f a v o r a b ly .  In t he  end , however ,
a r r angemen t s  were comp leted in ~January 1964, fo r  o p e r a t i o n a l
a s su rances , a s su rances  t h a t  the  U ni  ted S t a t e s  w o u l d  l i s t ’  i t s  bes t
e f f o r t s to r a i s e  the  $ 2 5 2  m i l l i o n  for  p u r c h a s e  of the  C a n a d i  an
shari’ of the b e n e f i t s , and fo r  the  P r o t o c o l s  n e c e s s a ry  to  c l a n  fy
c e r t a i n  t r e a t y  i r o v i s i o n s . Suh sequent l~~, the  u t i l i t i e s  in  t h e
N o r t h w e s t  and the I n ed e ra l  a g e n c i e s  d i r e c t  lv concerned w i th power
worked  c o n t i n u o u s ly  to c o m p l e t e  a l l  i n t e r r e l a t e d  a g r e e m e n t s
n e c e s s a r y  to cf ’fect s n i  i n  of t he  ent i t  l ement  by O c tobe r  1 ,
The sni Ic e x t e n d s  t h r o u g h the venir 2002 to 2003 , when tilt’ last
power benefits under the treaty accrue .
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A s  shown CE tab Ic 16 , -\t ’ro w and I)utlcan rese rvo I ra constructed
uniter the t t ’e ’ ; i t v  p t ’e s e l lt  lv  p r’ov l de S ,~~,‘t ,00() nii ’me — fnt ’t of storage’
li snib le for powe ’ r gene f l i t  I In  . W h et l  M i c a  Rese i ’v o i  r i s  i l l o t I  1 I t  I ’ l l  , tIfl’
t it ree t r ea t  v rise r’vo i rs wi II p rov i d e  20 .500 ,000 acre—feet of ic t I t’e
storage’ . Ut’ th i s storage , 1 ~ , 5OI )  , 000 a c r e — f e e t  are ’  p r o v i d e d  he t he
t reate  for  po~~’r use i n  the ’  t i n i  I i’d S t a t e s .  M i c a  r e servo i  r i s
scheduled f ’or i n i t i a l  operat ion i n  -\ p r i l  1973 . ‘ Ihe t reats ’  permi ts ,
in  add it i (itt , t he comp l e t  ion of 1, 1 l’d”v oro jec t  in tile’ On i t  ed St n i t e s
w i t h  act  ice cn ipac i  t v  of - 2 ,965 ,000 nlc re’ — fee t  on condition that the
rese rvo i r  be n l v a i  l a } ” l e ’ fo r  f i l l i n g  i n  the spr ing (II 1972 .

Pac i f i c  \ o r t} I w e ’s t  -P n ii ’j f ic  Sou thw es t  Intert  Ic

-\s t i le’  P°”~ 
r prirchnised from Canada w i l l  lie surp Ills t o  needs

O f ’ tilt’ I1 ;ic it ’ i c \orthwes t in ea r  I ~ \‘e ’ars , t he’ t ransmi ~~ ion in t I ’ m  -

connec t ion  w i t h  th e P ac i  f’i c So u t h w e s t  became of i n c r e ased
i m p o r t a n c e , -\s nI c i t l m i n n i t  ion ( 1 1  c - i-ni l ’ s of stit d , p r o p o s a l s , nuid
counter prol osa Is a recommendat i on f o r  f o u r  h i gh t’oI t age l i n e s  to
the S o l It i I w e ’ st  was presented to Congress by tile Secret nn ’v of the
i u t e r i  or on ,June  2-1 , 1964 .  F u r t h e r  nego t  i at i ons led to  m i n o r
a m en i l m e n t s  of , J u l ~ ’ 21  and J i i l ~ ’ 27 , 196-1 , anti to the’ f i n a l  p l a n .
( oligri ’ss gIlt i t s f ina l  stam p of approval on tile p lan  Augus t  1-1 ,
19b4 , antI nippropr I :~ t I’d funds to b ig in in ede ra 1 port i ons of the lint’s.
As t e a s  ihi I its’ of the las t  of the fou r’ scheduled l int’ s w a s
I n c r e n u e n t n i  I t that for t h e  pr ece ’d I tI three , feas ft i I its ’  wa s  t e s t e d

a favorab le ’  f l ’r o n t  fr i r t i  i shed Congress  on Oc t o b e r  , ,  l9~ ’1
R ecau se ’  of i nil e f i n  i t t ’  d a t e  of comj i l e t  i on  of t h e  f o u r t h  l i n e  , sub-
sequen t  def  i n  I t i  s c h e d u l i n g  of ’ th e r r n a I g en e r a t  i ng p l a n t s  in  t h e
i’nic i t’ i c Sou thwes t  preempted some of  the contemp i n i ted  bene f i t s
a conseI llle ’nce ui t  i l i t  Ii’s It tile H I ut h i \ s i ’ ’ t  announceil on March 13 ,

the i r i n t e n t  i o n  to  de la’, t ’i rm use of t h e ’ 1 it l e  m i t  i I nit ’t e r
1977. P lans for comp l et i n g  t h i s  sp eci f i c  l i n e  w~’ ne ’ , t herefore
she lved .

Pac i fi c So r thwest  Coord in at i on
__

-\ greement

l ’h - th i ret of t i r e  in t t’ r i’ t ’  l at e d  accomp l i shments in 1964 , whi cii
con t rol ope’ rat i on of tit e’ Co I limb ia Ri ye r ‘ s hvdroe I ec t r i c devi ’ I opment
is the Pat  i f  i c \o r thwe ’s  I Coord I h a  I on \ rt’emetl t . The agret ’ment i s
a cont rail f or p 1 aim ed opt’mn it ion amotig the T h a i  or powe’ r gent ’rat i ng
l i t  I l i t  i c s  of t h e  r e g i o n . I t  be came  e ffect it e on J a n u a ry  4 , l%5
anti i s  to  t e rm I n n i  I I ’ on Jun !  3( 1 , 2003 . The agreement  i 5 among
16 p a r t  ic ’ s tou t rollin g power  g t ’ n e t ’ - t  it lg t ’;ici li t ies in an area whi cit
appr oximates t i l l’ Co l timb i n i—North P:ic I fi c St rid area.

1i~&’ generat I op e’ni p nic i t  V of time ’ p a r t  I es’,is stimmar i :ed on
t ni l ! ii’ IS is 20 ,203 ,000 k I l o wn it 1 s it l Ot) h~’droe Iect ri i’ p lat~t s and
-1 0(1 , 000 ki l (Ilsat t s it 1 1  tile’ rmil — ( ’I l ’ i tri c p l its . \s defined by
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t ime  c o n t r a c t  the’ f i r m  ene rgy  load wh i ch the coordinated sys tem is
a b l e  to carry in 1970-71 is 11 , 611 , 100 average k i l o w a t t s .

Th ere are 22 , 485 , 000 a c r e - i ’eet of reservoi r  s torage owned
by the  pa r t  i e s  and dedi  cated to  coord ina t i on use s uhj  ect to the
0w tm i t m g p n i r t i e s ’ p r i m a r y  use as l i m i ted b y the agreement .

i l l I l  i ” - l ’ . i , i i i s ‘s i O , ,  t~~~~~I I i l I i ~~I i l I l  i5 I l - I n ’
i I I ’  I t s I  ( i i i ! ’  I i i - - Ill SI , I1 I ’ I - l i t  ~ç 

l 1 1 .

i i :  ‘ I I ~~
- I n~,’ . I ~’ I t  I - I I I  I I L ’  I ,  I

- ‘ ‘~ , I ,_ it - ‘ ‘II Ii’ I’ , I ‘ ‘ -

1 1 1 1 1 1  t’tl SI I L ,  / J I  , I I I  I I 
-

I t  I I I l~~ Il i I l  I I I” I
‘ 1 1 1 1 1 1 ’  I - 1’ - ’ 2

I I _ i  . I,I,i fl l I 1 2
- r ‘ - ‘ ,~ - ‘ i l l )  I , 5 i , (I

I It I I lL I l i i i  I - ‘ t i l l  .1 I II I Ii II

I’t’ nd - l ,  u n  I:, , ’ - ‘ 111 1 I -‘ - I I

n- -i ~~~ ~
— ‘Ill! .52!! II

I Il,,IIt :~~~~~~r I s  l i i i)  II II II
- 

~,~ ‘ - t  “I I I I T I ’ i  ‘1’ ’ 1 I L~~ ’ I t  II’ I IIII _L S I

- i ’ l a n d  I n t l t I I ’  ‘ I  I, III . ‘- I - i  I
P , i c i i i , ~ ~‘t, n r :, I I , 1 I l o ,  ~ I t ,Il~III I 

‘
Il l ’ -  s e 1 I I T I , - t ,TI - s I n - e l , 1- I I l l , I I I  ‘0 I I

I !i~ - ~‘ n ’ 1 5 . 1  I lk I  r I 1 . 5 II -
I - - I - - -  I - I l l ,  S IS  ‘I I I I  1 , 1  - 1 II I I  - .

‘ I  ,iIl , 2I I  I I

I !  l n c t i i I ’ ’ - ~’ I, - ,! r I l  I L - s  I ’ - - - ’ _ I I t  lln ’ Ii h I l t , - ,1 “t i l l ’ ’ l i l t  I t s -  1,11! I ’ ll I I t I O III I I  I~~~~and P ~~~~~ I .  1 ,
It l u l l  r , - — ,t- rsoi r 1,1,  I’, - I I ’ i l l  I I I I I I I I s  l h I ~~i 

I I - l i l l  - 1 0!) Ri’ 0- I I t  Il l !  1 1 11 II ’ Ill I I ( h it  1,1 1 I i t  - I,, I ‘ I I C !  — S I 1  ‘ I ‘ i s ’ , - ‘ -

I tli t I rm : - ‘I I l i t t I I I  - I I C  -

I I I I t l l j l l i ’- ~ l, I I I  S I 2 I I I  - “ l I t  1 1 1 1 1 1  II ‘III ! 152 I’, i n  L I I ’~~ I’i~ ,, ill - I I I

Al though the f i n a l  impe tus to the c o o r d i n a t i o n  agreemen t
stems from t h e  Canad i an Treats ’ and t h e  t r a n s m i s s i o n  i n t e r c o n n e c t i o n
w i th the Sou thwes t , t h e  basic causes for its completion lie much
further i n  t h e  p a s t ,  The history of all these would he tedious ,
bu t a few of time more important causes can be listed as follows:

1. Informa l noncontrzictual planning for operation throug h
time Northwest Power Pool established a usefu l pattern of cooperation
among the utilities .

2. Construction of the Federal transmission grid provided
a vitni l physical mear,s for interchange of power among utilities.

3. A l t h o u g h  t ime owne r sh i p of storage reservoirs rested with
d i v e r s e  u t i l i t i e s , til e c o l l e c t i v e  o p e r a t i o n  of these  r e s e r v o i r s
d e t e r m i n e d  t ime f i r m  load wh i ch the powerplants of time reg ion could
carry .
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4. l Ie inter i tti l i t y  f l o w  of s t or a g e  b e n e f i t s  is recogn i zed
l’v Sect i on 10 ( f ) of t u e  F e d e r a l  I ’ ower A ct w i t i ch reqIli res i n t e r —
r u t  I I I  t~ paym ents , w i  ti m i Tllpot’t nin t excep t  i o n s , for  s to rage  b e n e f i t s .

It i th i n c r i ’n i s i ’d  r e se ’rvo i  r s to rage  the  i n t e r c o n n e c t e d
sY s t e m s  face ni critic a l storage t’i’l e;ise period extending beyond a
s i n g le y e a r  wh i ch i n t e n s i f i e s  t he  need for  i n t e r u t i l i t v  p l a n n e d
ope rat ion .

6 . IShen i n t e ’ r c o n n e c t t ’ el , cut i i i  t ii’ s have a reduc e ’ti t o t a l
re~p u i  rement  for  generator resi’rve’s

-\ f u n d a m e n t a l  concept  of the  C o o r d i n a t i on A greement  i s  ‘Ti rm
I,oae i Car  rv i np C n i p n i b  i Ii t “ ‘‘ c ommon I t ’ n i hb rev  i a t et i  FI SC C , For the coordi —

i rate d s~’s te m of ’ a l l  11’ p a r t  ie l s  , the  F I C C  i s  the ’ a g g r e g a t e  f i r m  loa d
t h a t  til e s~’s tem cou ld  c a r ry  t i n d e r  c o o r d i n a t e d  o p e r a t i o n  t tnde r
c r i t  i c a l  p e r i o d  st reamf low eondi t ion s and with u se of all reservoir
s to rage . Critica l p e r t  od has  r e f e r e n c e  to  the st rea rnf low p e r i o d
over wh i ch , i f  a l l  ene rgy  g e n e r n i t i  on i s  f i  t t e ’ d to  load , t h e r e  w o u l d
he a m u m  imum capab i i i  te to  c a r ry  t’ i rm load. I)uring a l l  other
per iod s there would he LW addit ional marg in of capability, or
e n e r g y  would he r e t  ni i ne il in rese’rvo irs from wim I elm such additional
Ilb n l r c , i n  cou l tl he generated.

In orde r to  nicc otl’i ’ Ii sit such c o o r d i n a t e d  ope rat ion , the
comb m e d  power  f a c i  l i t  i e s  of t i m e  p n i r t i  C’s are operate i l  to  produce
opt i mum ab ill t V to carr f i rm load . Cach p ar t s ’  i s  ent i t le d to  Li

7’ FI , CC e’qunil to its c a p nu b i Iit~’ in  time c r i t i c a l  s t ream f low period of
7 t h e  coord i t m a t e ’ti sy s t e m  s-i ti m f u l l  up str e ’ar l  s torage ’  r e l e a s e ’, rs- i  til

- ‘ ti~o e’ xce l lt  I oti s . ‘l ime e’xcept ions are’ time ’ re i mbursement of t reatv
ht-n ’f i  t s  to (‘armada atmd restorat I ott of ’ cn lnni i ’ i I its ’ to  pnirt it’s which
5 11 t fe ’ r loss i n  en t i cnil pe ’r i  Oil capab i I i  ty  nis a re’su lt of t h e  change
In cr 1 t ieni l  per iod capab i Ii tv i’ roi ight about be t re ’n it ’,’ s to rage .
F u t t  load c~it ’ t’~ ing ca pah i l i t  I t ’ s  a re  sus t n i ined  be t i r e ’  interc hat lge
l I t  ‘ r i t ’ rgv  h e t a - ~-n p art it’ S .

I’ r i  or t o  t i r e ’  t ni i t  of ni Cot m t ract \‘e’ar , a s c im edu 1 e’ of en t i c n r  1
pe r i o d  t l - s t ’ r v o I  r op er a t  i o n  i s  se’ t up to p r o v i d e ’  opt imu nt  FLCC to the’
ciloril i nated system . From t u e  s ame ope rat i on  an e n e rgy  c o n t e n t  curve’
s I I I ’  i - i t -i ’iI for eac i r  rI’servoi r. ‘lb i s  c u r v e’ r e p r es e n t s  L i schedule of
I~ ve’ I s  t i t n i t  t i m e  r e s e r v ol  r s h o u l d  f o l l o w  i n  o rd e r  t o  a s s u r e  I- ICC for
t h e  coo r d i  r i a t e ’ d  sy s t e m , a I t i l o u g h a d j u s t m en t s  :1 i’ ,’ prov i ded to r e f l e c t
im pl I IC  t - d  f o r e c a s t e d  st reamflows nis the season ae i va rm ce s  . It ’ , as may

r . - l i I I ’ r l t  ly  h appe’n , the’  s y s t e m  re’epl i t - e’s a p lanned cut itnii ’k on
re lease ’s in  order to hold s t o r a g e  f o r  later use , t hereby r e d u c in g
hi gene r a t  i o n of ’ t h e  s t o r a g e ’  o w n e r  and o t ime  r elownst ream owners

below i I,CC , t h e s e  o w n e r s  have’ t he  r i  g im t  to  r ece i Vt ’ i n t er cim ange
I ‘ t i e  r gv I’ r u m  ni Party wi tim t ’x e ’e’s 5 capai m i l i t  v . Subsequent lv , when
t h l -  l : l l t  -h a c k  s torage i s  scheduled for re lease , t ime i n t e r c h a n g e
‘ I I I  l I ’ ~ w i l l  i t t -  t’ ’tu rned  on reque st  of the  suppl y ing party.
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P r o v i s i o n  u s  made for  p a y m e n t s  for  any i m b a l a n c e s  in i n t e r c h a n g e
e’n e r g v  a c c o u n t s  at t im e e’nd of a con t r ac t  yea r .

t inde r t ime ag reemen t  a downs t r eam owner is e n t i t l e d  upon
request to energy wh i ch he’ could genera te  at h i s  p l a n t s  i f  ups t r eam
reservoirs released all water above energy content curves. At h i s
option the upstream owner can deliver energy “in lieu ” of such
w a t e r  i f  he hni s surplus e’nergy and the s to rage  s h o u l d  be conserved
for  l a t e r  use .

The agreement also provides for the storage of surplus
energy of one parts’ in available reservoir space belonging to a
second party . Tim e ori g inal owner of tire energy pays a storage
charge  upon t i re  r e t u r n  of such e n e r g y .

‘l’he agreement  makes i n t e r c o n n e c t i n g  t r a n s m i s s i o n  f a c i l i t i e s
available for coordination use subjec t  to  the  owners ’ p r i o r
retluirements. Equitable ch arges are provided for  c a p a c i ty , energy ,
t r a n s m i s s i o n , and other services in adtlition to the charges for
i n t e r c h a n g e  anel s torage .

A f o r m u l a  is  p r o v i d e d  in  time agreement  for  d e t e r m i n a t i o n  of
thn it par t  of r e se r v o i r  costs  w h i c h  will he paid by downstre am bene-
ficiaries , based on the  imp rovement  in these  b e n e f i c i a r i e s ’ FI ,CC
through operation of tim e storage . ‘l’h e contract exp resses the
intent that timese payments discharge ’ time obli gation for payments
under Section 10(f) of the  Fe ’di ’nal Power  -\c t .

The agreement  a l s o  p r o v i d e s  fo r  tir e d e t e r m i n a t i on of reserve ’
capacity r e q u i r e m e n t s  and inc luel es  p r o v i s i o n s  s a f e g u a r tl i n g  nonpower
use’s of the water , including irri gation , flood control , and re leases
for fish 1 i fe .  l’ r i  or cont r n i c t s  , wa te r ri ghts , Federal reclamation
p r o j e c t s , and the  r i g h t s  of P u b l i c  hodie ’ s to  pre ference ’ powe ’ r are
a l s o  p r o t e c te d .

‘l’i IF I iY l)R () — ‘l i i i :  l 1-\ I. P ROGRA ,\I

To tire ’  pr i ’sent  t i m e , loath g rowth  in tim e region imas been net
by the construction of new h y d r o e l e c t r i c  p l a n t s .  C o n s i d e r a b l e
f e a s i b l e  h y d r o e l e c t r i c  c a p a b i l i ty  re~m a i t ’is fo r  deve l opment , as u s
d i s cusse’d subsequently herein , hut t h i s  cannot  he developed at Li
ra t e wh i ch meets the’ load growt im of t h e  reg ion wh i ch in the  10 yea r s
t i r r oug h 1965 averaged two billion kilowatt -hours per year. The
l oad is expccte’d to tri p le’ in the next 20 years . A demand of this
m agnitude is most cconomicall ~’ me t by large scale thermal electric
p l a n t s  integrated wit im Im ytiroe lect ric peaking facilities.

To meet t ime ’  cha l  le rmg e  ( I t  new rt owe r s up p l y ,  ti m e’ J o i n t  Power
P h i n n i r r g Counc i l , wh i ch is  made ’ up of reprt’setmtatives from the
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utilities in the PLi cific ~ o r t hw e s t , has established a plan project-
ing the elevt’ l opment of about 20 mi llion kilowatts of hydro peaking
cLupacu tv  and 21.4 mi l l i o n  ki lowatts of t h e r m a l -e l e c t r i c  c a p a c i t y  b y
1990 . The p lan . sele’cted from the var ious  a l t e r n a t i v e s  wh i ch were
st u d i e d , has time fol lowin g features:

Non— Federal ta t i 1 i ties w i l l  build thermal p l a n t s ,
located , s i z e d , and scimedu le’d to best satisf y regional needs,

2 .  Maxi mum s I zeci tim e rmal p l a n t s w i l l  provide limi ted
surp lus power whi cit w i l l  he acquired h” itP1\ on a short term with-
drawab le  b a s i s  from p r i v L i t t -  u t i l i t i e s ’ sim a re of power unde r  exchange
arrangemen ts.

3. Public agencies ’ sim n i re ’ of thermal p lan t capa bilit y will
he’ acqui red by BPA und e r Li  imet hi  l i i  ng a r r angemen t . That  i s , each
Public agency ’s simare of thermal plant cost s -ill be o f f s e t  aga ins t
amounts  nw e ’ii i ( P- \  h t h at cus tome r u n d e r  a l l  i r i s  o b l i gat ions  to BP A .

4 . ‘I’ime ;t c qu i  reel t h e r m a l  powe ’r w i l l  he ’ p ooled  w i t h  e x i s t i n g
i -e ’de ’r a l  h ydropower  anti t im e i n t e g r a te d  produc t  w i l l  he fei r n i s h e d  BPA
c u s t O m e r s  at  e s t a i ) l i s h e ’ d r a t e s .

5. P e a k i n g  power , i m i g im v o l t a g e  t r a n s m i s s i o n , and forc ed
out age genera tor r e se rve ’ s w i l l  b e provi  tied p r i v a t e  tat i 1 i ty  t h e r m a l
p l a n t s  from the i:ede rai  sy s t e m .

6. Reg i onal  res e r v e s  for’ u r i a r r t i c i p a t e d  load growth will he
p r o v i d e d  he t h e  In celera l sy s t e m ,

The p roposed l m v d r o - t h e ’ rnua l p rogram appears  to he t h e  most
p r a c t i c a b l e  method for  p r o v i d i n g  nun i n t e g r a t e d  powe’r su pp l y fo r t h e
re’gi on. ISi thout tire ’ nect’ssi t v  of at id i t  i ot mni I l ega l  a u t h o r i  z a t  ion , it
wou ld provide a furtirer source of  powe’r for the load growth of
p r e f e r e n ce  c u s t o m e r s .  I t  wout id nil low tim e utilities , hotir timose
p u b l i c l y  ant i p rivatel y owned , to construct the largest and most
e c o n o m i c a l  the ’rm a l g e n e r a t i n g  p l a n t s , p r i v i d e  m i n i m u m  cos t  h u l k
t r a n s m i s s i o n  for  both  im v d r o  and t i m e r m a l  power , and prov i the a power
supply for t he  g r o w t h  of e l e ’c t rop rocess  i n d u s t r i e ’s. i t  w o u l d
e n h a n c e  rise ’ of tim e i -e ’ ele’ r a l  i n v e s t m e n t  i n  hy droe  lect  r i  c arid t r au ms—
mission fac i l itie ’c and would stimulate continued economic growth of
t h e ’  reg ion . The a d d i t  l o n n i l i n v e s t m e n t  in electrical facilities
i n c l u d i n g  g e n e r a t i o n , t r a n smi ss i o n , and d i st r i h u t ion w i l l  app rox i  -

mate 16 h i  11 ion  b e 1990 . A pprox  ima t t ’  ly  t w o — t i m  i rd s of ti m i s
i n v e s t m e n t  w i l l  he by non-Federal ent i tie’ s and about one-third by
th e i n ede ra 1 Cove r n m e nt
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Electric power si gnifies convenience ’ . growtim , dynamism.
Indus trial growth during past ~‘ e ’n r rs  h a s  been c o n s i s t en t  and h i g h ,
n i l m o s t  per ce ’n t  a n n u a l l y ,  ‘flme prospect fo r  a cont i nua t  ion of
c t e n i d v  e ’xp ar r s i on  i im future’ ye’nit’ s seems good , and t he  e s t i m a t e s  are
made n u s s i m i n g  suc h a cont i n u a t  ion ’ ‘(‘ 1mev are pred i cated on a con —
c l u s  ion to  t h e  w a r  in  V i e t n a m  coup led w i  tim a compn in ion a s s u m p t i o n
t h a t  the economy w i l l  shift to other a v en u e s  of g rowth  w i t h o u t  any
sizable seth Lick h t ’eau i s e ’  of a c o n t r a c t  ion in  ml  l i t a r \ ’  sp e n d i n g  . N  o
a t t e m p t i s  made to  f o r e c a s t  c v c l i  ca l  v L l r i a t  i o n s  i n  t he  demant i  for
electric power even  t i r oug h such osci 1 l a t  ion s have ’ taken place in
former  yea r s  and ni r’e cer t  n i i n  to  ha pp e i m  i n  t he  f u t u r e

I n c r e a s e s  e xpe cted in  the  v n i r i  o h s  c a t e g o r i e s  of e l e c t r i c
energy  use are di s c u u s s e d  i n  the’ paragraphs fol  l o w i n g .

i)ome~~t i  c e n er g y  u s e  in 1966 amounted to 299 hi I l l on kilowatt —
h o u r s  wi  t i r  an iv e ’ rn i g e ’  u se ’ p er  custo ni e ’ r of 5 , 200 k i l o w a t t — h o u r s
( ‘ont i r mue d  gr ’owtir i t t  s n i  les antI  r ise ’ of n i l  1 t pt’s of appi  I al ice ’s
p n i r t  i c u l n i t ’ l v  h i h  — t r u e -  rgv requi re’metmt ~I c ’ , i ce’s s u c h  n u s  e l e c t r i c
ranges , w L u t e ’r ire ’n i t e ’r s  , ni n ei spa c e  ime ; i t  i n g  and c o o l i n g  equi pment  . is
e x p e c t  cci to b u i l d  an n t i z r  I re’ s i t i t ’n t i n i l cue’ rgy re’t i u  i r eme ’nt s  to
1 (c ,90() kilowatt—hours per cuist 0 ‘--r , total i r ig  I , 4 I ‘ b i l l i o n
k i l ow’Lltt - bol l  r ’~ by 1990 ,

i. I cc t r i e energy needs of comme ’ rc ILI I rt~ rs ( re’st alt r n r r m t s
h o t e l s , sh o p s , e t c . )  w h i c h  in lPob totalet i some ’ 209 hi I lion
k i 1 ownit t — ii ou i  r~- art ’ nil sui grow l rig d e c ’11 f a s t e r  tim Liii our exp  lod i 1mg
popu l i t  1 1 ) 1 1 ,  l c i u i l e  not  as g r e a t  i t r  magn i tude ’ as re’s ie!entia l usage ,
c o m mer c i a l  r e q u i r e m e n t s  w i l l  in cre’nise nit a h i g iue ’ r r at e  and w i l l
t o t ,t  1 1 ,142 hi 1 lion Li l o w L t t t  —hours in 1990.

Indus tria l  produc t ion of time c o u n t ry  s irou ld  c o n t i n u e  i t s
upw ard climb . ‘ ( ~ i tir an opti mistic Lumd g r o w i n g  p o p u l a t i o n , t l m e-’re’ i s
good reason to  b e l i e v e  the  f o r e c a s t s  t i m n i t  b y 1980 our output s-i 11
he f ou r - f l  f t im s l a rge r t h a n  at present . “( ‘I ) Product  i on  i nc reases
c o u p l e d  uv i t h  the ’ e v e r - e x p a n d i n g  use ’ of e l e c t r i c  power in i n d u s t r y
form the’ b a s i s  for the  p r o j e c t e d  i n d u s t r i a l  e r re rgy  use in  1990 of
2,393 hi ll ior m kil owatt -imours.

Future e’lectric energy requirements classified as “Other ,”
i.e ., miscellaneous uses including street lighting, electrified

,‘i /
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t r a n s p o r t a t i o n , e t C . ,  are e s t i m a t e d  to increase’  at a ra te  rough l y
p a r a l l e l i n g  tim e g rowth  i n  the’ other classifications reaching
2o 4 hi ll ion kilowatt—hours in 1990.

I a h l e  19 summarize ’s proiected energy requirements of the
i on  by  class i ft cLuti on at 1 0 -y e a r  intervals , 1970-1990 , inclusive,

i t ’ ’ i i  i ’ ’ ’ . d I Ic ‘ ri c I n ( i L ’  l” , i i i  T~~~ f lt  -~~~
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P A C I F I C  NORT II W F S ’F RE QU IR E MENTS

Reg i o n a l  a n n u a l  energy requirements will increase from
7 1 , 13~i m i l l i o n  k i l o w a t t - h o u r s  in 1965 to 1 ,096 m i l l i o n  m e g a w a t t —
h o u r s  by 2 020 , ‘l ’his r e p r e s e n t s  an o v e r a l l  5~ -yenu r’ compound annual
r ’ :I t  i of growth of ~ .0 percent

Basic Assumptions

Basi c assumption s for estimate of regional power requiremen ts
are as f o l l o w s :

P op u l a t i o i r  s ill grow from 5 . 9  million in 1965 to 7.3 million
he 1980 in tim e C o l u m b i a - N o r t h  P aci  f i c  Reg ion .  By 2020 time p op u l a t i  on
w i l l  f e ’  12 . 7  m i l l i o n . I ) u r i n g  the  1965-2020 period , time compound
a n n u a l  r a t e  of g rowth  w i l l  he 1 .4  percent .

E mp loyme n t op p o r t u n i t i e s  through industrial diversification
w i  11 supp le ment the  present  im a t u r a l  resource based i n d u s t r i e s  in
a g r i c u l t u r e , fo res t  p roduc t s , and m i n i n g .  Reg iona l  growth w i l l
a s s u r e  an e x p a n s i o n  and g r e a t e r  emp loyment  o p p o r t u n i t ie ’ s i n  time
‘ ; t ’ r v i t t ’  i n d u s t r i e s .

‘(‘he r e g i o n a l  w h o l e s a l e  e l e c t r i c  power costs  w i l l  con t inue
n i t  lower  t h a n  na t  i o n a l  ave rage  costs nis an inducement to i n d u s t r i  Li
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growth. Future power will he generated , i n  part , from higher cost
steam turbine generators . Both f o s s i l  fue l f i r e d  p l a n t s  and n u c l e a r
powerplants will contribute to the  reg i o n a l  power supp l y ,  ‘(‘h e
blending of hydroelectric power witim steam generat i on will result
in  a c o n t i n u i n g  lower loca l  average w h o l e s a l e  powe r cost compared
w i  ti m tim e’ n n u t  i o n a l  average’.

Inti erg,v Loads b y Consume r Class  i f i  cat ions

‘I’ime prolected power requirements reflect a steady growth in
s a l e s  to all major consumer cla ssificat i ons .

I)omest ic

R a t i o s  be tween p op u la t ion  estimates anti domestic customers
have  been deve loped  to  1980 based on h i s t o r i c L u l t r e n d s .  A v e r a g e
annual  use ’ per d o m e s t i c  cus tome r s - i l l  grow from 9 , 465 kilowatt-hours
i n  196( 1 , to  17 , 700 k i l o w a t t — h o u r s  b y 1980 , base d on the  m aj  or
a p p l i a n c e  s a t lu r a t i o n  e s t i m a t e d  i n  t a b l e  20 .
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Re I9~~() approximatel y 26 percent  of r e g i o n a l  e n e r g y  - - ni l e’s
w i l l  be t o  d o m e s t i c  consumers . in rom past experierr ce’ , time’ forecLi st
domes t i c c o tm s u mp t  ion  could he conservat i ye’ . ‘l im e’ I n t  rod i ict  ion of
n I ’ S  nupp i i nences and consumer a c c ep t a n c e  of e l e c t  r i  c s J I : i e ’ ’ -  h ea t i ng
c o u l d  me’n i t r  t h a t  the 1980 e s t i m L i t e  mi gh t  he r e a l i  ze ’d e a r l  i e r .

Comm e’rci n i l

Rat ios  he ’tween  t ’s t i mated  p o p u l a t i o n  anti numhe  r of commerc  i n i l
cus tomer s  h i n i v e  been t lev e ’ l oped to  1980 based on h i s t o r i c a l  t r e n d s .
\ve  rage’ a n n u a l  l i s t ’  ~ C’ r comme rc i a l cus tomers w i l l  grow from
30 ,007 L i lowa tt—irours in 1905 to  a p p r o x i m : ut e l v 67 ,200 kilowatt—
hou r s  he 1980 .

Com me r c i a l  cus tomers w i  11 r e q u i r e  more e l e c t r i c i t y  t o  s a t i s f y
g r e ’n t t e - r demands for  Improved  l i gh t i n g ,  e l e c t r i c  h e a t i n g ,  and a i r
c o n d i t i o n i n g ,  as nt I reael~’ e ’vie le nced i n  the  newer  shopping  c e n t e r s .
R e-cords  for t ime number of c o m m e r c i a l  es ta b l i s h m e n t s  now h n i v i n g
e le’ct r i  c h e a t  i n s t a l l a t i o n s  are not  a v a i l a b l e  hu t evidence  of a
w itlesn: - l - a d nine1 g r o w u  t ig li s t ’  e xj s t ~n - Competition wi 11 force modern-
i :n it ion of e’xi s t i n g  commerc i  nil establishments . Be l9S() , n mp ro x i—
r’ n n i t e l v  -13 perc e’nt  of regional energy s a l e s  w i l l  he for  c o m m e r c i a l
l i s t ’ .

I tm~l iust ri a!

No r a t i o s  he ’tw e ’ e’n pop u u l a t i  l u l l  and indu strinil custome’rs were ’
dc-y e ’ lope d . l i e - r e  i s  I i  tt Ic i’d iah i I i t y  on t 1le ’ number  eleve l oped and
ri o a s s u r a n c e  on t i m e  n j  ze of tim e i n e lu s t r i  a l  p l a n t s .

Average  c o t ’  r gv  use p er  i n elu s t r i  nil  cu s tomer  i s  of du b i o u s
va h ue’ in for -cnist I ng tlue to w i d e  ~‘ar i at  i on  in  c o n s u m p t i o n  amot i g
i n d i  v i e l u a l  c u s t o m e r s  . I n s  te ’ad , t ime t o t a l  demand for  t h i s  ca t ego ry
w a s  u l t ’ v e ’ loped i i n i s t ’ d  on po te t i t h a l  g rowth  of i n d u s t r i e s  l i k e l y to
e x p a n d  or initi a l  I operate in t he  area .  T t m d u s t r i a l  s a l e s  w i l l
r t ’ 1 l i ’ t ’ n c - t i t 56 p erc e ’nt  of t ime total regional energy sales he 1980 ,
l h  i s  i s  s l i gh t l y hi gh er t h a n  tim e n a t i o n a l  total due to e l e c t r i c —

i u i ’ i i C c - s s  i n du s t r i d ’s  l o c a t i n g  in the Pac i  f i c  Northwest. Gre n i t c ’t ’
e n e r g y  i npu t  p e r  u n i t  of p r ot luc t  i n  the’ fo res t  p roduc t s  i n d u s t r i e ’s
arrd pu l p and p a p e r  m a n u f a c t u r i n g  i s  f o r e c a s t .  i l i ghe r  m e t a l  p r i c e ’s
and e ’ x t e n s i  ye’ m i n e r a l  re se rve s  w i  11 s u s t a i n  coot i n u e d  m i r r i tm g and
r e f i n i n g .  ‘ l n u t i u i f n i c t u  r i  t u g  in  t i l e ’ nie r o sp n i ce  i n d u s t  r i  c’s w i l l  co ir t  i nue
at a h i g im l e v e l .  ‘i ’he regional advantni ge ’ of n ivnii lab le lower cost
pow er w i l l  attract more of tire’ lumi  nun and otime’ r e’ lectroproces s
i ridust n e’s . O t h e r  e ’Ie ct roprocess i n d u s t r i e s  fo recas t  for t i~e area
i nc 1 title magne’s i iim and t i t aim i urn product i on
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\ s ;i1ldi t u i t n : i I i n itol ’ - br’oug h t uiitle’ i’ I r n  g n i t i i t l  , p ow er
taiL i~ i ii i t i c  u - ~ - a c t ’ ohs 1 u i i t  I nil l y t ’or t it is pu rp ose ’  , Bet r i ru ~ I ~ i o

7 . 3 m i 11 i oum ic to -s i- c ’ I’ d i rn  gate’tl i n  1 1 1 1  - I’eg i (in , t i f  i - l i  i ch I . -8 m i  II ion
1s t ’  l u ’ 5~~~’ I  nk  I t t’ I nu ’ i u I t ’ e l  . Re 11 15(1 , h O. I ii i  ( I i  un Lie ’r(’c w ill he
I’ e ’ u f u i t ’t ’el 1 -  FLu - c  I h i i t l i i ’ e’ nt ’ e’els , n t wh i cir - 1 , 7 ml I l io n s- i l l  hi ’

1,1 u k  Ic’ ‘e r r’ i~ s t  eel . u 1iie ~h of t itt ’ l i t ’S 1 antI i s n i t  im i ghe r el c-v a t  I ons
ii - j i u u r i t I c  u~ r i t  er  p ’um p I l i i i  lIiLiilS . lv 11)80 L I ~~u~~

u ru u I l I l t  e l y -1 pe i’ce’nrt
- I I’ t ’ tL I O I I L I  1 c-Ir e’ ic y cia Ic- s ic 1 1 1 h e ’ I t ,  r I rn I - l i  I u l c  I l - i t ’

is - t 
- 

and ij~j~ m w a y  I , i  1~h t i n ~1

- F - S  I i i  c L ot  he u - N I  e’d i n  St  r u - ct  and  l r j ~ i i ~s ay Ii :1 t ing. ‘ l u re
e \ i ’ I  it ig L I v e - n i l e ’ s us- i l l  h ave ’  s t i t ’ u 1 1 i g l i t  inc iuI s t allat i oIl- ~ 10 i I L L ( c r l t v e ’
cI uL L iLLIlll i ty s: i t~ - t . N i i s  l i i  h h s n u v s  s t l i  t’e’q I i  I I’d gr ater i 1 1111 1 : 1  f l a t  on.
\t i u r u l x l l i L L i t e ~ lv 11th’ f l ’ I c u I LI o f  t u t  .il S L i l u ’ S  se - i c- in t h i s  c L u i e I t r \  in
LIi :~, l t u 1 ’ t’ c’L i5~ 198(1 s a l _ -s s i l l  be’ t io tuble t h i s  l u,’v e’l but w i l l  s t i l l
I e L u N - -~ent OI1C u i - l O u -n t u t  t i l l  salt ’s ,

l osses and \niti u ni l ( 101 Fact l u l l

I ‘an -t nt i sn ion I osci c- s IS  Li p c I -c e l l  I of I u~~1 i 1 I L i t w c ’ r tt e ’ t m e  i n i t  ed
( o r  t i m e ’ p i th ! i c  s u i l t i t i c ’ us e - l u -  10 p c i  c - I t d u r i n g  f l O u 5 ,  lie 19 8(1 , energ e
losse ’ s w i  1 1 elouhl c’ I l l  W I  11 be’ L i t I P l ’ i u N  i: unu t t’ l~ ’ p e r c en t  u u l  t l u e  t t ; i l

L ic i s e r  g e im e t - i t  u - u i , h i -  d c - d u n -  i t t  l oss  r u t  i o  i s  c o n s i s t e n t  s i t h  tire ’
‘ I t  i lit e’ i t i c h i s ’  ry cx~ u i -  U i  c i r ce  - 1 1 t h  n a t  i oria I lv n u n d  l ocni 11 v , ‘I’he chn init e’
i n  loss l i t  ~ O5 i l l  t he ’  L I I I ’ S  w i l l  be- di i i- , i l l  p 1 - I  . 1 t h e’ tt u’ e ’L l t e I ’ u se

i t t  h i g ire t’ v o l t n i p t -  l i n e ’ s e i t i t ’ i I i g  t i r e  l t i ’ O t s .  \-; f l lOi ’ c - of t i r e  h ii t imer
-

- U i t  hO’ 11!11  5 Il lS i~~- e’ t l , ti t loss rat (15 Is I 11  d c c l  u t m e  , I n  t ime , is
l o n i c i  g r u u s t l l  i i u ’ l l u I ’ i . S  t i t e ’  u ‘ i r a  c : o u ; I c i t v  o h  t h e s e  l i n e s , t h e’re w i l l

f e -  L i t e ’ t l d t - T I c v  for Iti s s rat i ll s t o  i n c r t ’ n i ’ i c , \ l u u t  l e t ’  f a c t ui’ s i l l  he
I he I oi , L i t  1 - Ii of ne’ i  S t  eL i l l i  e I t - ct I I  c p 1 ant s ci 05cr 1 1  1 oat1 ~~e - i I t  e ’ rs
is - u p i  r i m g  sb rt - - r t r n u n s l l ’  i ss I i t l i  il i s t  L i l t  ce-s

l i i c ’  n i c e - m ut e  i l f  ~L~~~~ - i I l n l I L i l  load f t  t ut ’ s  i l l i r i r i g  tIre’ LI . (.5
i c  t ’ I od u~as 1 , pe r c a - n t  u ’  i t  it ni  51 n i r u d n i r d  cle’v i i t  i l I t  of , 7 pc’ rci-nt
i n  t Ic l’~ic i I’ m c ‘ I t  I u s  I - 1 ru - L i  . ‘l it u t  i s • i s v  I It i r i -  of l ie ’ t i me the ’

, i u l r l u l n i  I i o;icl f n i e ’ t  o r 1  w e - r e ’  i i t  im i tt ti re’ i’nit ige’ i ll (.1, 11 thl’oligh u~
) , ’1 p t — U t - c - I t t

\ l c - ,i - S  l u l l  i c - s  t rend l i t r e  t i l t ’ tb1 p u r l  ~ il t m el  i c a t  ~
- S L i  ~le c l itr i trg

load f’ w t or u n  t he ’ i t ’ea , i i u  I 5 I 5 l u l l  I m i  10’ I u u t ir e tuit 1 1 1 , 1  1 I’ Npc ’ ri —

eri c )’ i l l  r i ’ c i - t t t \‘ e’ L i r i i  wheu’ t ’ t i t - L i u l I n I ; i l  l u ’ n i i l  f a c t o r  has m e n  i lrc rt ’:i- i -
ii , i t t  a i i  ‘u i t  i’d : ln ~i i i t ’  , () t iC i l l ’ I s i t  i l l  I i s t t , i  I i i c  cu r  l u l l  c c - c  can
su h s l  s I l t  i.il l y I n l 1 u l e l t i e ’  I he t r e n d  I i  t t i ’  , h ) u n i n g  t h e  1 9 5 5 — 1 5  pt’niot l
t i r e  l u h i l  u i n i l  l v  cold I ) ’ e t ’ l i L l l u ’ t  idt ’ t’Iil’I’ eel l Il t I i t m  t I r e ’  l t e ’ r I O e l  nin e 1 t h e
1 0 1 1 1  ia 1 lv m i ld l) e ’ce ’mite r  occu nr c-tI c’s r’ l i e n .  i lat I t i - c t -  i tt s I n u t - c’s bee’n
r ’ v i - r c i t - i , t i u e  t r i - n i l i s o t u l d  t r o t  he nis u I t l i t I I I I c e d .  \ I l l l i s t  i n g  the se’

~‘ u - ~u i’S t o  r u t - n m  I u o t ’ t l I L i i  e’OI re l i t I O t i s , t i n c  I i  i i i  -~t i 11 Ii s i  i t u l u i  d e c l i n e
i t ‘ i i i  lu .
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n i l e ’ f r i u t ’  it I st ort cn i  1 c v i  t l u - n n - u- is an n mi d i mm i’ - Ic ’ I L L  in i ng
t i l t l i l t ’ , i I I I I I I i l  l o n i t i  t n i t ’t ors , e’un ’— i d e r ’ n i t  i o n ‘ i f  t i r e -  e’ O I I u f l i l ’ S ! tiot u of
I u tcur e c’ I - - l 1 m m  c l o a d s  g i v  t I  l iL t b i t  I t I S L I t  !an t t u r  a iea  r sl i t  Ic t~r
c I j  ~l i t  I V  il ~~c’I in u rig t I’ s - l i d  ~tt n i n r u u i ~i 1 lo n mil f ; . t - t  o rs in  t It’ - a r u - L i  t u n’ t u n y h
‘ f i t ’  v t - a r  21(2 (1 , I X t I ’ I I ’ i I ye t i c - c t  m i  c sp i c e - l~~ ’at i ng  is l I l t  I cip lited;
h u t  e x t  ‘ - I l  I vc’ su r unn i e  r ii r C l  u t i d  it on t l (  t o  a f t - - e l  th i s  lous e r I u n i t 1

f a c t  or sc ’nis o nt l ser vice- is riot - Ih twi -vi’ r , u t  i i i  t e  p r i n t  i flIl of mor e
n l l r ~~ci u l 1 , I l t i o n i n l I  s n i l e s  r u se tw’ t ’x j t e- cte ’d. lr r ic t ;i tion load s w i l l  f t c
g r’ c’ u t  1- 1’ , l’itc’ im i gh 1 011th f L i c t  or e’ li’c t roproct-ss i ni lust r~’ serve d i t l
t h e  L i r e ’s s u h s t n I I t I 111 1 lv i ui ~ lile- t ici ’ s t i r t ’  a n n u a l  load f i l o r .  h o  r i n g

: I j ~ p m i u .\ I m L i t - IC O t t e’ — t i  I Il u 01 t i l e  n u r ’ e ’n i c’nert- c’ l o a d  c o mp r i s e d
I it i 5 c I ni l ;  s -I ‘1t r~ I t ’ c ’ . Pu ’ 21)2 (1 , w i t  It the- g rost1i of s nu t’s 1 0 l u t  l i en
c l , 1 5 5 e ’5 e l f  S c - I ” , i c c -  I ‘ n 10  01 c I t - c t  r o j u r u c c u ’ s s  i n c l u i s t  r ’- ’ lo ad t i  t i l e -
tot Li  1 u-i i 11 d u d  I~e ’ , l  -l C’ . lit i S c n i t l  cause’ t i le’  L i n n u f i  I I Olic i t l e t  or I n
dc-cl i t i t ’ . ftc c i u u l c - I I m - i u i t l i  rui~i di -  t n  t i l i s  f o r t-c a s t  i s  t i m n i t  i n l I t l I l  l oad
t ’ac’t o I ’-~ de ’ c l i n t -  I ron I S  pe’ rc’ t ’ ut in 11)03 to (vi p er t - t n t  be 19811 ,
h i s  c i n i l f l t ’  a n n u a l  lonuti t ’ : m c t u u l -  I 5 L I ’ i  used t u i r  t i m e 5 I l i u L t l ’ u l I I c l l t  p e r i od

t h r - ~ n c h  2 1 1 2 0 ,

I o t a I \t ur uu u n i l  :~t t i i  ‘- 11)11 tI m 1 v l o a d s

l~c t  m a t  - 5 u t  l u s e r  rc’ i l l i  r t i L u l - l i t s  for the’ \‘e;irs 2 ( 1 ( ( i l  111 1 , I ( 1 2 ( )

h a v e ’  i t t  itt-e n tlt ’Vt’ 1 0 1 1 1 - c l  in dc - t t i  I . ( , r t u s t h  r n u t c - s  p n i r n i l  I c  I i  ng  the-
i h i c i l i c  \ u m t i l u s e s l  l i r e - I t O l ’ c ’ L L i ’ i t O c t a l  by the P a c i f i c  \ o ;’ t I ~se - - t
I I ’  i l i t i e ’ s t i l l l f e ’ r e f l e e -  t I u u L - n n l t t e ’ e  ( 2 1 1 ) s I - m t  used n u s  g i l i t l e l i l u e ’ s  i n  t h e -

C I i -lOi 1(1 1 1 t u u I n c  ce - ar  2(12(1 - R u -c u ona 1 1 onols f i ur tire’ ~‘e;ir’~ L i d S

• 20 0( 1 , n o i d  2 1 ( 2 ( 1 L I r t -  - , ( u u w n  i tt t I I  le 2 2 .

I - o r  c o mp a r a t  i v e  i l i r l l i u - u t ’ S , s e ’ l u ’ c t  ccl a n n I u L u l  r a t e s  01’ g r u i s t i L  i n
e l e c t  m’i C 0~~ s U r e q u  i r u - I 1 ;  IllS for the- P a t ’ i f i  c \ I u r t l r t s e ’ - l t  n u r e  as fv  I lows
I t t  pe I’ d e l m I I t )  r i t - c  i - : 11 : 1 t’tI f l u ’  r 1 l u t i -i

1\ctuni l — -

1 9 5 5 —  L ( 1 5 S
1 t 1 ( c o l —  191 5 0 . 5

For~’c i st~~
l )1i5— II IS L) ( u , 5

1050—2001 1 4 . 7
2 ( 1 ( l I 1 _  2 (1 2 ( 1 -1 ,

11)1.5— 2 02 ( 1  5 ,  (I

Reg i  o n a l  l ’ i t i t l t  i l  p - i k  and e lme r - v  io n i c !  lu n itt erns we-r e’
( ‘ l u t I s t  m i l l  t e d  cv l i i  tl( ’ the’ i tt t l~’x sitown I n  t n d  I c’ 21 . This inde x is
lrmise’ d 111 1 t i n  i - l i n t  it lv load pa t t e ’ r lts d c - v t  l op e d he t i l t -  l i t  m l i t  ic ’s  in
t h e  a t - i ’ L l  n i l l d  i i ’ , c u l  i n  Li r e c e n t i’ ni t L i f i t ’ \ t u r ’ t i ; t , u - s t  l i t i l i li es
( nit  fe I ’ l l  u - U t  flint i t t  C’ I t - j u l .  I t  ( I ) . ‘l Ire’ i n de ’x W L I S  I l - l e d  l o u ’  the ’ c -ni i- s

11 ) 81 ) , 2 000 , and 21 ( 2 ( 1  i n t a b  I c ’ 23 to sir ow reg i o n a l  monthly peak intl
s ill rgv re- i lui  r i ’ u i u l I n l S .
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‘I’here nine other l’aci f i  c Nor thwes t area load fo re-casts , ‘ l ’hi e - e ’
d i f fe r  bc - c ause of tlesi gnate- d - i t ’ r y  i cc’ areas or date of preparn ut ion .
The P ac i  I’i c Northwest lit i 1 i t i e ’s  Ctutrference Committee tce ’st Group
F o r e c a s t  i lNti C C ) report prePareel jointly he major utilities w i tim
g e n e r a t i o n  in the reg i on  has been nu b nu sic  p l a n n i n g  document and is
ne - v  i seti at mr iua l  Iv . ‘l ire ’ Co lu n t h i a — N t u r t l i  P ac i  f i c  R e g i o n  se’rv i cc area
is larger t h a n  the  l’~ IJ C( ’, a r e a  because all of Idaho and icestern
M o n t a n a and m i n o r  p a r t s  of Ne -v ad a  and icvoming are i n c  leut ied I I ous ev e ’n
loads usetl in  t h e  Co lumb i n i — N o r t i m  Pad f I c Reg i on report  are
comparab le  is i th the i ’ N I I L C  (1 068 )  repor t  when app ropr i  ate ’ aei j 115 tme ’nt  5
are made . Federal Power Commission forecasts follow de si gnn ited
“P ow -er Supp ly Areas ” and do not coincide with ci timer of the’ above
desi g n a t e d  a r e n u s .  For lot m g e- u’ range p l a n n i n g  purposes one load
t o r t - c a s t  i s  gene ra l  lv  u sed r at !me ’r t h a n  a ‘‘h i g h’’ and ‘‘ low 1’ range .
Beca use ’ ( I f  s u h s t a r m t i I l l  d i  ff e ’ r e tm ce s in  popu la t i on fo recas t s  for t w o
01’ time- subreg i o n s  , preparetl by di f f ene i r t p l a n n i n g  groups , th i s
nt -por t  d epa r t s  f rom tim is procedure arid shows two load levt- ls for
t I l e  ~‘c’ars 2000 nu tmd 2021),

‘l’he’ Co I umh i a — N o r t h  Ra e  i f i  c repor t  used P OPU l a t i  on
pr o j e - c t  i o n s  p repared  iu ~ - t ime O f f i c e  of B u s i n e s s  F conomics  of t ime
I I .  S.  i l e l l n I n t m e n t  of Comnuerc e . I i i  ghe r  p o p u l a t i o n  pro sect  ions  we- re ’
t u t ’ i u j i o’o e ’ t i  i s v  Reg i ot i a l  lIe ’on om i c  S t u d i e s  ‘l’e c h n i c ai  C o m m i t t e - c-s for
t h e  P i i ge t  and ici 11 L u m t ’ t t e  B a s i n  i n v e ’ s t  i gat ions
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F U I U R E ,  I , L L C I R I C  P U l~~1 , R
R L S U U R C I n S LI I n V L L U P M I n N U

li m e g row - tIm in  e’ l e ’c t r i c  pow er requi i ’eIn cnts  in the reg ion
w ill resul t  in  a l a rg e  s u s t a i n e d  i i iv c ’s t n r e n t  in  p ower  g e n e r a t i n g
f a c i l i ~~i c’s . The requiremeu mt of 312  bil l ion ki low at t—hours by 2000
I S  app roxin L Iate lv equal to time- power requi reLnlcnts of the enti re

l L i t j  ted St at t’S i n  1033 , showt m by  table 2 . ‘lim e new genera t io um to
L Le ’ c’t t h i s  load grow th be 200 0 exceeds  the i n s t a l l e d  g e n e r a t i o n  of
,itr~’ co u nt  rv in the w o u l d  except  time- Un i ted  s t a t e S  or tire Soviet
S o l on . l ime s u g n i f i c , i n ce of this growti m to basin p lanning l ies  in
t h e  i mp a c t  ctf liy5l roe It-c t ri c p l a t u t s  oa r i v e r  development and in the
l ar g e  , i t c  r r e qcui  m’ e i : ; c I I t  S Lii  coo l i t m g  t h e ’r I n I a l  g e n e r a t i t m g  p lant s .

L l l : L I  RIC lci ’ ,LR SLSUURCES

-\t p i’C L- eL n t  h i t  i’ I,- g i u i l i  ‘ s power I’ c’t 1J i, I L L L ; t ’ 11t 5 are supp l i ed
a lm o s  I ent  l I t ’  l y t l ’ l u i L L  lIvdI’O gt ’iuer ni t ion , ~‘1os I of t i u t -  economicall y
Ic- as ib Ic hi c ti Ue~ ~~fli ,’ F5~Y i l l  t i -ic’ Pe g I Ott  1 S p i’ovided by the hyilroelec tri c
plan ts ex isting and un Jt - r c o l l s t n u c t i o n . The rein nl ining unconstructed
h vdro pr o Jects a re  of sn L ,, Illeu’ 5 1  :c amI d cannot be comp leted at a rate
sciffi d ent to ne- ct  t he  g r o w t h  c u t  etme rgv load, IJpportutmit ieS relnl L i i im

for con struct ion of’ imvdro ~~~~~~~ cap nibil I ty somewhat further into
t ime ’ f u t u r e . ‘l ’he load w ’iriclm t i r e  lu v dm’o c ’ l e ’ c t n i c  i- c -source s  u i -c u n a b l e
t O L L : e ’ c ’t w i  11 be’ supp l i e d  b y t h e  i’t~n~t l electric ge neration . lam keep —
ing wi th the pas t pa t  t e n t  of c o op e r a t i o n  in the reg ion , and fo r
P L L L X i I n u lLI  e conomy , t hese  t h e’ m ’n n n i  1 p l a n t s  w i  11 be p r o v i d e d  b coo p era—
t I ye investment by I t o t h  pub i i  c and pri ea te  u t i l i t i e s .

~~~Joe l ect_n c  Resou r ces

In the- p a s t , the ni nu in St i u r c e  of electric ene rgy in the
P a c i f i c  N o r thwes t  I m aut  beetm its hvdrocle ctr ’ic resource’s. Time
rnu p id l  y grow i r mg p opul I t  i o n  110 c’x p a i m d i t r g  economy have niece lerated
h v d r o e ’ l c c t r i  c d e v e l o I l I l I c ’ l l t  t o  the c’xt ctmt t h a t  a s u b s t a n t i a l  par t
of t i r e  reg ion ’ s e c o n o m i c a l  I r v d i ’ ti s i t e s  w i l l  soon be deve loped , nund
t In e’ r e g i o n  w i l l  h m i v e  t o  tur tm to th e ’ u ’ r n n n i l — e l e e t n i c  sources to  se rve
t i re  s u l k  of the base ’ cite rgy l oad  growth. Al though the uru tmibe r  of
r e m n i l  n i r m g  cc000nu i  C L I 1  s i t e s  decrease’ s is dev c lopme imt  takes p lace ’ ,
the g r a d u a l  shi  f t  t u u  LI h y d r o — t h e  rm ; na l  SlStt ’Ill w i l l  i l t cr ease  the

R ’ i L ; ; i t u c l  and v a l u e  of h ydro  p e a k i n g  capaci  ty  . I t  ll tn u V be expe cted
t i m n i t  many pro c - c t  s us’hu  cit f o r m e r l y proved to  be itu arg i n ;i l  or
u n ec o n o m i c a l  unde r h i ghe r  p l a n t  I n u c t u l n s  w i  11 be reconside red as
sources  f ’or  low load  f , i c t o r  p eak i t r g .  I n  addition , t h e increasing
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de L L i t i c -Is t o n  add i t  u on nul i s , I t t ’  I ’ l’e’sour’cc d e v e l op m e n t  p r o j e c t s  to
S , c t  i i~ t v  t i r e  g r o w  ing needs for m u n i c i p a l  and industr ia l  w a t e r ,
l I r i g  I t  l u l l , ts , i t e r  quality , re c reat ion , f i s h  and w i l d l i f e ’ , and
f 1 o c i  cont rol is i ii p r o c  ide man y op p o r t u t m i  t i cs for  includin g i-iy dro—
ele ’ct t i c  p iu w e - r  i s n u pro c-ct function . Afluong the major basins
W i t e ’ I ’ c’ ii t i c ’ or no water I-c- source development lm nis b e e t s  accomp l i shed
n in e ’ t i re  S i  i nmon nund C le ’arwn ite i ’ ri cc - i - s . u t h e r s  of l e s se r  m a g n i t u d e

l i e - John l u ; u v , i’, e ’ t u a t  el-i c c ’ , Sn o q u a l m : n i e  , and the U pper  Snake Ri ~-er
old t r i b u t  ni n e s .  ~- i n I j o r  und eve  loped sites a l s o  r e ’ :L n a i n l  on the M i d d l e

I l , i t h e , i c - i  , koo t eumai  , at td M i d d l e  C o l u m b i a  n c -ens

In  ni i ,l t l i t i o t m  to  the - c o n s t  r u c t i o n  of imew’ c o i m v c n t i o r m a l  hydro—
e l e c t r i c  p r o j e c t s , t h e u’e a re L u t i u , n i b t ’ x u t  o t h e r  ‘,say .;  i i  wh i ch t I n c -
hy d r o e l e c t r i c  resource [i n st t i ’ t i - i s ’  l e g i o n  , L n i ~ I i - .’ i l L )  rJ :e ’ c - l .

v a l u e  of t i ’  - e x i s t i n g  hy d r o e l e c t r i c  gene ra t ion  can be increased
by modi f y i n g  the  r e g u l a t i o n  of reservoi rs  to permit  the opt i t iual
u t i l i z a t i o n  of both the hydroelectri c and the rmal  g e l - i c -r a t i o n
resources of the  reg ion . l i me ’ w a y  iii  w h u i  cit t h i s  r eg al  a~ i o n u  I s
c : ur r i - e d  i - i t  u. n i l  g r a d u u l  l y ~ it ~~~i~~c- ’ LOt 151 : p r op c-” r t n o t m  of t l c ’  s n :a - l  t o
it~’ u l r c  gene- i n i t  se mi - i c 1i u i lge -s . itt addi t i oim , ~‘al utb i c  peak i~ig ‘ 4 uj s a c i  t ;-
can be ob ta i ned by adding uni t s  at e x i s t i n g  p lan t s  and throug h t ime
c e c t i s t  ruct  on 01 p a e p e  d — o t o r n i f , e pr o c- c t n;

I n v e n t o ry of I c Ot~~~ t i nil ~~~~~~~cts

Oils sec t ion p m’ e sen ts  an in v l m t o r y ’  e~f time ident i l ied
po t e n t i a l  con y .  i t t  i o n a l  hydroe-lcct i-ic projects b c-n oted iLl the’ r i c e r
b a s i n s  c i t e d  above , it s en,np hni~; t :e- d he re t hat  time’ nnclus i c- t n of
any p r o j e c t  p lan  or’ p ropos al  in t h i s  r epe r t  does iii : t c on s t i  lu t e  an
111 p l i e d  pre le -r i -r i c e’ m d , fu r th - s r , t h a t  t ime omiss  ion of aim> ’ p r o j e c t
l - r  p r op o s a l  does not c ot m s t i t u t e  an i m p l i e d  r e j e c t i o n  of t h o s e -
p r o j e c t s .  I t  i s  r e c o g u . i  :e’2 that soac- of t ime  p ro j ec t s  l i i~ t ed  could
li ve’ det i- i n t e n t  ni l  e f f e c t  oni f i s h  aut o w i  ~c - 1l i  fe populations. Ot li e’ rI
L a y  c o n f l i c t  w i t h  e x i s t  i n i g  or p I’opose~ p lans  fo r  the  use of t h c ’
s i t e ’ s land  and ns n i t e n  r e s o ur c e s .  Fc- r these  reasons , c e r t a i n
a g en c i e s  nine !  o t h e r  ong at i l  :n i t  ions  have’ gone on tim e- r ecord  as oppos c - n s g
a nuob er  of t 1-ie p m’ - a i t c t s  l i s t e - e .  in  t i~e i n v e n t o r y . I t  is i nnipon ~5 ih ~~c’
t o  i d e n t i f y a~ l of the  p o s s ib l e  c o n f l i c t s  on a px-oject—b y— 1’-r oicct
b a s i s  as in man>’ ca ses  t i me i n f , r u : i a t i o n  is  Im ot  av a i  l n i h i e .  ilo - i5~ e r ,
t im e d i e t  t h a t  these p o t en t  m u  c o i m f l i c t s  cou ld  ex i st  s i u o u l d  be ’ k ep t
i n mi r sd and given  cons i tie I - n I t  ion in p 1 nun fo n n u l  at j o i n  and t I e’t , I  led
j . r o  i c - c t  s tud lc-n ; .

‘ l im e  pn ’o l e c t  desc r i p t  t o i l s  ni ne arr ni t ,~ e’d U;. sub r egion , i i . s i  :lte
i-ne , tu m’ ces et i dat a nine t a d  u c a t e ’ J  by m e  t ’e’ re-l ice um umbers at I lie end o
time pn c ’ _j e c t s l e s c n i p t i o i r s  . f lue t abu ln u ted dn ttn i ‘ I I I I ’ ! I L L n i  r I d ’ s  p i - u ’ ’ r n t r c ’ d  t o n

mos t of tim e sub reg ion ’ s l i l t  p le l l c c t n ic - e nag e annual  en erg>’ b Oted
on 2010 I r ri gat ion d e im le t j olts nu nd  I - I - u x t I - u u n l  p l ant c a p a b i l i t y  tdtvc rlo,~ci ,
unt ie ’-  u l t i m a t e  de co  ioptuue tit . Lb  c - i ;  i s  u su a l l y 13 j~er c t - nt  gre u t e - r t i t an
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i its ta 1 lcd (n nimc - p 1 n u t  ‘- ‘ .1 e’ aj m a c  i t  v . I~l gone- 5 simow’ s the  I ’ c a t  ion of t h e
e x i s t i n g  and p o t e n t i a l  p r oj e c t s  of t h t -  r eg i o n  h a v i n g  a capacity of

— 
5 , 0 ) ml k i l o w a t t s  or more . i i gure 0 sileIw s these projects in profil e’
form .

~-huh r e g ion 1, Clark i’ork-Kootenai-S1mokane

C l a r k  I - ou’ k R ive t’ ‘I’h e Clark Fork River , known as the Pend
I )rc ’i ll e Riv c ’ i’ below Pend I ) r c ~i l l e  Lake , d ra ins  over 2~~, OOO sq uare
miles of forested , rugged , and re lative -lv sparsel y settled area in
Bri tish Columbia , nor t imern Idah o , and wes tern Montana , and h as an
a n n u a l  i-un off of over l~

) m i l l i o n  n ic r ’ ’ - t ’c-e- t .  ‘l ’h e st r ea m is p ar t i a l l y
cont r o l l e d  by e x i s t i n g  n e s e r v o i r s ; h o w e v e r , ma jo r  undevelop ed  s i t e s
remain on the tipper Clark i ork , North Fork Flathead River , Lower
Flathead River , and Blackfoot River. Major potential sites in time
In i .uthead and Clark J’ork basins am ’ c- t a b u l a t e d  b e low and fur ther
d i s c ussed i n  subseque n t p arag r ap h s .  Pa rad i se  Project , located on
t i m e  C l a r k Fork r a t i m e r  than Flatimead River , is inc l uded in  t im e
discussion bec ause- it is an alternative for development of the
Lower F l a t i m e a d  R i v e t ’ , Q u a r t :  Creek P r o j e c t , a l so  locatc ’ tl on the
C l a r k  !:ork , has been i n c l u d e d  to  comple t e  t ime l i s t i n g  for t i m a t  n u r e a .

1 , 1 1 ,  I ‘ - ‘ - ‘ T I ,  I I t , ’  i r s , ’ , t - , , ‘, I c u

1¼, ,t , I ~0 S T u S c , I , , I - I
- 5 ’ ’ - ’ -  ‘ _ ‘ ‘ i _

’ - ‘‘ ,_ ‘~i i c ’ ’ ,  t: - _ ‘i ‘ ‘ : ‘ I
i i ,  c — S i t  — S  , t , , - , ‘A ‘Si

I c - c c ’  i , , c -  ‘‘ I I c T ’ i c  ~I 5 I  I I ’  I-
I , -  s r  - - , 

“ ‘ , ~~ ‘‘ ‘ , -  ‘ I - I I I  _‘ I  I
S ‘ i , 5 ’ ,~~ 

- I - i ’ ’  V’,, ’ , - ( I I I

‘c u s u - - s , I ~ ’ L i , , , ’ , :- ‘ ‘  ‘ ‘I 2 i  - I :
i t , t i - s t  - I- c ,  u i ’ —  ‘ l ~~~T ’ ’ ’ c  1 — , c S ’ ~ I - I -

-‘ c i - ‘: t. • L  I , S ’ , ’ c  I I ‘ ‘ I u , L c c ’ -  IS - I ’  i3 i
“ I’ ’ ,,,, K, I , i iI’~~ _ I , i ’  ‘ ‘ 41 )11 Sit - I t

‘ c - i , ’ - I l - i - - ’ cc-I 1,1- - s i  , ‘s I ’  I s, -I’,

s c - i l ’ ’  i c i c - ’ I , ‘ h u l l  , Ic c ,1”  i n -c L
, c , r t z  ‘ ‘ c -  - I , r (  ‘ ‘ I  l~~’ I I , i~~ C I  III is 2,

‘5c1 ~~ ’ l l -  151 1 ’ ’ ’  - ‘ I  i i , . ~~ I ‘ I 5 ’ ,’ ‘ — ii’
I _ . l l ’ — I - T , ’iI c u  I ’  ‘ ,c I ‘51 1 4 1 -  I l ”

I t ,  Si r, , _ , s c , r  - s  , , ,  i’ I i u c I , c ~ - ’  IA ‘I
I i i  “ 1 1 t S I T,,  ,L r ’t_

I I : ’. 2 ,’ :

1 / SIT ,r , i , ,  S , . ’ ,h c , 1’’ i ’ ,~- - ’ ’ ’~’ ‘ - S  “ I ’ ’  ‘ r i  I I.,T) u ,’ ., ’t 0 1 , , - u
,
~J II!, S i c ,  S c , , ,i~~~ ,’ n - ~ i - ’ ’ ’ - l ~ 5 5 ’  t ~~i I ‘,, ‘ I I ‘ , i , c - c i  II

S T  -, S ,- ‘ ‘ ‘ ‘ 5  ‘ I - T I  1151 I ,  -
I p s c - ’  1 ,5 - - c  - 6.0, ’ \~~s u, u’ c u r  I’ r c L , c c -  - i I , g l c  tc , s  ‘ 10 I’ , ‘ I I I -  - I c , ,  S — 1 , , ’ - 1 , t s - T I  5 , , ,  I .1  I” ,

‘‘ ‘‘ ‘ ‘ t a  I a ’ ‘— r - I - , , -, c c  n _ c - i u  I i, ‘ I I I i ,, - ,
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L i n k  l ime p r O i e c t  was  l as t i n v e s t i g a ted in j o i n t
5 t I l , ~ (‘5 I N , i c h I  lv  t h e ’ bureau of Reclamation and t he  Corps of Eng ineers

c-ad i r~g t o  a 5- l ( - n ’ I ( l r a r m d u m r l  Repor t on the  C l a r k  Fork R~is i n , September
I ~ii ‘ . I he ’ d , i m t -  i t ~~ i s l o c n u t e d  on time > t id d le’ I ork of ’ tim e l a t h e a d
Ri \ t ’I’ , so m i l e ’s a f ci t c ’ c- i t s  c ( ’ i i t l u e nce ’ w ’ i t i m  t h e  Niirt li Fork . ‘I’ite dam
t’.I ’ nlld be - t i n  e a t - t i m  n mimel  r o c k f i  11 s t r u c t u r e  about 400 feet i n  heig h t .
lilt’ I’ d ’ ’  c ’ i ’ \  - i i ’  n i t  b I O t ’ I l r I  1 P I l l ,) !  c - i c c - n i t  ion  4,480 t’eet w o u l d  extend
15 m i l e ’s up i H ‘- l i d l e l i e  I o r b . Cross  s torage’  w o u l d  he 01 ( 1 , 1100 ac re—
I ~~e ’ I , i t t  n c h  i cit oO ()  . 1) 00 t~ r - — fe-v t woulei be u s a l t  I c  for  f lood  c o n t r o l
,ind i~owo~ ge -ne rn i t  i s l i  . ( ‘ votH i ima ted  ope ra t ion  wi th h ungry  Horse
ht ’ se’i ’voi  r w o u l d  r v s tml I in a total of 700 , 000 acre— fe et  of ’ e- f ’f ’c ’c t iv e -
s t o r a g e  f o r  control of ’ n l n i ! o r  f l o o d s . ~\ 22—foo t diameter , s-mi le
l o n g  pns : :~ s I I r e ’  t i i m t tle’ 1 1 I t  roug h time Flathead Range  w o u l d  d e l i  c-er w a t e r
I c )  a ‘o-i ’c e - n ! ’ l n u n t  l o c a t e ’eI on t im - ‘ s h o t ’ ,- of i lungrv  Horse R e s e r v o i r .
the m i t  e’d il e’nici i~o u l d  he about  $60 f e e t .  ‘I wo generators would
p r o v i d e -  a t o t a l  i u l n u t a l l e e l  c a p a c i t y  of 380 ,000 k i 1 o ’,~’atts . ‘lh e’

I v e ’r a g e -  nu m nua l ge’ne - r n m t i o n  i s  e s t i m a t e d  at 45 ,000 i . - i l o w ’a t t s  a t — s i t e -
j m l I i ’~ 20 , t l O ( )  h i  l o i s n i t  t s  nm dde ’e l a t t imua l ly at  downs t ream hvdroc le ’ct r i c
p l a n t s .  ‘l’h e dlamil site’ is loca ted  on a s t r e a m  des i gna ted  for  s tudy
for  p o s s i b l e  i n c l u s i o n  in  t h e  N a t i o n a l  I c i l d  and Scen ic  Rive ’ t’s
$y s  em . (3$)

(; ln i c icr V i C I t  Dam and 2e’n ’er vo ir  ‘l ime dam s i te is loca ted  on
t i t e ’ North Fork i f  1 latime ’ael b i t er , “ -1 m i l e s  u p s t r e a m  from F l at h c a d
lake and 3(1 m i l e s  e lown s t  ream from the- I n t e r n a t i o n a l  Boundary . ‘h is
multi p le— purpos e’ j m r o j  ect  is nun n - i l  t c - rn n u t  iv e ’  - to  t ime Smok y R a i mge
development  els ’vc ribed below . ‘I’h e’ dam w o u l d  cons i s t  of a :oned-
earthfi 11 embnunkment about 2:))) fee t  in  hei gh t  and have ’ a c res t
l e n g t h  of a pp r o x i m a t e - l v  I , 80()  f e e t .  Cross s torage  c a p a c i ty  at
norm a l f u l l  pool e l e ’ v n u t ion 3 , 000 fee t  would  be 1,800,000 acre-feet.
U Sable ’  s to rage ’ be t t5  (‘e li  f u l l  , l m l u l  m i n i m u m  ;iooi e l eva t ion  3 ,465 feet
w o u l d  be I , 5 1( 1 , 1011) n l c t e c _ f ee t  . l i m i t  i n i l  i nstallnut ion w o u l d  cons i s t
o f  titr ee’ ge - I I e ’ n n l t  i ng ( m l i i  t s  n i t i d  p r ov i si oits fo r  f u t u r e ’  i n s t a l l a t i o n s
, u f  t t s i t  n ic - lel it i o i u n i l u n i t s  to  1iro\’ i ele’ a tot2u l ultimnute C ap a c i ty  of
325 , 1100 h i  l o w n u t t s  . \ v e ’ r n l g e -  n m n n u n i  1 ge -n e u ’nut  ion w o u l d  be nihout
12 , 000 h i  l o w n i t  t i t  - - s i t e  w i t i m  15 , O ( U t  kilowat ts added annual lv at

d o w n s t r e a m  p i n m n t s  . The’ pro j c-ct t~n u s  i n v e s t i ga ted  
-~ o i n t l y  b y t i m e

i f t u r e - n i l i  of Rec lam nut jolt and t i u e ’  Corps of i n n g i nee r s  i n  a stud> ’ l e a d —
i ng to  a ~l en io nan cI u nm R e -por t  e~n Cl  ark l ot-k Bas i n , Sep tember 1 ()67

‘l ime p r o j e c t  w n t - u  i n i t i a l l y  i t l t e ’st i g n i t e d  i n  s t u d i e s  presented in
louse’ i locument  531.  That r epor t  propose - el a lmro i ec t  h a v i n g  a f u l l

J )e ) Ol e’ Ie’t’ n it ion of 3,725 fee t p r o v i d i n g  u s n u i t  Ic  s to rage  of 3 , 160 , 000
acre- — f e e t out of ’ :m t o t n u l s t o r a g e  of ’ - 1 , 800 , 000 n u c r e — f e e t  . Time

14’ i i j e . c t  ; c n I ~~ not  ne’conumende’d fo r  c o n s t r u c t i o n  be c n m eus e c of o bj e c t i o n s
I I I  t i i i ’  N a t  i on ~i l  P a r k  Se’ rv c e ’ and b> r e c r e a t i o n  i n t e re s t s  concern—
i ng I os sib Ic 1id c’ e’ u s e -  c’ f l ’e ’ e’ t on i~ i i  elI ft  rnu rmge and re-c- re-nut i ona 1 list ’

I f  t i l t ’  w e - S t e - r n  sect  i u t t l  of (31 iC i c r N a t  i ona 1 P ark  . ‘l’h e danmsi t e ’ i s
I o c n m t e c l  on a st  nt ’am d c - s i  f l i n t )  i ’d f o r  s tud y fo r  p o s s u m  Ic inc  lus  ion in
t i l e  N a t  I t u i ; i  I Wi Id  and : ce- t~ u c 1 (1 ce-rs “ >-s t e rn . (30 , 38)

Is



Smoky Ran ge  Dam anei I ( - s c r v o in  ‘l it i s  p r o j e c t  i s  an n i l  t e ’ r t i n u t e ’
o dev e- 1 oprne’nt of ’ Cl  n i c  i c r  \‘ i l w  . Smok y R ange  dams i te I s 1 ocn u ted  on

t ime N or t h  I ork of F l n i t i m c a d  R i v e n , 63 m i l e ’ s up s t r e am f rom F l at h e ad
l . n u k e ’ ni t -id 50 m u  les e io w n s t re at u i  f ’non u t ime I t m t e r t t a t j o t i n i l  B o u n d a r y  - ‘l’h e
dnu m w o u l d  he a z o n e c i — e n i r t i t  f i  I I  e ’mb n i t ikme nt  i m n u v  i r ig  a tu uax i mum he i  gh t  of ’
370 fee’ t above b e d r o c k  and a crest  I e - n g t h  about 3 , 5(1( 1 f e e t .  At f u l l
poo l el eva t ion 5 , 3 3 ) 1  I v e t  , t ime re ’si,-n \ ’oj  r wo uj l ( i  e x t e n d  u p s t r e a m
2o mi les n i t t d  suhn i erg d-  time ’ C l n i e ’j  e n  \ ‘i ew  dams i t ) ’ , l h s a h l e  S t or a g e
for  f lood  contro l and p ow er  wou I ci he 1 , 5 10 ,00l) ac re— fee t  w i th  a
dn ni w’ ei owtt of 175 f e e t ,  I n i t i n u l i n s t a l l a t i on w o u l d  i n c l u d e  t i t r - e
b i t  , 0 l ) ( )  k i l o w n i t t  ge it era t  i n g  u n i t s  wi tim prov i sions for f u t u r e
i n st  nil Lit ion  of two additional 6(i ,000—k i l o wa t t  u n i t s  to  pnoc ’ i (IC a
t o t n i  1 genera t  i ng c a p n uc i  t~ of 33( 1 ,000 k i lowatts .-\e’c’rage annua l
genern it ion wou l ei be about 65 ,000 K i lownutts nut—Si te’ and about
12 , 0110 h i  l o w n u t t  s wou ld  be added annunu l iv at clowns t n(-am p lants . The
pro j ect w n u s  nuls o i tmc leu el e el in  the  1~) ( 7  stud y of the (:1 ark  Fork Bas in .
‘I ’he p r o j e - ct  was i n i t i a l l y i t m v e s t i gn i ted  i n  s tue i i e ’ s p r e s e n t e d  i n  i ioasc
1)ocument -103 , 87th Cong re-ss , 2ei S e s s i o n . That  repor t  proposed tim e
same p r o j e c t  as dcsc r l i te-ci  above but w i th nu s m a l l e r  pow erp i an t
i n s t a l l a t i o t m . The p r o i e - u t  was  not  recomme -ndee i  for  c o n s t r u c t i o n
b e c a u s e ’ the Se ’cu ’ e - t ;u n y  of t h e  Interi or re qu estee i  t i t a t  f u r t i m e r  con —
si  d i ’  r a t  i o n s  of th i s  pro i c-c t  be dropped b ecnu u !; c’ of adv erse  e f f e c t
on G l ac  i e’ r N n m  t i onnu I P a rk  and on t h e ’  f i sit nut i d w i id life resources  of
time i m p o u n d m e n t  s i t e  ;un el i’ d ’ l a t e  d ;u r e ’n i s  . ‘l ’he dams i t e  i s  l oca t e d
nd t i m i it t he  area d e ’ s i g r m a t e d  f o r  s t u d s ’  I l l’ p ossible inclusion itt the
N a t  i onnul Ic i ld arid Scet’i i c Rj ve ’ r~ Sy s t e m . ( 3 3 , 33)

B u f f a l o  Rap i d s  No. 2 and No. -1 T h i s  i s  otic of f i v e  a l t e r -
n a t i v e  schemes for  deve l opment  of time I l a t h e a d  R i v e r  downs t r eam
from Kerr  Dam . App i i c n i t  ion  for  j o i n t  l i c e n s e  w a s  f i l e d  ~1am-c 1’i (I
1) 1,5 , for  B u f f a l o  Rap i d s  i’ r oj e c t  No .  23 07 by t ime  Confee le ra ted  Sal  ish
and K o o t e n a i  n bc-s of tim e’ I’ latimen id Re’servat i o n  • and time’ ~l o i m t a n a
Powe r Company . The B u f f a l o  Rap i cIte N o .  2 dams i t  e is  loca ted  on t ime
I I n u t h e a d  R I  ve’r at ri  c’ e r  m i l e ’ 6( 1 .7 .  ‘i ’he rese ’t’voi i’ at f u l l  pool
e l e v a t i o n  2 , 7( 12 fc’e’ t w o u l d  e x t e n d  L u l m s t  ream to  the  t n u i  Iw at e r  of
Ker r Dam . Storage w o u l d  be I i n u i t e e l  t o  pondage , and the  gross head
w o u l d  hi’ 80 feet . ‘l’he B t i f f n i l o  Rap i~ls No - -1 dams i t e  [S  loC U t e d  on
th e -  F l a t imead R i c e r  a t  ri  ye- n m i l e  36.5.  ‘the  rese-rvoi r nut fiu l 1 pool
e L - v n u t  ion 2,61(1 fe-ct wou Id e x t e n d  t tps t  ream to t ime ta i I w n u t  e’i’  of
i f uf f ’n u l o  Rnu p i ds N o .  2 . ~ t ornige ’  w o u l d  i s e ~ 1 i m i  t eel to pondage , and time
gross  head  w o u l d  l ie  , S ( I  f e e t  . b a ch  p owerp l a i m t w o u l d  c o n t a i n  t w o
1 , 11 , 00( 1 K i 1 o w n i t t  u n i t s  , The cOfltI ) i tue - c t  n i c e ’  u ’ nug d -  n u n n u a  I g e n e r a t i o n  of
t b ’  two pr’u c - c t - s  i s  est im ate d  at 131 , 1)01,i k i l o w a t t s .  To tal  peak ing
ca p nii ) i I i  t y ’ i s  est ima ted  at 276,001) kilowatts - S t u d i e s  p r esen ted  i n
Memo randum Report  on the  ( ‘l a rk Fork Bus in cons i dered e ;uc it r ou~ ’ rp Lint
would  u l t i m a t e l y  c o n t a i n  four u n i t s  p r o v i d i n g  a combined  p e a k i n g
capah i Ii tv of 532 ,000 ki I ow nu tt s for t itt’ total development . (38)
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~~~~m i ~ii f f - a1o Rap ids  N o . 4 h i g h B u f f a l o  Rap i d s  No.  -l i s
n u r m o t h e r  a l t  e r r t n i t  i ye ’ for  dccc ’ lopment  of t i- ic 1,ower i l a t he ad  R i  ca, r
t h e ’ elams i te is loca t ed ou u t ime  P latttcail River , 36 .3 mil es upstream
( ‘ u- et a  t ile ’ c o n f l u e n c e-  of the ’ I i n i t h e a d  R i c e - i w i t h  the Clark Fork an 1
, i l u u t i m t  11 . 5 m i l e ’s n u i a t c - e ’  t im e’ t ot s  ii of D i x o n , ~Iont an a  . The dat” 

~~ ~‘
u ) p t  t~ ; c- c-!

n h ouse- l) ocument  -105 w o u l d  c o n s i s t  of a c o r m c r c t e — g r n u v i t y  i n take
s t r ’ t u c t c t r c ’ t i e d  i n t o  nun e a r t h f i l l  darn . ‘r ite ,’ concrete - - g r a v i t y  i n t a k e
st r u ct e t i ’ e’ e sould h a v e ’ a maximu m he i ght  of about 28 ( 1 fe-ct ahtive’
b e d r o c k  inc - i  w o u l d  he’ 1 , 300 fe e t  l ong . The e a r t h f i  11 se-ct  ion w o u l d
i m n i c  c- nu um u axi mt t curn l ie ’ i g l u t  of 1(0 f e e t  above n a t u r a l  ground and ~— ttu Id
he’ 8 , 6( 10 fe- e’ t long . ‘i ’he rese’rvoi r at normal f u l l  pool t 1cc- nut  i on
2 , i l l )  I ’e ’ e’t w o u l d  pro’: ide  66$ , 000 n c c re - — f e e t  us a b l e  s torage w’i t im
d r aw down  of 1,7 f e -ct .  Cross hcad f o r  power would  f t c  164 f e e t .  The
(‘owe’ m’ i nn4 t n t  11 nit  i e ’n pr opos€- d i n  I louse Document -103 wou ld  c o n s i s t  of
4 cmi ts  . e ’n u ch i m n u v i n g  a m u t e d  c a p ; i c i t y  of 56 , 001) h i  l o w at t s  , w i t h  a
su b s t r u c t u r e  fo r  fu tu re ’  i n s t a l l a t i on of one a d d i t i o n a l  u n i t  of t he
snil’tc- c a p a c i t y .  $ t u e l i es p r e s e n t e d  i n  tim e ~temorandu m Repor t  on C l a r k
i or 1~ O nus  i t ]  cons i eic -re - d n i h  n i t  i ma t e’ p ow e rp i a n t  i n s t al  i n i t i o r m  t o t a l i n g
316 , 000 hi  l owat ts  it t  e i g h t  cmi t s  . \c’ e ’r agc annua l  gene ration for
t h e  l a t t e r  i n s t a l l a t i o n  i s  e s t i m a t e d  at  124 , 000 k i l o w a t t s  a t - s i t e
p lus  — 

.000 h i  1 ow a tt  n i e l elccl n u t  do wt m s t  ream p m i n t s  . (55 , 38 1

S I on ur m Ui - i d~’e ‘l’h I s p I ’i u i  i -  c t  i s  n -itt n u l l  e r n n i t  i c e -  p 1 an for
d e t ’ e’i ot’t ’l ’ ’nI u u f  t h e  I - l i t  im c ” nu c i  R I  t e l ’  be low K e’rr ( I n to . ‘(‘h e’ el n i m s i t e  is
i i i  t h e  I- I n I t a nt,! R i  ye’ r ab uu i i t  midwa y I I , ’ t we-en B u f f a l o  Rapi ds No . 2
n m n e t  B t u t ’ i ’ n u l o  l’ : i t u i d s  No . - I S i t e s , - 1 - 1 . 7 m i l e ’ s u u i ’ s t  re am from t h e  con—
t’ I t i c -n e c  is i t  h t ime ’  C l  n u n t  b u t  H-, and 27 - S m il e s c-towns t i’e ’ n u o  from Ke-rr
l l a m , ‘ t h e ’  r’’s -I’ c ’ it ir nut f’ul I t ool c-le ’ v nu tion 2 ,~~ V ( I  (‘e el would e’xtenel
ii n ~~trenmm to the ’  tn i j lw’n te’ r of b e r m ’  i I n i t ~i . i1me ’ grits - s storage would be’
512  ,0011 ;i cu’ e’ —f ’i’ e’t , i i i ’ wlu j e’im ~100 ,1 1 1th n ie ’n e’— f ’e ’ e ’ t wou ld  be u sa b l e ’  f o r
t’lood ~‘t t f l t  r’t ’I nutci p ow e r gen e ’ l ’ i t  i on . Ci’o ’~s i te ’ n i e l  i — o u t l e t  b e ’  150 ( ‘c i t
l , i  g ilt un i t s  w a i t  I d  pro c i d e  a t o t  n i l  ge -ne ’ m i t  i rug e’a p n l e ’ i r v of
21 2 101 (1 hi Iow;u t t s .  ,- \e ’ I ’ r ’ n l t’ u ’ ni um ru un u l l ’ i l e ’ h ’ g\ ’ g e ’ t t e ’ u ’ n u t i o i m  i 5  e ’st i iit a te ’d
at 93 , l l ( I 1 1  i ~~ ‘ n i t t s ,~t — s i t ’ -  p In s  5 , 0 I l l (  I 1 ow n i t  t s n u c - i t ! e ’ d  n i t  downst nc--am

p Intu i t s , I

K n o w l e s  11am and R e s e r v o i r  ‘l’l ue’ c- I , i l I i s  i t e ’ i s  l o c n u t e d  near  the ’
mout it of I”ln ut itea d Ri c er , 2 . 7  miles upstre- am from its confluence
with the C l ar k  I - o r b . l i-ic r e ’se ’r v o i r  nu t  f u l l  pool  e l e v n u t  i o n  2 , ’O()
( c - ct  w o u l d  c-xtcnd upst r’ e ’ n u l n l  o t t  thic ’ I I ; i t i l e ’n id  R i c - e r  to ta i  l w n u t e r  of’
Ker r  1)am and siu (ua - i ’g e t u e  ( n i l  f f ’ i io Lip m ds and % l o a n  Br i dge’ clam s i te’s
\s proposed i n  I louse I b e  um ermt  - 11) 5 , the ’ ma i i i  clam w’ou I d  be ni z oned—

( ‘ n i x ’ t f t f i  11 u,’mb ni r mkm cnt  wit It a m n i x i t t m U f l l  he- ig itt if 2 (1 feet above
- . 1  reaunhe’ d and n u t op  1 e ’n g  t i m  of ’ 2 , IJ 3I )  feet I t i c ’ I ud i ng nu cone rc-t c

~ 
r ,’ m c i t y  nonov e -m ’t ’ l ous Is r n u i u a  r o t u n d  s e - c t  ion. \ c- ’ o r u c ’ rc ’ t e gr ay  i t - -  i imtake’

s t n r u c t u r c -  and sp i I l w n r c - ’ se c t  m i t  woul d be ti e d i f l t o  t i l e  earti ’t ( ’ i l l
d anu ‘~ i ’ d ’t  i o n .  C t ’ t ’ ’~s st or n u gt- wou ld ( t i  -I , (i , 9 , o t o l  n i t — r e — f  c- c t , of ’ wi t i ch
5,113 - 2 , UflO n i t - r e -  ‘ I c - i t w’oitlcl i t ’  tm’ ~: u b I e  f o r ’  t ’ Ioo el  c’i ’ i i t r o l and i ’ Ow e l -



gene - i- ni  t i c - t i - i  - Cross i m c ’ n u c i  w i n i  Ic1 hi ’ 251 )  fee- - ‘the  r i - s I r c’ oi m w o u l d
i n u n d a t e  28 mi le ’s of t h e ’ m n u i n  l i n e  of ’ t lte N itt ’tiu enn ‘ac- i f ’ i c  P a i  i w n i v
armc i 7 mi  Ic ’ s of ’ t i m e -  Po l  sort  b u’ ar m c it l i t - i c .  I t  w o u  id a l so  i i n u n d a t e -
1.1 m i l e ’ s  of pet ro le - t i m  p i pe 1 m e , 2,S flu ic -s of u . S .  h i gh w a y  10— \, and
8 -’ m i l e s  of counts ’ , I n o res t  Se’rc ’ i cc , ni n~i N a t i o n a l  R i  son Range  roads .
A p p r o x i m a t e l y  9 , 000 n u c u ’ e’s of ’ I r r i g n i t e d  l a n d  and I , 60( (  act- c-s of’

on i n n  i g n u t e c l  c u l t  i t’ ,i te ’ eI 1 an el , ar tel St , 400 n i c r e s  of p a s t u  re and g m i :  i ng
l n u i md i t m c l u d i r m g  a port i on of’ t he ’ N n i t i o t m a l  B i s o n  Ran ge  nine ’  l o c n u t e ’ d  in
t i e  me’ tee’ my o i r are a - ‘I’im e imowe ’ rp 1 aim t C Ott S ide  red i n  t f t c-  ~‘Ic-mo raitc lum
Rct pomt on 0 1 nut -h Fork B a s i n , Sep tember  lOo7 (7)  , c o n s i s t s  of ei ght
u n i t s  proc ’ i c i i n g  a t o t n u l  i t t s t a l  led c a p n u c i t v  of 388 , 01) 1) I-. i  l o w ’ n u t t s .
\c ’ c ’rage annua l  g e - i t e r a t i o n  i s  i,’s ti mn n i t u - d  n i t  180 , 11 ( 1 ( 1 h i  l o w a t t s  n i t — s  t c - - .
(53 , 58 1

Paradi se ’ l ’ ro ,j c-ct  t i m e ’  dams i t e  I s 1 t i e - nut c- ui  ott th e -  ( :1 a rk  I - o r b
nl t t ~ii’ox m ate lv 105 nu ics  up st  m’ e ’n i m  (‘re t i ”  Fend Orei  l I e -  I , ak e and fou r
r i c e - n m i l e ’ s down s t  re am f rom t ime - r u o i u t h  of the  F l a t i t - a e i  R i v e r .
P a r a d i s e  Dam and rese’ u - y o i r  pu - o l e -ct  is tim n u l t e r n a t e ’  p lan  of d e v e l o p —
ne - it t for  t ime F l a t i m e a c i  R i c e - n he ’ low K e ’ru ’ h u t .  ‘l’h e r e - s e l - y t t i  r n i t  f u l l
pool el c’c’nition 2 ,70)) fee’ t w o u l d  e ’x t i ’t t ~l up st  i- c - n u n  on the ’  F l n i t h e ’ n u e i
R i  c r  to the  t n t  i lw’ a te ’r of K e r r  11am • S i l b i l l u :  r i  i tm g t ime ’  K n o w l e s  , B u f f a l o
R n up icl s , and Sloan Brid ge- dnu ni s i i  u ’’~ , and b a c h  w a t e r  -16 m i l e s  cup time ’
( : l n u r k  i - o r k  , Cross t om n i g c ’  t d tit il e l he I ’ , 30 I ) .000 n t c t ’ e’ — t ’e’e- t , of ’ w h i c h
-2 , I ) s ( I , l i 0 ( I  acre ’ — fe ’e’t wo u ld be- u s - a b l e- f

’ u u l ’  f l ood  cont  n e i l  ;ur u ci f a l s e r
ge -lie rat ion . ‘th e  cintihl  W O U  le l i ’ t ’ f ’e ’ C t  i c _ c- iv C u  nt ruu  1 c l owtts t  I- c -nu t ’  I i t s  S

f’rom hot im t i c’ C l a r k  I u i - b  nu m cl t u e  i n l n i t h e ~n ic1 R i c ’ e - r .  C ros s  h c ’n uel us’ o c u l u j
be 2 - 2 ( 1 f e e t  . ‘he’ m a j im c - m u ’’ w i t h Id  be’ nu :t’ i i t e ’ e i — e ’ n u r t i m f i  11 e -mb nu nkn ’ t e  ru t
tin i t iu ;u mnux  i muir he ’ I g h t i f ’ 27(1 t

’ u ’ u ’t  a l u o v  e c ’ ;uiii he ’ d n u t - id  nu t o t t  1 e ’i lgth
of 5 , 7 5) ) ( ‘ c - c t - -\ e’ o n c - ’ i ’ u t i  ~g r a v i t v  i n t a k e ’ s t r u c t u r e ’  and sp i l  l w n i v
w o u l d  he ’  t i e - c -i i i tt  Ci ( h i ’  til t I t  e - n i n t i  t i  11 d ;um an d a sni de l  le’ ei a nt n i C u ’ t ’~ t
nu s ide  c i u : i n n c - -  I .  l i m e  l’ n u r n u c l i t e c - -  P r t ’ i e c t  would ne ’qtti m e -  s l u ) i s t  t i l t  i n t l
rd o c n i t  I l i F i s . h i ’  N i  u i’ t f u e ’ mm I i ,  i t ’i c R n l  i i t s  n u ~ - Op e ’ i’ ni  t e ’  S tw o  fl in t  in l i n e ’s
(m orn I Ic ’S n i e ’t  t o  I’ a rn i e i  u sc and  pni i l  5 u l u ~~ t Ii  o f ’ t ( 1 e ’tee  l i n e ’s  l i e  i t
t h e -  mc - ~ - t ’ t o i u ’  t i e ’  . I Ito P i ’ l  Soil  1’ i ’ : i t t c i t  i i  tic ’ (dc - l i  Ic i  m a c e- to he-
r- c - l o c a t e d ,  \ i ’ ’ ’ n t  13 m i l e s  ot ’ l i u i~~n i g i ’ , ‘I i l t s n u i i k i e ’ , ‘St . i’ nuu l , and
Paci ti e’ O n i I I r o a d  W Oli  i c - I  i ‘ I~ i l u  i t ’  lo~ n t t ion to it i git c ’ u ’ grout ic i  . \ I ’o u t
1 2 mi  ic - s , u f ’ I u t  c’ ~ at hi Hi s i v  anti 58 in u l e e  of ~i- i ‘ nin e I c -dc - - i n t l aim cl
‘-‘t n i t c -  it i g h w : i v — ~ n u l - ~o is O i i  ci m u i ii j i- c- - me I ‘ i t  i o n . l b ,  t ’ e ’ Sc’ ‘vol r i t

f u l l  p00 1 w o u ld  t r u u u i w l , i t c - ’  r i I ’ ’ u n t  ‘ t , t I ( I f  n i d ’ i ’ l ’S u t  i h ’ b ’ l c ’ n u t u - ,( l un d ;
: i i t a i i t  3 , 7 ( 14 )  ic r - i -s of  i t l ’ t t l i - r i  c-~~i t  - - 1  , e i u i  t m c i t  v i i  inii m cl , ‘ i i i , !

38 , (~ ( I i (  a~’ me -s i t t ’ p~ I - - t i n ’ - anti  g r a  : l i i i  I ; u i u d  , l i - i c’ h i d  I ru g :i po t t  I on u t ’

t i c - ’  N a t  i o n a l  R i  ‘~~u i i  I” in e’. t - ‘ I ’ i u t ’ \ i i  l l ’ i ’ i ’ S i h i e l l l i i :  b e - p u t t  t i n  f I n n
U ni te in  , Sept embi ’  i 1 ) ( ’7  , c Oi l  ‘ - i c - I C  i c - c - i  a P I i ’  H e  I w i t  Ii i i i  ii  I t  i ~‘‘ , t  - ‘c - l i n e - u ’

i n s t a l l a t i o n  of ’ 12 u u t m i t s  p u -~ c ’ i ’ ( i n ’  a f i t  n i l  l u l n u r i t  e’ i p l c ’ i t t ’  at ’

1 , 192 ,000 k i  l o w a t  t - - ‘l ’ht ’ pro ,i c — u_ 1 w o t u  Ic - i  u - i t e m )  i ’  n u n  n l n h i i l , l  1 n i c ’ c m n t g c ’

of 288 , 4 ) 1 1 ( 1  k i  h u n t ?  t s ,  ( 3 3 , 38)



- g n u r t :  Cr c - u - I  l i i  S t soii i cl i -c-  nu s i n g l c ’ _
~ ’ lu r~i u t s e -  , r u n - o f — r i v i - m

pc-Id e’ r n I’ l l  iC ’ C . I l id -  c - i a i s s s  i t  c ’ i s I u t ~ ’ i t  u - c l on t i m e ’  I I -s i i ’k u i I  , 36 , S
m l  lcs  t i p s )  i c c - i  t l ’ u u l l ,  I s e’ i u i i ( ’ bu e’ ltc ’ c ’ tin it lu th c- i ’ i at iu u ,’nud i l l  c_ c_ i’ ’ notch
19 i i i  I e’is O u s t  ru , ’ n u u sl I r un ’ s “- li fe’ r i tu r , “ ) u u u l  t ana . , \ e’oric i’ ’ t u - gmat- i I , ’ eintll i
I ( )  t e ’e ’t h i g h w i t h  a tuu t n u l l e n g t h  i t t ’ 60 11 f ’ u ’ c ’t w o u l d  d e v e lop a g ross
hc’ ,t c i i t t ’ 1 5)) f~ c - I  f u t  r 1 - S I t ’  p 5  ci’ 

~~
‘ ‘ t ic ’  r a t  u oil . I l ie ’  re’nv r c t i  i m a t

ft t  I I poet I c’l u,- v a t  I u u l )  2 , ) ‘i i l v I c - c- ’ I l in t  i i  I c - I  e ’X ’ e ’ t~u i cip t l ie  C I a ml Fu ~ rk fo r
1( 1 isa le ’s . S t c u m n u g e  ‘, ‘, u u l i  I ’.! be- l i m s t i t e d  t o  pond -a ge-  wi  t l  n i poo l f l  cie ’t ci—

n i t  i c - u t  of about 2 f u , v t  . Re- l o c i t  i o n s  woc u ld  i n c l u d e ’  1. 3 m i l e s  01 ’
( ‘ii i c - a g o , ‘- i i  l ’ ts ’ n n t b  i e’ , ~~t - ‘ s in  I n ine! P nuc i t  I c  h i a i  1 l’o n i e l  , I i  .3 mi  le ’ 01 ’

\ u u i ’ I  i ue t ’n I’ac i f i  c m u  I s iv ma i t  l i t - i c - ’  , u r i c - I  a bou t  0 , l~ mi Ic of s c - c u n c - l n i  rv
i’ c - , i c - I te , h u e ’ u l S i ,’ r}i I - u l )  in st ni l I t  i t in wo u ld CO l tS  st  of L u t i  r g e n e  i t  —
e l u ~) C m i  t s~~~’ u ’  u u i ’ i el i im g n i cm ) 1 ot ~ 120 , 1100 h i  l o wnm ~ t s  . , \c ’ c- r a C e -  n i i l t l l l n u l

c l ue r gm p u ’ i e i l i c -~ i ot t I s e s t  u n i t  c- c- i n u t  I-s , 0 I ) h )  h i  uus ,it t s , (38 )

\ J u t e - i ’ ’ j Ic ’ i ’ i’n i l u - i c -  I n e i l  n m n e i  I i i ,’ ’c  u ’c ’o i  i’ (h i s  s’ouj Id be su
m u l ’  i p ie ’ —~~u r p t ’ s  c ’ s - r u ’ ,t~ c - t  H”  ( eel on t i l e ’  R l a c k f o u u t  R i v e r  i t t  ‘- hs - cs ’ ’u l : i

u u U l , I y , P t ’ t i I  1 1 1 , 1  - ‘l ime ’  ‘ , 1 ni!’ ~S i t c ’ I s S i b O i i t 22 m l ic- -s i i t i s t i ’ c ’ ni in  t n - - r n  t h e
c’on 1

,
1 i ie ’n c c -  t f  I) I nick t ’ u i u t F u c_ c- r ts- i t  it (~~i e ’  C 1 a u-k I or b -  , ‘Fit 1 s s i t  c w a s

I 11cc -s i~~ a(  - d in ‘ t cu d u es l i ’ n i c - i j  t u g  t - - p repa r a t  i o n  of i c-u se’  i c - c i a ’ s - u i
N o ,  - ( ( 1 3,  \ p ro i  c v  t. ‘ i t  t i - ui’  N i i - ie ’m i  le ’ ( ‘ rn i i ’  i e te It c it as nu i so  b e c - t u
t e t  t i c - i  i c c l  i i i  ‘ h e  IL u’ e - : t t t  of ’ Fec I n u m n u t c c-ut :tnd t i e ’ d i  t I coru t ni i i t c ’ eh i i i
i I c - t~~5e’ ) I o c ’ n n n ’ - i t  N I t , -103 t s e ’r e  dc - r i  i c c - I  t ’ i’ c - i sr a r ep o r t  d a t ’  ci , Juunc ’  1958 ,
l i v  * H - I - l eg j u t i l H  I I I  i u ’ ~ ct  on at ’ Fe’ I on I t o  i i ’  ( , i is tul i  I S S  i c - t i e r  Q f  I s

IL r- - ni u l  a f ii e ’c~ I n u u i s n l t  I a l l  - h u t ’  dniuu i Cs c - u i  I c - I  h i ,’ :00c c - I , r o l l  c - e l  , c -n t  r ! I ’ I I
c i t  r u i c  t ar ’  w i  t im nu i t c ’ i g h t  u ” ’ ,S 0 I (  f u e l  abc -cc’ sI  r c - ’ n i n u b e - el n t n eI  a e’ r’ c ’~
l c - - r t g l h  at  1 , 7 0 1) 1” - I ,  ‘l’he r i-sc’ rvoi r nu t n o u n - s i t  l i i i  1 po Ol c ’ l e v : u t  i o n
3 . 8 19 t e ’e’ t c- h u e1 \‘ u’ ntl I - I lii i I c ’ s i n p s t m ’ u ’ n u u u u  t o  ni p o i n t  4 m i l e ’s n t l t u i c ’ c ’
~~~~~ con t ’ I i  c I t es l i i ’ t i - ic ’  C l c ’ n i i ’ l ”  i t  c’ r l i v e ’ u’ nut - i c !  t h e ’ B ! n u c ’i I - ‘ u - I  i~ j ye ’ r .

I c c - ’ rose i i  a i r’ is on Ic - I  ~i s  - -~~s de ’ I i i  I l i i  e m h e ’ u ’ c —  t e e i  t I ’ t e t  i t  r a g e  e’num ’ a c i
n i t  in im I~_ lt ‘883 , 0 l b ( )  n i e ’ ii: f ’ - i i  I c - I  l i e ’ L u ’ c n i h i  Ic ’ ( u ’ ’ ( ‘loot1 c- - c - n t  rcu l an d
n t u,w c’ r c’ile’ m e  I i ’ll  - Ih e’ i ~~~~ u’p I nutm t won I d ‘ u t nt  I n i l  it I im re- c’ 21) , H e t f  h i lo-
ts n i t  c - t h u  r e t in e~ i i i )  i t s , “ t ie! i c- _c P r e ’S ‘ I t t  ~“.i u n ‘-Ic ’ s’ m n i u e e i i  1 5 5 ’  R ‘ t u u m r  I Ott
( ‘ m u d  F o r t  K n u s i n  , tS e - p t e ’mb e ’ u- l O u T ( 7 ) ,  c o u t s i e l c ’ r e d  n i , i t i ne -u ’ l n u r m t h n u v i r m i

o u r  s ’ I I ’  u ’ n s t  i C  t I n  ji 5 t O  - t ’ u \  i c- Ic’ a t a t  ni l  I l i m i t n i l  I c e l  i l n i n t  C n i p n i c  i t  V

- 4 ’  O u t  u I i I l ilt sit t -~ , , \ (  -s i t e , p01cc - n - ‘ l i e  t o u t  I I t O  Wol i l i t  ni ve ’ ‘ ni ce ’
2 1 , ( I ( I I I  h i  I e ’ i n e t  t ’~ n i n n u u n u  I l y  ni ne1  c l i t t n i u i n  I ru - n i t ’  i m t ’ c - c l d t c t  i on  s’t t u i lel be’
il m eI ” , ’ n ist’eI ¶4 , 4 1 ) 1 ( 1  I i  lu i s ’a l t s s u i m n u a i  I ’m ’ . (33 , 3 8 )

‘i i i  I I I c’ s i n  C t e c h  t hu p?’ , i I  c - c t  - - t im l el l i e ’  I u t e ’ n u t  t c - i  in tim e’ l i t - u t  lu&’s i s I
c- a l l ’- - m - u I ui ( s i t -  - I u l i n i ’ s h m  I uit ’, t on • ci  fe ’s iii i i t ’— ; f ’ ron i t im e- I nt e ’ i n u t  i , u u n ’ i

c - l u  a i d  S I  r m ’ , on ( h i t  Ic ’  t O u t - c - b  i n t l  m i i i  l i i  v nun I u ’ c -ek l i t  ( l i e ’  c - i  c i  n i  t m  u t ’

‘ I t  ! n u l l u i u -  s i l l s , ,\ 1 i 1 t l i c’ n u t  i on  t H u r  i u c c - n s e ’ f u t i ’  t i m i s  p u ’ o j u ’ e ’l is ’ n t ’  i i  led
u t  .Junt _ ’ I i  , l u t , H  , l i e ’ I ’ t t i ’  I i  c I I I  l i l t  e ( l i s t  i ’i c’t \e  , I u i ’ F en d  I h i ’ c- ’ I l i e

C u i u u t i t v  , 1~:is i u u u i g ’ u n .  ‘ t h u  ?‘ i t j u  ‘ t t s e i i l l u i  c’o f l t e i t i t of’ nu t - i  c - n i n t h  n i n e !

mu -~‘k I I 1 I d n i u t n  i c - n i  i i t t  s i t r u  i u g  n i i ( i l l !  I I ‘, n i t  Ou t i t t  2 , ‘~~ ) t ’  ‘ u - I  , p nc-v i c - i t  l u g
‘ u t~~ ‘ V u ! - I V 6 I , i , l t I  S I C  r ’ ’  - t e l ’ !  t u t  s - I  O m a n ’ , u ’  , n uime l s i  jio\s, ’niio uitec’ c- ou t ni l i i —

u l u g  I iso t u  , so i l  k i l out n u t  t t in  i t  5 . Ac’ , ’ i-a t- n u u u n i t n i  I g c’ Tuc ’ r’ : u t  I Ott I cc - l i t  Ic - I  I ’ c - ’

32



i n !  ‘ 
* 

u i I - ‘is i t  I S . I h i ’ ~
) i ’ u m l  c ’ct  ls’O ti Ic - I i’e!) lace- t hi ’ I X  I - I  i ng

Sui i I i yn i n l.nib e Pr’ ~t I , i s l I  t cOt I 5 p r t ’  S ~‘n t  it ape - ra t  u - c l  on 1 v t h u r  5 ( 1 ’  m a C u -
i - c d - m i ‘ ‘Is - ’ u ’ ‘~o~r m ’ i t —i s b n  r uu ~ i s  u c - ’ , i t l i  I i ’  (lit tile- U~~~l I ca t  lO l l . 0 )

;- e )e )ten i I , R i  c c - u ’  ‘lie’ I , u u t  c - i t n u  u R I  c- c- i’ dna I t i n u g e  i ’ n u s  i n i S loca I ui - el
in “, c ) i u e n i - I u ’n ’ mi K n i t  sit C I l h i n m ’ l i u l n u , li u u rt} i u s i ’’; te n n \ t emu i tn uu enm , and nor t he rn
l i i  n i l - i c - u , l’lm ret’- I - ‘ 1 1 5 0 U s u - f ’ i t  ~I u - n t  I I t n i ge  , i r ’ - n u  n u r t c - I  t is m u  - t i  I ril s t u t ’ j t s
l en g t  ‘ u t ’  i n  U r i t  sIt C o l u u t m m b i ; u . ‘ l i i  i s  - I n c - t v  d c-ni  ls u r c 1 - ~’ w i t h t h a t

‘ u ’h ’ )  l e I r t  I o c n u l e ’ d  i r m  l I n e -  l ( n i t v , i S t - e t c - s .  ‘lime- h u u l t - u c n i n  tt i c ’c - r  m ’ u c t t ’r s
* he ’ I In i ted m i t  c i t e ’i  , i l  I n i t  c’u~’ni v , “t ou t  t n u u i n u  , n i l  ‘ m u m  it 191.1 m l  Ic - S clu mc ii’ - - ) re-am
I u- ci t  I t s  S u i I i J ’ C e  , isIlu’rc’ i ‘ I _ c - c - i  u s  ni I o u u c - :  . sit e- c - p u  r ig  I J — s ! I n i J t C e l  course
u l i , it ‘ akc’ s i t  ) ( l  m i l e - s  i i i !’  O u i l r l - i u i n i  aol  1 ~ I i i t t -  i , e b i n t c - l n i  ;ift e-n
c- - n i t )  i u ug  d i  n u g o n n u  l I e ’ n u c  r u m s  s t I n  - t i p  c i  t i t e ’  I e i n i i uo  p a r u i t n u n d  le - . ‘I he

i c e -  r a g e -  , i u u u i c c n i  1 n u i u n c - i  I I n u t  I . m  bU y  , ‘ I c - m u t t  an s i  , - s i  - u c-I Oil 3 1 v e n u s ot ’

t e ’ C O rel , I S  n u i t o u t  S , 700 , ( 1 O I I  n u c r -  - fe c - I  - S c - v u - m u  I p o t e n t  i a l  m m c m s c ’r
s i t e s  ls c’ i’ c’ j fl\’C~~t j C n i t e ’ c - l I n  ‘ - t eud ie ’ s I t - n ~~l i  lu g  t o  h ouse i ) o c r u m e i t t  331
n u n cl - 105 , (50 , u3)  K n i s c ’ d  111)00 h i t  t~~’ u ’ s ’ I ,  1 ic - il I u ’ e ’Se-lit c’d i l l  t i l m u s O
r e ’ i t o r l  , , a l l  h nic ’e’ be en e l i n u i n n u t e - d f ’mom ( m i r t h e r  e’ o t l s i d e x ’c i t i o n

m ’ ,\ C e ’ t t t  t ’ e~ r L u u i t e ’ u n , i i  I - n i l  is l ’ r u m r e c t  and  1, i l t h m -  R er e - g u l i t  ion I)am .
tm t u d  ic ’ s h n i i ’ c’ not  j m rogme ’i-n se ’c l  t o  c - i c - I crmi tie- -she ’I l e e r  p e t w c’ r’ f n i c i  l i t  es
s i l l  be in c  I udecl i t  t h e , ’ 1, jlmhc - ’ Re r u’ :,U l a t  iout Pro ject -

l i b h v mi’ e- r ’ c ’ g u l n i t o r  \ i - i ’ d - g u i  i s e t  i r e ’  c laus ’ - m u s t  he ’ e ’ u u u u s t  u ’ i c c ’ t t  4
- c -  low l ib b y  I lnun I ’  pe t’u iu i t i’u l  1 to i i i  n s ’ u t  I on of ’ I , j t m l t v  ‘ s pe ah ing

pot cit I a I w l i  i Ie ’ si i l l  us i nu I c t nil It i t ug  s t  nub I c - -  1, 10w’ cont l  I t i outs  l i t  t h e
001 e u u n u  I R I  c’ c’r c l u u i s n s ~ t re - ni t ’ - ‘l im e ‘ ‘ I t ’ gu m I n i t  i n g  c - i n tu i t in nis  l i l t  h or  i :cci si- s

nu ‘ ‘ i i ’! of ’ I ii’ I I ‘ I t  Ri - n c ’  u ’c ’ai u ’ pr’oje’e’t b u t  ;id cl i t  t i u u a l  n i u t i t o r i  :,~t ion
u c e u n i l d  I t,- nc- od e- cl t ’e m r  a pals ,’!’ t n s t n i h l ; t  l e n .  H nu r u n i r l  c - i f  t I n e - j r
C h I n -n ’ C o l u u m l m i n u  R i c e - i’ m e t  I r i h i u t  n u u ’ i e’s I u u d v  , t h u  C t i u ’~u -u ‘ I ’ I . n g i u u e - c - r ’
i s  il j u g  s t uu i,! ic- s to di’~ ‘ I’m ’’ i uuc ’  timt ’ IS -as  i bi I i t c - - of’ u t m s l  n i l  1 1 1 m g  l O u s e - i ’ ,

S i t e ’  so 1 - - ‘ ic - in c l - s i t ’s  lu n u y e -  I n t l  I cO il e d  I ! -  e t  ci inc - i c - c t  sit  r i c e r  urs i le ’
2 1 ) 5 .9 i c a t i n g  s i r u o r u n n u l t ’u u l I r t i o ’ l  e ’ l t ’ c ’ n i t i t nu  a t  2 * 1,50 t m - - I  linoli lil t e ’ ’et
f i l l  Ihe ’ i’ i ’ i ’ g u u l ; u t  m u  tu e - oil s , b t t ’e l  I i n i n n u l ’ \- ¶ i t l w i ’ i ’  s t e l i e ’ s  i u i c l i c - ’ s i t c - ’
‘ I i , - ’ ni 1)ts i ’ S I l l n I t ( ’ ‘ s - u t  I c - I  he ’ luS ti I i ed  a t  t h e ’ r’e-r e ,g u l a t o r .  1lc e ’ ’~C
s 1 c l  i c - - n Si’  I ’ d’ l i n t - _ o c t  - ui - i  I i uuu  i ¶ pc- h’o ‘ i ’  I n t u i t l i n ic ’  1 l ug  n i  imnii uuc’ p I n u t e ’  m i t  i ng
- - I I , S I )) ’  k j 1 -  - ‘ t -• - ‘— 1 , 1 -‘ u Pai n t I I ’  id wami I c )  hi ’ abou t  - - I t ‘ ‘1 n O te 1
‘ i c ’ r , s ~’ e -  z u u n u i n t t  i ’ u e c ’ r g t ’  ; ihou , ’ 51 1 l i i )  b u , -,‘ I t s .

I , , , , ~~~~~~~~~ I I I - - It - w ’ i i i l I  ~i n i ‘~i r i g 1 t ’ -pc u m n -ut - e t ’ l - l m t m — c - I — r I e c - ’ l ’
r i o w t - r  o r  a t -  I l o o n ’ c- i ! , t ) i , , t ,~ -t r i I t - -  - - ~t m i n im I runt I r u e ’, ~‘t otttzitta . \
con c m  - * - l n u u ’  , 135 ‘ - t n t  .‘ i t ‘ - ci ru i s i 1 1 c’ r t g t  l u c - i t  I , .i I I I  t c ’e ’t , soil  id

h - e’c’ l op , i  C ros’, 11, 1,1 - )  - !~~‘t t i l t ’  g i - i t i - ! ’ s i l  l u u u i  at , i w t ’ r ,  \ t u mor uitnu l
p i t a1 c-l i e 1 i ’ l l  ,~ ~u i , ) l  1 - t h t i  r i  ,~~ u U i  I’ w ,i u uld ~~ ¶ ‘ - s - i l  l u l l - c l n sa” about

t i  I i ’’ ‘- ( u t - e r  r , ’lc - i~ ~ t t i i t ’  ~~,i u l c - l  i n ~’ 1 i i , l , ’  u t ‘ il l lit _ S nil It’s t i
i ; , -  a I ’, ! - r h ~ u k i t  l~~s i s  ~- a i i u m u , - . 7 n u t  li’s m l  14 . 8 , ) l i m ’ l i t s n i ’ ’ 2 . au ~~!
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1( 1 m l n I c -  c- f  t a r , - - -, ! m n m s t , ( s  , c O s t ’ nt m u m ’  0 - ( n i l m i t  i n  w’otu I ci total
S i ) i t )  

* t)’l)( I i I e ~ - s I - ‘Ic c’ u’ a g e  n u t m u i u  i 1 
~ ‘ ‘ n e ’  u i  t o r i  I 5 e’ I I ru uni t ‘ u

nit  P u T ’ , ( I ( i h )  K i t  icc - ,  - I t  c- . - S - ,~5

1 , cO  u s  4 ’ \ I t  no II i c c -  u ‘ l I e ’ m m ’  ‘ c m - t i ’  ‘I i c - - m i ’ ’ h i  ve ’ r m l  m , i  ins t i e ’ ’
w e ’S - run ~ I c o  c - ) r  - ‘ ~ 0 i I ~ c - I t  m t  I t Ic ’  K i t t  e’ i ’n)t )  t K n i n g e ’  n i n e) I loss
s - c !  h u r l V , m u u c - i  I c e - s t e m  I t ’  I t )  ‘ n i ’ e m  C u w - u r  c i ’  - ‘I c - - h u t ’ l , nu be ’ n u l u h u l i t  15 m i  lo s
c - t n n c -’ s c - c i t  i i  - 0 ’ I t t - - c i  m y  - ( l ’ c-e’t ut ’ cI * ,\ I c - uu e ’  , 1j ’t 1 e c u  . I n e  m i — i  u - l I I  i a l  - t
oe ’s in 1’  -\ l e r t o  F i ‘ ‘ c ’ r f i r  Is n i t  c - I ’ i ’e ’Sol i  r end ’ l u - c ” ’ I c  i ‘mc I ic- n i s  I t i’ : c ~~t i ~‘ , i )  V u !

mn S I n i l  e c’s ‘ m i ’  ~~, - 1) e I n u I l k - i  u s e ’ 110, ’ ’ cu ’ ‘it t 331 , I S O )  l ie’  st  t uel  I c’

COi t S I , I c ’ b ’t ’ i l  nu  s ’ 1 u u l ~~~I l i l e ’ .- r u n i r p t u u c ’  p r o i m  ct  n u t  t b  Sp r i n g s l u n s t  n i t
v i  ve’r t nu r I c -  .5 .5 , ‘u cn d a f i i t  h u m ’  i t t - u i c -c t  n i t  l i e ’  I c i  i n c - I  G ic - r i  s~ I - -

I cc- r t in i Ic 35 . 0 
* nOt t I - ic’ los  I t ’s m c oral’ ic 

~ 
I aim I ’- ’  r u eve’ lop i t g  t he ’

S I N ’ ’ C s , ‘it o p 1  m u  l 1 n u s - i  u t e i t  I- c ’ c’ t m ; n n n , c ’ i n e l e e i  i i m  t l u i l l s ; e ’  t l u - c t i i u i c -’ i l t  551 I ’ ~~c s i e i ’ ~ c
m u )  t u e  e’CO l l ’ ’ c I i s n p s i e ’ t atm I lie’ ni m i  1 icl i I c i t  5 1 1 ) 1  Ic! he  i u u u t n c l n u t  e d .  ‘l ’i m c’
I hi cC 1 I I c  I ’ m l c c -~ I Is as nu I s e ’  e’ O l h S  I d c ’ m c d  in I l i e -  10- 18 m i t  c id i  es , b u t  SOiS
e - I c m t i u m n u t i  0 l c ’ c , m i i s i , - t i n s s i t e -  c~c - u i i l el c on t r o l o n l y  t i l l  I t e ’ v c e ’ n i t  of t I n ; ’
me- un i n  c f t  w i - i e r e ’~t s m  u eu,uce li I itn u t i art or ’ Sp r I u mgs ton a nd  I c ’  l a n  0 1 c- - r i
lc - c - l J  c - i l i i i ly  CO lui ‘c - s i  I l i e ’ lu te - n u l l  r l , i n , u  f of  I mc ’ st i ’ e ’arn . 1 tm mi ’ eudi  e s

m m d ’  - s i - c - i  i l l  i I a h u ~~ - ] - e u c u l u n t e ’n u ( ‘ 1 3  ( 5 3 ) ,  t i m e ’ I c m n u v i  l I e’ S i ) c - ’ Is iS s o l e - I c - c- I
hc ’ c , t ~ c s ’ e ’ , ( , ‘ t , c- i e ~n i i s n ;  n i t  i~ , u i i  I d  n i V a l  ~I t i l e s  ~ 0S-e l i i i  l i t  v of e l n i h m 1 n t ,c ( e m  m mi i ni ig

l i l t  c’ I’ d ’ S t s a r id  mi t u 1 1  p c , ’ Ic’ m u , ’ , is~u u i ih Ic ’ coti t i’ u l l  0 1 reuno I ’f I or  f l o o d
c’O !t I no 1 - u hi I pi n e ’ I’

l ’ u u n u v  I 1 1  I’ n o ’  ‘ i t  ‘ I l c e  , i su i l u s  i t  e’ j 5 1 o c n i t  c- c - i ) )  t t u  - Coc’ti r c - I  * \ l o n e
R I  c e - n , n i I n  n i c ’ u m s I a m i -  t c’wii of  l ’ u i a c ’  i I I e , i c - I n d ia , 35. 0 u s i i c ’s  1 ) 1 - c t i’m - n u n !
t r ’oms s ( i t c - ’hil’  d ’  , -‘t l e’uic I c~~t ’  e r i c - I  1 , 2  m u  I c ’S C h I t S I  i’ d - S it ’’ , t i’oub i t h u  e’ e t h m l l t i c ’ b l c - ’ c ’

c - i f  t i c - ’ ‘ n i l  It r j ye’ i ’ s i t  it ( I i ’ ‘0 ‘ i i ’ U I e t  m ’l c c l  C o t - c - u t ’  d ’  ‘I I c - -n ’ ’ h i  C u ’  h’ , t l t c -
e l n u m  I t o h  I d  i ’~ ’ nu m u m  k t ’ i I I d ’ u s u l , n i n k i u b e ’um t I- , i t i r  ci n ’ nu\ I nnnu ” h e i  gim t i i i
2 51 )  I u _ c t  ni l -ce ’ mi t  mea un tb e’ ei so u l  a t o p  i ’ :u mg, t U of 1 , %311 I u ’ ;’ t  . ‘lI e ’
Si) ! I I i s s u e ’ S e u u  I c - i  l ’ c’ , e  - a cme ‘ u ‘ I c - ’ ~ mn iv  I I m mi p u I I  wa c - ’  ‘-s e - c t  i u u i  w i t  In a c r c - ’- ’
lc ’ ngl! , tI 133 f m ’ c - ’ I  - l h c t ’  m, , mc ’ e - i ’ l t t ~i i ’ e e u r i c !  , u u i  l e t  1 r n i e t u r t ’  w o u l d  lie
I ,mc at i ’d m~ ’ ‘u  r I I I -  I ae’ -he tile’ r I gl m 1 s I c - i t ’  i t  t h e’ ‘ p j His n i ; an d  ns ’ e~ i I  I e i

, ‘ ‘ ~ u ’ u ’’, ’ e’ et i v  a 2 3 —  t o t  c l i  t m !  c ’u ’  S t  en ’ I — I n e c - i  t lott e’ I c i i ’  i t - i n  I 0 t’olug i-u

v u  c - h cu e c I c - r h ue’ i’ I gh r i t t  t “5 , - r n  I - ‘t ’hc ’ mc - n c - ’  u’vii i m sort Id  i s i ~’ c ’ a t o t  nu l
c’n u j i n i e  j y uif 1 • 1 1 12  ,1)1IO nic me- — I ’ ,- t n i t  I ’l l  I I ‘ac -I c - I  m - c n u l  I a~ 2 • 

13 )1  ( ‘i - c -I
t l m i n i l u  Ic-  mit oms ie’ u ’ e - c i u i  l c i he’  71)) , l ) I ) I i  nic I’ ’ — fe -c’ ! fo r  f i  l i h i c -l co um t ro l  n u i l e l
1 , 15 ’ ’  r Is I t  is nu ~l m n ii ~’ i l ,  mis  n ‘f I I l l  i t  t , t let I I  p od)  I I he  l’e’Se r c-0 i r
Is t h i  I c - I  i n  ic e ’ ci miu i~ 

( ‘ n i c e -  cii ’ - ‘a c - if , u ( I l l  i c  i ’ s , a 1 I o f  tH u I c l i  i s us i I hi r t
t I m e h o u u n e l n i n l e ’ ‘ - I  t ’ i ’ c ’ u i m e l ’ , \ t e ’ h I ’ ’ - t i u ’ b l n u i  I ’ , t r c - ’s t . , \ s r m ’  i e c r t c ’ ei in

i i o u m c- I iu , e ’ i m msn , ’rui l i t ; 
, t b ’  p m c t  c -e l  ts’or i b e 1  U n i v ’  one - 13 , l l I ) O - h  i l u i w i t  I

11111! I u s  I n t l I eel - I l n u m i c ’ c - I an I n c -- c ’  ‘ i t t  c m i  I c - m i ni t h e  p l nuuu t icc-u Id Im s1cc --

ni le j u l ’ 5 1 c i i  i c c - I  c n l 1 m n u c -’ I V - ‘ I  7)1 , I I I 1 I ’  u l o s ; it  I s  n u t i d  n i pecik i utg ~n i p nih u l i t ’
of m i c e  c u l t  80 , I ) l u I I  I j li’s nut Is , ‘I ce’ I m It t - 1 1 1 0 1 1 0  I to te ’ mat i orm Is u i  Id  l ie ’
28 •luIIiI I I I tuw ni I t s . 1  -n I t , ,  - ,-\c’ e’ ‘ s u e ’  nui u uunu I ‘ t ile’ rat i ntl t l o s’t i s  t ream
us ou ul d he- in e- t ’c ’ a s . t - , l  b y 3 1  , ( l O ( i  1.1 i u w n i l  Is , (33)
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Su. i t t r c ’g e o i m 2, I lpp er l a l u m l i i a

‘this sut’treg i c - i t t consists u u t ’ t l u e ’  St  i c - - ir s ’ -  t l i s i t  e t m , u i u ’u into the
mci i ru s t  em Co luu imh i nu l i e ’ t s  c-on hi cli l and , I’~ni ’ e l i i ngt I ’ ll , o u t t  t b - i c’ Canae l i an
border .  P o t e n t i a l  p r o j e c t s  j i m  titus sub r i g  i , t u t  I u u c -  lude “t u t i  i i  c’at i
Creek , on ci m i n o r  t ril )ut 5urv the t o u r — c l a m  ( % i ’ i l n i t  c - l a o R iver Project
and Ben Frank li ii , on the Colum l u i - i .

m u  uu ~— l , - - I , - - - - ~~l s , ~~~~~~~

‘— ‘ - i  , ‘~s ’ ’ I ’ S  I , “ - I -

5— ‘ r u ’ , ’ c-~, 1 - ,, I ‘ I
l rt’WTi I r ~,,)j , ‘ ‘ii t n&’ i k -  ‘ - ‘ i ’

- it - ’ ’ ‘ I  - ‘- . . t ’ ; - ’ ‘mi s ‘ ‘ n

I ., _ i  is, , , 
- ‘ , -c I,’ - h u m  1_ ” —‘ Oi I I -

- - 1 s m ,  ,l  , u - (1 , 32 l u  —‘ i i
i,- ,, , ‘ i u n , ’ r t  I ,  is , ‘ t , m , C , , ’ , - Ii , i i i m , I , i i - ’  1,2 1’ ‘ 7 (2,J
I r i, ’ t u  i s , ’ , - , ’ ‘It,’,’ ii - i’ u ’ i u ’ i , i ’ ’ i ’ I i
11,-i c . , , i i i i m n  l , , l c i ’ul - c i  II ,  - ,~~‘ 5 ~~~~ s ~~I I . ” ic-

i - t u T u ,  I - c c  sue  u , .s ; ’

W c ’n a t c h c-e’ R i v e r  The ice-natcitce River drains a segment of
the caste- rut s l ope  of the  Cascade Range t h r o u g h i t s  th ree  p r i n c i n a l
t r i b ut ar ies , Li ttle iVenatchee , Whi te , and Chiwawa rivers . ‘rh e
Li ttle Wenatchee and Wh ite are tributary to Wenatchee Lake , wh ich
i s  t h e  source of the  m a i n  W e n at c h e e  R i v e r .  The C h i w a w n i  j o i n s  the
~erma tch ee  about 5 m i l e s  do w rm st re anm from tim e l a k e .  Time IVenatch ee
Rive ’r is about -17 miles long and flows in a southeasterly direction
to enter the Columbia at mile -108. -I . The drainage basin of the
isenat ’hec River totals about 1 ,350 square miles. Potential multiple-
purpose sit es iu m vc m sti gated in studies l ead ing  to House Document 531
(31) ) i r m c l u d e d  P l a i n  S i t e  on lc e-natche e  R i c e r  and C h i w a w a  S i te  on
C h i ’ ms n utc n m R i c e - r .  ‘rhese s i t e s  were f u r t b m e r  re ’c ’ie t sc d i n  s t u d i e s  lead-
i n g  t o  House l ) ocumer m t -103 (33). ‘I l o i c ’  r e c e n t l y  aim A p p l i c a t i o n  for
Li cense has been filed with I-cdc ral Power Comm issio rm by Chelan
ou tuu ut t s-- Plli u \o. 1 for l’,’enatcbmee Project N o .  2 1 5 1 — W a s h i n g t o n . An
amended app l i c a t i o n  s u b m i t t e d  in June l~)05 proposes four develop-
m e l u t s  as follows:

Chiwawa The Chi s nu wni deve- l opment would consist of an
i ruhpci ’c’ i ous core oarthfi 11 clam loca ted  on the Chiwaw a Rice- i’ , upstream
from R i g ~li ‘aeiow Cre ’c’k , 

~ I tbt frill poo l nit e lec ’n it  ion 2 ,545 fee t , a
5. 8 mile pe’nstock tunnc’ 1 ; and the III rty m m c c- ‘Iauun it auum poweritouse on
I , n i h c -  ~ rta c i te - c - , c on t n u i  r u i n g  thrc’c ’  u n i t s  total i umg 1-13 ,000 kilowatts
a r c - I  ap e - u - n i t  i r t g  t iu tc i t ’ r ni g r a s s  itc ’ad of ( ‘72 t ’e ’e ’t  . Oflc ’ of t h e s e  u n i t s
wou I c - I  ( ‘ c -  si l t  80 •00() Ic- i i owat t c’c - uu c - c - r u  h i  oncu I un i I and the other t iso ,
21) ,000 h i  l o wat t s  and 45 ,1)00 h i  lowatt s , r e - s i t e -c t  i c c - I c , w o u l d  be
revers lb Ic pump—turh li - i c ’s . tis n ub Ic St o r n i g c -  I u u t }tt~ Cit i sn iw n i Reservoir
wituuld lie’ 400 .000 acre— Ic-ct. .\\-c-mage- a n i m ui n m i gc’lme’ rnut ion wou ld he
about 20,100 Ic - i Ic-watts. (23)
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l t c - ’ s i c ’ e- u ’ ( ’ i’ , :ek The ’ Recu vc ’ r Crc - c -h  de ’v t ’l opm ent  w o u l d  c o n s i s t
of an e a r tl i l ’i  11  n u u t c l  u ’ u u b l C m e ’ t c - ’ — g r n i c ’ i t e ’  clam on t h e  Werma tch ,.-c h i  c’cr ,

t ip s  t i’c’nim from tIme - ,1 tin e’ t I Wi I s I t i m R e n t  c u r  C m c ’e - b  , provi di rig a pool
d c - c a t i o n  ‘m l  1 , 875 l- - -t  and ci po-ice rhous e c o n t a i n i n g  two  g e n e r a t i n g
u n i t s , on e ’ -1 , h ) h h l )  h i  I c - m i s n i t  I an d  or -ic 10 , 0( 11) h i  I o w at t s  , opera t ing
uii t clc’ r ci ml r m s ~ n. head e t f I t )  I fcc-c t . ‘lit c- B entu ’  er C rc-ek lam would contro l
W e - n a t  cU e ’ ’  l a k e ’  c u r , !  tcou I d p i c c  I de’ u :  ,ooo acre — feet of usal) Ic- storage
i n  t h e’ upper  1 ( 1  f e - c t  . \ c c -- r age - n i n t i u c u  I g e-ne ra t  i o n  woo l d t )C about
7 , 31111 is I I Ott n i t I s . I _~3

I u , i \  cr r~’, ; t u ’ t h  l i m e  I e’nmvenw orth cle’vc l opment would consist of
of  ~j rt c ’ n uu ’ tbm f ’ j I I  c - i ’ - - - ti n dam n e- nur Cit iw a u k u m  Creek ott t he  W e n c u t c i m e e
R i c e r , i s l t l l  a pool  e ’ l c ’c ’ ; i t l u u r i  of ’ 1 , 731) feet ; a 7 — m i l e  t u n n e l  and
‘c ur s I c,ck nu i d  ~u n c - I .e  r1t ousc- c o n t  1 n i n g  two g e n e - r a t i n g  u n i t s  , one
S) ,01)1l h i  lo~ n~t ‘ S n i t t c i  ‘ u i u c ’  -10 , 000 h i  lowatts , o p e r a t i n g  under  a gross
n - c - d  of ’ ( , 21 I  i - t  . 81 ~ t im ouscmd si c rc— I’e-et of pondage would be

s i ,  n i l  I ‘ i i ’  1 e c c -  I s  i si 1 n t ’ Cit I tcnuii hum Creek Rant . \c ’e-r age n t n n u a  1 genera t  ion
t t u u ~i l d  t ic i ‘~~t ), ‘~~ 1 i I i m l  I i  l o i c n m t t s .  ( 2 3 )

- u ~~d e u c  i h  i s  p u’o i c - - c t  t c ou ld  cons ist of a new concrete
d i v e  I’ ’ I o f l  dam - i t  t h u  S i t e ’  of t h e  e x i s ’- t i n g  dam on the ,ce-nnitchec
U i  c u..’ ’  mu m u  r i g  the’ w nu t m  e I c - c a t  i at - i an a d d i t i o n a l  11 feet  , a 3,000—
I- - ‘t  — b u r g  c u n n i  I t ‘ t ’ c - ’ m rc - I m n i v  . and a pott e- rhouse  c o n t a i n i n g  two 10 , 000—
hi l ’s i t t units opcr it in ~ urmdcr ci g l - e l s s  head of 87 feet. Ace-rage
a n n u m n m  1 

~~
- n e - r s u t  I ‘fl w o u l d  be nub oe i t  11 , 01)0 h i  Ios’at ts  . ( 2 3 )

‘-I n u j rts t’ ,’rsn C o l cum i c i ,u Ul cer On t i m e  C o l u m b i a  R i c e - i ’  from the
b-i c - ic - I u ’ f  “ i c -’ N n i rv mim e ’ mc ci i r ( l a k e -  W n u I J u l  a) to Priest Rap ids tai lw-ater ,
n i p s ’  ~

‘ , u I r t s , I t  c- Ic’  u~3 I c - I  u , f  Ite’nud re-nuai n uumdeve loped. The reach was
1 r i c e - c l  i gu t  i’d i r lb -IS ium studies lea cliumg to preparation of House

I u u  l i m e - b u t  N o , 331 . i t o m  fo u umd to I ’ d’ ph y s i c a l l y feasible from
Sd S ItU e’ ’iI ii ’ c,’ v~ 1st ’ mc -’  t i m e ’  R i  n g o l d  s i t e ’ at river mi le 355 and the
R i c h l a n d  s i t e ’  s i t  r i c e r  m i l e ’  3- 18.  ‘-Ou i t s e qu en t  f i e l d  e x p l o r a t i o n s
nund office stud j e-~- ind i cated tb -ic i-t icbu i atmd site to he more favorable.
l l t e ’  S i t e  u s  h its rc - ’f ’i - r r ’ c- ’~I t o  :us t ime  Ben In r a t ik i  i n  s i t e .

Ui - r u  I r- n u i u r  I i i i  11am ( h i - c e  l n p i u c ’n t  ot’ t h e  Berm Frank I l i t  S i t e  wa—n
r o e - u i - w e - c - I  ibm ib58 in s t u d i e s  I e - n i e i i rmg to p r ep a r a t i o n  of I l ou se
I )oc i  I r e - - b i t  i ) l , ’m , \ 511 t ’\’ m ’ \ ’ i- c-p ort  ebate ’e i  ,Ju  lv  1909 , prepared by tim e

‘ n u t  t l c -  i l l  - t r I C t • 
( u t  rp —i of bn n g i i l e ’c ’ rs , rcc’ommencis t h a t  t ime Ben

l 5 m n t t m l  l i i i  u ’ u u i l t  i p I c - _.p u i i ’ ~t l t S  c- c u - it l i - c t lt c authorized for c o n s t r u c t  ion .
I ’ l l , ’  d n u r m i — - j t e  i s  i t ’ , ’ : i t ’ ’ t i  nu t  t h e  head  of ‘tc -’N n i r c ’ r e s e r v o i r , 10 m i l e ’ s
imps t r i -am from RI  cii 1 at -id , W n i s h u  I n gt  mu , 13 in i I c’s above the  mouth  of
t i u t -  Y n i ~ i ma R i v e r  • and ‘3 ni l les n il ~ac’e t h e  mouth of the  Snake R i v e r .
I t  I s  - i t )  nui  I t ’ ’ ;  downs t  re-c uuh u I u’ouuh Pri c-- c t Rn ipi el s I ) n m m .  ‘Fim e Columb i a
It lye r above tim ’ - c - b n m t u e - ;  II , - drnt ins 97 ,000 square  m i l e s  in the lii i  I t  cci
c-t t  c i t e s  ant i  Can ada .  “cc It m i p a- ; c - - i l  i n  tl c’ feas ib  l i l t  v report , the p 1cm
c- ’ ’ u i l- ; i n , t  s of ’ a 1 m o w e ’ i ’l u i i i i ’ c t ’  , 1 3 - U n i v  s i ’ i  I I w c u y  des i gned t o  p c m s s  a t’low



m i t ’ I ,~~ ) b ) )  , 0 0 ) )  cu iU i i e’ f ’ee’t pc’ r sec’ond , anti  ear th f i l l  dctms connec t  ing
t c- i t h e  ai tu it flue -i-its on erich s I cle . N i t earth I’ i l l  dam about 600 feet
l o n g  w o u l d  c o n n e c t  t b - i c  spi  1 l w - n y  to  t ime l e f t  a b u t m e n t .  On tb - i c ’  r i ght
bart h , tim e e n i r t h f i l l  dam w o u l d  e x t e n d  7,100 feet from the powerhouse
t a t ime  r i g h t  t a b u t m e n t  . N t f u l l  pool  c ’l e v at  ion 400 f e e t  . the  gross
head  f o r  f lower g e n e r a t i o n  w u i u l d  lie 61) feet . The powerhouse  w o u l d
c o um t n u i um 16 g e n e r a t i n g  u n i t s  h u n u c - i n g  ci t o t a l  i t m s t a l  led c r u p a c i t y  ot’
¶1 ~~ (t  ,(1))() k i i  os-nut t s . - N c’ , ’ 1- nu ge  n i n l m t i c u  1 g e n e r n m t  I on is  est i m c u t e d  ni t
- 1 2 8 , 000 k i l o w a t t s .  ( - 1 2 )

Sub reg i oum 3, Y a k  i nta RI  cc’ r

‘I’h e re are rio p o t e n t i a l  h y d r o e l e c t r i c p r oj e c t s  in  tim e subreg ion .

Sub r e g i o n  -I, l l pp er Snake R i v e r

T h i s  subreg ion  c o n s i s t s  of the ’  drainage basin of the Snake
Rive r above Kit -m g l u l l. Important tributarie s in this subreg ion
are  the iberm rc’s In ork , ( re) s , nund i i o h n i c k  r i c - c r s

- t i , -  ;t - ‘ -- - ‘ s  ‘ C , h r F ’  h o  - i l - - , ‘ ‘ ‘ ‘ g i ’t i t  I

~ -, c- r,,c-’,-

— - - ii, ’, , - ’  F - i u -— i ‘it
I ‘ - , , -  i i ,  — ‘ r ,- cc c ,, u ’ s,

- 5 ‘ - t ’ ,,- — - o P i - , ’, iF - i t ’F 
tt” , , u , , i i t ’ I i ”  “U , — -  u i , c , ’ r  i c ‘ - c - , ‘ U 2 h ~ i - i —

- I, ‘ ‘t F ,’ - i i i ’, ’ - i t t u  1 i t ’ i n t -  iii
- ‘ i l  i ’  ‘ ! ‘ ‘ ,  , - , ,  i F  u i  c- i h , i  I —  I ’ m

A ~ ‘r P,, , ‘ k - l u , , ,  I ‘i ‘~~ ~,5t t _ ‘ ,‘ 0 -
- - l  i ~~ 

, V i - F .i~ F ‘
- ‘F - ‘ - C i ~ ‘ ~~~

F F ,  ii - i~ F 
, il ~‘ ‘ -  OF

- u - - P u~~ ’ c - i F ’  ~;iu ,, I - u
\ h  u ’ - ’ ’ F u ,~~, - ,  

- S - c  1 F , I t

I ,  - m e  F .‘ - i i - c - - ,  , .  -

h o  l u - i — - - - ui ‘‘p - - , 5 - - c u  ,~- , i , t , l ’ - ’ - F - , k , ! T  I ‘ F  ‘ ‘ F ’  F , ’ t F  F ’ P d
i i i c n ’ - ’ t O ,,~~l ,  I , , , ? , ,  - - I  , ‘  u - f , , , ’ - :

h ui uu -cn u um ci Sp r i n g s  ‘Flu e’ clams i te i s  b o c n u t c ’ d  n i t  r i v e r  m i l e  5 8 -1 .3
on t i t t ’  Snake  R i v e r i mmc ’di a te  b y downs t ream from the e X i S t i n g  Thousn u nd
- ; p r i n g s  pins c- r’p 1 an t  of t h te ’  I d a h o  Power  Cam pa umv • s o ut i m w e s t  of W e n d e l l
I e ln i i tn  . ‘I ’tt c d c i m icc - ui  Id he n m zoned e ’ar t lm t’i 11 e m i ) a l m k m e r t t  w i  t im a m a x i  niurn
he  i g h t  of 191 f eet  . ( V i tb - i  a no rma l  pool  e l t - ~’n u t  i out of 3,05-1 feet
t h i t  a ! i- i - servoi  r s torage  woo Id be 595 ,000 acre -t ’e’ e - t  , of which
-10)) ,))1))) n u c ’i’ e- -- ( c i t  wu )tul d b c - uisc ub Ic’ fat ’  p o w e r  p r o d u c t i on  c inch f l oo d
con t rol. Thu powerp lan t w o u l d  have aim iut —n ta l led c c u p c i c i  tv of
150 ,01)0 kilowatts in three units. -N t—site’ power generation would
n i c e  r age  about 53 , 00() k I l o w n i t t ’ c  n t n n t , c u l  I v  . 13 2 )
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,,~uuu t m o r e 1  c l i  hi’ c 1 s i i i l c - u  I ’  is loc nmt e’ d ott  th ie -  $ t i n i h c - ’  ( j e e r  n i l

r i m t e - ~~~~~~~~ U ’ m i h u l  ‘I I mu les dot,ri c t u’ , n ib r c - I u -tu r n ( r i d -  e x i s t  ing P a l l - n u d e - s
I tin e - I lu c- l a bb u I’, m t t i  Iii l i e mi t  c - - n i  i t  I I u I I  st i’uuc ( h u h ~i- , 29) ) I r’ c - ’t 1 n i c e s  ~‘h
n ul cic e ’ st  u’e ’s iini ’e’eh I te m ; u tug a cu e’ - I le r tgtb t u t ’ 2 , 30)) l ’c’c’t - -i lie m e - - c e  u ’v c - i  r
n i t ; ‘ hnt \ rh - ,ti h uu 1 , u u c - 1 i’! c’V n u j I c u u t  3 , 3 3  h c c t  s t ’ uii d nu - e’me i d e -  1 ,,1 (u)) ,00u) n ict’ m- ~

ee’ t ci f st o r u n e -  - u ( - i c ’ i t  y of’ i - c m  ~ ch I , 230 ,000 s i c  m e  - fe-e l sir- . - iS n i l : it-
t ’, ’ b ’  I” ‘is d~~’ g t - u h i - r n m  I moo , i m t i  g r i t  i c - u t , H c o ” !  c e - , u t t m ’  I , and re m i ’ ,~u 1 n u t  i on
of l’m - i l m S , m c - i e -s c- l i -  I s i r g c ’ s .  l n s t n i l i ’ ’el , ‘ , i l i n u e u t - ’ w o u l d  c o n s i s t  of ’ t ’ e t i i u ’
imnl t~ 1 (sO ,u i t m c  l , u  l c - , u t ;  s e n u c - r i t , ‘ I n i s s u i n e m u r i n  g n c - s s  cc - ic1 tc o u u l d  be 270

c - c t  . I li e’ u i  c-;j c- -e l I — e u i uc be ’ r i o cc - - s t I i~t i t mo n liv ti u c (3cu’ c- ’ ;iln of I - t e e ’ I , c r  nu t i c - c l

I c -u : luded nm r c - ‘ c r  of t he- c - i c - c c ’  I c - t ( t r ri c - ’b ut w i I I  b e -  t l t ’ nie ldi t ion c c l

35 , 000 h i  I e u t s i t l - n  ‘ ‘ I  i m e - n m h ( i n g  c s i ( m n l i t I  l i l y  nit Pal u s n i c - i e ccc Hsi u - s . H e tu-,o

ni t - c  u n it ‘~ sc - t ile1 m c’  i c , r l ’ m - i ’ u I t  cm s(’Iiab’ smt c ’ pow-er p la umt dow’nstrc 11 , 1 ( ‘ i c - cm
Ut ’ ‘ ‘\  I St i l f i  I7c i t  S ‘~ c- i c ’ cn P ( s u ~~e - ‘mt  c r  tse ’c-i id be e-Ofle -c’\’c~c-l ( c c  I C  lIc - s

t i  j i l t  t U rc - t u i ,t i s nu t inc -me’ I sIr i ch s I t u  I d  I 5 c -~ F H I t  0 1 lie - jc b’ c - m - u l I ‘ O i l  1 1

t c - ! i u i t ’ I . 2 , 2 1 )

- 
- 

,. -,

~~

,, ‘•

I -  
-

‘

- _
_‘p_~~

•_ _ -

- ,
4

. , - ,  
- - 

-

- ‘~~~~~~~~4~~
—

~

,- - c ’ - , i - il l  ,i F, ’  ,‘ - ,- , , ,r t ~. - , ‘ ‘ ,“ - :  , ‘ - “ - - ‘ F ‘ r - ‘ .‘- -

\ n u c r i  cc i rm - c m l Is ; ‘l i m e p i ’i t p t ’ s c - - c - i  ( i c - is e’ i P i c t u t t  tsciuilel be b e - n it cc!
n u t  t iuc- C X H t  i c-mg F \ u b h c - ’  i i  c’ auu  I 5 a 1 Is I)cinu . l’h c’ pc-nc e- i’p l n uu t t i tc - i c - I  bior i n- c-el
f ’c - ii ’ d’ o t h S  t ru t ’t ion  l iv  the i ( u i r e n u u u  of’ Rec 1 n u h i i , m t  i on . The u i m t s d- rp Icin t is c u h u l c i

c o n t n u i  n t ll r i’ c - ’ 10 ,0)0) ~k j  1 m t e s , c t  t ge r t e i ’n i t  i t m g  u i - i l  I s - . itc -pl zm c ’c’i ute’nt ot’
\b riu _- r’ icaii I nil is i)am is  c’ u u i ’ u ’ e - t i t  l v  u ind e ’ r ’ s t  t i t l e - 

- Sue- i t  s tu d l i c-s tc~ 1 1
i n c l u d e -  r e - - c i : i n g  and r ec ics i 1’ u u , t t ’ t u te u m u t i s e m l F l c i t u t  . ( 2 3 , ‘- 1 )
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C Ia rk Un i t e - b - i  ‘l im e r- c - r e - g h u  I c i t o r  f ar  time- power p r o d u c i n g  complex
Pal Isnici e’ s and Lvnui (‘ m ai mci nil 1 , t h e  C l a r k  R a n c h  e b a m s i t e -  , is located at
ci i i  a n t  m j 1 c’ ‘$6 S out t It c Sit nib e it i c e ’  r . ‘i tt c- ci rim woo Ic - i  he ’ an en rth fill
stru i e ’tum rc’ pm oc ’ d i itg ciho tut 27 , 0 ) 1 ) )  a c r e — f e - c t nit norm a l pool e’ l e’ c ’ c u t  i on  F

3 ,u h t )-1 t
’ee ’t , -\ 3)) .000-hi i it tc n u tt I ’m tt t ct ’rp l an t id th 

~ 
rc-ms h ead of about

I I )  (‘c - c ’ t wou I ci p roe’ i d e ’  n i c e  rage- nuut u m itn i 1 ge-lie - mi t I on of abto u t
Ii- , (10)) hi I owcit t s , ( 1 2  , 2 - I  I

1s ci~g be -  Rock 9am and Pow c-rp l ant ‘i’he dam w o u l d  be located  on
time Snake R i v e r  it about ricer mile 708.-I , abou t 70 miles upstream
f ram ~l i l  tie r i ) n urn and 7 n-il ic’s downs t ream from ,-\me ri can F a I Is  , Idah o .
‘ftc clam would - c e -  aim e- n m r t l i f i  11 St ruc tu re -  c-s i  th a max imum hei gh t  above
st  rec i ruubc -c i  of ab out  13 fe’e ’ t and a c res t  Ie u mgth  of ne-ar lv I , 500 feet
l’ o t n u i  i n s t a l  lc’ d c n u p a e - i t v  w o u l d  be abc - m ut t  30 , 000 I-c I l ow at t s  . N I  I
re le- nu s e -- pass ing ,‘\me’ i-i cati nm Us 11am w o u l d  he ric a i l ab  Ic  for  po wer
gene r n u t  i o n  at  t ime  I cug le  Rock  p r o j e c t .  \c ’e-rage cne u’gv g e n e r a t i o n
is e ’ s t i r n n m t e - c - l  cut  16 , 301) h i  l o w - n m t t s  c u n n u a l l v ,  (32)

Me - sr i  F a l l s  P r o j e c t  ‘l Im e d a m s i t e  i s  l o c n m t e c i  on t h e  b b crm r s
i 5 ork of Snake  R i v e r , about  15 mi  ic -s by ronici u i o r t b i e n i s t  of A sh ton ,
I d a i m o .  ‘Flu e’ p r oj e ’ct tsu ~~i l d  c o n s i s t  of fac i l i t  les  to  d ev e l op  ti -me head
c rea ted  I ’s ’ i J ~’up e r and l ,otc e-r  M e s a  Fa l  i s .

“ I c - sc m I n t l  I s  i ) i v c ’ r s i o n  Pant w o u l d  ~c b e - c i t ed  j us t u p s t r e a m
from U pper Mesa I n t l i s .  i t  w o u l d  he ar t  e c u r t b m f i  1 1 —  type  s t r u c t u r e
w I t i  a mc u x i  nt u nim h e i  g lu t  em f 10 fee t  ab iove ’ S t  r eanumbed and cm c r e s t  l e n g t b m
of 2 , 1)) f e e t .  ‘lime norma l w r i t e r  s u u m t ’nucc ’  of t ime  r e - s e r v o i  r w o u l d  be
n i t d e e - n i t  ion 5 , 6 8) ) f e e t .  N p e u i s t o c h  w o u l d  ru um about  one m i l e  f rom
thi -  di  c-c rs ion  danu to  nu pot-c e i-p l an-m t to  be I oc~n i t e’d downs t ream from
t i m e- lo w e r  f a l l s  . ‘l ’lt e - 13 , ( 1 ) 0 ) — k I I  otcat  t ~c-tce-r~

, l an t  w o u l d  opera te
under  a s t a t i c ’ b en d ; t f  cubout  210 f e - c t  c -N v c- r ouge a n n u a l  energy  i s
est  i mat e d  at abou t  11 , h Ill ) b i b  ow - ci t  t s  . (32)

W n u r r n  R i c c’r ‘l’h c- e l n m n r s j  t m  i ‘; I i t c c u t e c i  cu b’ u out  8 iii Ic --c northeast
of ,\ shto ru , I e ln i ho  , ott time ’ b b c - n r v s  I c - t b  o t ’ the’ Sr m n mb c -  R i c e r ,
, i J m i m r c - X  u m a t e  l v  on c - - — i h u u c m r t e - r ni l  I c - - c low ’rm str e am f rom tb - i c -  c o n f l u e n c e  of ’
b i t -n rvs  In ork and (V ci rnu R i v r - r .  H ue ’  clam w o u l d  h u e - c m r o c k f i  11 structur e
n u l e u t u i t  2u3 1 , - u t  j n  he -- i e~l I t  ri n d I , ) i O l )  f e e t  i n  i e - u m g t h  c- it c’r e st
e’ l evat  ion S , - i8 ~~ i - c - - i  - The i - c - s c -  rc a I r t do um Id in m\’ e’ nu total c-’nm p im c i tv
u I  I l(i ,liu)l u ic - u’ ’. - f t - c - - I  c it n o r m a l  1100 1 c- I t ’ c ’ n m t i o n  5 , 47 ( 1 ( ‘c - c t , of
w h i c h  7:; , 1 b 1 ) ) b  n i c  u i ’ - f t - c - - i  w o u u l u i  be’ ~i s n i hi Ic- for pc-u sc- n’ pro duct ion anci
f lood  coul t  r o l  bnis e ’cl t u p t i u c  7 )) f e e t  drr mwd own . Wi t im m a x i m u m  r e s e ’ r —
vo l  r e l e - v n u t  ion c u t S , - 1”$ f ’c c ’ t  , tb - i c ’  poo l w o u l d  ex t c -nc i  u p s t r e a m  to
t h u  ~I , - - ; ’ u  I n i l  i s  p r o j e c t .  t’ uiw c- - r  g e - i u t - r c t t i f l g  t ’n u e ’ l  1 u t i e s  w o u l d  c’o f l S i St
of ’ two  u n i t - c  1i 1’ c - t v i d l t l 3 ci t o t a l  l t i s t n u l l n i t i o n  of ’ 33 , 00)) k i  l ow’ c it t s .
\ v i - t ’nu g i -  n i u i t u t u a l  g e - l i e - u - n u t  l ot- i I ’  e-~~t i m n i t t ’ el n u t  22 ,00)) hi Iaw nmtt s .
1 2 3 , 3 2 )
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.- \ s h t c n i r - u u t m  H u t -  i s  n c - u  e x i s t  i n g  p r a j u ’c - t c o n s t r u e - t o i l  i i
1 17 , mt u t t lu c - ’ He ir i’vs I tim -I a t  t b t c ’  S u m a H -  H i  t e n ’ , c u t o u t 2 m l  Ic -s  w e - c t

i i i  t b - i c ’ t , , s n i  c - f ’ \~ n l it c- c- i , I el c i b u t i . ‘ l i i  c, m u  i t  - S c - ti t ul anu , wh 1 ch it as a
3 5 (01, k m  I uiic I t  t powc’ n-p i n t u I t  , I s aw ’tim ’ t) ; u i u ( i  ope mu ted by i t t  atm Pc -no ’ r

m e t  I u e’ (ut ( ‘ t i i u i p I u i \ ’  - I ’ e’ ’ o i u s t  i ’ t i c ’i I on of ,-\s lmt on Pro I C e ’t wou Ic - I
‘s un m e - Hi 11 c- c - i - - ca ’  l i - 1i  t im e- p i t t  n - i t t m c i  1 of  1 is- c- s i t  c-- t a meet  lim e rt -nu e’ m i
ei c - -c’t ,uii ,k c l ’  t l  u t ~’c - I ‘ oi~~( h ’ u i  1 n u t m e l  j i t t ’ d c ’  m .  The p r e s e n t  clam w a i t  Id
l i e  u i t u i r r u l i t  eel hi c- t b t e  p i ’i n u ti ’ c’tb ‘~i i ’ u c t u i m t ’  w’ii 1 cIt woct l cb he I n m a t e ’ , )

2 - - i t  i - h f )  c - m t  e i c - r s i m - ~ t mu - n n r ’ i  f r t t u s u  t i m e cx i  s ; t i n g  c - l c - - c ’ m l o p r n e ’ n t  . l i ~ .
p i’ap s ’ s c - -c l  d r m ’ r i  ‘ s i t h l l e b  he’ a cc-n e’n’ e- t c’ — g r a v i  t v  s t r u c t u r e -  c i b c u u t
193 I’e’et in bi e’ig it t n u l m e u c ’ t -  s t e  n i u m I m t ’ t i  a im e l  3, 0 2 ) )  (‘c- -ct long nit
‘. r e - s t  o l e ;  t i , j m i i i  3 , 2 0 0  f ’ e e  I . N i t  e_- a r t h ( ’ i 11 ‘;c - ’ct ion  a b u t i u t
2 , S c - l I t  i c - - c t li ti r - c- - c ou l d nu l ’~~i m  ‘c ’ mc c l iii reel . ‘flue i’c - ’ s e t c ’ o i  r w o u l d
O i t O  i d e ’ I S  , 7 ) H l  r u e - r e  — fe-c t tatsi 1 e’;m l m nu c -’ it’ -,’ , o f ts’hm ich 1 ) 1  . 000 rue - me ’ —
f t c - I  icc-hi I d  ( F  c- itS ab t i t ’  ic-i’ pttt ;c-’ u’ 3- il;’ mat i on a nd flood can t ott ,
\ 1_ ,()1)ll h i  l u i c - s l i  I ‘ i t t cc - -~’p l n m n t  t c o u u l d  g i -n e r at e  c i p p r o x i m n u t c -  ly

, $ ) 0 ’ hi le i i - , t ts s c H i l h i n u l  I s - . (2 3 , 3 2 )

uS i - n u r m i t - Li ’ c - ’ e ’ b fh i c’ c l ams t e ’  is l i t c -’ , m t  e e l  orm t I m e  l i o b n m c ’k
H i  v ’ m i n  icc ’s t e ’r’uu h v o n u i tm g , nm hui ut 1 3 m l  les ups t  reanu f rom i t - s
m c i  f l u i ’ i u c , - w i t h  t ime-  S n a k e  R i  cc - u’ . ‘l’h e’ ) m nuni te Creek development
5i f ) (i e n i i’S t u e  he - st  c i i  t h r e e’ c m l te - m uu c i t i c - c - - s i t e -s on lbob nick Ricer
Iic ’c’ruuicc’ of i t  S c-f r e -nu t c ’  I’ m i t u l  e l I  t i n  1 (‘a r - pc -we- r p roduc t  I on , I r r i g a —
t i - i n  c t m m i ’ n m m ’ c - ’ , nu urcl f l o o d  c-’o im t mo l  . lim e elnum w o u l d  he e a r t l - i f ’ i 11 .
n i h o t u t  3 23 I’c’e’t in li e -i ithit n tl unv - ,- — t u’c cum hie - ci cc t Im a c r e s t  leng th
of’ about 1 , 330  l i o t  - ‘l it e i’ c - ’ ’ u e’ m c c i i i’ woo hI h a  cc ci cnupac I ty of’
. 170 ) 1 ) 91 n u : i ’ e - — ( ‘c - c - - I , of ts’ltlc -’!l - 103 ,1) 00 acre — l’e- e- t t~’u - cui l el he
m i ssi b I - . ’ ‘0 nu i ’mm u’ m ’cnm s t li , u c  i s to pi-o c- ide’ t s n m t e ’ u ’ f o r  new I i’i i g n i t i c m u u
c- l o u c ih s t  m e - n u n  , flood coiht u’ol , a n d  pomc e- m p r o du c t  ion . ‘ftc power  —

~ 
I ntuit s c - c - u Id ha c-- c-- ci ii i u t t  I i  l ed cc tpcmc i t of 1 6 , 000 h i  l o w r u t t s  -

t e e  rage r m r m n ) u n m l  g e -h e - m i t  I ott n u t  — s i t e  would be nh out ii , 30)1 h i  low nutts.
( 3 2 1

I Ih o is  l ’ r u j t u ’ c-’ t  I l i e ’  e I c - r~s i t t ’ i s  b e -cite - cl ott t h e ’  gi ’ c- ’;’ s

U i c t ’ m  n u ( m u u u m t  2 ic - m l cc - i- nu i Ic-s uipst re - slurs from i t  s cc-it t’Iu ,ience mc i t im
l I t  - Snake- Hi c c - - u ’  i i i  L i n  c c - I l l  Co tu u l t  V of ’ tsc - ’ste mn l~’~’ouni i um g . ‘l ime c lnuu i u

1 s t - i c  1e1 he of t ‘ - - e- cir ti’if ’ i II type about 33)- feet  i n  h e - i 3 imt s ml t te c-
st u- c-’ amhmc ’cl , h n u v  11mg c i c r c -S t  I t o  gt Ii a f’ app m a x  i ma t e - Ic - ’ 2 , 30)1 f’eet
The - 1 3 ) 1 , i c - h I )  n c -  re ’ — t o u c t i’ c - ’ Se ’ i ’ c h i i  r c o u l d  im u ’ c- i \’ l ei c- 3 1 1 , 0 0 ) )  n u c - t ’c ’ —

‘ ‘ ‘ ‘ 1  ( if  u u r ; ~u tu lc c cmi t n m c -’ I I ; ’  - T im i s  St u ’ i ’ n ig c - ’  , c- p c -’ r n m t e - eI in cc-n j ut -m e - ti c - i n
ts i t b c  \ I p inc ’  a n d  H r n i n i t i ’  H e -o h  t’ c-”’- c- ’ i ’ c - t i i  m’s on nu t ’,t m ’c-’ c-’ n i s t  b n u c i s ,
w h i m Id p roc - i t i c c m m c i x  i nu u r n  cumo ni nt a f i cn u tem ’ f’o m it c--w i i ’  i - i  c’ n ut i u - t u
down — I m t - r u m , ci i i  ii f o r I ’ 1 u ) c - t c l  con t mo I ci n cI pc-s c- - i ’ ~i m acb e t Ofl . ‘hi ’
p owe  u - p b a n t  would  he ’ i ’ ie -cu t ecl  c m e b l n u c c - - n t  to  the - cont ro l house-
u t c ’ n m r  ttmc I~’f ’t downst u- c-rim toe’ o f ’ t i - i c’ c l a m  r i n d  w ou ld  have
r u n I n s tc i  l i e d  c n i n n m c ’ I tv i- t ’ I I , ( 101) k i low citt s . ,N v e r rig e cut e m g - ’
g c - - ti c ra t  j olt a t  — site is c-st imatc -d n i t S , (‘0)) k i low n - i t t  s
ni nn n j ci l I v .  ( 3 2 )
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Alp ine  [lam and R e s e r v o i r  The A l p i n e  s i t e  is considered
to he the most favorable remaining site for major multipurpose
storcuge development in the Upper Snake River Basin . The site
is located on the Snake River about 3 miles upstream from
th e l~voming - Idah o State Boundary . The dam would he a rolled-
earthf rll structure about 440 feet in height above foundation ,
rind about 1 ,280 feet long at the crest. The reservoir at
full poo l elevation would provide a total of 1 ,078,000 acre-
fee’t of storage , of which 878, 000 acre-feet would be usable
for power generation , irrigation , and flood control. The
imowerp lant would provide a total capacity of 270 ,000 kilo-
w nm tts. Annual average cit-site - generation is estimated at
1 1 1 , - t O O  k i l o w a t t s .  The  a d d i t i o n  of t h e  A l p i n e  r e s e r v o i r
to t h e  s y s t e m  w o u l d  a l l o w  g r e a t e r  f l e x i b i l i t y  in operat i on
of , I n i c k s o n  Lc ike a n d  t h e r e by  enhance i t s  use f o r  recreat ional
purposes .  ( 3 2 )

Sub reg ion 5, Central  Snake

This subreg ion consists of the drainage of the
Snake River below King lu ll , Id aho , and above Oxbow Dan on
the Oregon-Idaho border. Important tributaries in this
sub reg ion are the Bruneau , Boise , Owyhee , Payette , and Weiser
ri c’c’rs .

I .1’ In 2 - - t ‘ r u t  i - c i t i r u  F P r o 1  - , t ‘ , ~u ,u-  r i g  on

t e u ’ r ~ t g e  ‘ i , x i tt’i,ru

i t ’  h ; r , , ~~ ~n n u a I I l i n t  
, t  

- - - 0 ’ -’ - - 
F k ’ ~~~t 

— 
r - ’ - r ~~- ij l F F O I 2

1 u F F u F  U )  h i  - F i - , , r ~~, s ,  ‘- I t t  - F t I ~~~ F 
-

I iu,- . - - ,~ Ho , ’— , ’  t - u - t ~~~ ,5 - t h i  i i
i i ~ I I F ‘‘ j~ I i  t u g ’ - l i i  - - -  Fl i ’ m  ui1 t 0’ lii i

i , , , r h - IF I,il i t’ i s, l - m , . , u t ,  I t  i tS ‘1 I’S
L . I, u - t u g  S i -  , - , O e  ‘ - ‘ L os, - 120 I II  Si,
hl pp ’ - r S F ri ~ - - r - I , l’ ,~~- t ’ e  P,indage - t 15’ 2 i c-u
i ’ ’ ~~ - r 5, r i c e r  S - - l’ ,,~~e ’ I t e  ‘~~- n J c ,s, i i  - i i  2cm

h u h  l e t  )bh ,gh ) ‘ - ‘ - i c - -  Fl, P,n , ’, , ’ ’ 055 i ,ti

~ ,uu . , is I i ’ - , - 1  Fl .  u’ ’—’’5 os’ h u m S ,  51 I - c - u -
e r r ’  F u . I .’r Ft - ‘ I S  _ S i t u  

— — - 

1_ i

‘t i-U s i _ S $ , I . c 1’  -~~u I /

I - c _ O F  Lii  I —  I t - - , I rc u , - i • I i i  ,i I l ’ - r n , , l  s e ’  i l~~~t m .  i t , - ’ , , , , - I  i f l s ’ l u i , J — - ,i i n  1 1 , 1’ , ,
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l u c k y  Pe n u k i)am r ind R e s e r v o i r  luck ;’ Pen uh I s imm I S  nul l  e x i s t  —

u iu g t ’c i r t i t f i  11 dam 250 fec - - I  in  bue ’ I g u t  , l oca te - cl ott t i t e r  Boise- R i c e r
c u l u t t u i t  10 m i l e s  e a s t  of B o i s e - , Icl ruimo , n i l  r i c e - i ’  m i l e ’  f t - I  , 5 , ‘I’he
p r o j e c t  pro c -id e ’ s 28 ) 1  , t l ) I h i  cicr e- — fce’t  of c - s a b l e  s t e m i ’ n m g c - ’  ( ‘or con t ro l
of des t  ruc t  ive -  f lo o d s  a l o n g  the -  i u o u i n  s t e -n  t t f  t I m e  B oise-  R i v e r  for
some (‘0 m l  I t ’s  d ow - u i -n t r e - r u m .  ‘l ime’ c c i ,, ’ mcii, jo m u of the- t b t r ee  Boise  R i v e r
re-—c rvo i  ms ( I,uuck ;’ Peak , ,t n’ mu ’s i’tt e-k , ru uid -\uu c - ie’ rson Rcmtmc h ) i s  coord ina ted
to provide- up to 7~~~i , 5 ) ) ) )  rue -me - - ( c - c t  of f l o o d  cont i- c - i l  space d u r ing
the spring runoff senuson cut -m d c u tuu j tl e - I r r i g n i t  ion u sn i ter d u r i n g  the v c c l l e - ;
grow i ng season , \s i tim tbm i- cue -ky l eak Rese - m v o i r  l i e - i n g  n h a iu i t c i ined as
long as poss lb  le - nut  ci Id-cc - - I to pc nuu I t m I c l \ i m u m  us nmge ’ c - t i  i t s  t’e - c r e - a —

t i c i t u c i l  f a c i i e s .  ‘b ’ Iu e r e i n ’  no post-i ’ g e ’ i u c - - m c i t i t t g fac ’m l i t i e - s  n i t
l ucky I’ecmk cut tb -ic ’ jmrd’Sent t i me , bit s c- -c - er t • eSc - uI’i’ e ’t mt p l a n t s  cal  1 f o r
providing suic lt fruc i l l  tic - -s if ’ and whit-n mc j i m Sp r i n g s  I’u roj e ’c t  , suhse—
c-~u e n t l y  d i s c u s s e d , i s  c u ut lm am m :e’d f’om e’OflStr~ic-’t ion . limit i n t l
inst al lr ition would couts ist cit two 2 )) , 1 5 ) 1 - h i  b omc-’ c u t t  c o t i v e n t i o n m a l
un i  t s w i t im Sp r uCe ’ p rovi  tic _ el ( c t r I n s t  n u l l  I I  iou  of ’ a tIm i t’ c-i un I t ru t  a
I c u t e r  d a t e .  ‘l ’h e ’ t h i r d  on i t  w o nt  I d  lie- ci I’e’v e’ i - s i b  lc - pump t u r b i n e  mm it
r a t c - - d  at h , u , 0 ) f t )  h i l aus nutts , - \ c - i -  rc u ge ’ g e n c ’ m n m t  l out w i t h  t h e  u l t  i n c i te
1 nu sta l lnt ti atm is c-st m ated nit 32 ,(iP() h i  I t ) w c u t  t s c i u m nu ni l l v . A
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t’e r e g U l n m l  in g  c - m i n i  ts i I I  h~- m i - c u e - i d e - e l  dow’ tt sl  i’ c - n h u s I  I F ,  ‘—c- n’c’ t ’  n un — t b - me-  l o w e r
r e s t ’  u -cot  r clOt ’ I t tg i l i u m 1  e d  ‘- st  tI i ’ n u p t ’ ape - i- n i t  I on - - cuum d to mci I nt c m i  n sui t ni l u l o

1h11. 5~ cltti s ’iiS t renuni (25 , 39 I

l usin -n i m r i r 3 s ‘ r u m  i - c t  ‘I ’he d r u n t s m t e  is I c - i c - c i t e d  n it ric e r mile
103 on th ’it- R c u u e RI V e ’ r . l’hc- p m ’ ctj ect wou ld c-outs i s t  of ’ a rock fill

d a m n s - -1 ( )  I t  c- ’ I  it 13 ( 1 e’ i ’ en il I um g a me-se ’ mcc ii m wit I c’b t , nut ui iaxi nuum pool c - - I  e v a —
l~~m O  5 , 550 ( ‘i t t , Isohil d pm oc - -’ u c - Ic - - 000 , 1) 1) 0  s i c  m e -  l u s t  of s t u c u - s i g ; - , of

slei cb t l ) t u , 00() n i c ’ h ’ c- ’ — 3 m - m  I wc - um i lc l me ’ u sab l e- (~c - i  f l o o d  c o n t r o l  and pow’ enr
3c tm d’ mat i on-i . l i t  i ‘ i n il us i~~ 1 I n  t j c - u f l  s e l l !  Ic1 cot-is 1s t of tw o  17 , 25 0-
k u  I , r s , i t  t n i t - id one 3-1 , 5 0 0 — h i  l o m c s h t t  ( u n i t  plu s s~ms u e - e ’ (‘ mu’ an a d d i t i o n a l
f u t u r e  tin i t of S I , 501 1 1 Ic -writ I ’ ;  , g i v i  um g nu n u l  t i s : s s i t  u , i n s -  t n i Hoc-I
e - aj m i e -  i to c-if 105 , 500 h i  I h i s  cIt I s , \v c-ri fe’ :mn i i luni I g o n e -  m c i t  i e m i l  ms’I  t im t h e
ult n s ’ - ite i n stn ill n u tion is es t u ts ic u t e’ d it S u , n m u o  k i l u c s n i t t s .  (23, 29 , I

h s i r ; I e ’ i m  ‘3,ul I c - ’ ; ‘ n e c - c -- c l  ‘l ’bie c - Ic i rs is I te is lo c cu t r’ c-l on time South
I - c - r h  I’ nu ; i - tte - hic - ’t’r s i l e m m l t  1 m i l e s  h e - l o w  t h e -  ; n u r m u t l s  e r t ’ t h e -  ~lidd le - Fork .
The’ dam ic o cu ld  he cm c- ’ c ’ i c c m ’ m - ~ e— ni r e - l t  ( ‘ - ‘ u ” - - n i ! , e m I t  -1 : , , I u ’ c - - t  in h e i 2 i m  n u b o v e
s~~ r’c -  , i m l m c - d  n i n e 1  would !u nuv c - ’ a cr e s t  leng th e el n l m I m I ’ u ) X i l n s n i t O I ; ’  I ,-I ilO fe-ct.
l’hc-’ r e - -c - ’  m v i ’  I r at norma l 1 s n h t e ’  m surface i - I  c e n i t  I e m u m  3,333 fe-ct would
have’ nu I o-t e l  c c i p c u c  l i v  u i  2 , 1) 10 . 001) s i c -’ me - fe e t  of  wi t  i e-h I , l I () , 000
a c me ’ — t e ’ e-t w c - a u l d  I m e’ usable ( d r  powe r ,3 c - ’u uc - ’r r u t ion , (‘lood coim trol , anm d
1 rn :ni I i out . ‘lime 11cc -s C’ u—p l, u uul s e t t u  id bmci vc’ smut I nit m l  j u t s  t nil m e t  1 c - i l l  of’
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1 31 ,25)) hi Ic - writ I , u m n e l  i i i  i i l u  l u c i t e ’  in ‘ n ell cut j ei n ol ’ l ’~5 ,000 h i  1 u s d I - .

\ t’e’ rc-’g uul s , I i t c - l  , I, u us c - t m - c - I d  ‘c’ l t ’c c m te el oil 1 S t ’ h o c - IIc - I u k  if ’ l’ s i ; ’
R I  C d l ’  n i b t i i i t  S bil l I c S  c ! i i t c - i 5 t  m c - n m ,  i i — - r u S s  I ,~~ i c - len  \ n u  I Ic ’ ; ’ D c l,,, 5 l l I c !  n i l e ’  m c - m
one’— I u , u I  i i u i i  i t ’ 1 I M  - t i ’ e - n i i s m ’ m - n , } c - c -’ c u , u j f l t i c - ’ i u c e -  01’ the Sc-malt Sui t ci \ i e m t b u
I ‘ u k ’ - o l ’ I’ r u c’ c ’t m R i c e - u ’ , I l i t ’  re- n e c - u i  c u t  i c - t m  F i n es  s u m ulcl It e- ni c c - Ole -mu’ ? ‘ -  -

gu  i v  u t o - S I m i l e - I  m u  u ’ e - e ’ , ’ - c -  1 5 1  l ’c-’e ’ ) i m u I c c - i 3 I c 1 ahc ve S I  rc - - c i s s c l m -d w I t h  nu
c i ’e-S I Ic ’it g t l i  cii  u~~: — m t m x u m i n i t t - l ;’ 135 I i  m t  . l i e s ’  u o u ’ u,-p u l ri to r Iecims e- rp lau it
s c - l i  I u c m v c  il l h u H u - i l  I 1st c u l l  r u t  l I e  of 27 , m c l m i ~ k m I e m s nit t n  Is t h u

p r oe’ I S  i o t t s  ( e n  (i ~ 1 u c r ’  - mis t c u l l , u t  I c - c -  c- i an add i t I i  F M ~ i l  ¶ 1  - 00 1) I l  c - c - n u t tS -

I ’b ue e s u r t m - i u  \ n u l  lc ’~ l’ r , u u e c - s t , s i c u e ’h i u i e - l s u I e - s  Sui t ltlus s b 5 cr rv cIi m ,’ e’ m , i on ,
i p 1le -r 1 c c - e l  lowe r Se - ru cc - ’ m , l, n m u ’ Id-ut 1~ n u  I I c - v  I~ s uu ~e c u i t e l  r s - m e ’ f i l l n i t  i o n , l in us

be- c--ti i- c- -c ei us u un t - - uu c - Ied (‘c m  c- ’ u ’ h c - S t  ‘ i c - c t  i l i u m  iv  I he- Ru remnuu u i  I- ’ ’ ’ ,’ I n e m s I t  l out . I 1 -2  I

r aim el c - s c m  S c r i v c - ’ r ( n i ck I’ ro _ c - c t ~ l i i i  s dcccl olmm e-t t
nvolves c- lI ye- to  c - c - c - h  o f  fi cc-c- ni I n m ’ Iu m t I l e’ SF ’ i’~ IF  I c - r h  P u v e - t  te -  R I  ce - u’

tl i u ’ o m i 3 l i  t i m -  i n u ’n C’ i’C’ c- l ull - mg e l i  c - i c - I ’, ’ 1 1 ’  t l u c - Soul Ii I - o rb  d u - a i  t u age  rot c- I
m ’detm \ at 1ev c’ c-- s s c  i ’~ ’ c e l  u ’ - ‘ I I u  c- d i  I I  e i’ m ‘ i c c - c - ’  in e 1 e c i t I c-tm , ni l c c c l 1 , 201,1

c - - c t  I - ~ - c c - s c - - l i  i s  ‘ F I t  Ii I c -  il It Sill it l ms Fur u-v eli cc ’ m 5 c  on m d  Ga r I -
V n m I  I c - v  me~~e- i-e’ c ’ I r . m c o u i l e l  lie’ it I I i  zed f o r  I ’ c i w e ’ r  p r o d e i~’ t  i o n  ( m y  l l s r ~

F F 1 c . t m  n u t ie l I c - s o n S e - r i ve r Cut-c - - k p l ots nulon g t h e  div ersion t-oc -ite ’ .
S m i l l e s  b ’e ri v dive- ms uon is’ ’ s c l d  e- o u c n i i s t  of ci c o n c r o t e - ’gm n l v i l \  d i c m s m n l out
dc -urn , h I c - c - I  I F  I m c d l  i u u lie’ i usl . ul ;o\’ e st I’e -cM tcI s c - I  w i  t l u ci c-s m s - - c- t I e n g l  I -  of
ci lm ou t 2 t i m  “ -  • r nil I itg ci mu ‘Se- mC i) I r In - ~‘: i s u e ’  t orninu I c - i t  cm suu n (‘nie c-

es I c c ’ ) I on n i l  2 , 528 I - - ’  - -\ e - t t i l c ,5 r ‘I  e’ l i l t  n i l ,  c- St r ue -t or e -  atm d e -O f lc r ’ c- t  e- -
I lim e-el i ’m ’ ~sure -  u u i t i c - !  Ic- c - m I d  ,‘ c - i l c ’, ’ c -’ \ ’ s ut er t c c Scrivem’ Cu-c -el , a
t r i  Ic-it cm i-v u m I’ t lu e  - I I  t ic - I l e I c i  u I -  eel ’ this- L I ’ , r i t  e’ li ce - m. i’unnc I I ’  ‘ s n ,~t b
sou l ci lie’ Stout I ~1 ’ m i l e - s s c - r i ( l i e  c , u l m , l c i  t o  s oc i l d  l i e- s i l F c r u l l  I , 3$5 cub i c
I t  s ’ l  j ie I - SeC Otl d l . ‘FIte ‘ w m u u c - - l  s c - m u l c h  m c m i i i  u l c u t  c- nut t lue ’ I l plie’ r S e - ri ce - u’

- S r  ‘ ‘ c m  1 2 - l u n d  I i c u p e  s l i c - c l u  w n i i i ’ m  m c o u l c i  ‘c ’ d i s c h m s i m h c - - c-1 l u i to  S e - r i v e r
I nc-- t b  r’ ’ se- u’c’ oi r. ‘l’he- p o l s c ’ I ’ i l r m i t t i s i t u i l e l  h i ve  t h r e e’ ye ’ uut ,- rc i t i r m 3 c i u ) c  ~~~
hn m v i u i p  1 t ’ - ~ n uI Iuts t c m l l ’ - c - I e- n u p c mc itv of ci lic eut 3’ ,SOO hi Ic - m i s c-u s , m m d
sc-u 1 S opm 1 iS F t  c i  g nc-s s I iu’cud 0 ( ‘ -1 C t o I 75 ic-c- - dep end i t t g  up on t i t  -

w r i t  e r  s u u r f n u ~’e e- I c - - e c u  t i otms ,u t Siui i ths I c - ’ mm ; mt-se-me ci i m am i d Sc u- i c_ er
I m s -c -b r t - s e ’  rvo I m . m u -  5c-’ u - u  ccc i- C n - e’k l ) r m j u i  WOL 1 I d  h i e ’ an c c i i i  S ‘ i 11 type
St  m e t  l i i i  n i h ( t h u l  171 (c - -e’ t in bt e - u 3 lct n mllh uc ’ c S I  re -ni m h c - ’cl i c - i  t b t  ci c - n i ’c-o” l
Ic-n :’ ‘ 5 01’ rml it t u u ~ 5 8( 1 1 t e n  - l h t ’  i’~’ st- rvc ,iu i ’ c - n c - c - t e c h  m c t t i i l e l  p i c - u c -  i d e ’

c u b i c - ’ ’ l , t h S O s i c - n r c - ’  - (‘c- -c l c - t i  c u s c u h i c s  s t o t ’ n i c- ’ f c - i i ’  rc - ’ ms ’ p u u l n i t  l u g  f l o w s  t o
l ie ’  I c-us e- n -c  m u  c c - -  r Creek 1mos c- ’ rp 1 cmtmt . )f:ul C u ’ iu’c - i iuu Sc m l  c’er ) re ’e-k

m e’- -e-rv in r w t t u u l c l  h u e  e l i~ ’e ’ u t ’ - l  l v  tlWhu e ’ l to thme I c - i c - cm ~‘ie’ m I e ’ e- I’ Cr e e k
c F c - i s i ’ r p l a i i t  , a d i s l n i u c e ’ -: u t f  , I s i O c - u t  1 . 1  tu t i I c - s .  ( ‘ s u p n m c i  i c -  of t h e -  t u m t m u t e ’ l
ec -- u m u l d  I F s -  s m i - u t m u l  2 , 50( 1 i uki c I’eet  l i d - I - se -conud .  ‘ l ’ h u c - -  t i m i u i t e ’ l u c o i t l e l

m i  1 1 c m  t e n u t  t i c - u ’  m Sc - m i c’c m (‘ m s - c - - b l it dc - c i - I t 01 1 from ich I elm l i n t !  em c-~ i u u  I S
lie ’ t l i s c i t - i r g e d  i t i t o  u ; n u t - t l c - ’ n  \ n u l  1 c c  h ’ t’ s-et-i ’ v t m i i’ . ‘lI ne - t im i’ c - ’ c — t uu t i t c - s c-u

S e -r i  v et ’  C ia - s b po s t ’  i - l i I runt s I t U  I I  l u n u c t ’ n i t  I u t s t n i  l I e - c- I e’ n i l l r m c  i t  c-f 9) 1 , 010 1
H I t s - I l l s ;  w i t h  p u ’ c - l c ’ i S i o u i s  t , m i ’  l ’u t t u r c  i n ’ — I c u l l c i t i o n  c u t  r u n  n ud ldl utu on c ul
30 , 000 h i  l ow- I l  I - ~~. l ’ h t i _ - g i l - S  bu t - r id  n u t  t I l e  p l c - i t t  wt u i l d  l i e ’ c i l u o u t  7 - 2 1 )
t i -  I c - ie-~r t i u clium g i u p u I u  s n u t t — r s h u t  i c - c ’  i ’ i t ’ c ’ n m t  i c - m i s  at  S e - r u  c u t -  C r - t - c h  ci t - i d
(l , u r ti e’u t V c uI li- v i c - - c’ m e - c - i u- - ( 1 - I )
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s i t  i c - - v  S i c -  l u - c t  The - dants i t  5’ is l ’ ’ e - n ul ed ort the Srh n u b e - Rice-i- at
, l l ’ c c - l t  r i  ce- n m u l e  1 - 15 . , ’ , al ic -tut 3 m l I c - n c -  ups t  me - r im  f rom IVal ts -rs I i’rrv
Bu’ i el ge . Ti m e re-se I ’c ’ c ’ i r cit ssc , i , \  imum n c - n u n  1 ic - sit ‘.-r— sum f’c ie ’c- ci c - -c - nit I oum
2 , 35 - I ( ‘c- ’ e ’ t  s t ; h i l d i  I t n u v e -  c i  t m t c i l e ’ ci u ’ n us ’I t y  of S u S h I  332 , 00) 1 c u c r e -  i s -c t ,
c - i f  c c - h i  elm 2 7 , 1 1 ( 1 ) 1  s i c -- i - c - ’— f’e’s’t mc ci ii I S I - c- u s  c d i  It’ for li o m e - r pt-oduct ion and
I rn g u t lou . ‘l’he p 1 an proposed for c-c -inst rue -tic -ut liv tb -ic hl ure nuuu of
lu _- c l a m n u t  ion c o n s i s t s -  of ’ nun c ’c i rt bm(i 11 ela tiu c-l out  190 fe - ct  in he ig h t

c mi oc’e SI i’ s- i s s s l ‘ c - I  , ci p ois e- u-p 1 runt cc-nt ruin I ng l’our  g e n e r a t i n g  u n i t s  wi  th
ni t u e t  nil i iis tn ull c ’ d e n l p n u e ’ i t ; ’ of 85 ,001) h i  l o u c - n i t t s , c - ic - I  t he ’  n e c e s sc m - i - v
punup i n g ,  d i s t r i b u t i o n  c-’c i u i c i l s  and dm eu i n c u ge - fn i c ili t le- s to i r r i gate -
i bi s- Pry I cube- a r c - s cm and ti m e ’ lands on the ‘ , u u m i l h  S i c - I C  c - i f  Snake- R i v e r
eIow’i ms t nc -- c e nt fm o iui  G u f I ’c - ’ n  I cu ~c . \n a l t  c- n u i c u t  i cc t - ‘ t ii i s pro _i ene ’t is the
~ 5 ni l )  I - a l  l s — G u f f e ’ v  pro J c -ct  d i s c u s s e d  be I c-c-’ . ( 1 1 , 2 2 )

Swan I 5 ru I l s  ( u f i i_ v I’ r o l e c t  I d alm o I c-m is c r  C omp neu i v  lmc i s p ropos ed
t o  rc-’ c-I e -c ’c l op  t h u c  e x i s t  i mug Sw’ anm F a l l s  p r o j e c t  iocat c- d on the  Snm akc
R i  ye’ r i n  1 c - i n d u u m at m i ve- r mile’ -255 .9, rind t c - ) Co iu S I ruc-s t cm meregul at lug
slant c u t  the- Guf fe ’v  S i t e ’ , I ’h c - ’  Sc-s ciii l c u l  ls i’c’c-Ie’ve- l u j r ~n i c - ’ n t  w o u l d  cons i s t
of 1 u -mew - m i m e - b  f i l l  clam r ind powe-rp laum t nit t h ue- s i ten of t I m e’ exist i ng
c- I c C’s’ 1 OptSi e - i l  t . I l i t ’  new’ clam w o u l d  be it I g lue- r r m t m d t he  l F om e~ne 1 ant W O U l d
le e’ l n i u ’ g c - -r  m m  e- n i p c m c i  I n ’ t I c - i n  t h e -  c x l  st l u g  pro  l e - s ’t - The r e s e r v o i r
w o u l d  ext c - - n c - I  21 1 m i l e-s tips-stream t o  tb - ic- I c - ms~u l o f ’ Gi’c iu ide ’ i e 5  . Time p l a u m t
w o u l d  bc - op er c it  c’s1 usc - ci r u n — c - i — r i  ye t’ p l n mn t  cut i l i z  l u g  the ’ d i scharge- s

F from t h e -  c’ ,t, I S t  ing C. 1 , ‘ t riks- p lan t ups t ream . ‘l I t , ’ Gu i f e -y  d e v e l o p —
‘n c - n t  w o u l d  cons is I of an e a r t h  Fl 11 mc - ’ megi u l nut ing dam , re- sc r v o i  r

c - i t - ic -I ~
t ec-st’ i-j ) I runt . ‘l’hcs i ’e— ~s- n e c -  i u ’  WOU leI c - ’ x l  t ’ u u e l  12 ml  I c - - s  t ups t r e am to

t ime  Sw an bc -I  Is  c - Iev c - ’  lopmen t , ~l n i x  i mum st  n -it ic he -c - cl  Sc- c e l l d  be (‘5 feet
s i t  “ t s n u i u l 5 r u l  is at md 111 f e e t  s i t  ) S u l ’ l c - ’n ’ , ‘ l ime  m i t  i r u l i n s t c u l l c u t i o n  rut
Ss cu iu I - nil Is  w o u l d  be foui - 22 , 500 h i  I c - w a t t  u n i t s  I sit b u p r o v i s i o n  for
th  i - c - - c  more , g i v i n g  a t u t l  n i l  m i t  1 cm 1 e - r u 1 ic ue - i t >  of (10 , 000 h i  l o w c m t t s  ni imd
r u n t i l t  i u’ mc u t  c- c c - p c - c it ; c m l ’ 157 , 000 h i  l u m i c - a t  I i  . ‘l’h - Guf ic--;’ R e r e g u l a t o r
w o u l d  i m n u v e  t i - c c) mi n i t n - - - , rated cu t 1 - 2  , 500 n e c ’ c - , l n m l s n i l  i - - s  each . h low - ever ,
c -p c - ’ rat  i on of t lu t ’  i _ c- ’ n’c - ’u~m u  1 n u t  c u t  w o u l d  I m u  t s l ep et ts l n i h i  1 e ec - m p nmc  it n- to
n u l , o F n t  2 1 , 000 h i  l ,cn ’.si l I - . \c’ e’ m nm e( i ’ au ’m r tu cu l  gc -c -t e’r c it  ion rut  Swan F a l l s
and u; I u t ’ I’e ’n - - i l e - r e - g i u l s u t  c u r  w o u l d  b c - 38 , 000 c - in - i d 21 ,000 h i  l o w r m t t s
rc- ’~ ’- et i v e - l y  - 1 2-I l

lu n c r,u m )  b - e r— c ’ I’h - e ln ums I I  c- I S I c - c , u l m ’ cl on them 1) 5 -vI le- c Ri c u r
about  “i’ m i l e s  t ip s  t ream front  c I 5n - ’ !h e - i ’  I c l i m e  - I )u tmcan m c m v u~s-se - i-c c- u r
op e r - cmt o d  i n  con j U l t c t i u ’ l u  u 5 i t b m  I c - n - - l i c e -  r cm s e - i ’ v e ’ i  r , s h o u l d  provide
s ul 1 u- 1 m I ement  m l  w a t  u -  r fo r  ti - me ’ c x i  st  I ng ( t ~ y h s e ’  P i c ’ ) ect  , pr o v i  Sc- f l o o d
cc-n t ru 1 on I l i e  ( ( s n - l u  c - c - -  R I  ce ’  I’ , e - tu i t c u n i ce  spor ts  t i s b e’ u - n - - , artd Fec -’ u’ s- r u t  i onmr i 1
c c i ! ut’s of I lie- m r ’ - , m , cu te 1 ~~F0V I d e -  i l  — S i  te’ l i l t - i - cd- i- ge- u m c - - r r u t  i c -n . Time dam
w i ttui d h i t ’ cm rt ) l l c d — i ,’ n t r t h u l i  1! 1 ( ‘ 2 ~ c - ’ St u u u c - ’ t u n i ’  2 1 - S  t e ’ c t  i n  he i ght  above
st i- i ’ c i i t u h i e - d  and 1 crc-st 1 en gt  Ii o I :ihout  52 ) )  fe I . The re-se’ nyc-i r
w o u l d  hav c  nu ( c - I  i i  c n m h m s m c - ’i  I n  of 1 n u l l !  i on  ac re— ( ‘c- - e l  , of ’ m c h u c l m
( 3 2 , 0 ) 1 ) 1 a c r e — f e e t s c u t i l d  bi t -  j o c -  n u t — u s e  s’ c m p n u c i  t n - ( c - I ’  I i - n ’ i g n m t  ion , power
p r u m u l c i o t  I c u m  , au mei f l ood  t ou t u-al . ‘cui md cl i t j t i u u n i l  108 ,000 l i e - I ’ d’ — I ’ s ’ s ’!
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is’ c - itul d hu e’ used e x c l u s i v e l y  (‘ci - P~~~ i- production . Ins talled capacit y
ru t  I ) t i tm e - nu t t  I n s~r m -v powe r p l n - i r ’u t  w o u l d  be 14 ,000 k i l o w a t t s . Average
annual ene-re,~v production is c-’y t  m a ted at 8,500 kilowatts. (32)

Subreg ion 6, l oser Stmahc

T h i s  subreg ion c o n s i s t s  of tim e draimmage of the- Snake R i v e r
b e l o w  O x I ic - cic  l ) a m and i n e - h i d e s  t h e -  d r n u i n  ing  of the  Imnaha , S a l m o u m ,
c-nc-i Ciec-ar cin cu t c’r rivers . ,-\ i so  in c l u d e - d in t h i s  subreg ion is  an un-
cI c - ’c ’ c n l o p c’s! rcaclm of tim e Snnuk e Ricer comimmonlv known as the  “Midd 1c/-~
Sic-ik e’ , “ for  wl ’u i - s l n  a n u m h e -r  of ‘ulter ncmt ive development plans hac~

’
I m e c’n p n - u i ~u s s s e d .  T ite p o t e n t i a l  hydrocle- e-t ri c p ro j  c e - t v  l o c a t e d  ,Vtt
t h u s  sui l t r e-gion nin e - sumntani :en d in t ni l ’ Ic- 28 .
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M i d d l e  Sn n u b e -  R i c e - i- F c’  re - c ci c u f  t he  M i d d l e  Snakc R i c e r
i_m u it l ower Gr ,t im j t i c - u-eve oi r and lI d is Cany on D amnu r emains

u Im ud e-v’ ’lop e-d altlsoug lm t h e y  rune- severa l alte’ rnnm t ice plans curr c-tmt lv
be ing smucsm lc -:cd F’, proj~~~t nut \ - , u u l  in  s i t e - , Snr uke  R i v e r  m i l e ’  l-4 ti ,5

n-n s c - c t  I i  ic r u :e- d I ’ u m r  co im s c-/ i -uuct  i on liv t h u  Corp s of l i n g i ne cr s  . The

~tidd le Sunuh e- Ricer lie/scent Anc - o l  in  r e - se r v o  I r arm d l I e - I  Is Crutu n --on l l reuu c
coul l~c- developed ~~ ‘ n i t  i c-c u- -- t four n u l t e n u t a t s -  p l a n s .  ‘Ihese nin e ’
I sd - t c-c - I bc low run f’uu rtbm u _ - r sic ’ s c r1  h i s - e l  i n  sn )  -

~ c - ’ u l u ie it t jtcirc igu -rup hs
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u t  - I” ,“i c lc - ’ rh i t  d — t ’ t F u  , l r , ’  , t ’  - c ,,~ - i  ‘ - ~h I I I ,  Sri ,- bc - i c t

S t
- -  ‘ ‘ I - , ’ ’ , ’ i t i t t u , , i

- ‘ ‘ - 
- 

m k’ i , l  - ,,~~‘ --  i,~ri!’ ~~~ , s i ‘
i i F ’ - t  ~i t  i ‘

_
‘ i -  - -  ‘‘ IF 

- ‘‘ - n p 
~c ,. -.- 1— ‘_~~s -c ’ , ‘ e,(,ms 3 , 4 c - c m

- t, i u i _ i  , 
r’ , i .  m 

— 
- ‘c - I i c , 5, ‘ d i  F — ,

~ , ‘ t ,  u ‘ ‘ ‘

- , 5:, i t i c  u IF i -

‘F., ~~~~~~~~~~~~~~ ‘Ous -n  h ‘ ‘ c
- ‘ i l ‘ - c

F t  c . .u u _ -~ ‘- ,‘ 3i~,S C si l .- 
- c-ti

ti, ‘ ‘ t u i t , , i  
p 

M)~t ’t ’; ’ ‘ ‘ ‘ t m , t  , .  l ” 5

- ‘lu b c- F - i ’ - , u c , te t  
- i s — t i ’  ‘ , - F , 2 - m d i ’  1.5’

‘tub  — S u I 5 - 
‘ F t , i ,  c e m  , 

-

s u  ‘ - - g- u m c -  I - .  , ‘ ‘ t ,  I F ,, t d  ~‘ t F  ‘ i t ,  i F  - a’ - - i t t u ,J - - ‘  - - f i t

It sh ould Ice noted that thc- riot c-nt cci i out put  5) f the’ \ c - -  :
lt c n c - cs’ p ro i ‘ ‘ ‘,‘I i s cons i c - 1 c -’ mn il ’ In - - 1 nurge - r thau m t h e  other a! ternat ices
‘ft i s  i s  b ee’ c u uis c - s ’ Nc’: Pc nc - c Ut ii i  :e- s the’ flow- of (lie- Snilmon as s c - l i
cis c- the Snahe . In  c - m u l e  n to compnire- tlu e- t o t a l  eleve n lo p c s ls-i u t pot  c - c I t  I cils
of ls - - e’ni r i ou u— c - pl  nuns  . l eoec- r L n u ii n ’ t u u - i c-tm t In ’ ’ ‘5 , i  I mon sl ioul  d a l s o  bc
I nc lueleci eec- su pne rt of a l l l o u t  the Ne: hu e ,t c s , p l c-us .

\sotin l’ i’ im ee.’t ‘l’hc dams ite is cut rive r mile’ 1-16.8 , t i m

i u u ’ - - t m e - n i c s c l i m i t  01 l u u c ~ e i 1 ; r n u u u i t m -  re s d -n y ’u u r ’ . I l - i c - - re servoir rut non c:c nu l
pool e’ l evc u t i c - ui v l ,’ ,5 (‘c- - c - I w u c u l d e-xteum d upstream 2 1 -  mi ‘ is ) the
Gb i tma n ur Se -t in - s d c - cn n-c- i t c’ - \ t  t ! i  S ~c-Dl e I c - c c - t i  out , - ‘c - c - m I  it ) c u unu w i 11
p c - i c i cle P 1 ,5  l e t  of e l I t e - I  i ce’ lie-ad f’ou pc-m is c- u’ p t-c-clue-I ion . ‘l’h ssn
j n t i t u c i l  i u c — c - t r m l l z u t i u u m  s c - m o l d  he ’ t i - i re-c’ 135 , 1 1 ( 1 1 1  k j l , c n - , , e l t  u t i i t s  g i v i n g
ci total p l attt c n c p n i b i I i t n - ’ nu t  15 pc i-ce-itt o e e’ nl oc mc - ! m l

’ 11,0 ,000 h Ilom ~ utt s.
1 Ib e ’ c u l t  i i n i  I F  - in - i —’ ( n u l l c t  i on  501,1 Ic - h add ci  I e’n iv  t 1 5 c m  sit) i’c ui um i t s  ,c~ i v i  iu g

cm ( c m l  ni l p 1 c u n t  c n mpcmhi I Ii ty c-I’ 7” t m  , 00 ) (  k I I ous ’ n u t  t s  . ‘ce ’ s ’ u- c- g c- - n u t m u u u a l
u - i l  t i e - c’ F ~~~~F F  u n ,  I c -i t  u r m el c’r 2 (1 10 I r r i g n m t  ion  Se-p le t ions i 5 c - m S t inur ited

ut 2h 1 ,1)00 ku l c m c t s i t t s . ‘ l Ic e’ p r o j e c t  m nis - u u u lbu iir i z c ’d (‘c - ti’ u_’ o i i v t r t u e - t  ion
c u u i t l t - r I’ i t t ’ , s i  ons of t h c - -  I’ lt ’ uuul I e c u l t  nc F - ‘c ent c- u t ’ l 9C t ,2 . i t  cci  11 be ci
r u i n — o f —  r i c e r  u l e ’ v e - l - ’ I ’ s ’ l s - u i l  I , u i ’  l I l t  ‘i - odt i c t  i c - t i )  of i tv s l r o c ’ le - s’t r i c  Ii ots e’ m
Is I t h  p t o e ’  i s i t  ‘ u s  f i t  m th i t ’  f u i t  un - c’ c id s li  t i c - n  c-I’ a c - c u e  i g l u t  u c cii lock
( 3 3 , - I . - ; )

\ tu i c u n t : m  i n  She-e1’ — Ch i n a  G a r u I m - s i  l I i s ’  111 g b M c - u u l t  n u n  S im e u l i
c - b u m s  c V u  - i s  b c - s i t  c- cl s i t  r i  v e r  mi  I c - -  1 8(1 .0 on t h c  S iu n m h c ’ R I  ye - n  i I ’ u u i u t
c-n c - - - , m  I F m l  It’ su b ’c-ve’ the’ e-oit (‘I u i _ l i c e ’  w i t h  ti -ic ’ Sc- l u s t - mu R I  e- c- -r  and , i I ’ c u l i t
2 ,  7 m i l e — s hi’ l c c i - c  t h t -  m u c u i t  hi a ( ’ t luc’ I um unnm b unu Ru c cci’ - ‘I b u t -  dee - c- - l o ! ’ I s c - - u u l

h n ’ t i b m t i S e - d  liv ‘ s m , :  i f i  c \ c i r t b i w c ’ s t  ( ‘ c - s t - n  ( : c - i u u 1 m n m i u v  nu t ’md lc n mel u I nc ~l sifl Pult l i e -
u c i s c - ’  r F u i h i l t  Iv Sn - ’ St  s u n -  i t t  ru  , i 01 n t  cu p~t I i  c - n u t  i out t o  t b c ’  I - e ’ c - Ie~ u’ nu 1 ‘c-wi. ’ t-

( :omm i S s I ciii con-s I i - c t  s of ci sc -n cr c - - I t ’  su i ’~- I  c t c- m e ’ c l r umn n i 1 ’ p  i c - t x  j u n - i l  e i i

Ii -



u i S) I c - ct  h c - g l u t u u  l c i ’ u i y l , l e -  s. t ’u u l l  ‘- - ‘ c - s - n m  oI r c i t e - n i l j oum m i t ’ 1 , 510  l e F t

c- x tu -n c - h i mmg 55 ml Ic ’ s cc - I F  t he- Si - i rS- _ i ’ It l i e u - t i m  I Ic - -  l I e s  l ’ c i u m y o t m  I n i l : . I l e e
p t ’ c - ’ i  s ’ eSt w ould p cc-v u t I m ’  2 , 2 5)  c 

- ( t )il u r ue - u - c - I’c - -e I c u t ’ t us s i b  u Ic ’ 51  orc lg en  f o r
Hoc-c-i cot -it t’ i m l  n i r s ~I F~ t e, c- ’ n g e n l u c  i n c - I  l u m l i . it c, t t s t i e n k  i n t t a F t ’ ~ u c t o u l d  l i t ’  ~~m

s i ’- n , sn e’ I e’y, ct I d i i i  I iics euem ’ uu ; l e t c u  ic rn-u i I c s s n u , e 1  u s: c n csi  i - c l  t b u d r n x w nu 1 cif 3 , 1 ( 1 1 1  .00)1
me re- - t

’ u ’ m ’t  m l ’ us c - c - I s -el . h i m  i t u i t u s u l in s  I i i  I t ’ d e - ni~F s uu: c I ,  Itc ue c - lice -n
5 ,  I el u ce- I y c - v  t cub ’ II sbu ’ - c - I i t  I , ,“bO c - u ’ ‘ I c - k u I - m is rut t s in thu i t- e urn i t s rin d

ci t - i m i t  u 5.t t c’ i(c’ule ’ n at i 11 5 e - n m p nu e’ i I n - - uu s e c - i - u i  utt i ts -  c-if 3,0 li i , ))’ ~ m k m 1 c -mn- ,- it I s I
I his’ p l iii e- 1 1 m c - i ’  I i i  I m c ’s I ~u t  ‘c - c - ’ i I onu S c-mt i ml~’ ) c- cc - ui I S Ice nihi ,u u V IS pen n i c - I
hi e(lu s ’r. lI ce g u- ov en h~e - si sl fo r ‘u~c- ’r s i il - i t n )  l u s cm I ‘n c - _ I b e - nit m o n  (1 -10 fee- I
(‘lt~ u t n u - ni id c - ’ nn - c - p t c - I c- ’ i c V ~i I  on , su - u j l d  ‘c c - u S  c- - i - ilumder ’ 21 1 10 i r nig cm-
tI c-it depi ct l ouis , th e’ lum ’O ,i c - -c t c-- c - l u  ge -tue - c i t e ’  r u um n m v c -,- u ’ n i e - c -  c -I  nib - t u ,t
10 8 0) 0 1 k I I c - i c - s  n i l  i s cun tle ic i I l v  . l i e -  I l i t  I c - S  ( ‘or t n s c p t m  m ng s c - i c - u It S I  1 :~c-u c-
.t I l l  ~ is ‘- ( e m u l u s t  c c c -  ( T h e e - t m  c u u u c - l  u c u u i s 1 - i o m t  u n t g  the-usc e -isn - - s ht e -m c - - (‘or lin i )lc ue - s u t I c -u ,

, s ’ t u n l  sI he cut e - o n t o i - i t  c - ’ I  i n s  t i l e -  m I m e-c -’ I d s h m u ” c- i m t  . (19)

l i i  I Ic ’ Chu us i ‘ - , u  r u l u - u i s - s  c- cu -c - iui ’t l u t e - I  uSe’S c i v  s i 1 m n i  u’t c- i ’ he.- 1 a
c l c s m c - ’ I I I ’ - c - .  n d 1 ~~ ’ l  I - ‘ u n n , m I s t t u n l d  Ic - - i c - t I l l  red ‘c u r  l ’u tl I sIeVC I c u ~’i . e c l t  of
I lii c-c n e - s i e - I I  - The sl si nccv i t  e I s l y e -n i e’ ,I ‘ ‘ n m  S lie’ Sn r u k e  R I  ye- i’ ru t  mi len I ‘2 .  5

c - I ‘ I I I  l (c nil i c - - s  h e ’ I c _ icc ‘ I c - ’ uSc -tu t u 1’ tl cc ’ Sri l ucuon l i e - s- - u ’ - l i e ’ c- l n c - cu u s c - u i  ld
c i t ’’, ’ , lop 10 2 . 5  l e e - I  en f l e e - I  u cc - Im e nue l I m el c sc ’e’it Il l ph ( ‘ l , i e c i s t  n u t  um S b m c - - c t s  , i u mc - I
\ Sot  ni l . ‘ Iltc’ c-I si s ” c smiuu lui ‘ c - -  n i  St  r c i i c - ’ l t t  c o n c m e t c — g n n u m .’ i t v  t n - t i e  5 1 1 1 1  cm
non -c-il pc-c l s ’l c -” e - n i t u u m t s  (1 15 fc c - - I  - f t c -- limi t c-ui i n s t i l Ic i t i on ns otul d tie

_ i - c - -c - ’ l i lt . 0 1 1 ) )  h i  I c-cs sn i t s c - i c -  I t s , p1 v i  isp nu t o t  n i l  p 1 run t  c- ’ n i h t , l l m  i i i  - m~
375 ,1 i)Ic k - il o uc -s~t t s .  he’ u u l t m n -  d e n  i n s n n , l l n i t c , m n  l s u c - l l d l  I m ’ ’  l i c e -  t u m u l t s ,
p i v i i t s  c m t ’ ’ t n u I j ’ I n i t - i t  e - n m l m s u l i l  u t y  of  1,25 ,110 )1 hi lc - ce , i I I s ,  \v c - - n n a ’ ’ n c - c s t e c n u l

I m e i - n i t i i ’ni eunder 20 1 1)  cc - inc - I l t l i u t i s  u c m c c u l d  b u t -  190 , 0 )1 0 h i  I c - s it ’s . I 15)

\~ j n i l c - o n c - : u - I c - t s  1m n u n t s u i ~ i SI sc -,-e-~ - ‘Ibi s d e e c- l c f l e c F s ’ u l S i s  s u m s  cm l t e r -
u u n u ’ l e e ‘ 0 ih ig hi ~1obmn t ‘ 1 1 1 1  S l i c e - p  - 1 ’ - ’  - 1 opine-nI - ‘l’I uc- A pp cu  i c - co — c - u e l s e - S I n - u  t e c-

us lo c - ’s it s-S F t c  t h u Su nike R i i’ e n nit uuu m l c ’ I 9 , 6 , n u b m l t n i x  l c s s n u t  e l  n- ,~ i i i  l e e s
iur ~ I m m - s i l l c u t ’ ‘ l i e n  I h l i b u  - c- u n it c ii n Slice ’’ - drums it s , Pie slcuc s s s c - m c i  Iel  b e ’ ci
e’onu , i ’ ’ ’ t c - -  r u u ’c h  e s t  r e m e- t c u r e n , li c ie - I u s ’ Ii mu nux i i c lc - unu l u u .’u g l - it cu t ’ n u h i i i u t  1,00 f’s- s-I -

‘ci n o rnu ci I f u i  I I 1 t c - 5I c- I s ’ ’. i t in 1 ,Slt ) is’s’ I , t i - i c  pr o ,i s c l  Is e ’ u u  I d  p u’cm e - i den
I , 50b ) ,))0)l acme - fe -i c - I’ ul— I ni lil s - ~~i ‘race- ‘ m n  fl t t i ’ s l e - l I )  r c-n - l c uui c l  ‘CiSc - - i’

p t - S e c  u s u l i (it , I I c - c -  i i i  t I n i l  c nsi cml I n I t  15) 11 s c -u i  i d  co i ls  u St  e t i  ci f ’i - u u n  -Un 5

pous e- rllu i lusc - I unue - i umg s i  1 u I il i tu~ I ru b ic’ s1 c rm l i ,u s ’i lv ( i t I ,300 .0(lbl h i  l t ’ w n i t  I cc-
and 1i i su nt e - c i t m : u b , l l i t e ’  . 1  15 j c e ’ i ’ c- ’ s u i t  ece’ u ’ t ’ h i u , i e l  c-f 1 , 5051 . 0 0 C m  h i  l s i c - c u t t  cc- ,

ti lt m c - c - i l  i - Ic , I s um more- c - tut u ‘ c, b-c-c-ti d be i , I , I , - J  , g I v i  ng I t  nu I u t-is t r i l l  c-- c-I
e n n u i~ s u e - I  I i f  1 ) ‘ , ) b  00 1) h i  I c - c - s  ut ~‘c- c-mc I - ,  c ; m n u b ’  I l i t  n- i t t  2 , 250 , 0) 10
b u  Iu i i s n i t I s .  l ) u t e i e n 2 )110 c c - c c - I c i m m i c -  ‘ , t I l e ’  u n e t  l e d  i s c - u u l d  g e u l c - r t e  c m u s

1 5 , ’ , m- ,- c-rsm ~’u ’ , i l ’ F F t I I  - 157 , ) t 0 ) t  h i  I c-c- s i t  I s ,  Suite - u- tltc \p l i nul ot us nu p m - c - i c - c t
I s 1 c - enn u I u - il I c - u  i i  lii’ r ’ u p s  I i t  - c - wi on t l i c - - ‘--t u c - ub i ’  R u  i’ s r t hi rmum ll i c - lu  \ i m t e l u , t  u u u i

S i m c - - e - p  , l i _ - s e n  I rind w i l l  Ic - I  mc - ’ t ’ I u m o c l e ’d .  ‘ I ’ h te ’ p i muc c i l s c - c  I c - - c u v e s  n u u u  c-It s_ mu

st  u - I  ch c - I’ t i m ’ -  u - i  c~e-r f rom tIc-’ b. c’s ‘- I e t m c u i t ; u i u i  S h u t -p u - u - i - i ’  F F u l n u t o l , 1mnus t
mouu t I c’ u t  I I s ’  - I mnah ni ,miutl S cm lmuuo um Iii c c ’ i’ m-c- , mmm l slu j cc - iu t o I is - hc’nid

F F 1  t ime’  pc-c-1 I c c - i t  I itS ‘ c c - m d  lu - i l ) n m n u . l ’ , u c’ i i i  I i c e-n ( c - t i ’ I i-app i t u g  i c - I l l  I t
S c - i  I moum rut I, iiw ‘ t c u m u t e t c u j  ii S l i u ’ i ’ m  n u n S  t r ’ si u i ’ p c - r t  i tug t lie-in c_’l sc ’usiic -’ re t ’em ’

I- i rui i n i 1 nut i on  S t i l l  I I  he’ i i i  ~ I i i ’ S  S m mu I b e  - - dccc - I c-pntuet t I

(
~l~



‘cii m m ’s s c - i - i l  p i m ’ t  c- i t ’ t i m e ’  ,‘u l i p a l oos n u  n i l l c ’ n ’ iucit 5 c c - , 51 ’ - . p 1 F F ;
i i  t h e - atti c i- i de - c - I  i i  i t i t  app i i c-- nit u c ‘n l u  lcd bn - - l’\’lS ’u, nc-m el M I S S , t h u  I c ,)is

~1c - uuuc I n i l  u - i 51 ie ’c- ’p  i c - u - c - - p c i  I u t  1 mi p eln unu is t i l l  1 , 1  mc - ’ nu c ’ u tume - rc I me- g m c i n - i  t y
s t  ~‘ m i . . s u i r e’ , Ic-c c - I c - i l  nut n um In - ’ 192 ,3 ‘tic I I I ’ ’  S t m n m h e  li l t ’s - n , r i l m o t i t  0 . 75
nil Ic-s c l m v t re - n e - s e t ’ utucsc ti me moum t l t t u f  1,1-ic’ l u t u n c u l u r u  R i e - e- m - . \ b ’ c , u u t  3( 1 , 000
nu e - t’s’ ” i c - ’ ct c - I  re- i’m -

-
, c - u l , i t  i on  s torage . -  w o u l d  he I m i ’ t c - ’Ie l t ’ S i n  7 ) 1 -  1 s t

c-I i’clbs c-Ic-sum l u t e s  e ’en c c c i xi 15 51151 11001 ci  c - n - n m  I I on I , 1 (11, ‘c- c - - t n u n S  tit i i i i  mum pool
e l c ’ v c u t i c - i m u  1 , 030 t’c - ’ c - ’l - ‘he h i l t  I i i  i n s t n m l l i _ - S e - n u p a c ’ i t n - ’  w o u l d  he -
ISO , 0u 10 h i  i c- ic -s n i l  I - nund tb - i c - u m l t i m c m l ’ ’  c nm p n u c I I n - ’  3 12 , 1 1 ) 1 0 h I l o w c i t t s  .
13 m s - re - c --ci t utc ’ s’r ’conueI , t he- p lc - m i t c-’ n u j m n i b ’ l  l il i es  is ’ u o u l d  li e In - n e 000 and
3 ( m ) )  ,000 h i J u s t - n i t  I e-- , re-sp u m e - I  i c - e l y .  ‘cve- rcm g u - n u n m u u r m i p e i l e u ’ ~t t  io mu under
L’O l l c c o n d i t  i o n s  w o u l d  ‘c- n i l c o u u t  122 , 0 0) )  h i  I c - u u ,c, c - tt s , (1( i )

c’i e - - c - --s .c - c -~ \c - ilc’ > ’ 
— 
Los ‘i o i u l I l  i n n  She-ejn- ‘lb ~ P Ic-nm , wh I cl-i a l v

l im e  - i u i c - I c -’’-c- r e r e’ gc -m l n ut  i o n  rut  I ow ‘cIc - um itni Iti (‘Pl c - m c i , is i s  the ’ p i s i u c  prop ose- S
i cn - - IS u c i f  u en Sor t  bus s- - n t )‘ c-cssc - - u’ Compnuu n-- i n  t lu ci r or i p i m tr u  1 I i  c e - u t  sn - en
, ui m i t i I c l i  I ott 1m m 1(b ,T, . ,\ c i s  I c u c  I uc -Icd r u p a l  u u , nus c - m me c - c f  I n ’  t b - i re- c’
n i l  te - rnr u t I y es  i n  tb - ic  1( 0th j o i n t  n u i s s l i  cat  j ot -i , then P i e - u - - c - s m , c u l l  c-- n - ’
slams t e n  is l s sc su t c - ’c I oum Smiake’ R i cer - i t nil Ic- 2 1 3 1 1 , n i b - c c - u t  1 5 — l / .  m i l e s
eup st re-nu n t’r onu tI le- F\h ’p c c , ic - cc - s-c - nu c-Ic -us es Ite’ . l i k e - II) p lu ( ‘ I c - u n i t  n c - I  nu S h i e s - p  and
\ m m n u l c - o v n u , t I s c - - e l n u m s n  ~iould b us- ci’ c c - u S e - r e -I s’  n i r e -l m c o m i s t  r o e - t i c - n t  armd w o u l d
he n tbi , m sc - t 55) ,) I ’e- c’l h i gim . ‘ct ti c- nc-ni l full pool clc’c’ cm tion 1 ,51)) I c - - c - I
u i- si l ’ le- S l c - i n u p s ’ I c - I t c - l u n g  622 , 000 c i c .’nc ’ — f c - ’ c- ’ I  s tu d S bce provid e-cl wh Im a
I 1 — 5, ’, m l  c-I r cuw ’dou~- m m . P1 nuns c a l l  f i r  ( l ie -  i n  i t  i n i l  I ns 1 cm 11 at ion  c-f
I
’

’ s i n un u t s - 1 - i n uvi ng a tsit nm I inst a li e ’ S e - n l un u en u tn - ot ’ 1 , (155 , O u s b ( u  h i  l o s n it t e s
)pl u t ut cnu p nuh i l i t ’ , of l ,210 ,Ol m C t k i l , s snu t t s l . t I l t  i c - c - s i t e  i n s t n i l l n u t  i on

i s c m c - i I S  ‘u.- v s - c - c - u i  b i u u i t s , I t c h i n g  I , S ( b l ’ , O ) b O  ki l o ’mc n u tt s (2 ,170 ,000
1 u I c - w a t t  i sn m pr ih  i l l  t n - b  . ‘I’hm c n i c e ’  u ’ c u p c - ’  n i n m i u n i  1 p c - t u e - u- n i t  ion  woo I d  l ie
3 (1 1  , ( l O ( )  h i  i c-c-s i t  t v .

‘bits- i,ow’ ‘loum nt c i i  it Slte ’ e - m  i c: m’ em gu i m i t  c - s  i r u c -- I ueicd in I Sc’ P I c- n c - v , it i t
\ s m lie n - ’ p 1 ru n c-~ c m i i i  d lie’ I ems- ri t i’d sit th e’ n-c- c u u s s c - ’  5 i t  e ci’s t I - i c  ~\pp n u l oosc i
nu -r’ e’i,’ u u i , i t c m r  ansI w o u i d  a l s o  lie ’ of cc-m ’u c u ’ c - ’ I  e’ g m n u e i t e -  e - o n m s t r c u e - t  i c-ru .

I I il-c c-c -c- i- • t i m e -  P1 c clv n c - I t  ‘ c c i  l i e - v i c - - u - c - c - u i  1 n i l  c - b r  c - s c u l l  I d  Ii n u n - c - -  n u Is n i x  i s I C  u s c -  p oo l
c ’ I m - ’ , n i t  ion  i c - I I 12v , he’ u’e- p imia t i on - t orr-ige’ c-i’ ~(e-~,)c0)m cue - n c - ’- I s e t  woi.ulsI
l’s’ oI,I nu jneel w ith ru 15’- l’cm e ’ t drruwdcm i s c s , I n i t i r m ’ ii t vtallc ’d s’ac c ue ’II n-

~ tt u uIcl Icc’ I c - c -  I -“3 , 0 0 u 1  k II c c - c - n it 1 uu mm i I s  p ie - l um p ci I c m l nil p lc - itt c a p n uh i l i t  c-

‘ - S  l ) t b ) , t ) f 11 )  1 - i l ow- silts nut 15 ce ’i ’s’c - - ut t c-c’c- ’m - lc - c c i c - I . I n s ’  u l t l t s l n i t e  e - ci l s c md it \’
is s t u d c - I c - b u i l d  c-nm uIc - ,s ’u u st ms - t ic -  c - Ic -c’ s’ lopmui c-n ts . ‘ c t c -  m u g s -  n m u u t ’ u u m a l  g c - ’ m t e - r c u t  i o n
U l e t l e ’  r’ 2 0 10  ‘ u s c - I  I t I ‘ m i l l is’Oti id  l i e ’ n b c -c - i t  1 ,S~S , u l ) j ) )  h i  l oeccu t t s . ( 1 ’ S )

\ e Z  b e  u’e-e- -Ch I t m cu I i I c - b e l l - - .\ It houig lu u- i c- i lc - i u pc - ’ r musIc’ u’ I c  l i c e -

cons u e h i ’r m I l out , N u’ z I -ne - u’ i~ I l i c -  (‘iiuun t h i nil t e rm l r u t ue’ e t ’, m m ’  d e v e l c - p u i t e ’ i u t
- 1 ’ sh e - c - l i d cli , ’ Sm u ni ki : , P i e - d c uu tu s n -  I t  e i s  c m i i  (‘ci on t l c - e  ‘-i m P,, - II u C e - i- rut
m i t  i-ox i u iu a t  ‘ ‘ I t ’  r i  c- tn- r nim i Ic ’ 1 Sl u  , c - ib m c - um t 2 —  I / ‘1 uuu j i c - - s  I t s ’  I c-i, the ’ nc -ut hi of
lb ’ S c m  Im on  R i c - - - r ’ - Is pi ’m t i m t t ’ m c b  Imy li ci sb i ington I’iml ’ li e Po~ e’ u’ Supp l y
Sn - c tern in t h e  I r n i tsue - uuc - l i ’ cl c9i )i I i nut i on  5 , 5  \ c - m p u i s t  14,), I O n I c , the rest- I-
c - u i  r soul S b u n u v e  n u t ic -tx i mui uum u ic - c t , 1 cI ‘ -  e el ic - i tt c i t I , S i O  f eet  n ut S p nc -vu Sc-
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1 , TO O , ) 1 0 ) )  n i  i-c’ - t m ’ s ’t  cc !  t l s ’ c - h  Ic ’  - 1 m m  us c - en for cc - c i sc - u 1m roc - l iu en t i omu c-c-mel
1’ Ic -c -c-i s c - i l  I t c tm I -i~ I t h u  2 1 3 . 5 t ‘ - - i  cl n ’n m s ‘ I c - s i t  , ‘ I ’ lm u - r ’- sc i-c- cc i r nut fum I I

pc-c-i s-oem l i i  s’ St c’ums l ) - ‘i l i i  l i - s c -  u t  t i c - c -’ Ss i  1 s I c - i l  Ri c e- n’ , c i  m l  I es up I
‘-t i u , i k u - R I  c - _ I - u ’  t o  I ! , ,  e l  I s  C n u u t n - ’ e - t m  t u e  I’, s,utc ’i- , and about 10 mi l i-S
m m l i v  t m ’ u - c i c s m  c-ru I lue- I i t u t mnuh t  ni I i i  c’cs i - ‘ I ’ l c’ c-m um i s ,  c i i  lii li e’ c- cc-nc m-e_-t c - , I ‘ d u e  - I c ’ —
c-’c - u t’c’cm l c - ui’ , clit’e’It (‘‘Pc-’, ni l- i l l rtt x iis s nu t t in - ’  I ) ) )  t e - e ’ t  Ii i g h t is I tb thc - le-r tgth
cm long t i - i c -- C u - eS I H- I rig n i l - t i l t  1 - c : ; i  I t ’i~- c - ’ t , I t i e - i  u t i l i  m u g  t h u - c u s ’- I b l o c k  nut - i d

m u l l o i m t i up sp I 1 Is siy - ‘cs ~~i’ t ‘ I c - c c - - s - e l , I s  pro j c - c-’ I  woul d jim I t i n u l l  n- Itsue’ e-
11) t ut u I S , g iv I iup cult i u s s l  c m l i  u - cl enupnic I t n- ‘ m t  sm l ’n sc - uI 2 m i l l  dcii h i  l rc-’,’ si tt
runS a flum e I mum P I n t u i t  s s i~m n u l t  j u t  ‘ nil 15 h ue - rc - s-,- uu I u c v e  r I  umn uc - l c-f 2, 2( 4 ) )  , d c - t  1 ) 1

Si I c-ims n u l ts - ih tm sls- r ul t jss s,ut s ’ Is -v e -lo p um u e- mut , s i x  more  u n i t s  w o u l d  bc--
adele-el , g i v i n g  su ‘ ‘ -, i  munu p I r u uut e’ ; u p cm l ci i i tv of 3,55(1 ,00)) (h o w  m ’ t s
Ilsing p ie -c c --nt c’ niteri ,i , f e -ic c - - I ’ , i . c - n p c ’ m w t i t s  c - - sou l d  h - i c u S c - c - I  nun S t h e . ’
cult i s c - ct c- p 1 au I e-r ipnm li I l i t  n- s m ’ uu I I  lie- g u u - s e t  c r  • m m i i  the’ order  of
5 nti  l i i  oum h i  l e e c s  n u t  I s . I - n c - - s c - c l  ott 1) )  10 I c - u - i grit i c-tm c - I F - l u 1 s t i ~c - u es  , t n - en
p n ’ t t c - - c t  is’c- u i l t l  peu -icn~ t . n m tct i ut ‘,),‘T ,OOO h i  I s m i c n i t t s  a n n u r ,m l l v . Ils nc -’ ci ~u v i ’
a h i gh e l n u c s ,  b e - s i t  c- - c - I l i e - i c - c s  t I e s -  I ss ,o u t b u of the’ Sc- l itton R i  vu _- i ’  w o u l d  I s I c - s e - k
rum - id pe’ rli si; sic - -St n ‘Y t h e ’  i m - l p m i n t  s i m s  t am i d rum lclous fish r c u t u s  l ii  the’
P u  I nuou , I rsnu i si l ’ ri nui tel ( ‘ (i c - Ic - I l en S tu sh m - R u  v c ’r , t i - u ’ Ne - : ‘ c’ r e -c  ~ ‘ c -s j  c e -  t lm nus
( ‘c - u n  sui’ n un eI s n - rt c -- c-j i n  t’c i c ’ ’ e t ’ of ’ I h i p h (‘loi,iu it al is Slns ’ c’p or r u l t c - u i m n u l  i v e
p s’ - c - c t  I ’ ’ . s c - I  c c - h c i! c - mcvt - ti -is- i f l O t i t  c- u m m  1’ I t  - Sc- I c - ic - ui  ii j y e - i - .  ( - I S )

- ‘c I I  b~mm sc -’ -, I s not Inc Ic-die’ s1 i n  tIle’ I c  e’e’n’se nupp l i e - nu t  i c - t i  - Cit ui - i a
0 nmr sle-nm s would be re- c - I c - u i m u  -dl to u ’m ul i n- ’ ~Ic - -n - ’en lop the i- c - - c ue - lu  under this
pl nu n su lso. F l u e -  dnunu  c , s m e n h d  be n u coru c-’re- t c  gu ’ c in - ’ u t n -  st u ’c - uc - (c - it - c - - l c m c n m t s ’ , l

it m i  Is -  172 , S t u s h  , c-~~i ti ’m c i n o nuu u n u  1 11001 t’ l e e - n u t  i on  c-I ’ S’S ) . , c-- ’’ i be 1
clen c-’eiop 52.5 feet c m l  Im c- n d. ‘c’-:’e-rn ipe - zmmmn u al gculc’ u’nut jot-i c - i c - P ul t i m t u n u t ’ .’

p i nmu i t en n i ; ’ si l ’ l i i i  c- wouu i c - I  I s is- 1)0) ,000 c- ui - ic-I 325 - i l i u m  h i l ’ i i ,  n u t  I -c - , u’evi’ee e ‘ I ye- in -’ -

Ss ul ~s ienui i R i cer I h c - -  Sri I n-ic-is - ‘ u n - -  c- i’ c -l u - ni  i i m v  nun cm m e n c u  ot ’ n u h s ’ ’ut
1-1 , h u m  s,~1 im n li’ e- i i  I i ’” c-f’ s’c ’ mu t u - n c - I 1 cl s ulc o and b c - n c - s c -  run nmc’ c- i’ci ge’ nu rlu l e ucu I
ruim c-f’ I’ - ‘ I ’ s ul muu u n i S . 1 0)) ,000 ic -’ m u :— I ’ s - c l - ‘I thoug h the Salniou ’m RI n- c- u ’

r in d t n  bu t  au - i  c’s c t ’ l u -  r s omuuc u c f ’ t i m e gre- ut c-st ‘u t  e ’ ts  t i c - u i  ic-sr etc - n - c - ’ Ic -1 t —

s e e - n t of ’ hvci roe l e- sn t i - I c pots’cr i t t  the - ltm s i t m - c l  ‘ t  sit e s , ti - i c- ’ ‘nu n -n in t’ c - - s c n c i i i s—

undec’c - - l o p u -ui chi s- f l y  b e - c - nul l s- c - I’ olu j e ’ct I t muu v t s scie le- Ii — ’ f ’ s slu l u te - r e sts
on t I c - c -  g r o u n d s e n d  c-- i i uu ’ c - t ruc t i c-ru of sinimuts omu tim e Sci litu on R iver
I s m u c - I l d  c- ’ c m l u ’ ~- e ’  I u ’ u’ c - ’ s c u i s ’ n i l c l c - -  d , u ; s m , m - , ’s’ ( I i  t lms’ rtu ’unudromuu c -um s t i  511 rumu n --  . l ’ Iu s ’
Id Id nur tel S c - c -- ui I s’ hi ive- rs ‘ce- I , n m l i p c ’i m c ’ esl ‘n-’ I i ’’’” I de-nt ,Jc - l u mms c - u u l ecit
‘ ‘ ‘ 1  ‘‘ b c - - u’ 2 , 1,0,8 , lu n u s ul c ’ : - n I p u m n c - t e d  I c - c -  2 3 7 — m i l e  m n u i m m  s t em c - ct ’ t h e
S nm lu tmom t R i c e r  I n ’ s i t S  enoit ll t u e - tuc e Is m i i i  time’ c - n ,uke - River to  t ime  t o w n
of S i t e - u i b - c - u k , 1 1 m m  sI  m i - b c -  f o m  p o t s - l i t  ~s m 1  i u u c l u m s i o m m  us cu conu p omt c-nt
c - I  I I i ’  S n i l  i o ut  c m l  I~ l i d  r un s i  Sc c -ui  I C hi ic - ’ c ’i~ 5-,n -’s t i _ -mn .

I , u c us e r  I i d  ‘, ‘ t u l m  I ’  i’ m i c c _St  I ’Iut ’ cJ , mc - i sc - i t s -  i s j o e - nit ’ - c - I  .1 1 u ’i ~~e’ r m i mi I s ’
0.5 ( I I I  ~i~: “s imon -‘i cc r , hue  d ccv i -  l o p i u m e n t  pi ’b b l t c c s s e’t l i n  H o n - u s ’ s - I d e i , : l c s ’  ‘ - 5 : 1

I ’ ’ ”  cons i - - I -  ‘ c i  cm ‘ t i e - h i m  I I  t n - p c ’  drunu c-up l ’i r’OY. c l s F . i t C l n - ’  TOO I n c - I  hi gt ,
hnuv I ng nu c rc - - c  1 1 i’nmgt ii if 2 , 2 O ()  I c c - - )  - 1 t i m o rt iucu 1 ~mo o I d c - - c - n t  I - ‘ii

1 ,575 f”’c-t , t b m c - !- I - s d m rc’ c i i  r w o u l d  c - x t c ’ t m d  abi ’ m u t  70 tumi le ’s u m s-n t r e- c-tin l e t
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tb - i c’ I nec - d c-rn etnimus It e . ‘l’hue ’ p r o j  c e - I  c-son IS p ru iv P c - ’  2 500 , 000 s ic - ’ i - c -’ -’ I c - c - ’  t~
of c u - s n u b  I c - ’ s t i c i ’r ug c’ I c r  (IooeI cont u s c !  nc -m el P~~”’e- r i u m s t n i l li_ - S e - cu~i nic - ’i tv ,
‘ i s  s -P  u p u cum pre- se’utt e - m - its ’ri a , ls c - t b i  I c - I  h u e c-isp rim s c c - nut el y 2 ,3)10 ,000
hi l c ’ c - s; ut t S. ‘[i- ic - ’ gm ’ c - m s s bc -c -mci ( ‘or p c t s i ’ m ’  w i t h - i  Ic u l  I w , c - tm,-i ’ nil e -l e n - - cut ic - i m
‘ b i t )  i c ’ s ’ I , pc-es 1 e ic - c - n u t  i c ’n of (‘h i u n  Hu m- c - k-us  , wc - c - ui c - i be 1i 31 n -i 1 s t ’  t - I n
nu sn - -st cm p i- c- sc - I Si mug ( ‘c u r  m n i x  I ruiu m ml s ’c ’ u ’  1 Op mc t t t  c-f t h e -  S cm Inc -n  RI  c_ e n’
( i i m c - s l u d i u t g  2,30(1 ,00)1 ,ue - rc -’ - I ’s -c - I of St o r a g e  i t (‘ m e - v i e - c - ) ,  t i e  l,ousc’ m ’

i i t I\ ’ u m dl p r o j - e l  w’ o u u l d  p s - u s c - - r o t c ’  n u mu s m c ’ u - I ’ , i c - ’ m -  u , f 303 , 0 ( 0  h i  l ow’ n u t t s  a n n u a l l y .
l i m t im is system time’ C i - c -’y i  cc-’ p u ’m m ,i c - - e l w e u uu I I  p r c - c v i Sc’ th e nic ene ss — s i— v
5 1  c ’ m n u g c - - n c - m i m i  c i t  I c-fl 5 c r  l m d tt s t n , runS t h u s - rem f’ore- t l c- - I c-Is e r  Can~’on S t  e s u ’n i p c - -
would t m ~ ’I c-i deI nu t ty  app m e - c u  n i l ’  i s ’  g e - I c - c  u n i t  m o n  nit c - l c uis ui v t i- c-cites pro I c - - c t  v -

Pi c ’c si s c -” c - e’ of flue I c ss l m t u u l  ,u ms c - ’e- i d  tIc - - S nu l ucnc i mm R i c’ c- :l’ r u m u s  of r u n r u d r o m n u o u s
ti ~~it , i t  c - n i - c -  t - e ’c c-tuu mitende ’d i n  I b is - c- c’ 0Oc -’ i u t s l c - ’ f i t  -11)3 t i t n u t  a u t l l o r i  :c -u t j o n
am- id cons t  i-c-c t i m u s  c m l ’ Ic-s e-u (‘nu n ) m um proj c-- c-- I lie.- d c l n u n - ’ c-’d pc-nd I t u g cle’ c’e l o p —
me -nt  c - i f ’ ae lequcut e  f i s h  m n u c s n u g s ’  f n u e - i  l i t  i c - - v  - The site i s  l i _ c e - c i t e d
wi  t im in  th e ’ se~’, u ’ cc - ’ u t t  of the Pci i timoum R i ’ ,’ t,’ r dcv i - u n i t e - S  f u u r  s Ic - Sn - -  f o r
~~0S5 ib le  im i c 1 us u i _ i t s  i n  the \sul tonal ic 115 n u nel  S e - c - - n i l  en Ri c e n t - S  Sn- ’ - -- t en c- :n -

( 5 , 13 , 13)

I 5 r e-cdom I ’  me n - i c’ s- I  I b i s ’  clams i t  e is located on I l I e  Sc-u Irnoti RI m :enr
m i l e  4 , 5 1  , S , ,’ c - b ’ e m c - u t  I ic-u i I c s  deits iu s t  re -c - tutu I ’romn Ri gp i n s , I d ah o .  ‘ct

normru l pc-c-i e l s e  n i t  ic - it 1 , Th O (‘s - c - - I , tFm c elim - e - t lye hc-’cud c - soc - Ic - I  r nuul ge
I i ’ s ’td 203 l’u ‘ c-I I c - c -  I 1 3 I c - - s t  depe-umel I lug ofl tI-ic P u’ nmssJ oms i i  nit i_owe r Catmn-’on
‘l im e nc --servo i r It , m u u  15 e x t  eum d to i point nml c cu u u l  7 uuu i I es iiI’s t me-runs from
R i pc, 1 us , I d au msu , c- ,m n about ~ u us i c -- s c - do~s’iss t i- c- rum f rom tIm e- L m e -y i  cc c_ic-titu s ito .
lim e ( m u u l - c - ’ i ’ b u l , i u ) t  e - nu l t n ulml i i t n - -  ( ove r - I o n i c - I l c -mush e r  u m l t i  s c - t m ’ clc vs ’I o pm c - - c u t
cc-c-old bc - ’  s u 1 s ( s t’ icxi u S c - nut c -I s - 300 .1)0)1 hi I c-c-c-ut ts , cui ts l (l ee ’ n i c e - i cc -n -c -’ a n t t u n m  I
:s-c-’ usc-’ mat l c mdi ‘ s e n - u d s i  I’e- I bm P ,00)l hi Ic c i s n i t t s .  ‘cv i t t  tlte e- cu s- e of’ I c c - c - t e n
I c - ic c - m um , tb -ic’ I - c- ’e ’ c - hmsSe  I ’  r u d  c e - I  sc-cu d h i  c - se - k  t h e ’  m u - u j’ , , u  I ru t u t  5, 1 Imon  ruu s
nc-mud cot-is tm - ce - I ic -m i sh’mou I d l’s’ c-Ic’ i c m ’ m ’ c- ’5 b le - f id  I up c - I c c - c ’  1 e t l n - u c l c ’ u l t  of cuSec - {tia t 5 -

I I  sin p c-ls scm gc’ I ’ s ie -  l i l t  ic-s - lime P i-c-i c- -s I I S I c - c c - I  c - e l  ~ I t h i n  t i m e  segment
c- f  t i - i c -  Su u  lm o n  Ri n - e m  eI c ’ ’~ I p c - n i l c- cl f o r  I c-dy ‘or i~c-c-c-~5 lb  Is ’ i rue l u u v  (Out il -i

t i e  ‘ - c - I  i c u u c , u l  I c - c  Id ., i u mcl Se -c-- ol e - R I ye- u’s Sy st  c- i n n . 1 3 3 )

i - I - e n  i c - m~i~~~u lime- dcu ucm s c - l I e -  is l m m e - n i t c - -c - I nut n i l e -  90.7. c-ubout
13 nmi Ic’s i c-p 1 re - rum ‘ u’ s’ RI gg i i - is , I s l n u l m ’  ‘ - ‘cv p m u c l m c - s S c -’ c - l u t  I b o u s s ’

I ’ o c i u u c m e ’ u t t  - I c c - P  - I l e e -  d I s c- c s c tiul d be cm i’c m e - k f’l I I t n - - p c  s t m ’ u c t u u i ’s’ b t i ’ O c ’ i d i  ru g
an et’f’ec-’l ic —c’ h e n S  01’ 723 l u - - I  - lb s m- e -v c - - r v c - i n , c - ut it o r uum c -m l pool
e - h c ’ v a t  ion  2 , 570 f t ’ s - I , ls c - b c u i d  c x t e t i c I  01St ne c - m inI ( 5  nil Is’s cc-uS m u - c-it’ Sc’
2 , 3O) 1 , o 0 )  c u e - n c - -— i c - c t  of u i s c - n u l I c  s t t c m c - u g c - ’  b , m s e - d c-fl 31) pc -i c - - c-te l drcui sdowtm .
‘lime ’ p r o ) e’ c-- t ’ ~o’~u I ci ( ‘ c - I c - - isO ‘‘ c-mm time ni t

_
i- mn uc -~c-’ c-t ic -ut -133 ,000 h i  I ow n m t t s

s i t — s  i t  c- c-uuid add nuhii ’ uu t 20 ,000 I i ic-c- c - I 1 s n i t  c- lt 5snS t i— c-runt p 1 nuu i ts . l) ui

t i m e -  ‘ s i ’ - i s  ujf’ pu’ i:s- cit I cr i t  c- r 1cm , I its ’ jtc - ic -e’ u- li 1 run t c’ nu l ’irut ) I l i t c-s c-c- IsI be

c m p p u ’ c t x u i s - n u t c l n - -  2 , 200 , 00( 1 k u _n’s it t s ,  ‘ l ’ hm t ’  p 1’t u , I c ’ ’~’t i s  I c - s’ , u t e d  w i t h i n
bie - ’ u ’ gcsc - i ’ tct c - u t  fiw- 3u u iuumoii Rive r c - Ic ’ s i g t u n u l  ‘ I  ( c u t ’  ~-etu eln-’ Ic - cr p em ss ub Ic

inclusion in time’ SPit I uc m unu i Iii 15 nc-uP 3cc-ni c’ Ri c c - - u ’- Si —c- t e’uui , (33)



I’ n m i m v i m u u d ’m’o l Pu - o l e  s t  ‘ l i m e  c b n m i t u s - , I t e - i s  I c - i c - c u t e - S  oum t he ’  , i i u c u i u m i
R i c e - u ’  n i t  m i L e  31 )1.5 - u b ’ m c e i t  3 mn i I c - - c -  lie-lo s t I e ’  n - neic - c - t I c -  c-if P a i t s i c n ’ e u - i,i
RI’ , i - n .  ‘cv n e c - i ’  ml c - _ s i  t i m  ‘ ‘ c c - I - I c - i c c - m i t e - n t  51 , S - l t b m  Cc- ic - p t c - ’ s-,s , 1s t
St ’s -~~t ü f l , thc ’  m ’ i v i - m  i s  n I ’ t m m t  2 5 c m  I t - s _ I  ms i clc’ r n i t  I i m c ’ , - s n m t c - r l c - y c’i.
b e ’ i d l o g u , c - u I  s’ c - i u t c l u t  I c - i n n s  s e p - p s - t i- f c - ’, u , m , u I t l c ’  f i n ’  rm S ammu 30 )) I~c - e t  h i g h
c r cnu t i n g  ci t ’ , ’ s c- ’,’m c’ u c i  m c- u I n , I , I i  I ~ , s b ) ) I )  n i c r c — f c - ’e’t c-I ’ m i , i h m l e  - l u Y ’ ;u n ’
b ased c -p ou t  35 lie m’ c-se - m t t  Si’ , i ms l c t l s u i  . ‘ b I u~c- u - c- -y e  n e - u i r would n u f f ’ m i  c - I c u l m e u s t
cc - cucc 1 s is -t m ’ n’ c-- g m c - I i l  i c-mu c c l ’ Sculut to mu R I  c c - i ’ c - I  t h e n  s i t s - , c s c c i u l d  e l i m i n a t e -
l o e n n i l f l o o d  c - l i n e  c - g e’ - - , nc -dim e-c dtclsli:i t i’elilSS f l t m c - c I  dan un ugc ’ s an c - I m b u e - c l  ni l ’ Ic

u sc - c - i c - l i s t  , f l  mini cup 1 ms I’ 1 c u t s - c- l ’O m’ ~c-’c i ’  gc -’ i n c ’ m n m t  i c -t m c - ut s l own st  re-rum p l c - m i t t s
n u n - e l  i nc - ike - p o s s i b l e -  ci l cowe ’ m - pen i l e - i ’ d i m u g  c n m j cnub m i i i  t n -  i t t

’ nil -ou t 125 , 1 c c - c ’ s
k I I c ’S nut t -‘ h ni-c -  u - t i  t i l t  p re - s - , - u u t c r 1 1  c u - u s c -  - (31)

inc-u I 1 i s  l i r o j e e - t  l b - i c  c - Ic c - n i ’ s  i t e  i s  bc - cn i t c ’el om u t I n e  Sc-u l ss e c - , cn River
rut mmm i Ic 333,3 - ‘ ‘ I c - -, c - - c -- s c  u ’ I u n i  i b i s  i nc - c - I C I n u n - ’ t c c u c  cut  r i c e r  en I c - ’ ’, n i t  i c - n  5 , I (( 1)
I ’s ’ c - I . ,-’c~~ I i mut i Ic- cl 1w tIme c’ lc’ y n ut i ou-i m l ’ t i e s ’ t o w m m  of C l n u v t e ’ u n , a d c - cs!
351) fe- c- I hi gh ni t tb - i  i s  S i t s -  w o u l d  u r o v i c - I c - ’  r u b o u m t  530 , 0 0 4 )  n , c ’ u - c - - — f ’  ‘

of m ’ s  s t o r age -  e - o l m s u e - I  I - ’ . P,c-se’el on 35 pe rcen t  Sr niwcl o w m u , nc - i m c c - e (
331 1 , 1011 cue - re- - len ’ - I of c c - c u b I c-’ ‘~t c - imnl g s- c s m i t u l d  ben suvc i i 1 ,5-I c ’ for p 0 5 5 c m ,
u r rsg - t i c-nm , aimS flood c-’o n t m u i l  . Thu -c - I  of tim e- f l o o d  e - o t m t r o l ‘ c - n c - - f l  -:

c - c o u l d  si - .’ ’  n - s m c - ’ f rount the’ p u - mt ce -t i  m u m  of tite ’ a g r i e ’ e i l t u r n m l  l ands  w h i c h
i f i t  c-n -rm i t  t c - - n i t  I n -  I t s i r c I c r’ 11cc - -  Sc -u ic -ot t  It i ‘e u ’  F f o r  90 nni len Soc-ui Si rec-um
in s-se c- I on c - n - t s ’ s en t  en  t e n  ci , i t  i s  est  I c - s i t  s c - I  t i u n u t  t h e e  oc-c-s c’ m l m I r un t

cc -upa h i 11 ty  would Ic - ’ cuppu ’ usx i ce e u t c ’i n - ’ 125 ,0)))) k (Ic-watt s - . ‘lime- ru \’e- i’ni s ’i ,’
nu n c - n c n u n i l  g e - m u - - r c i t i o i t  w o u l d  l ie n m l ’ s e s n t  23 , 000 h i  Ic i i s n u t t S  . ‘ I ’ Imi s  p r o j e c t
s i - i c - c - i d  i t u e t  lie coiu l’u u s — e S  c - i  t I  t i - i c ’  Ch c - m I l i s  l ’ u ’s- s4 R s ’ ’ c - t ’u ’ c ’ o I  r , nu s n ’ u n u l  I
i r r i p n m t  i ’ o m  s t eim n i 1 ~c- mt-sc - e u-cc-t i r mu - ce p c - cv e’cl I c y  1)1 ’ h u r s - n u u i  of I t e e n l c m n n n n u t  j o i n
for  C l u s i l i l s  I n - u - k , c i t n u h i u t c i r ’ , ’ o f t i - i c  S n u l m c m , s n s  R i c e - u ’ , ( 1 3 , 3 1 )

‘Fri i l i m e )  I t  P m e ‘ I  e’c’t ‘ I ’hc - - dauuu s i t , ’ i n - c l o c r u t e d  ots t lte ’ Soul I m l ork
Sn il moum c - y e - m a t  niile ’ -; ,,’ . S c-bout  -i n u i  I c - v  e h m i w n u s t  r eam f m i n - m s c -  t i - i c, n c - s u n - m i t
of S e e - e v I l  I~ ic e ’  r , \s m s - ~ ‘ c - u  m l  ed i r  P s ’ f l n i t c ’  l ) oe - euntent  N o .  51 , SI t  I- i
C o m u gr e- v cc- , 1st Ss’v s ion . t s c -  s i t s ’ n c -p~m t ‘sums ges i  log  i c- ri 1 i n - ’ soum m e l  rin d
t s m p m c g  m s u i m l u  i c n m l  1> ’ n i c e s t - nc - l i  i t ’  f ’s s i ’  c’cii uy t rue-I i c - i m i of a it I glu dc-tnt . I c - m t  c-il
St m m i ’ n i c -’, m ’  of  u I - e e c - I  71)0 , 000 n m e n m ’ c’ - - f e m ’ t  cc - c_ mid b e c - l i t  n i neS w i  tim su  Saint

i c- , ’ e i t 5511 f e - m t ft 1 g b .  B c - c c - c - e l  out ci s l n s l i s i l c - i c - s n m  0 1 ’ 35 pc - r e - s - tn t  , n c - m I m i - m n - i  —

sc - e c u ’  In - ’  170 , 000 c m c m ’ c m — f m ’ s’t of u m s ; r u l i l c  s t u m ’ n c p c ’ s s u ’ s i l d  I m c - ’  n i v n c i  m i l ls ’ ,
S I ’ c m ’ n i p s -  on Pu tmith I ‘ ‘n (  w o u l t l  he d I e - SI  r r u h l c -- as i t  i s  cm hi gh i’umtoff

P t’ m t s l c - u ’  I it g t m - i  h u t  n i n e .  c - m I ’ 1 l i e ’  S n u  l itton R i t  e m’ - Ii n is ne ’ cl out p n’ s - s c - c - r u t  c - i ’ l l  e’l’ i cm
I t i S  i n - s t  e l - m c i  I c - si I 1 m m  t I lus - proj s - - I  gc’ um c ’rnm t i tug i ’ cm i m nm b i l i t n - ’ % s c - n i  15 be
approx inm rute lv 250 , 0 5 4 5 )  k u  I c - i c - s i t t e n, ( 3 1 )

(; lc’ n iis ~s t  - n  R c . c- n ‘l ’ lt e P l c - n c -  n c - c - t e n  R i  c’ c-’r cli ’ , m I mu s nut - i  n i u ’ c - n u c- f’
n u l u c c m u t  a c - I c c -  ‘ c - c  i l O  i ’ m ’  mil e lu -- c- i f ’ C u  1 m m  I I m h , ’ u i n , m  rind b tnus Smut , c - c- n c - g e’ , i n n u n m I
rur t o f f  of ’ nm l iu c u mt I I  , SO ) ) , ( 1 ) 0 )  c ue - re ’ — t ’ i ’ c - ’ t - l X c ’e ’pt (~c- i  ci sn - ia I I  c- - s i st  I ru g
i n  t , m l l n u I  i o n  si t l , c -’ c - s l s t O i m  nu t - ic!  l c - ,s ’ I b us’ c i m ’ s h c m k  p n c i c’c’t I c c - - l u n g con ’ c - t r c m c - t e d
on I s ’ -  Pc c m t lm mmm l , c- i t  I ’ l e n m i ’ u s-’ c u l t  i- R i v e r , t h e  I u veIm’ u c e l c - - e c - t n c  p c - t i e - m I  i c - I



c - i l ’ I I t s ’ s c - u b s h n u s  I mu i s  c i  m l c - ic - u i In - ’ ium uc - i c - - ye ’ lope-c-I . 3t m i s - I sirs I proc is i omm c-
0 n u t ’ s’ ‘ c - - c- - u i  intrud e ’ I c - i  me ’ m m m l  add i tug t i m  u- c -c  more’ units to t h u e -  I uwscrsh nmh
pets ’e’ mp Ic-nt . ‘I’h i s  sc-u be 1 I n c  rs - cus e t u e  h m ro , i c e - I  ‘ S p e a k i ng  s- c - u pnub  i l l I n - ’  F
t o  1 ,21(1 ,000 hi lo wn utt s . ‘Ib is l num ’p e- block i i i ’ e - n u p c u c ’ I t n - ’  c-c-O l e1 i’m ’ c b i ui re
n’ t ’u’ e’ puilnt t i c-mm I ’ s - i  I i tic-v t o  - c - u s e c m o t l c -  u u n u t  t b c  c’ n m i - v i r m g  b c - t u r I n- ’ d i s c ha r g e - s
and p i c - c’ i she - n u more’ tin i f’orm d c - i  I I t ’ fI c-s i n  t i - i c  m a i n  s t c - ’sse  of I I c e ’

1 C- i  u-c-s - I i  s’ r R i c e ’  r.

I’ e’umn c’ c i i  f f s  P t - c - j  c-ct ‘lime- IV u IS nunS Se-e’tmi c Ri c’c- rs ‘cc - I , s 1 gned
i n - ’ P m ’s -s d m 1 5 1  , J u e l u t c s e c u m  c-n -n I e c - t c - s b m t ’ i’ 2 , 1(10( 1 , des i g nn nm tc - v t l t c ( ‘t idd i c- Fork
01’ the m  CI cc- i’S , i t  er Ri c- c-n nun cm c_’Ouu tlioi c’Itt of I m e n  Nc-ut ional IV I ld anuS
“n-c e-u i I c Ri \ ‘ers Sn--stem . T h e r m ’  l ’u u ms ’ , c - I c - c e  i opme-nt of Pettn\- (:1 i ffv or
n ul te - m ’nm cut u c c v  onm t i c- ~l i  d d l e ’  I c - c - i r k  h - i c - i c -c’ h ’ s - c - t i  f o r ce - i c - sc-c l  - lie-ic -cc— er, n u
l i r i  eu d e s c r i ption of ti - i c’ b’ c’it run - ’ (:11 f t

_
_c - p ro s - c t f o b  lc- is sc-

‘l ’he d a m s i t e -  is  i c - c a l m - c l  on t he ’ (‘t i c- Idle - Fork at river mile 78.9
, i l m o u u l  -1 ml  1ev i m ps  t i’ s-c-till t’rc-nnu I t s 1 c mmmct  i c-n Is I t im ti c- Sc - suit Im Fork , ‘cv
rcpo m t cc- I In blous e 1)0cc-me-nt 103 , t opog r nu p h y of I b s e n  Site is fnu corc -uhl c
I -u’ nuum cc-b c - te l S c - F e i n t  t n - p c- drum . \ rockf’i 11 sIc-ic-s c - c l ti a uttc-lxinuum hei ght
of (‘20 feet would p roy ij c - ’  c-u no rma l pooi  s-I c ’ y c u t  ion I , 855 feet . IJs c ih c be
S t um ’ nmge s f ’ 2,300 ,000 nuc -’ n c - - — I c - c - I  wou,m l sl Ice nit - rim I c - bi l e- fe-u i’ flood control

c-un-id pc-tc-’c’ r ge- i - i c - - i- cut i on ,  l i m e ’  p i’m -a s- ct  -is s c - i l  S gene rnut c- c - u n ti c’ ni ce - rage
ti ‘ ‘ c - i t  225 , 00() k i i  owni t  I s  r u n m t u n m  I i n - ’  . Based omm prey c - -itt c-ri te- r i su ,

t m l t i s : s - i t c - - ji l nun t C ni h i c u bti lit )’ would ice’ I in t l I l i o n  I i  I c - i c - s u I t s .  (331

hc’nore hIts ’ c - Ic e - c - c c - c ite’ is i c - c - c - I c - e l  c- I m i le 31.1 c-tm t i - i c -  C I s ’ r u r w n c t e - r
RI c - s r  . 2 s s s i I c - s  m i p s c - t renunse front I,c’nore’ , I dc -du o , ninel about  (1 3 ml he’ s
clowns t re -run t from \Iis nu id-cn u , I i l r u b m o  . ‘l im e ’ re-s e’ nc-c-i u’ Is I tim 10 I’s’ s’ t of cIrcus’ —
Soc-mu w ould ~ r c - m c ’ i t i c ’  a p p m F e .\ i c c - n i t  e l y  11 ,1 011 1 c - c r c - ’— fc c -I of ’ ponSage- f’ot’
po i se-  r pc - -nc - u - nit i c-tn t rim - i c - I i’ c ’ t s ’ c- ’, c- 1 n i t  i c-tm of I tu5 c- u m s — I c n i k  p c - c - u k i ng re 1 driv e s
‘ t ii i’s - - n i l  pool c’ le y n i t b u m  ~)75 I’s’c-’t , tIm e’ re — c - -n y c - i r would extc’ui cl 11

mi ic - s m i t  l j c - m ’  I c -ar i ’,’ n u t d ’ r b t i  c- c -n  r i n d  c u r  l i c e ’  c - e m i t  im i ’ou’k t o  I l isc m m’ sbmc i k lua n u .
l I m e -  m m m l  is u u c - i d hnm yc ’ nun c ’  l I c e - I  icc- im cd i c- l e t  c i i ’ 75 t ’

c- ’ u - t  r u mS ms’oulcl ‘c’ n ul m oc - t
83)c feet in l u - t i c - I  h . I~i sh p n m s S n i ’ g e’ t ’ae - i  lit Is-s wc i c -ml eh lie- Ic - cc - ti- c-I on

cuth the ’ sc ’u u l h su u mc - l nou — t l u ‘, l t e m i ’s-s - 
‘l i m e ’  pr o , i t ’ I wenu l cl gene r’n ut e’ an

nu v c ’mc - u pc’ i c - f ’ 75 , ) 1 ) l l l  ki l om’.’ c - mn I S  nunr iuc -uI i n-’ , nc -mci ti - i c- tilt I u n - cit C p l c - u i - i t  c c -p a—
hi  l i t  s - c -I c- I cli c - c - ic - i id depetuel c-c -u dc’s’nst t ’ cnuus s  els’c’c I opmnctmt , cc- c-ui d be c-us
much cus 375 ,0)10 hi l c is- c itt s . (3-I )

I ’  ~~~~ ‘ m c m i  ‘ t I  ‘l’hi s p r oj  c- u :) i s  c -mn u I  t c  n u u a t  I cc ’ t o  tIme ’  h,c’muore ’

pr o p e’~.’ . I bc  s I , u u c - c - ”. u t  c- I s m i s - n u t  ed c-n t i m e ’  C l  c ’ r m r w n u t  c- i’ R i  c ’em - m  t u i c - ’cr
mile :oc . u m  , n ul mm i n u t 5 ic - m i ic’s c-ps i rec iunc - f’romut I c -nc - crc - - dc-titus i t - . -‘c t um ormal
l m u n c - 1  t i m ’s n u t  i c - tm  975 I ’ s -c t , t i - i c -  r e - s e rv o 1  m’ w o u l d  c - st e -n d  1 1 nui I c s  up t i m e ’
m n m i  n s t c - - c c i  C i c - n u r w u t  - u c - uumS t o  I ) wom - s i u n u k  i ) rm nm c m  t i m e ’  \ c i m ’ t h  l o rk  . ‘ l i m e

~~I c - n - 1  c - - C l  WOO i s  p m c c c  ide  run c- ’ (‘f e - c t  i c- c- b u t - i  glu t  c m i  m c m i i  n- -10 fe-c ’  t as
c- - i l l n m i m n i r ’m - m l  W i  t I n 1’ ( ‘ c - c t  s i t  I,enore . b c - -  pro jec’t w o u l d  p s - n e - u n i t e ’  c-t i
n i c e - r a ge ’  c i t  38 , ) 100 k i  l c - i u s n u n  1 - - a n n u i u n m l i v  ruuuc l its t o t a l  u b t i u n t n u t e  p l n t i u t
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s s , u l c - c u i m  i i i t n - ’  s e t ca  tel l ’ s -  I s u c c u t  175 , 00 ) I  h i  I t i c - s n u l  t s .  F ish  p c - u s v n i g e n
I n s - u l i t  ccc - u~sou 15 he l i u c n u t  c- - cl on i c - t h u  S ( i c c m ’ e’ ,n- - ( 3 1 )

- 

\~ cu t~~ m ‘ i - h - c- - i ‘H ums p m ’ o c - c - ’c-’i  u s  c-un c l e m e n t  of t i c - c - ’  p l a n  tbi c - i t
i n t e l m u 5 i c s ~ ( b c e ’  c - S ’ S .  c- ic - ’ c e i u m c - F m , s F ’ t e l  , I _ l u , -  , I , 1 u ’ e v i t c -  i s  b e-citeS cut c-i Is ’ 2 (.5
on I I c - m  l i e - ru i-c- n u t  en r P m  ‘:e u- - \ t  umori t ucu I pool c- I t  — n i t  I m m m l  30 f e ’ c t  , t it e-
p~~O ,l c - ’ e- ’ t s c - c - i l d  i m s u c e  n u n  e l I ’s- ct i cc - - l c - c’ip it t of 53 I ’eet . The re -s ;c- n ’ cc - i i  r
i c c - l u  15 e c - t  s’uue l c i ”  t i t e  ~ 1 e n d  i - ms - c l  I en RI cc-’ u’ I c - i  Pee-b l)runu . ‘Fh e pro j ee l s - i c 1

c - c ’  c c - mi u l t  I me rit c- p1  c -n t  cnu l m d um u I l i t  n- c - cl ’ c - l u , u n i t  2 7 5 , 1)00 1. i 1 e c i s c i t  I s  n c - nd
w o u l d  p c - ’ nc c ’ r n c - t c- nu n nu c - ’ c ragc’ of c - - c , u I s I 0  hi li c is s u i t s  n u m u n u n u l  i n -’ - I c i sh  p a s v n u g e -
t u e - u l ut ui’s soeild b— c- p roc-- I dc’S en s  I u c - c - Ii t sh ores . Dc ’c’enb olimemut of Len ou ’ e’
P no is- c - c t  i n i i  c m i  ot I c c --k I s u c -  1 d c - i m c m l ,  s u m  I V t o  i- cc -’ 1  O S c ’ dc-cc-  lo in -me -n t  of
‘ ‘ i t  c - n c - .  ( 3 1 )

c - i e -  i - c -  e c P ‘ ‘v  c i t  hItc -~ ( ‘ ( n - r I  l e n  P u’ c u j  c - - c t  i -c- cu t - i  c i  enucnt  of t i m  en
Peck p 1 c c - c c  c c - c- ’ d m 5 5 5 - c - l I e n  jy I ce - rule- cl c-it mile 17.5 on tlue C lc’ n um ’cs n ule r
RI ye’ r .  St c - I c - i  rcc - esu 1 aool clu e - sit i c m l  877 fen e - t , the’ p r o j  ect soem i d
c - lc - c - - e ” c - ’  c u t ,  f e c t  ( i t ’ g ros s  ite-rud . Il ie’ men - c-n y c - i r u s c - - t u b d  c s t e m d c-I l to
Sg’ u l b su br im . I l t en n - m o  c - s e n t  m e c - u m l e l  g e ’ u u ’,- r c - u t e  aim ave rage  of 71 ,( e 1 m m  h i  I c c c - n i t t c
nm n i uc - uc b i n - ’  and hncc ’ ’ m u  c - m i t  i c - c - I n t l  en p lc - mu - it s’cu l i c i ss I tn - ’ c-n-f’ Silt u nit 33 (5  . 0 ( 15)
h i  i c - c e c i t  t s .  1c ~~~ lmassc - cu pc - - ‘si-: i l i t  I c - - s  c - c - c - t i c - I  he  p u ’tc v id eS. (31

1,, m c - s c .  I ~~~~~~
- c-- -,~ 

‘lit  I s p r o j  c-ct c-s Ic - I  I c - I  dccc  1op t h e  n - s c m  I u n - i  imp
55 lens’ I - - I bc - e cu ~~~~~~ I n - , S F - t h e m  c- ’ .\ i s c - t i  umg t t - c - v h i  mu g I on ~\ n i t  o r  l’ eusc- n ( ‘ or s ;n - n im t \ -
Sc -n c - c n i t  h e-c-. ist c - - u - i n u c s , I ‘I’ - c - I Ic - - lln uuc - m , l ’h t - t i c - i c c - i s  i t e -  is i o c c - u t e d  c - m u m  t ime ’
V i c - c u  rms’ n i t e  m~ ~ it c- r at tim lc- 9 - S - \ t ui i~c u - csesi 1 pc-o l s’ Ic - -c - nut ion 3 1)5 u ’s - s t
t ime ’ lit

_
c-s _ ic - c- I Is Oc- lc l  gm _ - u s e  mci Is’ l i i  s i c - i,’ i - n i t  - of 38 , (,lO ( J  h i  l c - > i e  n u t  t sc - nu nnun ~ l i v  -

‘l im e’ c ult c- c - e n nuI e c-mn t c n u p n u b  I i i I n - ’  c - c -u  Id be cupprox c mccc m t el y 1 ‘5 ,0011
k i  l u c c s n i t  t s  . h~i v b ~ic - i s s n u g c - ( ‘c - m e - i l l  t I e - s  icou b cl be proc - i decI . (3 1

Sc-b re,~,I e-cn 7, ‘hid c- oi c-c-h s i

lime - ‘-lid P i c ic u mnuh iucu -c - utl ’ u’ec - ’ i c - tm e - ot u sist s of’ l I e u - cc - - c - c t  s l r r u i n e d  h u t

t i i c -  (:0 b umb 1 c m  R i v c ’ r  m e ’ Ic - n-is t i m e ’ ti c -u t  h of the Sncuk en R i c c - - u’ c -c -md c u h m m m c c - ’
B onn cvi  l i e ’  I c c ir m . l i m e -  on le - c - c u t e - j u t  i n m i  f u n - c - I m c c c - ’ l c ’c’t tic p r o j e c t  i n  this
sUh i’ c- pc -on i s  1 1 m m ’  N l i m , - l ’ c u u i t ( c - r e t -k  P u t - i c- c - s t  out tf m s IVimi ts ’ Scu lnuo rm Plc ’ c’i ’ ,
ci mi mi i c - c r  n om’ t l u  s h i m  mc -’ t i i  h u t  cm u ’ - -

N i n e - f o o t  L r c - e k I u am m u P r o I e c ~~ I l t e - N l i m e - foot C i ’s - e l  S n uism ” - i t s - i s
b c - c -c - mI sd  a t  r i v e r  i i i  I c- 3-1 . 7 on thu s - iVlu I I c - -  S culuu notm RI c - s r  1mm ‘ u- - I t  I r - i g l  ‘ i t  -

‘ c n u n s - m u d e n j  
~Pl ’1 i s c u t u o n  t i n ’  licens e- c - c - s c -  P i l ed hn- ’ l It ’ - Pu blic ’ I t  i l i I n -

I l l - - I  t i e - i  N u u . I of I lick i tc - u t (, ulu t ut )’ , I V c u ’ -cl m i u - i g t o i t , c-lu \ p u ’ i 1 15 , 1903.
‘ I ’luc t r i m  I c - c t  w o u l d  t ’ t i u t s c - i - c - I  of t h m c  Ni t - i ef’oot Creek Dice - u” mon bc-uiu on
t i m e  I b m  i t  en ~ s u im i ,mu Ri c - e r , atm 8 , 0 0 1 ) — foot  c c - c - t i c - u i  , t ime ’  ( I u — ca’it Ccun u n - ’ c - cmu
( ‘c m r c ’ h c c i v  r u s — c u  c u d  r c i u  ) ; m ’ c - m - um C c i u i v t i u i  Crc -uk , ci S , 35(1 - f tn - c _ u t p c ’u i s t o e k

l e t  I u - u c u ,mt I - r i - c - I .  P o w c r h s c u i ’ -, c ’  c-n ‘l ’ ’m’ t c u u t  I cukc - -  1 u ’ i ’ek , n c -m c i c m u - i ’ r e g u l c u t  b u g

7 1



reservoir  on Trout Lake Creek . The p lant  would  develop 904 feet
of head , and the us able  storage in the  Green Canyon reservoir  would
he about 7,000 acre-feet . ‘I’h e powerp lant would contain two 20,000
kilowatt units and would generate about 10,000 megawatts annually.
( t, ) ‘I

Sub reg ion 8, Lower Columbia

This sub reg ion cons is t s  of t he  dra inage  of the  Washington
t r ibutar ies  to the Columbia between the Grays River and Bonneville
l)anu and the Oregon tributaries between the Clatskanie River and St.
hel ens . The major tributaries in this subregion are the Lewis and
Cowlitz. rivers .

I c - i c ’  u c-— c - i , - I - t - u , l  m c -  I lmc -~ I rn — — , - , , t -  ,- , - ,_ - F _ F l ,  it

i ” u t d ’
ui ~ _ c , u ‘ - i ’ ,,’— ’ \ i m r i c i  1 ‘ 5

F m F~~S , u ’ ’ ,im ’ F ‘~ i S -
‘ 

‘ I , m, m - u c t  e - ’ m c -  j i 5 ’ l S c - c -
s _ - F i , ’ - - c - i  - u - - c -’ u - c , ’ , ‘- lIe ‘- c - c ’,

- - ‘ I i i S  i t s ‘ , u u c - -  II. ‘ - ‘m , , s - 1c- m ‘ l u  : I  - :

I c- ’ , i c e  mc - - 2 ’’ c- t i m ,  s c - ui 5,5 ,
‘ l t ’ i , limi, ’ , i ce, m ’ r  ilus ti u m - 5, - m u l c t ’ I m m i i c - cu  c-
‘ S m - c c - n - - , ‘‘ u’ m ” r ‘ m , - i ,t , ’c , - I , - . “ i i  c-, s , c c i t ’  2’

I - c - m i  u ’  :, :c - )  I t e

ms , m i ’ r c , ’ y i i  - f  F S L F C c - - ,5 c - , c , , c - c - m , ’ c - F e- c t e .  F . 5 1 ,  F I - ‘

Cowlitz Falls Public Utility District No. 1 of Lewis Coun ty ,
Washington , has filed an application for preliminary permit for
Cowlitz Falls Project . The proposed p lan consists of a concrete-
gravity divers ion darn about 70 feet high and about 400 feet long
to be located on the Cowlitz River , about 5 m i l e s  southeas t of Kosmos ,
Washington ; a reservoir providing about 3,000 acre-feet of usable
storage; a concrete-lined diversion canal about 1 ,000 feet long;
intake structure , and 150-foot long stee l penstocks; and powerhouse
providing total capacity of about 45,000 kilowatts.

Lewis River The I,ewis River drains c-uuu area of 1 ,050 square
miles lying between the Cascade Range on the cast and Columbia
River on the west. The main branch of t h e  Lew is Ric er has its
source on the  nor thwes t  s lope  of Mt. Adams . It flows in a south-
wi-sterly direction approximately 110 miles and joins tue  Columbia
River at mi le 87.0, about 19 miles downstream from \ c u nuco c - uv c r ,
Washington .

Muddy Project The p r o j e c t  wou ld  be located on the 1,e ’ucis
-

F 

River at mile 61. Applicat i on for license wnu s filed by Pacific

F Power ~ Light Company on November 
2( , 1956. This storage project

-
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c - c - m i l d  con s i  n - c -I  of a tm e sm r t h t f i  11 drum c-h I cl - i w o u l d  p r o v i d e  277 , 000 acre--
f e e t  1n -f u m n - c - n uh n - l e ’  s t o m n i ~~e- ru t  f u l l  poo l e’ i e - v ru t  i on  1 , 300 f e e t .  ~l n u x i n u u m

u c - m s s  head for  power  g c n c r c - m t  l out c-s c - m i l d  vsmrv  f rom 30(1 to  335 (S ue -I
dope -nd i m u g c t - i  t h u e  ~~~~ e-l e v n u t  ic - tm c u t  Sw i ft  N c - .  1 , j mis t downs  t re -am .
l ime pu c-m -c rp Ic -unt wou ld itnuc ’ s’ nun i nstnu i lcd  ccu p cus -i t n - of 110 , I ) l l 0  k i l owc - c - t t  n-
Fcdc m ’ n m i  I ’ cc ms e’ m ’ C o n i n m i s s  I c - u t  s i c - I  i c-mu is  pendin g on th i s  app i I c - s c m t  i o n .
‘lb I~ I’ mu m j s e t  c -c - i t! dl be ope -r at  cS i t t  coorel i un i t  i o n  c-~ I t i t  t ime -  c o m h m n u l m v  ‘ s
( ‘ l e r w i n , ~ c u 1s - , c-inS S w i f t  p r o j e c t s  l o c c - m t e s l  d o c - ’n s t r e n u m . ( 3 )

~-le ’c - meIo c- ’s P r o j  e c t  ‘l ’iuc pro j oct  w o u l d  cons 1st of Ic-s c- pc-c- s- u’ —
p I t t c t s  tut i I i: in g time fbmas of Rush , Curio , (‘l e- adow , and Bi g Creeks ,
t r i l t u i t r u r i e ’s m l ’ t i c  h e - c - I s  R i v e r  . -\ pp l i c c - m t  ion  f o r  I i c e -n s e  c-as f i l e d
by Pnm c i I’ I c I’ c-c-e e’r 1 1,1 glut Compcuu iv c- si th u t h - i c ’  i c - cder rm I Pc-us e-r Conum i ss i c - m m
oum , Jcunmuucmr n- ’ .5 , 1 )59 . ‘l’iu c- ’ i m u i t i c - u i I nsta llnu tio u m would c o n s i s t  of a
cli y e-  u - -~ i c -n  c_ i n u c - s s  c - t nt Rush C ms’ c - Is  and t i m e  25 , 0 0 0 — k  I I  c - c - ru t  t 1cm e m  Drop
po c - e n tic u mu ’ s- c c i i  t i c - c  p rop ose-cl  ( ‘him d cl v R e s e r v o i r .  ‘l im e u l t i m a t e -  sIeve iop—
fl u e- n t  c - c - i c - u  15 I n c l u d e  i n  c-udd i t i c -mu t i - ic  Skookum R e s e r v o i r  on R i g ( :reek
ci di c - c u’’~ i t  i c  drum c - ut  t i s - n u s l c - sw I - ms-c - k , t ime 25 , 0 0 0 — k  i ic -c -a t  t t Ipper  Drop
p c m i s c - ’  u’l c , m u ’ _ e -  u m n e  b - ic - i sb m ( ‘ i- es - k , nund atm c - m dd i  t i c - nc - u I 30 , 0 0 0 — k i  1 e m c n -  n c - t  t u n i  t
n u t  I i c - c -- m , ~St se I’ c - n ’ s m 5 ’  pc-c-c- ’ rimouse - ‘l ime’ l o w e r Drop c-c-u 15 develop  1 , 0 ( u b
t e n t  and t i c - ’ - I ! ~~l m e ’ u Dr op 55 11 I ’s ’ e ’t  of gross head . Usable stornuge in
t i - i t, ’ “ k en t c m k t i m  P c — i - u ’ c - c - u  r c s c m m u l e i  h u e ’  70 , 1 ) 111 )  acre — f ee t  . \ I l  danu s c - c - i l l  be-
t - i n - t i c  cm iii ! t’c c - ’k l i  I I .  (2 3 )

Sc -uI u’ s’g ic -tm i u , l c - i i l u c - c - e n t t e

‘phi S Sc-h rep ion cons i sts I I  t i m e  iVi 1 l rmme - t t e  R i v e r B a s i n  in
Ire-gon . .\ c n m u u s l m e n  m’ of p u t t  c - - n u t  i c m l  i m vc i roe 1 e n c t  ri c projects c--crc i m i ce - st i —

ps ute -S i n  t b e ’  (V i 1 I nc-met t e -  hnus i n  Compre-lue-ns ive’ $ttus l n - ’ of IVatcr and
R e l a t e - c l  I , amm d Resource - s co inip l e - t e d  i n  1 )70 .  Oume c o n v e n t i o n a l  h y dro-
elect r I c proj oct , time S i ms - Il rock I’ m c i  ect  , li n u s  be - cu t  l i m e -  lucied n c -s cm
I c - t u g —  I ’c -m npe ’ e’ l cme - im t of tim e Comprehcns i  c--c B as in  P 1 atm . I n  adsl i t  ion ,
s c - - v e ’ r c-m l ( l i t  s’ts t i c - c - b p u m p e d — s t o r a g e  proj e - c-- t  s l nic’ e be-en in d uct ed in t he
p bc un , atud time -sc rure di se-cussed jut tic -c pumped—storage se - ct ion of this
ci m u u ! m t e n m ,  F 5 or f u r t h e - r ci e- t c m i  I s  c u t ’ t i e  -sites inves c-t i gn ited , re ( ‘cr one -c
s h o u l d  he ’ u sc - c iSc ’ t o A pp e -t md i c e -s  .J (Pow e-r) c - c - mud \ i ( P b  rum - i in o rmu 1 c- mt i o n )  of
time IV i lb c -mm e -tte ’ Report . (25, 2 ( c )

Shell rock P i-c- ; s- ct  ‘h ’h I s proje-ct c-c-u Id  be cm si mug b e ’ — purpose

‘:2 mim e lce -t TI C pro j ec t 1 o c c u t  ed c-mm t i m e -  Oak G rove I c - r k  of tim i I I  cue - kc -mrnm rm s
R i v e n  r c - ubuive  i n k s ’  i irurri et - ic - cuter would be -di verte- d front the bc-uk
G rove b c - u i - k  mus t he-low’ ‘ i i  sc en t mv I c - ike ’ ami d conv - n - ’ e- sI 1 to  5 miles doc-mnst re- n
in  ci p i p e - l i n e  t u e  dove- bo l t  about  925 (‘c e n t c t ’ it e’ nud . l’he pcn -c - u_-r p l u n i t
w o u l d  im av o an I m i s t  cml  l e-d c - c - c - u l t c m c i t v  of 35 , 00( 1 k i  I c - w a t t s  n u t u c h  c - u ~n - e - r m k i n g
c c u p n i b c i  l i  t n -  n u t  I S  p t ’rce - iu t  o v e r l o a d  of ’ ab ’iou t  Dl , 000 ls~ l o w n m t t s  . \c- ’ c-- r-

ago nunn ur a  I c-mu te -  u - 1c- c w o u l d  c e c - S t o u t  1 2 , 300 m c g a w n u t  I ‘- 
, 

~ 1 m c c - u’ n m t  i on  of
t I c - u  p l s u s . t  w o u l d  he courd i u t n u t e d  w i t i t  t i u c - ’  e x i s t i n g  ‘ I ’ j i u m o t i t v  l ,c uke ’  nune l
( I nSt G r i t ’ ’  projc’m I n - . ( tn ) , 25 , ~

‘ t u )
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Suds u’s’p uei t t 1(1 , (‘c-cc-s t - c- 1

I h u s  smc - l’ i -en gic - mm c t i n m s l s t s  m l  n u l l  ill - p i n e  c - m m m d  l V n m n - h n i r m g t o u u  st  m t - c u n s m c - s
sl u’ c m t ’ m iit g te u (l ie ’ h i c m c m (~m c e )ccnun m: s’ce’pI I m u r  th e - l ’ c - l c - nu )u i n u R i c e  u’ , Only
c c - n n c -’ ’ , ’ , m t e ’ n t  c m l  prc- j en en t (‘ mimi c - c tic - is suh rcgmo n i s  t u m c i s u e i e - e I , tic - c i sle- u - i
f u d ge- 1 t t ’ u ’ j e c - ’t c- mt t h c -’ S c - c - i t i u  h~urb’- (

‘uc -q c-ii l i e five- u’ in e ll’ c -t mm ct c - ,

l tls ’n Ri cl -pc’ ~u c e- c c - c’ t ‘l im e’ slnunus u te is locate-d c-mi I lme- S m  u c - t bt
I cur l , Lc -c1uu i lie’ It u c -er . ‘c - J m c - m i i  s- cit i i i  fc-u’ Ii ce-u-is c- c-s us fi l e-d .Jrm u ut mn u u-v 2(5

I n - i u m i (  , i - i n-’ I’ cu c m ftc Pc -c - c r  1 Li pit t t’ c-nn !t c - i m - in - - m~ i t1 tI c - c - ’ I 5 c- ’ tl c’ mc - m l ‘ic c - e r
( ‘ , u n n m u s c - i s s  - - i t s , ‘[‘he -c ippl i c c u s t  h nm s muc - du c - cute’S p l c mm ms to rime-mid tim e nu lip i S —

en 1 i c - i n c  o c- s c - m i s t  r i m e - c -  f tc- p r u u i c-c t  i n  c - c c - F s e t  ~1 5 ( e - S  , l’he’ t’i r s t  set n up c - -
c, m m m l  ci m m m c i c - c - t Ic cm c i t u n c  c-

~ s ’ - c i  m c I i’r cc u n u c - ’ u - c - - I  en - p m c i  y I t c- c - Is is’ s sit the’ isde-m
It m dpi ’ s t  5- is i t  in su m m c - s c - i  I sc-c - I en I s ’ v c m  I j - I I  2 , .‘ 1 5 5  fe -c -’ t c - m um ) ri c - m I s  c- t n - c -  c-~ i c - - c - c

c- s m c -  Ii i n  i i  1 cm! c nc - ; m c - e n  I I , ‘ ‘ I 31) , 000 k m  1 c c - s c u l l  - - . I I c c - - n-~u - c m e n m c - I  n- nuge’ c- sc- cu Ic1
n m t c l u u c-ie- i ’nm is imt n - ’ tine’ d sc - s ’: to urc - y m c-I (’ cm t itt o l e l i c i t  i m m u m  F - I  2 , 3-1 ( 1 fe-c t ,

cc-ins t rue -i i c-ni c - n - I’ I c - cl - In - uu’ t I l c uc - ” , c - c - - F - c - c - t  1 c - I c - u I s ’s  t h c i s n u n - I  r e n n u s ’ : , cmm m d incm ’ e’nus-
I Im c - t I li e - p c - c - c -’ n ’; 1 m m - i t  inc- c - ( se 1 1 c - I  I m c -  t i m  ‘‘ i c -t 91) ~n - ) 0 l  I i I c-Is n u t  I 5 - ( I s  nub I c’
s I , m m n u c c- ’ w m ’ s c l s i  i t c - ’  1 1 1 1 . 01 1 n c - c r c ’ - t e n t  s e t  (e l c’u u 1-t i c- Ig e ’ bt e -n -c-’i ’ \ c ii t in c - I

2 , i m ( i l )  i c - r e- - t ’c ’e’t cut I, ock hcumt l -’ cc- e’ mvs u u m , [I c - c ’ , cs , en msi e - e’ c - n sc - c - m c - .e 1 g e n c r c u —
i ‘nt icc - m ci IsI  ‘ c - ’  ni l e - c it 22 ,000 km I c-is n u t t 5 , l’ o ls s ’  1’ c-s m I I h u e ’  c - l e v c -’ l o p e -el bc -

rul e - c - u s e s f m u u n  i l  them I c-Ic c- f u d g e ’ (cm’ I oc~ c - c - m t  fe - s c - eu ’ c - ucu rs tiurou g i cm
12 ,000- f c c - u t  t , t c - s s ’  u ’ ‘ mu m u m t e  I numuc l 3 , I m R ~ 

- I - F - m t  p e -m us e t m u t e - c -  I c- c  I he -pow-c rh en iuse.
23 24)

— c - i l - i’c - -~~ i c - i c -  1 I , e-’’ t  m e ’ S  ic - cc - I

h i s  n - m u h ’ r e’pc -~ F u m c o u m s u s i s  c- i f n c - I l  \ n u s h m u m u g t o r t  s e t  i ’s’, ic - 5nS cl u c u i m u i n g
c- ‘ec - -~~r’ c u t  on ( C’On ’ s ’, u nu , ‘ c - c e- I Sc-smut S , cm mt el tic - c’ St cc-u t c - I’ - t u u  n c - n c -  sic - ’

F i c - c - ,  , c -  l i t - S I  t en c - h - .- In  l ie  ( m c i  It I c- e-r, l ute - Ic c - u i , ci u ut tic - c- ful l c-Is m mg c - l u  s e - c u s s  i c - ti m
n” - - i s si c - sc - h ’ en r ‘ ‘ I  5 ‘~ ‘ c - u  c c l  u cm I p u ’ m u  en ’  t se u m im d e u’ - i c - I  I ye I !‘ve-sI u gcmt i o u t  . in

nu c i d 5 u c - m um , ci ~ u us - _ i s I’ c - - i t ’ 1 e -5s ~e- l p i ’m ’ )  cc l s c-s c-’ me’ m mm vs’ s n - t I —
. ted i n  I lie’

I e u c - n c c - u m ’s I c - s ’ u i n -  ye’ n - nit or  fc - - n - c -n u r e - c - ’  St mmclv e l f  t i c - c -  ‘ c-ge t ~s i m c - u u uei , ( 2 o )

- 
- - 

- 
- ‘ ‘S  - ‘II’ , - -



\c - tst ln I- oil ‘ - c - u c ’ c- j I i , i l I i c - I i ’ R i v er I c c - i c - c t  li ce p l o l m e n t  i-, i , t uld

c c - m u s e  i cc -  ‘ I ’ : mc - ’ c - c i t  I t i  I s c - c - i - , m s m l - ‘- , ‘ - c - c - I  - H , i  ‘~c l ;c - s c (‘c i t  c , l i t -  j c - c - I l I
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Subreg io n 12 , Oregon Closed B a s i n s

I’he re are no p o t e n t i a l  h y d r o e l e c t r i c  projects in  t h i s
subreg ion .

Summ a ry

Tb roug hout the Columbia-North Pac i f i c  Region there remain
si g n i f i c a n t  undeveloped hydroelectric resources . The forecasted
power demands show that all of the hydroelectric capability which
can be economica l  lv developed in the Paci f i c  Northwest  w i l l  be
us able  in meeting reg ional loads . It is possible that some of the
projects listed can be develope d as s ing le-purpose power p ro jec t s .
However , the need for the most efficient use of our li mi ted water
resources tends to favor multi ple-purpose deve l opment. Opportunities
exist for develop ing hydroelectric power potential at storage
projects wh i ch will  be constructed to meet such needs as irri gation ,
flood contro l , ‘.~ater d ualit y , munici pal and industrial water supp ly.

Some of the projects discussed in this appendix have been
studied in considerable detai l while the information avai lable on
many other potential developments is limited , and additional study
is required to determine feasibility. Table 32 summarizes the un-
developed hydroelectri c potential of the various subbasins discussed
in this appendix.
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t h e  lolum b i i -  \orth t ’~t c i t i c  Reg ion  is d l v  ded i n t o  a reas  of
di st i n ct  lv  di i t er e n t  h y d r o l o g i c  c l i a r a c t  c i , one lying west and the
o t h e r  cas t of t he  Cascade Range  he c o a s t a l  s t r eams  t o  t h e  w e s t
ar e re I at i ye ly shor t  and empt ~ l li t 0 t h e  Pac i f i c Ocean , Pug et  Sound
or t h e  l ower Cohim b I a R I  ye r. On t h e  w e s t  s i d e  , ~ ccci p i tat ion from
t h e  p r e d o m i n a n t  w I l i t e r  s to rms  i s gene rid I c  i n  t h e  form of r a i n
r i  t her than snow , and t h e  runoff cannot he re Ii ab lv fo rec i ;  ted more
than i few days in advance. I ;i st  of the Cascades , the (o l u m b  i a
Ri ~er  d r a i n s  an area i n  e x c e s s  of a quarter m i l l  ion square m l  les
w h e r e  s nowine I t  runo t f has a m a j  or t f f u  c t on t h e  annu a  1 st r eamf I ow
p a t t e r n . I l i e  ab I l i t  to predict runoff from the s now f c d St rea ms
p erm i t s e f f i c i en t  management of the wat er resources b~ p r o v i d i n g
the a b i l i t y  t o  opera te  s torage on a fo recast  b a s i s .

Compat l b  lil t of ~~~~ Itse The ma j or annua l flood on the
Co lumh i a I t i  ~‘er occurs  w i t l~ in the pen ad f rom ~la to (u lv and r e s u l t  ~
from t he melting of snow which has a c c u m u l a t e d  during the w i n t e r .
I 1 u r i n g  those months whe n t h e  p r e c i p i t a t i on at the hi gher elev at ions
i s  b e i n g  s tored as snow ra ther than cant  rihut in g  to t h e  ri ver ’ s
h o w  , t h e  r e g i o n ’ s e l e c t  ri c loads  are hi ghest . To ohta i  ii the
requi red g e n e r a t i  on , the low n a t u r a l flow s ire supp lem ented he
releases t ram s to r ed  w a t e r , and t h u s  the reservul i~~ w hich  are operated
for power norma l lv reach the i r  lowe s t  luve I s  b e f o r e  the occur rence
of the M a y — J u l ~ f l o o d  flows . once t h e  tl ood i b i s  are  s t o r e d , the
reservoi rs may be he Id f til I for  r cc reat  i o~ a 1 u se  i in t  i i  the s t orage
is agai ii requi red f o r  power or ot h er uses . Lff i  ci cot storage oper—
at ion fo r ~~~~~ and f lood can t  ro I Sc rv .  s 1 1 ~o t o  improve cond i t ions
for n i i c i  ~at  ion whe re  open r i v e r  r e ac h e s  r e m a i n , h i f i c r e a s  i ng d e p t h s
of f I ow dun ng the low ii at ura I I I oi months . I r r i ga t I on and low flow
augment at ion for poll ut ion abatement a 1 so reqii I re the s t a r i n g  of
f l oodwa te r s  , bu t , no I i  he pow e r and nay i gat  ion  , the gre it es I need
for s torag e re lease  occurs d u r i n g  the warm , dry summer months
1 bus w a t e r  stored and released for i rr i ga t  ion  and w a t e r  qua I i  t y
a I t h o u g h ass i St i ng in flood con tra I , does not cant ri hute as
di  n e t  l v  to I nc ce ased f i tin capac i t  V or us ;ih Ic cue rgv

On the wr~~t side of t h e  Cascade R a n g e  , th e ma j or f loods  a Ic
caused  h sever e s to rm s  wh 1 ch occur clii ef l~’ dun ng November ,
I c cembe r , and J a n u a r y  . l o w e  e r r , t h e  niagn i t tide and I nt ens i t v  of a
St orm cannot a lwavs he used as an i n d ex  to the re sultin g flood .
Fempe ri t ure sequence , ground—wat en rech a rpe , S iiow ’pa ck , and ot lie r
t a c t  or~ in f l u e n c e  the r a t e  as w e l  I as the volume of runoff .  The
r eg u l a t  i on  of the m u l t i p le-purpose reservoi rs  l o c a t e d  on the west
side , s p e c i f i c a l l y  those located in the W i l lan iet te  River  Basin , is
normall y d iv ided into three seasons : ( I )  major  flood season ,
November 1 — January 31 ; (2) conserv at i Ofl storing season , Februar) I —

May 3 1;  and ( 3 )  conse rvat ion re leas e season , Jun e  1 — October 31.
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~( ix l l n um f l o o d  co l i t  i o l  space is provid ed during t i le per iod  of m a x i m u m
f l o o d  potent i a 1 . O u r  tig t h a t  5ca~~ofl , t he rese r vo i  rs a nt he I d
ev acuated t a nil ii i mum I I ood con t ro I poo l , or f i l l  eel and cmpt I ed ;i

the contro l and reg u l a t ion of f l oods  may r . q i i i  re t h e  u se of t h e
f lood con t rol stor age space. I ) u r i n g  a c r i t i c a l  w a t e r  y e a r  on the
Co]umh i a h i ~er , power ge n e r a t  i on r e q u l i  red at Ici I lamette Bas i n
p r o i e c t s  t o  meet  sy s tem fir m  comini t r w n t  s m a y  c u r t a i l  s chedu l e d
fi l i i  ng at  some t~ I 11 amet t e  Bit s i n  r ese  rvoi rs and resu lt  i i i  p at t i a I
f i l l i n g  of t h e  re~ e m v o i  r~ t o  t he ex ten t  that  t he re  wou ld not he
enoug h co n se rvat  I on St  orage to  meet i rn g~it ion and o t h e r  ii i g li —
pni or it~ requ l ren ient s du r ing  the conservat ion  re leas e  per iod .
Shoul d  t h i s  occur , cxc  his l v i  power stora ge and poss ib ly  dead st  o r —
age  i n  t he  amount  t h a t  power  re lea ses  c u r t a i l e d  the sct i ed i i l  ed f i  1 1  in~
ma be used for  i rn gat ion  ari d o t h e r  h i gh — p r i o r i  t uses  . I h i  s i s
a ni s h t i at  power is I 1 a ssume i f spec ia l  regu l:i t i on f o r lOis 1
1 eopar d  i :es t h e  norma I rees e rvo i r  f i I i i  ng

hia ~~~es in t J se of S to r a ~~ The pat  t e r n  of St  or;ige me ~~, i i  I at  i Ofl

t a r  h v d r o e l e c t  r i  c power p r o d u c t  ion is I I I  change a:. t he  P a c i  i i  c
Nort hw e s t  i f lte :  r a t e d  pois e r s - s t  em p rogresse s  from a hy dro h isc to
a t hermal hus~~. h u i r i m i g  t h e  h i l t  HI s tag e  a l l  a v a l  lable 10 1 5 ( 1  s t o r —
:1g. w i l l  he used dur in g  the a d v e rs e w a t e r  yea r s  to  produce the
m a x i m u m  p o s s ih l e  p r im e pow.er . I h i l s  t5 l  11 e stabli sh the m a x i m u m  h i  tm
loa d w h ich  can he c a r r i e d  b~ t i m e  ~ .t e rn , and t h e r e fore , i n  : e : i r  i
h et  t er than m li i i mum f l  ow , t i m e  a a  1 1 :mh ic  t o r i g .. . i 11 flat hi ’ h o  I I  v
used for  power generat ion h u n  rig the  second stage of dei e lo~~ ent
t hermal generat ion i~ i 1 1 grow rap id I~’ , and i ns t a  I la t  Io ns i t  ma i n
r i ye r bed ro p lants i~ i I I hi e x p a n d e d .  \ 1 1  ava  I I :ih Ic ene i~~\ , i t i c  l uel —

ing  muc h t h a t  waS formerly s p i l l e d , w i l l  hie come u s ; i h i l e  b r  rep I:i~~i mi : :
th ermal e lectric eii rgv . \s ‘mac h s t o r a g e  w i 11  he w Ithdra w n during
the w i n t e r season :l~ e arl he re3~I icrd is i t l i  t o r e c i  t ie l  f lood S e :i~~~’fl

f low s . \ s a n e s m i l t  , t h e  aeer:ig. unina l u~ e of s t o r a g e  w i l l  be
greater than in th e in t l i i i  ~ t I g e . h ) mmr i rig p er i ol ’ oh adver— .e
st r eajnflow . a l l  power s to r : i g e  l i e  c e s ~~arv to m e e t  I i  no boae1 ~ is I  I I  be

as i t  w o u l d  l i e  i n  t h e  m m t  i : i l s t a g e .

In t h e  ii I t  i n a t  c s t a g e  of  deve l o p f l m u n t  , l e e l c  o i I s  is i I I be
m a i n t a i n e d  at  :i r e l~it i \ e I v  high I e ~~e l  t i  p r oc  id. l i i i !  p i n t  peak i ng
Capal ) i b i t e  t i n t  I I t h e  P a n u a  r peak load h i : i s  ( c i ’  l i e  1. l o l l  Ois i m m g  t h e
annual peak load , S t o r a ge  i~ I II he ~* i t h i d r n s n , t I l l  . 1  t ire C i t  b i 5 i  s

a g e n er a t e  lied ro ene r v  t a rep lace t lie rma I e l i e  r u ’  and t i i  re e l m  I
sub sequen t  sp i I I  hi r I ng t h e  I I ood runof f  s c :a  O i l  . l i i i  c h a ng e  f rom
one St age to  the next is i I I be g radua I , and t h e  I emlgt Ii at each pe’ r i ad
w i  11 depend on the ra te  of load growt h , t he m a t e  of add i rig rmew stor -
age and thernia I gene rat ion , and t lie m agn i t  iide oh t i r e  u It I ma t e hy d rd
Inst ~iI led c apa b i l i ty  . the common o b i e c t  i c e  in :i I I  t h r e e  pen ads i s
to  reduce the sp i It of wat e r during the h i gh r u n o f f  p e r i o d  by s t  on—
i ng f lows in e x c e s s  of downst ream p la nt hvdraul i c ca pac i  t i t s  and
thus convert potent í a !  s p I II in to a usable comxno di t~
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Pea~~~~’ Ins tallation s

Peaking c a p a c i t y  may he de fi  t i e d I s that  p a r t  of ;i power—
p lant  ‘ s g e n e r a t i n g  ca paci t v  w h i c h  i s  operated dur ing  per iods  of
ii i ghcst e l e c t n i  cml energy demand . The amoun t of p e a k i n g  capac i t v
to be i n s ta l l ed  in  a h y d r o e l e c t r i c  pla n t  i s  de pendent on a number
of fac tors , one of the most important  be in g  ope ra t ing  l i m i t a t i o n s ,
such as rate and amount of change i n  rese rvo i r  and t a i  lw a t e r  o l e -
vat ions , that ma ’ be imposed for the protect  ion of other water—
or ien ted  i n t e r e s t s .  Other factors  includ e ’ st re am flow s , reservoir
sto rage and pondage c a p a c i t y ,  and a v a i l a b l e  head. In  the Pac I f i  c
North w est , many hydroe l e c t r i c  p r o jec t s  are be ing  desi gned and
constr ucted w i t h  p r ovisions included for the future installation
of addi t iona I g ene ra t i ng  u n i t s  when  needed t o  se rve i n c r e a s e d  l oads
I n some cases i t  may be l iecess:I rv to provide  re r egu la t  ion f a c i l i t i e s
when the  add i t iona l  c a p a c i t y  i s  i n s t a l l e d  to  smooth out the p e a k i n g
re leases  and mai nit a in s a f e  and accep tab le  cond i t ions d ow ns t ream .
1:xamp les  of such requl  rement s are found at l i b b y and Ow or sh a k where
an open r i v e r  of some extent  e x i s t s  downstream f rom each of the
p r o j e c t s  Both the l i b b y  and l)wor sha k powe rp l a nt s  have been designed
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i i  opc i’ a t e t i l t  i iiia t I v  i i  :Lt!  ?LnnlU a I e a p a c  I t\’ f a i l  or of’ ap p r o x i  i : : t t t -  Iv
l~~ i ’ l l  i Ii i ; icld it On t () I l i e  l i i i  t I a 1 1 ns t  a l l  at l o ni , i ni t ?ik d —

p e t l s t a e ’ks h i d  5 tiI )S t i’lic ’t i i l t ~~ a rt’ I b i s  l ’ e i n g  const  r uc t ed  to t ’: i e i  I i  t a ~~c
i ns t ii  I at i ’ o  of t h e  f ’ii t t ir e pea k i rig tin i ts

‘i t th e ’ Ca I i im’ ~ ’ i a R i  c e r  and lower Snake runt— o f—ri ve’l ~~~~~~~ Sf a c t  l i t  i t ’ s  are i l - a  he i i m g i n c l u d e d  i n  t h e  I n i t i a l  p h : is ’ fa r the ’
I a t  i i  i c  iii t a 11  a t  at  addi  t i aria I peaki ng tin i ts . I h o w e v e r , ill I l i e
m t  i i ’s i t  of nay  m c i t  i o n  and other w a t e r  uses , the ni t h a t e  a n r m i i a l
c i p a c i t v  f a c t o r  o f  these p lants  has been 1 u i  ted to about  I i )  O c r e e m i t
It i i 5 , coup led is it  Ii iv :t I I ab l e’ pondage and overl a~ p rov m ded at c : l i i
p rem ect . r est i  lt~ in ma i lit a i m i n g  a c c ep t a b l e  con ch I t ions for nay i gat ion
i n the c : i  i i  otis m e  s e rvo i r ~

‘it r ind (au lee , cons t m e t  I on of a th I rd pow e rp 1 ant I s
unde r is :i~ . t h en  t h e  s I ‘~ ‘ 10 , 000— k i l o w a t t  tin i t s c urrent lv  authori :ed
t i e ’ e’omp l l m e d , t h e  C rand L o l i l c e -  p r o j e c t  i s - i l l  provi de’ a t o t a l  r a t e d

ca p a c i  t c -  el f 7, ,‘)o ’ ,O (H) kilowatts i tic l u d i n g  the ’ addi t ion of t wo
4S , 7,e~ h i  l o w a t t  p u n i p — t i i r h t n e  u n i t s  in the e x i s t i ng  pump i ng plant.
U pon conmp I ct i on of  t h e  ( o  I uni t ’ i a R i v e r  T r e a t”  pro l ce t s in Canada and
t h e  I i h h v  : ir/ in the - it ni ted States , the us ab le  storag e’ for t o - g i i l : i —
t ion  oh t he Cal i m ’~l i a Ri c e r  ~tho~ e’ (; rit r id Can lee is-i 11 be more t h a n
t r i l l  l ed .  I h i e  I t ic  n e a ; e d  fi rm s t i ’eamfl ow p lus i ts  h i gh head make
G r a n d  (‘ou lee i elea 1 ~ r i n s t  a 1 I i ng addi t i ona 1 p e a k i n g  capaci ty  beyond
the s i  x present 1 tinder c o n st  r i ic t  ion . Cons i derat ion i s  l ) c i ng  gi y e -n
to further poic e rp l a n t  e X I’ .ans t o n i  by i n s t a l l i n g  s i x  addit ional ~O (f ,000—
ki l ois att u n i t - . . This would i n c r e a s e  t h e  t o ta l  capac i t y , ex c l u d i n g
puntj)— t u n )  lie ’s , t o  9 , 170 , Ot )0 k I 1 ow;tt  t s  , i h e  add it ion of f o u r  more
i c -vt rs LI) ic pump—turb m lie ’ s i t  t h e  pump nig p l a n t  is i i  increase the
t o t a l  rat  e e l  capac i ty  t ~ 9 , 7 (1 , 0(R) k i l o w a t t s  . The average  annua l

t f a c t o r  w o u l d  be’ a h u m i t  2:; p e r c e n t .

At Ch i e f  t os e ’p h , i n t a k e s  were provi d ed during the i n i t i a l
phase for a t o t a l  of 27 u n i t s , of w h i c h  16 un i t s  were i n s t a l l e d .
1’ l a n s  are current lv  unde rway to i n s t a l l  the f ina l  11 un i t s  during
t h e  e a r s  1977’- 77 .  t ih en  comple ted , the 2 7 — u n i t  powerp la nt  i s i l l

d ’’ a pp r o c  i mate! > ’ 2 , 069 , UR) k I loisatts  of rated capaci tv , and
2 , 1 2 0 0 0  k i l o w a t t s  of peak i r ig capa b i 1 i t > ’  , A v  erage annual capaci t y
fac to r  w i 1 1 be approx imate l y 50 percent . l , ike  G rand Cou l ee , Cii i ef
J ose ph is  a lso  i d e a l l y s t i l t e d  for th m , i n s t a l l a t i o n  of addi t iona l
peak i ng c a p a c i t y  beyond t l m e  cur rent ly  authori zed 27-un i t  p lant .
S t u d i e s  a re  un d e x ~~ay considering raising the Chief  J osep h pool to
more e f f i c i e n t  lv accommodate p e a k i n g  re le a ses  from Grand C ou lee as
w e l l  as to provide  more genera t ing  u n i t s  at s i t e .

t a b le ~S l i s t s  pro posed add i t ions  at e x i s t i n g  h y d r o e l e c t r i c
projec ts  At mos t of these j ) l a f l tS , s tructura l p r o v i s i o n s  have been
made for the future  a d d i t i o n  of the un i t s  l i s t e d . At o t h e r  p r o J e c t s
on l y  the space has been provided.
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Pumped Storage

E lectrical resource studies indicate that , in the future , a
major par t of the Pacifi c Northwest ’s base load will be met by
nuc lear powerp l ants. Nuclear plan ts can supply base load energy
at a relatively low cost but are an expensive source of peakin g
powe r. Theref ore , more economical means for providing peaking
power mus t be sought . Studies indicate that the peaking require-
ments of the reg ion will be met until about 1990, by adding
generating units at existing conventional hydroelectric projects.
When the addition of those units is completed , other sources of
peaking power mus t be developed . Several alternative sources are
avail ab le , including pumped-stor age . Recent improvements in
reversible pump-turbines have created conside rable interest in
pumped- storage , especially in areas where reservoir sites with
hi gh head are availab l e , as they are in the Columbia -North Pacific
Region .

85

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —i—— ’- ~4.~ - -i,._t--:___I
__ 

-P- - ’ .--



Opera t ion  Pumped-storage hydro is uni que among methods of
power genera t ion  as i t  i s  dependent  on o t h e r  e’ lect  r i c a l  po w er
sources for i t s  energy supp l y .  I t  f u n c t i o n s  as an energy accumula-
tor  in that low-valued off-peak energ y is stored by pump ing water
from a lower to a hi gher reservoir (fi gure 7). The stored water
can then he returned throug h the turbines to generate power dur ing
peak l oad pe riods , when it is most needed and has i t s  greatest
v a l u e . Pumped-sto rage in ista l lat ions o f l ’er many of the favorable
ch ara c t e r i s t i c s  of con v e n t i o n al h y d r o e l e c t r i c  p l a n t s  i n c l u d i n g
rapid s ta r t -up , long l i f e , de pen d a b i l i t y , low ope ra t ing  and main te-
nance costs , an d ada p t a b i l i t y as low cost sp inning reserve . 1)ue
to  t ran smiss ion losses and inefficiencies in th e opera t i o n of pump-
turbines , approximately one’ and one-halt ’ times as much energy is
required for pump ing as is obtaine d in the generating phase.
h oweve r , t h i s  inc reased energy use is J u s t i f i e d  b y the hi gh va lue
of the peak generation.

Pumped-storage may he desi gned to operate on a seasonal ,
weekly , or a daily cycle. ‘-easonal pumped-storage would be
economical only in a sy s tem where there  is a period in the year in
which  there is 1)0th s u r p l u s  wa te r  and surp l us energy .  ‘l’he surp lus
ene rgy would he used to  pump the  surp lus wa te r i n t o  a h o l d i n g
reservoir  to be used for generat i on d u r i n g  periods of greatest
power demand.  P ro j ec t s  of t h i s  type ’  are e s p e c i a l l y  adaptable  to
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mu ! t i p l e a — p urpose  development . An example ’  of t h i s  u s  the  P aterson
R i d ge s i  t ea’ , wh i ch i s  being considered as a m u l t i  p i e — p u r p o s e  pro c’ct
f or i r r i gat i on , r ec rea t ion , therma l p lan t s i t  i ng , and seasonal
pu mped — st 0 i’:ige pow’e r gene ra t  i o n .

h )ailv and weekly pumped-storage hold conside rable promise ,
espec 111 1 l v  in l i ght of th ie  fact  that  i n  the  near future therma l
r~ L in t  s w i l l  beg i n  assuming  an i n c r e a s i n g  share of the reg ion ’ s b ase’
l o a d ,  \s more therma l p l a n t s  ; ir e put i t i to operat ion , more o f f — p e a k
ent ’ rgv is i 1 1  become ava i lab  le for po ten t  I ;tl use h~’ pumped—storage
p lants . W a t e r  w o u l d  gene ral lv  he ~t im~~~1 at ni ght (and on weekends )
and r e l ea sed  d u r i n g  the da y to gelie’ u’ a t  e energy for m e e t i n g  the
5 V 5  t e n ’ s peak loads

P umped—sto rage  p ro jec t s  a re genera l lv  c l a s s  i t ied as ci t hi er
r I / m e ’’ puriped- torage or ‘‘ corn !) i ned ’’ p umped—storage’ . -\ ‘‘ pure ’’

t ’ t i i i t ’ e e l —  s to rage  proj e ’ct is one w It  ich opera te s  cxc lus i ye I s ’ as a
IllI- p ed—st orage p l a n t .  l’h e plan t ‘ s g e n e r a t i o n  ca pa h I 1 i t  i s  depend—

‘ - I t t  wi le )  l i v  on wate r  pumped from t u e  l o w e r  to the  upper rcse ’rvoi r.
I ) n the  o ther  hand , a ‘‘ combined” pu m p e d — s t o r a g e  project  i s  a con ve n—
t ion a l  h y d r a  p ro iec t  whose’ ge ’nerat I ng p l a n t  cons i s t s  e i t h e r
1 : / r i  i a l i v  or w hol  lv  of re v ers i i )  Ic  pump — turb i t i e s .  W a t e r  pumped from

t h e  lower  1)00 1 s e rves  o n l y  to supp lement  c o n v e n t i o n a l  r e se rvo i r
i n m f l o w  as a source of e’ner gv . \ Ithoug h a few corn!) i ned p ro jec t s  are
ti ow- be i ng s t u d i e d  in the’ Co l unmth i a — N o r t h  P a c i f i c  Reg i on , t h i s
1 nve l i t o r v i s  p r i m a r i  ly concerned w i t h  pure pumped -s to rage  p r o j e c t s .
‘ftc l a t t e r  are f u r t h e r  s u b d i v i  ded i n t o  two ca t ego r i e s : “ inde p endent ”
projec ts , in wh i ch both the upper  and lower  rese t ’voi  rs are used
e x c l u s i v e l y  for pumped -storage op e r a t i o n s , and “ ad j a cen t ”  p r o j e c t s ,
in w h i c h  the r e se rvo i r  of a c o n v e n t i o n a l  h dro p l an t  i s  used as
the lower  rese rvo i r  of an a d jac e ’n t  pumped-storage p l a n t .

Si te Inven tor y  .-\ ma p su rv ey  w a s  made to e ’v a l u a te  the pumped—
storage p o t e n t i a l  of the reg i on. 1)ue to t i m e  l i m i t a t i o n s , i t  was
p o s s i b l e  to surve y onl y a p o r t i o n  of th ie reg ion . I ’he por t ion wes t
of the Cascade 1 ) 1 vi  de uca~ s e l e c t e d  because i t  c o n t a i n s  the reg ion ’ s
nmajor  load centers . However , i t  mus t he recogni :eei that a ver y
large  p o t e n t i a l  e x i s t s  in  the eas t e rn  por t ion  of the reg ion as w e ’ l l .

‘I ’he - eas tern  s lopes  of the ( :a sc~ides i n  W a s h i n g t o n , the Blue Mounta ins ,
and c e r t a i n  p~~x’t ions  of the Rocky M o u n t a i n s  in  I da h o and w e s t e r n
M ontana  ho l d  part i cuhi r P romise  ( f i gures 1 1 - 1 5 ) .

Most of the effort was placed on locating sites for large’
peaking p l an t s  capable  of opera t ing  on a d a i l y or w e e k l y  c y c l e
u s i n g  o f f -pea k  thermal  energy . P r e r e q u i s i t e s  for an economical
pumped-s torage projec t  of t h i s  typ e i n c l u d e  the a v a i l a b i l i t y  of
low cost energy for the pump ing operations ; favorable terrain to
permit  the cons t ruc t ion  of the re servo i i ’ s  w i t h  m i n i m u m  inves tment
i n  dams , r e loca t i ons , land and damages; and a l o c a t i o n  o f f e r i n g
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Figure 8. investment cost vs. head for 1000 mw pumped-storage plant.
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El gure 9. Inv~ t~~ nt cost vs. penstock (
~ iqth for 1000 row pumped-storage plant ,
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CAPACITY COST ($/KW-YEAR )31

0 2 4 6 8 10 12
6000 ~1~

>- 4000 -
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0
0 50 100 150 200

INVESTMENT COST ( S I KW)? /

1/ Plant hav ing a head of 1 500 ft., penstock length of
8,000 ft. , and dam and reservoir costs ranging from
$5 ,000 ,000 for a 250 MW i n s t a l l a t i o n  to $36 ,000,000
for a 6000 MW inst a llation.

2/ Includes engineerinn , interest durin g constructi on ,
and contingencies .

3/ Includes cost of amortizin g investment over 50 years
at 4-1 8% and estimated operation , ma i n tenance , and
replacement costs.

Figure  10. Investment and capacity cost vs. insta lled capacity for a typica l pumped-storage plant , 1 /

89

- - .--



L. 
~~~

-

-

\~ r ,
A~( ? ~~~~~ ~~.:~

‘- 
-

~~

‘

~~~~~~~~~~~~~~~

~~~~~~ 

-

~~~ 

: b
~~~ \,, . L . “a’ ‘

~
‘ 15

~~~~~~~ 

- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

H .F
-~~~~~~~~~ ::~~‘ . i~ ” (

I - 

~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~ ~~~~~~~ 
I S

~HH~ ~~~~ ~~~~~~~

N
• ~-‘ ‘a ~~ 1 Al - V - Y ,AA , ! ‘F

Vt ~ ~, ‘y  5 , 1 5  ‘~, - ~~~~ ‘a’” A !~-~~? ‘ aj i’~’~
C ‘.“ “ I I ’ S - - ,  F~~A Y I  w ~~

MAP SHOWING POTENTIAL
PUMPED-STORAGE SITES

MID COLUMB IA SUB RI ~r~~N 7

a 
1969

F I G U R E  II



lii

- “ a~~~, Lj,J mr
~~W ci

- ‘~‘ -~~O O D  —
,~~~ Q~~~~U)

a:

. :- 0 -J
~~t o

Z,IZ —
~~

-- 14J

) i _,ç~~._ ____
~~~ a

~~~~ •ii ~~~~~~~~~~ ~ ~~~~~~~~~~~

‘-a ‘a ~~Q_ o

‘a 

~ 
— 

A 
-J

r\ H .

~ 1, — _ _ _ _  — _ _ _ _

~~~‘
. ~~~~ I 

~~~

•

~~~

‘_‘

~

_

‘,

• ~ 
, 

-‘ 
‘a’ 

- 
3

-- 

-

~~~~~~~~~~~~~~~~~ ~~

~: E
a

I -\ -,~~~~~~~
‘ \

- 

- H’



~~, A /  

~

‘ ‘  

( 0 
—

‘I
____ ’ 

~~~~~ -‘ ,4 ‘ 
-.

~~ 
N~~ I L \ 

~~~~~~~~~~~~~

‘ %

ci~ 
~~~~~~

/ . 

~~~~~

‘ • 
A)

(
~ 

. .  

- - —. -
~~~

V - : .,~i I )

(
~~~~._ /~ ‘~~~~~~~~ T? -

.

. . 

“

‘
~ :~ ~ : 

~—5 ‘ L -

~~~~~~~~~~~ ~~~~~~~~~- 
-

‘1 - I ‘‘. 
‘

‘

~ 

— 
/1 ,.

‘

~~ 
t”k ~ .

1,: ~~~~ - ‘ 1 , , ,. . ••
•

P 
~~~~~

‘ - - ad. •

F F ‘ ‘ ‘  ‘~‘a ’\ ’ ,,a~.
— • ‘ ‘I ‘a ’  A P M’~ l~ StO*A G( ‘- - ‘F

a, y t ,  t, 1~~~1 ‘A I~
HIS . 1  “ A ’ ,~~F5 “ v S1U t~’

MAP SHOW ING POTENTIAL
PUMPED-STORAGE SITES
W I L L A M E T T E  SUBREGION ~

1969

F IGURE 13



* .  ~~~~~ -

~~ I ~~~~~~~~

A S A ’  a’.

‘ -‘~- • .
‘ ) ‘ • 

— — 
— — - 

~~~ ,I’
- ‘

J / ’ -‘a

/
• 

, 

A
,

-
~ s, - ,

•

I 
a’

a
”

~~~~~~~~~,

( ~ ~~~‘
-‘ L_ ~~~ f y L

‘I‘5

0~~ a

Q. 
~ 

~‘H” . ~~~~ ‘ , a ~

“ ‘.

-

L J  ~~~~~~ 
,A 

- ‘ ‘ ‘ -

• 
a’
~~
’
~

a’-
~~ 

A a’ ‘ , ‘ ‘. • 

I 
cmit u~ i .  ‘. a ‘~~a t ’ ,\ , l  I ,

S ‘MI 1I S I S I 0 l- S M  W - ‘5’ I~~ l ’ a

I. I - ‘ MAP SHOWING POTENTIAL• I ‘a” PUMPED-STORAGE SITES
COASTAL SUBREGION 0

C A L  b A A  
1969

FIGURE 14 



~~
‘:~
- ‘

~~~~~
- -
~~~~~~~ \ - ~.• - •

• • a

•
~~~ L-~--.

A A ‘ a , ,  , - A 

• •.•

9 L~~~~~~~~~~~~~~~~ ,

’
. ,

,

-

~~~~~~~ ~ • •
~
. 

- A 

• • <I - A A’ k ~
, 

~“ VFR E V ~ • • f
t

_ _ L~~~ ~~~~~~~~~~~~~~~~~~~~ 

•‘“~~~~~~~~~ \ ,\ 

-

J E ~ ., 
~~~~

‘
a,

” -
~~~~~, / 

~~~~~~~~~~~~~

I 

‘ / 
~ ‘ i A ’  LA , 

‘ - -
••

A A 

- 
~ 

~ / ~

C O L- , M FI I A S “ — 5 5  PACI FaC
- - - M I L L I  H I  ‘ a S I A L  IRAMEWOP , ,  STUD S

MAP SHOWIN G POTENTIAL
PUMPED-STORAGE SITES• - “ a’ A~ A - a ’ , ,  

~~~~~ a’~ a 

PUG ET SOU ND SUBR EGION II
1969

FIGURE 1 5



economical transmission of off-peak energy to the project for pump-
ing and peaking energy from the project to the load centers . Also
d esi r a b l e  from the cost standpoint are a high head (preferably 600
feet or more) and a relativel y short waterway or penstock (prefer-
abl y miles or less). The marked effect of hig h heads in the
reduction of unit costs is illust rated by figure 8. ‘I’he cost advan-
tage in selecting a site wi th a relatively short penstock tunnel is
shown by figure 9. (Investment costs include a 25 percent contin-
gency allowance , 12 percent for eng ineering and overhead , and
interest during construction at 4-7/8 percent over 4 years). Con-
siderable economy can he attained by going to large installations
wherever possible. This is illus trated by figure 10, wh ich shows
the relationshi p of unit cost to installed capacity for a site
typical of those located in this survey . This fact contributed to
the decision to limit the inventory to sites having a capability of
at least 1 ,000 megawatts. Another standard which was imposed was
that the reservoir provide storage for at least 8 hours of operation .
(-1 1)

‘rh e i nven to ry  for  the lVillamette subreg ion is quite complete
and includes data on costs and maximum site capabilities . The
inventories for the Puget Sound , Coastal , and Lower Columbia sub-
regions were made in less detail but do indicate the number of
sites capable of producing at least 1 ,000 megawatts at an investment
cost in the $80-$150 per kilowatt range . In addition , a special
study was made to investigate sites capable of operating in comb i-
nation with the existing Columbia River hvdro projects below the
confluence with the Snake River. The identified projects are
summarized by subregion in table 34. All costs are based on
•January 1968 price levels.

Evaluation of Results Althoug h all of the sites listed in
table 34’ show favorable investment costs , the inclusion of sites
in this tabulation is not intended to indicate they are all feasible
projects. Some are in National Parks , some in Wilderness Areas , and
some may prove unacceptable for other environmental reasons . They
are included here chiefly to complete the inventory of potent ially
economically feasible sites .

An important factor which could not be adequatel y evaluated
in this study was geology . It is probab l~ that further study will
show some of the sites listed to he geolog ically unsuitable.

All of the sites listed on the Colui’thia River are classified
as adjacent pumped-storage developments. Ii the remaining areas ,
about 5 percent of the sites are classifie d as adj acent pumped-
storage developments. Included in the listings for the Puget Sound
and Coastal subreg ions are five sites at tidewater which would
utilize the ocean for water supply . Such plants would require
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special corrosion-resistant turbine components and treatment of
the upper reservoir to prevent salt-water infiltration and possible
ground-water pollution . Preliminary information available at this
time indicates that the additional costs for the tidewater plants
w i l l  be m i n o r .  Some of the  s i tes  l i s t ed  can be developed in several
ways , using alternative lower reservoirs .

On the basis of the more detailed information available for
the Willamette Subreg ion sites , it was possible to estimate the
maximum capabil ities of each of the sites . Of the 43 sites in the
subreg ion , 34 are capab le of a 2,000-megawatt ulti m ate installation ,
13 are capable of 4,000 megawatts , and six are capable of 6,000
megawatts. Two sites could have an ultimate installed capacity of
as much as 10 ,000 megawatts. The least adverse impact on the
environment mi ght result from the concentration of the greates t
possible capacity at the fewest number of sites . The sites with
the largest potential should accord ingly be give n serious consideratio n .

For th e Wil l amette Basin pumped-storage sites , 7 percent of
investment cost is in dams , reservoirs , and relocations . The
powerhouse accounts for 38 perc ent of cost , and the pens tocks 20
percen t. The remaining 35 percen t includes a llowance s for con t in-
genci es , engineering and design , supervision and inspec t ion , over-
head , and interest during construction .

The relat i onshi p , wh i ch should be typical of sites through-
out the region , is an important factor in site selection and
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optimization . It indicates that , where hi gh-head sites are avail-
able as they are in the Pacific Northwest , the dam and reservoir
is a relativel y small part of the total cost.

Costs On the basis of cost studies made on the Willamette
projects , it appears that it will be possible to construct pumped-
storage having an annual cost of about $9.50 per kilowatt using
utility financing (25 percent private--75 percent public non-Federal).
Based on current Federal Power Commission cost data , table 35 shows
that pumped-storage at $9.50 per kilo watt -year is more economical
than both gas turbine and steam-electric peaking plants down to
annual plant factors of about 2 pe rcent. By way of contrast , nuclear
thermal capacity, which is not a true alternative in this range of
p lant factors , would cost about $22 per kilowatt-year at a 10 per-
cent p lant factor.
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Recreational Use Almost every reservoir is viewed by the
public as a poten tial site for water-based recreation . It is
possible that some pumped-storage reservoirs could be used for
recreat ion , at least during that part of the year when the peaking
demand is low . However , the rapid water surface fluctuations that
wou ld occur at many sites during peaking operation would make them
unsuitable for recrea t ional uses .

Sites Currently Under Detailed Investigation A number of
pumped- storage projects are being studied by vario us agencies and
utilities . Some of the sites that have received public notice are :
Grand Coulee Pumping Plan t , Lucky Peak , Merri l l  Lake , Paterson
Ridge , Dir tyfac e Mount ain , and John Day River.  Two of th ese ,
Merrill Lake and Paterson Ridge , are pure pumped-storage projects
located adjacent to existing reservoirs , and the remaining four
are combined pumped-storage projects. In addition , studies made
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by t he  Corps of Lng incers  i n  connect ion w i t h  t he i r C l a r k  Fork-
F l  at h e ad  R e v i e w  Repor t  h av e  loca ted  26 p o t e n t i a l  s i  tes i n  t ha t
l ) iIS ill .

The Grand  Coulec  Pump ing  P l a n t  was p rov ided  to pump w a t e r
from the  r e se rvo i r  b e h in d  Grand  Coule c  l)am to Banks  Lake , the
p r i n c i p a l  i r r i gat i on s to rage  r e servo i r  for the  Columbia  B a s i n  Pro jec t .
‘l’he pumping  p l a n t  was ori ginall y desi gned and constructed to house
12 c o n v e n t i o n a l  pump i n g  u n i t s  of w h i c h  s i x  have been i n s t a l l e d  to
d a t e ,  t inde r  t he  p lan  to  adapt t he  p l a n t  to  pumped-s to rage  ope ra t i on ,
t h e  s i x  r e m a i n i n g  u n i t s  w i l l  he installed , i n  groups of two , as
pump- turbines instead of conventional pump ing  units. These addi-
tional units w i l l  serve to increase the pumping capacity of the
p r o i e c t  during periods Isl en secondary power and excess Co lumbia
R i v e r  s t r e a m f l o w  are a v a i l ab l e  and w i l l  a lso he a v a i l a b l e  for
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generation of peaking power during the non i rri gation season ,
November throug h March . I)uring the latter period , Banks Lake water
will be released through the pump-turbines during peri ods of peak
power demand. t)ue to the large amoun t of s torage a v a i l a b l e ,
operation for power generation w i l l  be quite flexible during the
non irrigation season , the main restriction being that Banks Lake
must be full at the start of the irri gation season . On June 30,
1968, the Bureau of Reclamation ordered the first two 48,500-
kilowatt pump-turbines for the Grand Coulee Pumping Plant . Scheduled
on-line date is 1973. (22)

Lucky Peak The Corps of Engineers is studying the addition
of a powerplant to the existing Lucky Peak Reservoir project ,
located on the Boise River in Idaho. This p lant would include a
66,000-kilowatt reversible unit in addition to two 20,150-kilowatt
conventional generating units. The existing Boise Diversion Dam,
located 2.6 miles downstream , would be replaced by a reregulating
dam having sufficient capacity to serve as the lower reservoir
during pumped-storage operation as well as a reregulator for
conven t ional hydro releases and a diversion dam for the Boise
Irrigation Project . As planned , the powerp lant would operate as
a conventional hydro plant during the i rrigation season and as a
pumped-storage plant from November through March on a dai ly or weekly
cycle . (17)

The Paterson Rid,g~ pumped storage site (also known as Glade
Creek) is located on the north side of the Columbia River about 20
mile s below McNary Dam and would utilize the John Day Reservoir as
its lower pool. Although having a relatively low head (about 300
feet), the site offers a large storage capacity (3 million acre-
feet) which suggests development as a multi pl e -u se projec t . The
U.S.D .I. Geological Survey prepared a prelimina ry report on the
site in 1967, and has recently comp leted a geologic study provided
for by cooperative agreement between the State of Washington ,
Benton and Kl icki tat County Public Ut ility Districts and the
Geolog ical Survey . The Benton and Klickitat County Public Utility
Districts are assisting an organization of local landowners , the
Horse Heaven I rri gators , Inc. , a nonprofit organization which was
recently formed to consider the possible development of the
Paterson Rid ge reservoir site. The Utility Districts and the
Corporation have engaged Washington State University to conduct a
comprehensive st udy of the irri gation po tential of the area and the
sui tability of the project for multi p le-p urpose development . In-
cluded in the study is the possibili ty of siting a thermal generat-
ing rian t on the reservoir and using the heated cooling water
effluent for agricultural purposes . The program also includes
environmental , economi c , and other feasi bility studies and is -

scheduled for completion in late 1970. In addition , a brief ,

99



r e c o n n a i s s a n c e - ty p e  s tudy  of the  Paterson R i d ge p ro jec t  has been
made by t h e  P a c i f i c  N o r t h w e s t  R i v e r  Bas ins  Comm iss ion . (45)

‘I’he M e r r i l l  Lake s i t e  is located jus t off  the  Lewis River near
Cougar , Washington . Preliminary p lans developed by the C ow l i t z
County  P u b l i c  Utility I)istrict call for installin g two 250-megawatt
reversible units in an underground powerhouse to develop the 1 ,000
feet of head between M e r r i l l  Lake and the  e x i s t i ng  Y a l e  Rese rvo i r .
Operation would be on a daily/weekl y cycle basis. On June 18, 1968,
the Federal Power Commission issued a 2-year preliminary permit to
the Nil) for the project. After conducting preliminary studies , the
PUt ) elected to let tile permit expire due to opposition from conser-
vationists and the fact that the peaking power generated by the
project wil l  not be needed for some time . It is possible that the
Pill ) mi ght take further action in the future , however. (7, 22)
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l )i r t v f a ,-e ’ i o l l l l t a i n  Ch c ’Ian County I’tih l i c  lit i I i tv i ) i s t r i c t
N o .  I h as p roposed i tic lud I ng reve l ’s  ib le ’ p u mp— t u r h  i I I I ’S  i n  t h e
l)i i’tv t ace Mo~inta i n powerhouse , a par t of t h e ’  l~ena tc i i ee ’  R i  vc’ r P r o j e c t
now being c o n s i d e r e d  for i i  cens I ng ia ~ the I ede r u  I Power  Comni i ss i on .
‘Iwo i’e~ e l’s I hi e Un t S hat’ i ng a comb i ned namep I ate cap ac  i t \’ of 63 .000
ki low at ts A a o l l l d  be i n s t  a 1 led , a long w i t  II a s i n g  I ~‘ c o n v e n t  I on al
t u r b I n e .  I ’he p r oj e c t  w o u l d  u t i  1 i :e t h e  672  í a - a t of head e x i s t  i n g
l r e ’t wce ~ a p r opo sea,1 r e se rvoi  r ( i ~~ t i l e l i i i As lAs a g I cc r and Wenatchee
l a k e .  ( 2 2 )

J o h n  I)ay R i c e r  The Corps of l u g  i r Ice  rs h a s  made a p r e l i m i n a r y
e x a m i n a t i o n  of p o t e n t  i a 1 pumped— s t Or a g e  on t i l e -  J ohn  [)av R i v e r , Oregon .
R e s u l t s  m d  i c a t e  t h e r e  are two  s i t e s  wh i cii l~a r r a f l t  f u r t h e r  cons ider -
a t i o n , E m i g r a n t  and M i kkal o. StudIes arc’ cori t i r l u i n g  on these. (22)

I f f e c t  of P u mp e d - St o r a ~~~~on S tr e a m f l o w  \ h i gh p e r c e n t a g e  of
t h e  s ites located in this survey WolI ld ire developed as i n d ep e n d e n t
projec ts ; the reservoirs would he comparativel y small and would he
used cxc i l l s  i ye lY for pumped—s to r~sg’-’ ope rat  i o n s  . !‘li e la rge  , i r r e g u l a r
f l e i s s ;t ssoCi ated with peaking operat i orIs w o u l d  occur onl y be tween
t i l e  upper  and lower rese evo i r s  , On ce fill ed , onl y a comparative lv
small amount of i n f l o w  would 1)1’ r cqui  red to make up l e akage  and
f,’c”ipor’lt ion losses , i-or the most p ar t  inflows w o u l d  ir e passed , and
the  operat i on of ’ t he  pro~ e’ct w o u l d  h a v e  v e r  l i t t l e  e f f e c t  on the
f l o w s  down st  ream . I n  some cases , h o w e v e r , r e se rvo l  r drawdown ,
w o u l d  he q u i t e  seve r e  and t h e r e f o l’e P u b l i c  access  to  t h e  r e s e r v o i r s
w o u l d  have  to  he restricted.

Ot h e r  s i  t . ’s a re’ l o c a t e d  a dj a c e n t  to  cx i  St i ng  s to rage  reser-
v o l  rs . h e r e  too , o p e r a t i o n  of t h e  p u m p e d - s t o r a g e  p l a n t  w o u l d  have
very  II t t le e ffect on downst ream f l o w s  , l ) l l t  sp eci  ~il care  w o u l d
h a v e  t o  be ’ t a k e n  i l l  dcvi ’ lop i n g  t h e  l) I’~~ie ’ct  to i n s u r e  that it does
not  a d v e r s e ly  a f f e c t  t h e  f u n c t i o n s  of t h e  cx 1St ing reservoir.

-\ number of e x c e l l e n t  s i te s  s u i t a b l e  for  dai  ly / w e e k l v  c y c l e
opc’rat i 015 have’ been l o c a t e d  adj  ac en t  to  t h e  C o l u m b i a  R i v e r  rese r—
voi r s ire low th e ’ c o n f l u e n c e  of t h e  S n a k e .  Pondage at these  reser-
y o u -s i s  l i m i t e d , and t h e  ope rat i on of a d j a c e n t  pumped-storage
pro j c - c t  s w o u l d  h ; l v a -  a m a j o r  e f f e c t  on t h e  flows in t he  reaches of
t h e  ri ve ’ r adjacent to  t i l l ’  plants. While a p u m p e d — s t o r a g e  p l an t  is
pumping, at ni ght or oil weekends , lar ge’ q u a n t i t i e s  of w a t e r  will be
di v erted from the exi sti ng mainstem reservoir. Conve rsely , at tile
time of pea king oix’ration , larg e’ quantities of water w i l l  he dis-
charged in to the pool from the adjacent pumped-storage reservoir
sim ultaneousl y with a peak inflow from tile next mainstem project
upst ream .

To illus trate’ the magnitude of the prob l em , if three of the
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lou r u d e n t  i f i e ’d jrunipe’d- storage j ) ro j  c c  ts  ad j  acent  to  The I)a l i e ’s
l’ e S c ’ not r we re de ’ve I opu’d , a t o t a l  of -’ 3 1 , 00() acre — f e e t  w o u l d  i)e
pun ip c’el t rorii i’h e h ) a l  ic ’s Pool at n i gh t .  M a i  r l t a i n i n g  r i v e r  o u t f l o w
~~j t ia  I to  i n f l o w  , The i) a l i e ’s  poo l w o u l d  be lowered 3 fee t  dur i r ig
th i s p e r i o d . iVhc ’n gene r a t  i rig at peak capac  i t v  , about  16 , 000 cub i c
fe’c’t per second , iii aelel i t i on  t o  t h e  2-111 , 000 c u b i c  feet  per second
t i , a P l  John h l av , \ s O i l i e i  be e li  sc h i ; i i ’ ge d j u t e )  ‘I’hc I) a l les  r e s e r v o i r .  ‘l’he
hydraulic cap aci I ~ at l’he ’ I)a l ic’ s i s  366 , 0 1)0 cub I c  fee t  per second .
‘i ’he ’r ’ c’for e ’ , ftc 11 a l i e ’ s  won Id  he st  on r ig 10 , 0( 1(1 a c r e —  feet  pe r hour
or ap p r a r s  i t clv I b a -it pe ’ i ’ h o u r  , As i de f rom t h e’ p rob I ems of

I n t  u i  l i i  1 d a i w l l C  t r ’ i - , um How i n  t lie ’ ( o i  umi ) ,i R i c e r  sat  i s f a c t o r ~’
t o t’ the’ m i g i ’ a t  l o l l  o t  anae h i’omous t ’i s h  , the’  3 — foot  d r awdown I i m i  ta-

lon  i t  l i i i’ Ia I It ’s t~ I I  I o h v i  ot is  l v  i’e st r i  ct the ’  amount  of ad j a c e n t
pumped—s t or’ age ’ d e c  e’ I o l i m e n t  . I h e  se I t ’c t  1 on of ad j ;Ice ’nt  pu mped—
St oi’ ;iee pro u - c  t 5 on t h e ’ ma i l i s t  em Co 1 un ihi i a Ri v’’ i’ f lIUS t be’ based on
ile t e’I ’lfl l ll i i lg t i l e ’  comb m a t  i o u  of  c o n v e n t  i o n a l  and  a t i r a j a u - d ’ - s t o r a g e
c m i  t s whi i cli produce’s t h e  t~I’e ’a te ’s t  n e t  h e ’n e f i  t i l l  L ee -p i n g  w i t h  t~~ie-
p t i y s i c~i l ; i a ~I c ’nv i i’emmenta l l i m i t a t i ons . ‘h i s  d e t e - r r i i n a t i o n  can be
made ’ eTh lv a f t e ’i’ air exte ’ns  y e ’ St nd~’ of p r o j  c - ct  c ’conom i cs , S s t e m
p e a k  1 tg  and ~r o n d a g e  y’e~~u i re ’me ’nt S , and er i c - i ronm enta I goa Is

I t ’ t he  a d i a c u .’n t  j u u m p e d — s t o r a g e ’  r e s e r v o i r  has s u f f i  c i e n t
s t o r a g e  to  h ienri l t s c a s o n a  1 op e r a t i o n , c e r t a i n  nonpower  b e n e f i t s
c o t i  Id  a i so  be ’ rea I i  :ed. i 1 uunp i rig chur l  ng f l o o d  f l o w s could h e lp
reduce downs t  re ’am St ages and r e l e a s e ’ s fo r  power g e n e r a t i o n  d u r i n g
p e r i o d s  of l ois r u n o f f  c o u l d  i n c r e a s e  d o w n s t r e a m  f l o w s , thus
l a d le ’ f i t  ing  w a t e r ’  CI WI I i  tv

‘I’he opc ’ ra t  i on  of ’ a comb i ned pu mp ed— s to rage  p l an t  cou ld  have
a s i gn i  f i  can t e f f e c t  on d owns t  ream f l o w s  , hut  n o r m a l l y  t he  lower
I’c’SC rc ol  r ha s  s u f f i  c i  cu t  cajrac I ty to  se ry e as a r - ’r e g u l at o r ,
na i  n t  a i n i  rig accc ’pt a b l e  f l o w s  d ow n s t  ream .

~ umrria r ’~ I t  ah uj ) ea r s  f rom t h i s  s u r v ey  t h a t  t h e r e  is  cons i c i e r—
ab ii’ pumped s t o r a g e -  p o t e n t  i a l  i n  t h e  Columbia—North P a c i f i c  R e g i o n
In w e s t  i’m Oregon and l~asi i  i n g t o n  a lone  t h e r e  are nea r l y 300 s i t e s

w o r t h y  of cons i derat ion  fo r  de~ er lo p mef l t  as 1 , 000 m e g a w a t t  d a i l y !
seek l y c y c l e  p e a k i n g  p l a n t s  . Some of these ’  si tcs  poss l b  ly cou ld
be deve’ loped up t o  10 , 000 m e g a w a t t s  . .- \ l t h o u g h seasona l  and com-
bined p u m p e d — s t o r a g e ’  p l a n t s  we’ re not  i n c l u d e d  i n  t h i s  s el rv e ’y
I u d i  cat ions arc t h a t  tli~’ re are a l s o  a few se’ase -i n a l  punipe’e i— sto r a g e
s i t  c’s avai  lab  Ic ’ ar id :1 numbe’r of conventional hydro pl’O i ects (cxi st —

as t~c I I  as propos e’d ) wh i cii cod Id i)e cieve’ loped as comb i ned
p u m pe d - s t o r a g e  p l a n t s

At t h e  p r e s e n t l y p r oj e c t e d  r a t e  of power deve lopmen t , supp le-
m e n t a l  peak i rig c a p a c i t y  beyond t h a t  ava i lab le for  d e v e l o p m e n t  at
convent  j o n a h  h y dro pro j e’ et S w i l l  pro lrah ly  not lie re(j cl i red unt  i I
af t e r  1990 . h owever , as thermal l l an t s  are developed , the
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I r i e x p c ’u u s  I c e’ d 1 f f ~~~j~ & ’ a t b  - l l e ’ l ’ \’ Wh i l C i i  l i i  11 l i e  a c-a i l a i r  I c  nia~’ c ’nc ourage
t h e  e ar l s ’  cl ev e l l ) p m e ’ u i t  of ’ Son i c’ p u m p e d — s t o r a g e ’  h e t o l ’ e ’ l~Wfl \ r I  I n d i  —
cat  i o n  a r t ’ the ’ cur re ’n t  i r u t  e’ re’ s t I ri t h i s is  t he fact that i ’d - v a -  rs jb I c
t i n  i t s  are ’ now ir e  i rig I m i s t  a I I e’el a t  an (‘Xl s t i n g  pro j ec t  and t h a t
d e t a i l e d  s t u d i e s  a re’ n o w  u n d e r w a y  on at  l e a s t  f i v e  a d e l i t i o n a l
pu mp ed—s to rage  si t c’S . Furthe rmore’ , re t uicl I es may show that pumped—
St ~r r : le~e - woc i 1 d be no re ecor iom i c a l  t h l a n i  some of t u e  convent  i ona 1
h~’dro u n i t s  curr e ’r l t  I v  scheduled to ca r ry  thie’ additional pea L ing
loads de c- c’ lop ing p rio r’ to 1991). i- or exanil) Ic’ , i t m ;~~’ be found t h a t
it would be more economical t o  ut  I I i  :e t h e  l i m i t e d  s t o r ag e  in The
I ) a I I  CS ~ O0 l  barr  pum pe ’d— St orage’ ope’ rat i on rut hi em t h a n  f o r  ii and i i  ng
t he ’ r c ’ l e as e ’s from t h e  p r o p o s e d  J o h n  h l a v  u n i t s  I: 1 7 — 2 0 .

~~t udies are r i ou ~ he- i rig c o n d u c t e d  to d e t e r m i n e ’  wh en  and how
pumped—s torage w i l l  best fit i n t o  the ’  reg i ona l  load  cci i’ve. ‘t h ese
stucl i c’S s h o u l d  a l s o  g i c- c’ an i ridi cat  i on  as t o  t h e  typ e and numbe r
of p lants wh i ch w i l l  be re eiui red b e  t he  y e ar s  2000 and 2( 12 0 , ~1ore-
s t u c h i e’s w i l l  be r e q u i r e d  to  d e t e r m i n e  t h e  r e l a t i v e  d e s i r a b i l i t y  of
i n d i v i d u a l  s i t e s  and t h e  e f f e ’c t s  that t h e  o p e r a t i o n  of t h e s e  p l a n t s
s i l l  h ave  on t h e i r  d’ f lVi  ror-Imen t , but i t  is c c i  ( lent  t h a t  pumped—
st o r a g e  o f f e r s  cor i s i  e l e ’r ah l e  p r o m i s e ’  as a source of f u t u r e  p e a k i n g
c a p a c i t y ,

Fo s sil—I nch Plants

- o s si  I t u l e ’ l — b u l r n i n c s t e a m — e ’ l c c t i ’ i c p l a n t s  ge- ne ’r ;lte ’ over 80
pe rcent of all e’I e’ct r i  c e n e r g y  produce ’d i n  t h e  l i l l i  ted S t a t e s  to d ay
In the earls ’ days of the’ e’l e’ ctric pow e’ r i n d u s t  ry ,  h’a d r o e l e c t r i c
g ’ l s - i ’ at ~u,Ml account cci for about h a l t ’ th c ’  t o t a l  bu t , l a s ’  1920 , t h e
stc’am power share- had increased to I1 pe rce n t  and , since then , has
gra elua 1 l v  grow- ri wit  i 1 now h e’t t e r  t h a n  -1 out of 5 k i I owat  t — h ours
a re b a r S  1 1— fue I gene r’a t e’d

~lode ’ rni P l a n t  C h a r a c t e - r ’ i st  I cs

ftc i a ! a r - u v e ’nl e ’ l i t  I l l  e ’ f ’ t ’ i c i e n e’v , re’ l i ab i l i t ~’ , and a v i t i  l ah i 1i t ~’
of St  a -  p 1 a n t  S h a s  l a c e - r i  st  e’ad~ s j u i c e’ t i l e ’  beg i nih rig power product ion
in 1882. It has be en p a r t i c u l a r l y r a p i d  d u r i n g  t h e  l a s t  25 ~‘ears ,

v - ai r p l a n t  -
~ h a v e -  t h e’ ;t e i v a u i t  age t h u u t  t h e y  can  bu rn  sc ’vei’a I d i  t’t’e’ i ’ent

k i n d s  of ’ fuc I and can oi e- u - a t e  a I el~ I ioiu’s  p e r  h av , m o n t h  , or \ ‘ ear
or a I ma as t c r  a~~~t j n i u ous I v  r eg ar d  l e s s  of t h t e  I t iC i eie ’ r le ’e’ of c- c’ rv low  or
r, e - r v  h i gh r - ui nfa i 1 .

Ihc ’ Ii  rs t St e a r n — d r  i c en p r i  mc’ tub e r  rs c m l i i  oyc ’cl i n  p ower  g e n e r —
at l a i n  w e ’ re’ s l o w  spee’ d , r e c i p r o c a t i n g  ( ‘o r l i s s  e n g i n e s  no l a r g er ’  than
2~’uUl liii rse’powe’ r. 1 he ’ i nVef l t i  Ott iunel dete’ lopitien t of’ th e’ s t  cain turb i tie
ended this re’;t ri c t  ion  and p er rn i t t e d  much g r e a t e r  output fron i  ;t

s i  rig I c  u n i t  . The dcvi’ I opment of s t e a m  ho i len ’s lagged l)eh i lid
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s ‘ tm’ , - t ii r h r nc t i e - ’ , c l  opmei i t f - a t  SI I i S i t ’  h a l t  thc ’  e l c ’ b b l a u l c i  ( t a b  ev e r  gl ’ u l t  c r
s t e  a: ”  f i  ‘is r o d r i  ye I i  r a~e - r  s i  :e I n b ’l  0 -- ‘ a -l I e’ rat ors p r a y I ded the -

us b a r r  h c t  t e  i n s - b u t  o f  ire I Ic ’ r d c ’ s  I g i l  , I ml) b’ i~ \ v ’me iu t  s i i i  boi  Ic -ms
and t u i r h a  i r i c  dc’s i gn  r c’ sul  1 -~~ I i  i ln i t - ~‘pe ’ - - te ,u r l l  ge n e r a t i n g  p l i t i t
t h , u t are’ now t l i v -  i’d I c  i i i  the’ I l i c i u i s t  rv

l i e - s e ’  dcc c I a r 1 r r r e-nt s Ibid1 c a r b i co flll ta ni t advance’re in isl e t mu lurg~’
m u r i e l  u s a t ( ’ r t r e ’ ; l tme ’nt  p(’i’bn i t t e d  g b - a t  lv  i m i c n s - a s e d  p r e - ssllb ’ e-’ ~ t a d t em —
p c’ i’ ; a t  i l i ’ c’S i t - s i t  I t  i r ig m r i h i  glue ’ b O u I t p l l t  s . lous e’i’ h e a t  r a t e s  , and unit
Cost S i re i  i n ’ ‘ 5 51 d i f l l p ] - a l i t  S , ml p i ’o d u i c t  of ’ t ie- is e’ eha ’~~a ’ I op lb i d ’i l t  5
h u e  a s i  rig le’ nu t ts of’ as hi ph m i s  I n u i  1 1  i on L i  l ass  I t  t s c Ip a c  i t
cr ~ t I c a l  I a r d ’ s ~~u i i ’ e’ bo l  l a r s  op e ’ri t I t l g  i t  eave ’ r 3 , :il o p o r i i u d s  p e r  s ep l a i ’ c
I nch , r e t  c- un t 1 - l i l a c  r~u t a r  - s of I , ( I I I I I ° h . is i t  hi c i o u i b r  I c ’  is l e - u t  t t - i  as h i i g h
as I , (Lo 1 ° F.  hhi glu e ’ r rI’ e ’ s s l l i s - S  arid t e ’mpe r ’ a t u i n ’ e’s t u e  p o s s i b l e  and
ir e  used f a i l ’  a t  l e a s t  oni e & -  x i St  I r i f  nil it , bu t  the’s e’ , i  r’ e- t i l e’ a i’ e- seri t
p t I  c t i c ‘I I ma x i

I i i e ’ se ’  i ll i 1 a b ’ a ) dS -ri il-l i t a h a v e  en ; I I r  lc’ d l o w e l l  r ig  of r e t  a t  l oll l i - i t
l i I  a s  l i a u t  e’on t e’nt i i i  B r i  t I sh t i l e ’  ruuia 1 n i t  i t s  of ’ f t i e’ I reehul i mccl f, a i’

g a b l e -  i ; u t  j u l 1 5  of I L i I ia s;i tt — hour) of ’ h u r t h i  t I l e ’  bes t  p l a n t s  and t l i a ’

a d a  - r a g e  a I mm I I  s t  e a rn — c ’  h e a t  r i  c p I m I n t  ‘ , I i i  re I s sh ies - n I a ’ , - I
. 
i pu rL ’ 16

i a -  - I l  — v e il ’  i r e i i  od l a,I25 1 1,100 h i s  S e ct )  rc ’elu _’t ion  of t u e
‘ lui-’ ,t p lant ’’ h i ’at r a t e  f ’m’otn I S  , 000 Pt II -‘ ( w i t  ( B r  i t  i sir the i ’ r r u a  I no i t s

r I I I a w : m r  t — h o u r )  II) 8,191 I t t  u / k w h , mlii m nip I - ra c ellic ’rl t of 12 p e’b ’ a ’a ’n t
l h t i ’ n i  h a r e  ha i ti ml ‘em I l  I sl ip p age a n ’  ret r e )gn’ e’sS 1015 i n  best  p l a n t  i ic ’ mi t
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Figure 16. Steam-Electric Generating Plants — Net Heat Rates
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r a t e  since 1962 , when the figure for the h n e s t  plant was 8,588
Btu/kwh . The slippage may he due to one or more of severa l factors
including the loading of the p lant , circulat i ng water temperatures ,
the number of starts and stops , and the operating condition of units
and their auxi liarie ’s .

The reversal of the downward trend in heat rate which has
occurred in the last few years as well as its decreasing rate of
drop in the preceding 10 years i ndicate that possibilities for
further betterment in steam-electric plant efficiency are decreas-
ing  a lmost  to  the vanishin g point .

The improvement in the U.S. average heat rate for the 41-year
per iod , 2 S ,000 Btu /kwh in 1925 down to 10,415 in 1966, amounted to
58 percent . The much smaller di fferences among the figures for
best plant , best system , and the U.S. average show that the older ,
less efficient plants have been retired or relegated to cold-
standby duty.

Production Expense

The wei ghted average annua l production expenses , including
fuel costs , for the steam-electri c plants for wh ich data were
obtained by the Federal Power Commission for the years 1956-1966 ,
inclusive , are shown in table 36.

These actual year-to-year costs indicate the progress being
made in the reduction of annual production expenses for the more
important plants. The magnitude of the annual savi’Igs in such
costs is much more significant than may appear from the unit costs.
For example , the difference of 0.25 mill per kilowatt-hour between
1961 and 1966 would mean a saving of $199 million if app lied to the
1965 United States generat ion of 796,9 billion kilowatt hours .

al t-  a’ ‘,~ ,l a u t  1 i i i ~, - ~ ‘ I  ‘ ‘ s - i ‘- , a - I a  I a d a a - a r  ‘ -  I , - , I r a ,  I I  , - - a -, 
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Plan t loca t ion

l ) n i e  of t h e’ most  ch at I I  c u p  1 up p ro hr hems  w-h i cli re ’pa -at  c d l  y faces
each p i ’i i i c ip a l  e l e c t r i c  u t i  l i t ) ’  i s that of dec iding where  to locate
t h e  n e x t  l a m  n ’ge g e n e r a t i ng  St  at i on S u n  Ire to  r rev i de  t h e  des i red
I n c r e m e n t  of power s up p l y  at the ’  l aa ~est  c o s t .  I - a c t o r s  c o n s i d e r e d
include fue l supp ln’ , c h i s t r i b u t i o m i  of load , lead g r o w t h , e x i s t i n g
and prospect ic _ c’ pa t  t e  m s  of’ I omi d  i up of the t ran remi ss ion  sy s t e m
ln t e ’r c o n n e ’c t i o n s  is I th  o t h e n ’  Systems , i v a l i  l ab  I I i  t n  of l a n d , founda—
ion condI tions , a l v a l i l a th - a l  h i t v  t a t ’ coo l hip a~m i t t ’ r , g r o w i n g  concern  w i t h

thermal mmel st ir pollut i on p raa l lems .

‘I -_he numbe r of ’ pooch s i t e ’ s  m m c m i i l i l a I a ,’ f o r  I :lrge g e n e r a t i n g
s t a t i o n s  i s  elcci’ e ’mi s iu ig  us i t h i  t b t e ’  i n i a ,’ re ’ ,- i - ~c ’ iii p o p u l a t i o n , e ’xpans ion
of t h e  econo m y , and  t h e  more  act I y e- m t  a l e s t  i l l ’ t h e  g e n e r a l  p u b l i c
- is Se’ 11 as the’ s t a t e  and l o c a l  pu h a  1 i c  a g c ’nc i  c’s in community matter s ,
includin g therma l and air pollut i on . It is i n  t h e  best interests
of ’ t h e ’  c’ l e c t  r i  c l It  i i i  t i c ’ s  and th i c ’  i r c i i ’~ t onic i’s t o  use’ each i t e
Sc ’ I e ’c ted  f o r  t he  I l l  t’ ge ’c I ~:a-l i e- r I t  I r ig  p 1 su i t  t h a t  c aun i  l)e e ’conorni cal  lv
1 l l ’  t i f i  Ce 1 .

Cool  lu g  I V a t e r

steam— e l e c t r i c  gc- ner ;It ing stat ions arc ’ l o c a t e d  s-here the ’re ’
c a l m  he p ro c -I  de’d an ad eq ua t e ’  s u i p j a  I o f  water to  con idense t h e  s t eam
l c s t v  t u g  t h e  tc i r b  i nbc ’s , ‘Ihe ’ amocini t  a l t  cool i rig water re qu l  red depends
upon the ’ s i  :c’ of ’ th i e ’  p lant , i t s  c’t ’f i  c i  encv  or hea t  r a t e , and t h e
perm i ssible’ te’mperatcirc rise of the cooling w a t e r  p a s s i ng  t h r o u g h
the caanele ’nse ’r,

I’h el’e’ are S a I n  s to make’ up for mu sh o r t a g e ’  of c o o l i n g  w a i t e r ,
n a m e l y  bin ’ rec i rcu 1 at i t ip t h e ’  s I t a r  in re’sc’ rvo i  rs , ponds , or coo 11 rig
t o w e r s —  — b o t h  e ’vapora t  i ce  and n t a i l e ’ c a p o r a t  i y e - . Each a af t h ie ’se  me thods
re ’qu i res t h e  supp l y of  nuake — ~lp is s i t  c r  to  rep lace  that ush i I cli i s
e’vaporated and otherwis e l o s t ,  C o o l i n g  re’servo i  i’s and ponds r e q u i r e

e’—lI t a w a t e r  e’ a l u i m l l  t a  about one a l i ’  two hc indre ’d ths  at ’ a c u b i c  foot
p e r  sc’cond fo r  each m e g a w a t t  of ’ p l a n t  c a p a c i t y  , E v a p o r a t i v e  cool-
i ng towers  r e q u i r e  about  two h u n d r e d t h s  of a c ub i c  foot  per second
; iu ie i  nonevaporat i ye ’ cool i ng t o w e r s  about two t h o u s a n d t h s  of a cub i c
foot per  sc ’cond , per m e g a w a t t  of p l a n t  capacIty. ‘l ’hus , for  a
-1 , ( 1110-megaw at t  s te am e l e c t r i c  gen ic ra t  ing s t a t i o n , t he  w a t e r  require-
ment  for  a c o o l i n g  pond w o u l d  be ho t o  80 c u l n i e  fee t  per  se’cond ,
fo r  an evaporat i ve c o o l i n g  to we r sn - s t e m  80 c u b i c  feet  pc’r second ,
h u t  for  a n o n e v ap o r a t i c ’ e’ c o o l i n g  t o w e r  sy s t e m  on1 y about 8 cubic
feet  per  second. Make-up water is  ob t a i n e d  f rom sur face  or ground-
W a t e r  sources .

Mien an amp le ’ supp ly  of coo l i up  w a i t e r  i s  ava i  l a m h n l e , t he  once—
throug h circulat i on method for condenser coolin g usuall y has the
lowe-st overall cost
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ftc i c c  I is ’ u i l  a t  ion  Sn’S t e ’nu  i n c - a n  1 c - i n g  rese ’ rvoi  rs amid ponds
r a n k s  tie XI I ll l ’ a , a a ! I o l S l \

l u c re ’ mli ’ s- twe) kin ic i s of  e ’c~ a j aai attic - c’ cooling tow-e’r 5 s tems — —
i i s b i , t ’ aI - d r a t i  t a - h - a C ’  m Ind t h e  nat ural— draft type. ‘l’he induced—

d r a f t  l v 1 a - u i s u ; i l  Iv l i m i t ;  I I  sI i ghit l y l o w i ’ r  o v e r a l l  annua l cost for
e a b i e  ra lin ’ e- aaPi ;r . i i u l a l e -  s i t u a t i o n s .

l i e  re ’ :1 i’e t h i - - c- l y l e’s 01’ n l one ’c - - ap o r a t  i c e cool i up s v s t c n i s — —
I he’ l i m i t  I l i ’ aI I ~l i ’ mt  f t  s ib ’ ’ t a i i s  e - r , i mn c l u c’eel — cl r a f t  dr n -  t ower , and mechain i c a l
eh i ’al ’t , f i n - t ub e  e\chmi npe ’ n’ re . hi-m e d ry  ty pe’  sv s t e ’n m i s are i n  t h e
ais ’ \ c ’ l a a ~a t ’ te ’ b i t  m u l  s t a g e ’s 115! i t  i s  s t i l l  too e a r l y to  f o r e -c a s t  c o s t s .

[lie ’ a u d d n t  m o n a l  e’ ; i , a i t : i l  e’ost of ’ at p l a i n t  r e q u i r i n g  a c o o l i n g
as e r  S \ s  t e l ’ s m m m l ’ , be’ i’c~ ip hi l ’s’ a l t  i m a s t l  c -e l mi t  S~ per i lowat t  as

5 - ’ i r a p , t r c’d u a j l l m  ml r e i l n I l h I n ’ i n s t m i l l ; t t  i o n  u t i  l i : i n p  c o n v e n t i o n a l  r i c e r
is m t t e ’ r l ’s’ i’ ‘ l ie ’  p 1  m i n t  c t a n d e m i s e r  . [lie b u r d e n  of c ap a c i t y  reduct  i o n s
mi n d in c  i’ : , m ~~c’ eh f i le’ ! cost s due’ tea i’e’dule ’ed e ’f f i  c i  encv man ’ c’ f t ’c’ e’t i ye l’s’
clouh Is a -  r r i p ! e’ I h i  s f l - i t  r r  -

‘a j r Poll u t  tar n

In I Ot m a t  I h f  l , t rge ’ g ene ’r : It  i n ip  s t  s i t  i o n s  , spe e’i a i l  s t  uch y i 5

i u i rc’d eif  i t  ittaa ,
~ a l i a’ r I c c ‘b i d  i t i a n u s  I ii t h e ’ at r e t , pc ’og raphi I c - u I

s u i r r o u i n d i n i g s  su i c h i  I s I i i  1 I s  mmcl h i o d i e ’s of ’ water , t he s u l ph u r  conte ’nt
r a t  t I l e’ t u a ’ 1 a l l r ’n ie ’d  , th ic ’ t yp e ’  of ’ combust ion  and m l a  r c i eani nig e’e (U i P
nsa- nt w i tin ts hi cli t h i s ’ S t s m t  ion w i  11 be e’qu l  pped , m in d the ’ degr e e- t o
wh I cli t h e  Si n’ a - , t  I s d c c c l  opc’d , i n c  I tiding ethic r rica r’hy m u r p a r  I I lit i ng
S a ’ iI IC s- ” -

I en is I t h u  s uii tail - a l e’ rinode rn t’uii’n ace dc’s i gn , e f f i  c I e’nt dus t
c’c) I i t e t a )  m’s 

‘ 
p rope’ i’ p h a u n t  I ; l , i l i l t  aWe1 s t a c k  he’i gu t  , and uncle r the’

b n e ’ t e O r o l O g i c m l ’i e’onidi .~ j a n 1 5  found  a t  a p a i r t i c u h a u r p l a n t  s i te , t he
t a l e ’  raih Ic ’ I c ’ s c ’  1 s i t ’ at I r p o l l  lit on m ain ’ i n  s ome i n s t  m inces  t e n d  t o
l i m i t  the si:e ol ’ t h e  s t a t  i on .

h-Xper iiel i lures for au m ’ c l e a t n i  up equi pment and extra—hi gh
‘- 1 ;icks cost from S~ t o  ~ 10 lie ’ r k i l o w a t t  for c a n a l  I — 1 1  red p l a n t s  , If
the’ loca t ion of 1 m l r p e ’  c, e - n t e ’r a t  I rig stat i ons  is not to be severe’ 1 ~
1 1 115 1 t eel , y ’ n’v h i i  ph s taick s mire’ at  n e ’cc’ss i t n  , Such s t a c k s  i mit  roduce
cos t inc re st ;es freum ml! a ab lt 7() c e n t s  to  S~ per kil owa tt , i n v i t e
o h ,  oct  i o n s  b a c ’ e ’ m i u i se ’ of  poss i b Ic ’ h u a : a r d s  t o  ati  r t r a f f i c ’ , and f:ucc’
st ru cturaul c h a l  l e ’ n p e ’ s  because of sul phur corrosion prob l ems .
I bi crmal p lan ts const  r iie ’ t ed t’or p e a k i n g  h)U~~h) O SC S , e i t h e r  g a is
turbines or l )ie’ sel— powc’ n’cd un its , contri bute to air poll ut i on .
t h t e i r aiccep ta tb i Ii t y  i s  enhanced o n l y  by t he  sma l  I cr  si :e’ of such
l I i  I t as; compa red to l a r g e  p 1 mints
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\‘~b l I i i ’ ,j a e a ’~ i1

I o a i l — f i  i’ecl p l m i i i t s  h i a t v t , ’ t h e’ h n r O l n l e n n  of ash d i s p o s a u l w h i c h
I S  b a c ’e’ofli l llg I ncr e ’as ing ly d l  t’ f i c u l  t , e ’sp c’ c ia l l  l v  i n  met r opo l i  t an

m I i ’ e ’ a I s  , amid I t  nii a be a m i  no r  e ’c ’on iom l C f ’a i c t o r  t o  be’ w e i gh e d  in plant
l o c , l t  i on . ‘ash t r a m n s p o r t  mit ion c ost s  i b b i i s t  be c on s i d e r e d .  L i s u m u l  lv
i n  t h i n l y  p cap t i lsi t ed a m r ea l s  m i s h u  d i s p o s a l  e’ a l n b  a c ’  a ccomp l i s h e d  In fill—

lip i r i  m ic ’ a i rbn ’ p roun d  de ’pn ’e- s s  i ot is or b y de’1ios i t  I ng i t on f ’ 1 at areas
t o  s I gu i  t’i c a n t  lie ig h t  mu n ch l a t e r  e’oc e’r  t u g  h a n’ eai I’th o v e r l ay  so as to
c i’c’,tt c’ new more e I c’\ ’at eel 1 m ind a u r e ’ m i s  . loi ’ t lie ’ Cent  ra i i  a the  rma I
p l a i n t  wh u i cii i s cur rent I n -  cindc ’ r const  ruct ion , alsh w i l l  be r e tu rned
t e a t h e  mimic ’  stud h u r l  c’d us’he ’ m’ s t lie’ coa i  I e ’ X C I I  y a l  l i o n  a rca is  h m uc ’k f i l l e d .

~!i 11 ions of tons of f ln ’ a i s h i  are’ co 1 1 o~ t ed auunua 1 ly  f rom steam —
e’ lec t ri c p lants b u r n  i up 1111 1 y en  :ea ,h C C III . ftc’ d i sp o s a l  of t in s w a s t e
I:i m t t e r i  a u l  i s  cos t l ’ s -  , sen a ’  f’ f ’on ’t s  h a v e -  a c-el i maci c t o  a l l  cv i mute  t h i s
e ’conom i c loss  t h roug h i uSe’ of fly mush in t h e ’  n t a u n u f m u c t u r c  of por t  land
ce ’ b l e ’ b b t , s t m u l ’ i  I i  z a t  ion of’ soi  I s , sine! mIS mI l l  adnit i x t u r e  i n  c o n c r e t e .
l h i c s c  apj- a l i c a t  i a - a l - ms  l i t  i l l  :e’ I m I r p e -  q u a in t  i t  m c ’ s  of ’ fIn’ 1511 but t he
t O t a l  1 cisc i S c-an lv  mi sn iu a i  1 1  p at  r t  a r t  t li e’ SUPP lv

I ~~~ ‘ e ’ , a t  1’! m i n t

I l c ’ct  r i  c’ pent ’~e’r gc’ile’ rm it i r ig j - a l  a n t s  c o nst  r u c t e d  in the P m t c  i f i c
\ o r t l t s c ’ s t  t a r n  ma im ’ n’ & ’ , l  rs had lrc ’e ’n ex c i u s  i v c ’ l n ’ h n ’ dr o e ’l c c t r i  c un t  i 1
l’J i ,  , sI - t e n  t b - m e ’  I h a t t u t ’on’ ei nuc h e ’ at m’ P l ant  s- m is ~ 1 aced in  Se’ rv ic e  . lb  i 5
i s  on lv the’ I ’ 1 i’ st  of mat nn  t l u cm r us t  1 genie l’ a ut  i rig pl ant .s sb i cli t he

Fell s i l ip  l oads of  ti -m e’ rc’g t oni is I I  r c e lu i  re . The e n e rgy  componen t  of
t he’ load s i tb i  in t h e ’  n e x t  11 ) or 15 vc ’ars  is exp ec ted  to  exceed the
o u tp u t  of a l l  e x i s t i n g  and remainin g econon iicaul l y feas ible hydro
c lov e’ I opnn c’nt s , thus ni auk i ng the rmzu 1 p 1 m ints a ncce’ s 5 I ty . los sil — fue l
h i u r n i  up  powerp l a n t  s is i ll t h en lie among t h e  e’conom i c poser SUPI ) 1>~
a d d i t i o n s  of t he  reg ion .

‘[lie Centralist coal field in lcalshington provi des a fue l
- - a a l l r c c ’  for  m a j o r  gene rat  lug stations . In-a Montana and Wy o m i n g  nea r
the ’ eas te rn  borders  of t i - me  reg ion  are o t h e r  l a r g e  coal f i e l d s .
h : c o n o m i c a l l n ’  f e a s i b l e  c o a l - f i r e d  p o w e r p l a n t s  mi ght be e i t h e r  h i gh-
e ’t f i  c i e ’nc  base l om i d p l a n t s  or l o s — c a p i t a l  c o s t — p e a k i n g  type’ p l a n t s

a l  h i g her  h c ’ a u t  r a t e .  I n d i c a t i ons su re t h m u t  t u e  f i r s t  need for
t h ie ’ r m a t l  e’ a i p m u c i t n ’  in the Northuec’st s i l l  be for base load 

~~~~~ 
h u t

l i t e r  t he ’ ra ip i d l  grow i r ig power  requ I r ement  s a f the ’ reg ion w i l l
pn’ u)v Ide’ a p l aice’ for low—cos t peaki rig c a p m u c i  ty

Coal—fired base—load steam—electric plants h i mu ~’im i g units of
7 S f ) —  I , 000 n u c ’gai w at t  t s capai c it v could , un t il recen t ly , be c o n s t r u c t e d
for about SIlO u~e’ r k i Iowm itt to $120  per  k I I o w m u t t  . Plants desi gned
t a r  ope rate sit comnparat i c - c t  n ’ I ow annua l cap ac i t  n’ f ac t  ors (peak ing
p l a n t s )  cain be b u i l t  f o r  c o n s i d e rab l n ’ lc ’ss , perhaps  aus low mIs $8ol
l a i r ki l o w a u t t  t o  ~~U ) pe’ r k i l o w a t t .
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( l O b e ’  r k i n d s  of ’ pe’a.i hs i l -m g C m l p a l c ’i I ~ suchi mis gas t u r b i n e s  or
a 1 e ’ Se’I eb n ; ’. I lle’ c i i ’ i v e u i  fe ’nc’ i ’ ; i t or s  m u n ’ a - m u d v m t n t a m g i .’on im ;  i n  some i n s t m u n e -s

I he ’ open — cy e ’ he ’  m i -  t t i i ’ h a  li -ac ’ i s  ni a t e ic ’ up a r t ’ t h i r e ’e ’  p n i  ric i p s u  I componen t  -s
,lh i ,I \ l mi l  f ’ los am u r c o n t ! a i e ’S ser , ml  SO b lab lIS t I Ou S ’s’St cf l i , and at t u r b i n e .
I h e’sc’ e’ C b t b I a t ’ u S a  tI l e ’ p n ’ i n n e — n i a n v c r  S a - e t l a a n i  o f  at g a s — t u r b i n e  gene n ’ : l t o r
un t . ( :l~~ t u r I n  I r u e ’ s  ca m n i  a s  sIc’s i gn e’d a ’  opc’rmtt c e ’ f f i  c’ i e n t  I )’ b a u m  i rig
n a t  urm l I ga ls , cli  -; t I I I mi t  a -  0 1  I , ca b ’ c i -  r t  a i n  re’ s I dua l  I oi Is

( ; m l s — t i t n ’ l a m n i e  l’ e - h i a - r , t t  or- s l : a - ’ ~~~ 1 5 5 1 1 1 1  t a - m I t  l I r e - s  wb i j cli r n a m k e  th ie ’ni
d e s  i ra u l a  I t ’ I a ’ b  C a - b ’t a i  n t ’ sp c ’ s  ‘ ‘ I  p o w e r  sy sN-bsi dutn ’ . t h e y  h nml y e a low
I n s t I l l l e a !  cost , qli i ~~ 51 , l r t  - r i p ,  i- s ’i~u t  re t o t s  a u x i  1 i m ~i’ i e- s , cain h5- nmu ds
5c’it l t ut Calbt;tt i C I i S t  mu ll i m p  a l n ’lci  ‘-- I  a l i a l a i  n i p ,  thus  m i n i mi  :1 Ib ~~ u c ’& ’eh t a r

mit te’ n it h a ll ~~b ’ sr t 5 a  ‘ 1 a a - r m a t  s l u g  F m I a ’ l i h i C ’  I .  Then’ c m i b b  be l o c a t e d  w i t h  c’on—
s i c h e ’ r a d a  i t ’  t ’ r e ’a - a l a a m I S i l i c a . - t h a i  r cool inc ism tt e n’ reclui re’bmme ’nt ;tre - sbmms i l I
and they :tr’ a.- t a a t  cls ’ t r e i i a l a - r i t  ob l l b S ’ s S l li f he  fu ie ’ l s a u l t ’co . l~~’c ; I n i S e -  of ’
sit: ip l e , a,’OS’ :l Ct e’u)l iSt ru id ’t lia r) u s i t b u  m il l ‘ a m I I ’ t s  re-aud i In ’ ,Ice’es s i h l c ,

m l i  l I t  c ’ n m l n e ’s -  e’ a a ’ t  t a u i a  I In s uncle ’  r t h ie ’  t vp  I ca l  I ( Its  P1 a l n b t  IS l e t al’

Op e’ raI t I O I l .

I i i  e s c I  - e b b s ’ 1 nc cI u’i veni ce - I nc rat o i ’S  h i ; i v ’ ald y ,Int m l p ’ S  w h or e  ~i i i  cml
st  a n’t I n i p ,  cle’ l - a e ’ nel a ih a  i I i t  n - , a ln e l  m l  n i ~‘ bI l51  n ie ’ec l  t’or S I l p e ’  rt ’ i s  i o n  1W o p e r —
sit on’s s I r e - ad  

~ 
r i  : 5 5 : 1  i’v u d v a l n t  ag e ’ , ‘ I h I  5 miia i b e ’ s them des i i’muh Ic’ fea r

r e - m u t e l y  cout  r an l e d , a : i m m e ’ r g e ’ i b C V  t v p r -  , a ) a 1  r m l t  i o n  or f a r T  s e r v ic e  m i
‘‘ e n d — o f — l i  t i e ’’ ‘ ,aFt S of a t  p ow e r  s n - s t e m  d b u r i n i g ge t k  b ate ! 1 d b  I r ’el~ ts’h a:~t
the volt m i c e -  i n  s il cbb ml ~~a - c t  lori i S a Y l  I d  , a~ lierw I se s m u e s  h n mtd  ly  , l ’h e’c’ ,t l ’e
ce an l l ! l e ) i i  l ’ s l ’Se ’d a~ t m e -  a - b i t  I i a ’ s a , u i ’ C e  e i f  r a a lae ’ i ’ li ar s n m m l l l  , I S o l a l t s - a l

~- ‘ s m - - t e - b f l 5

A ‘ a  a a
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R oth  of these’ latter types (gas turb i nes and I)ie’selsj mi re
i n  some ap p l i c a t i o n s  p r e f e r a b l e to  s team peaking capacity. Both
hauve the advanitaige of short lead -time , low-capital cost , and a
much s m a l l e r  cooling water requirement .

hue! Costs

itm uel costs are of importance to thermal p lants , much more
so to plants to 1-ac operated base-load thmin to peaking plants wh i ch
require much s m a l l e r  a n n u a u l  q u a n t i t i e s  of f u e l .

‘I’he location of generating stations is affected in various
degrees I- an ’ a v : u i l a h i l i t y  and cost of fuel. ‘an adequate quantity of
fuel of desired quality and an economical delivered fue l cost are
b m u s i c  t o  a decision as to where a large generating station is to
h-ac constructed. With respect to mimic-mouth plants , ti-me magnitude
of fue l rc ’servcs w i t h i n  m i radius of several miles has to be suffi-
c i e n t l n ’  l a rge  to  m e r i t  c o n s i d e r a t i on fo r  such mu p l an t  l o c a t i o n .
The mine-mouth p lant must he compar ed w i t h  p o s s i b l e  a l t e ’ r n a t i c ’ es
to d e t e r m i n e  the  most  e c o n o m i c a u l  p l an  of deve lopment  of thc’rma l
resources .

Chehali s , Washing ton , sub-bi tuminous coal is estimated to
cos t less than 20 cents per million Btu when produced in the quan-
tities demanded hn’ a 1 ,000 - l ,500-meg aiw autt base-load steam b )lant .
T h i s  p ro j ec t ed  coal cost w o u l d  be h i gher  for  a peak i ng p l a n t  01-aer-
a t i n g  sit a l ow’ a n n u a l  c a p a i c i t v  f a c t o r  . Ava l i labilit y of n a t u r a l
gas for powerp lant fuel seems doubtful although some mi ght he
obtainable outside the w inter heating seatson .

Oil for use in  any tn ’p e  of powerp l ar i t - - s te a n i , gas t u r b i n e ,
or D i e s e l  eng i n e s - - i n  recent  ye ’aurs cost over  40 cents per million
Bt u .  T h i s  is not a severe  h a n d i c a p , how-ever , for a p e a k i n g  duty
the rma l  p lant since fue l use i - ay  such mu p l a n t  i s  r e l a t i ve l  l ow’.
Recent  m a s s i v e  o i l  d i s c’over ie’s i n  - \ l a s k m i  p rov ide  some 1101-ac t h a t  t h e
cost of o i l  may b - a c reduced .

Nuclear l’lants

‘about 30 years  ago l a b o r a t o r y  s c i e n t i s t s  f i t - _ s t  r e a l i : e d
that energy released by nuclear fission iii chain reactions could
l ie used for electric power generation . In  the intervening years ,
the  t e c h n o l o g y  of n u c l e a r  powe r generation has moved from the
l a b o r a t o r y  to  commerc ia l  p l a n t s .  C o n s i d e r i n g  the extreme difficulty
and complexity of’ the technology , t he  pace of progress has indeed
been remarkab l e’ .

Imxtensic ’e’ efforts in ph ys i cs , chemis t ry , m e t a l l u r g y ,
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raid io log i C I I I  and h e m u l  t bi  s c i en c e s , an-ad eng i n e e r i n g  d u r i n g  ti -me pas t
-~ ‘ V cmi r- - b - mau v e’ 1-a t’ s-a’s- I dccl ai foundaut i on for m c  I eai r power generat ion
I’ F l a g  l’ - I t b b s  i n  h O C  1 e’ m il’  Wc’at pouiS 

~ m’oduct i ott and naval  1 shi  p propu is  i on
bt ~ t~~c’ p l’ovielecl 11151101’ l t i e l L l S t r l m i l c m m j a i b i i l i t i e s  i n c l u d i tig fu e l  l i t  ic ’ s

s a l ’  I sInge ’ to I nine nuclear n t a u t e r i  m l  cnn  e’bin nient amid chcnti i cml p r o c e s s  —

i n i p .  I ’he ’sc’ ,ic  I 1 0 1  t ic ’S -I  h i m l y c ’  been s-al ’ gre ’au t  c- mt I ne f ’or dc ’ve ’ l opnn er i t
o ci V I  1 1:111 t i U e ’ I c ’ai r J a l a l c a ’  r’p l  m int s

I’ ~ a - ~ a l I t  ~ t a u t  ci ’-

lVli i Ic tIl e ’ i i  rs t ab e - y e 1 opme ’r i t  at I p 1 a n t s  h a v e  cost more t han
I t  e’ i ’ n i s i t  I V C ’  e’a a l b y a u i t  i o n u a t  I t m l c  i lit ic ’ s , nuc l ear  Dos- e l-_p 1 min t s  now he’—

i t g  hac i i I t as i 11 I a c  I ins e noug h i n  c’os t t o  ex e r t  g rea t  cotni pet i t i ye
- I’hc’v haiye’ cot -mt  i ’ ihc i te el  m i o t h  t o  m aj o r  reduct  iou - m s i n  t h e

S ce a r  I c a l l )  m u n c h  c e a m ~ I t r a u n i s p o r t  , : i n d  s e r v e d  as a power fu l s t i m u l u s
f a r  i s ” p r a ” s ’  - , - l a t  i n  s i l t c ’ r n u m l t  I c e ’  puwe ’ r g ene r a t i n g  sources .

P t l s  i t  h s t a i l i e l  I t t a ~ t b - m e  e ’xc e ’ 11  c u t  p r ogress  to  date ’  , t h e  f u t u r e
I ’ I S S a  I oI l  I c ’t ie5 rgv i t )  t i l e ’  f e at s c i’  1 ndn s; tr depends on ra tes  of ; rog ness

; t l a ’Slg l ’ i m t n m  di t’t’ i c u l t  P , i t I ~ cm au n cl  a u l s o  ti - m e c ’x t e n t  to  w h i c h  iu up r o v e m e n t s
a i Fe m t c h I evc’d ra- a lm ac n ip I h~e’ cost of e’ 1 c’ct r i  c i t y  f r o m  conven t  ionz i  1
‘ 1 , 1 1 1  s , ( ‘ c lue los i a~ i’s a r e  t h e  i ’e ’ ía l’s’ suh j c e ’ I t o  is I dc’ r t h i a n  u sua i  1

v .1 r i  I t i a l l , ~ lb t I  t ie ’nc e ’ i,l no t  cli lv l a ’ s -  the ’ opt I m i s t  i c or pessimist i c
d m a  i , a c t  s F  sf t i l e ’  s i n - m a t  l v — ~ I is i t  it r e sp e c t  to riuc lear technology , but
also ha n ’ h is f s ani I i  s l i ’ i t  n ’ is I t h t  t Ie’ p r osp ect s  fo r  mith ’aince ment  in
c aa bmb t a e’ t l ui g S a a i n ’ce ’s e a t  powe’ u’ supj-a In’

[‘lie dc ’ b S r a  a n t - - , I r , t t  i on t b a i t  nu c  I emit’ powe r i s p rac t  I cm i i m um - ad
F e’ I i  a da  I c  I ma s u f f i  c i  c u t  t o  m i s s  l i r e  I t s cit i l l  :aut ion - a in  app 1 i ca t  ions
w h i c h  t i l e  , t d\ , lnu t ,ai’ e ’ c a t  one - s n r  b o t b i  aol ’ i t s  two most  i mpor tan t
tin i a ~ue ’ a iu a l i t  I c s  , i h i e ’~~c m I l e ’ t h e  m liii I i t  t o  produce l a irge  q u a t u t  i —
ties of c ’lect  r i c h  t o  f’ roibu a V ery  s m a l l  a i l t h o u g h not i n e x p e n s i v e

I S -  e r l t s ) r v  ‘ ‘ I  the’ 1 , mum - ad t o  o p e r a i t e  w i t h o u t  re qui  r i n g  conihust ion a i r
s-hi i cli ; i (  a a l  di’s r e l e ;I s  i ri g l a r g e q u a n t i t i e s  of combust ion  p r o d u c t s  t o

b ia  s i t m o sp il e ’ re . I I i s ’ ’ s d ’  m u t t  r i hute ’s a l u m - a c , hots eve ’ r , w i  11 not  a s su re
I en’s i Vt ’ a I ~~c a a f  t t l i c  I em IT’  e ’ n u c ’  rgv mi s m l source of e l e c t  ri  ci I n ’ for  ti -me

p il l ’, c l ’  i ndus t rn iii t b - m i ’  fo resc e ’m ihn he ’  fut ore’ . N i l e ’ le a r  pas e’ r unus t o f f e r
I s - c’ I t i  a I t n  aut  mi cost  l ow e r  t h i a u n  o t h e r  m u c a l  i l ab  1 e ibR’ a Lris  , it ’ it i s

u I r e ’  is eli ’ l v  u sed .  I t  i s  t o w m u r d  t h i s  en -mci t h i m u t  t i - me n n au i o r  n’e ’search
ant I  a l e ’ v e ’ l a l l n m c ’n t  e f f o r t  i s  ri ou~ el i r e ’c t ed .

1, 1 k e ’ ord I f l a i r S - -  f o s s i l  f u e l  — f i  reel p l a n t s  , n u c l e a u r  p o -ms e’rp h un t s
u se  heat to  pr oduce  s t e a m  to  d r i v e  t u r b i ne genera to r s . The k i l o -
w a t t s  of power c- m u p a i c i  I ~ m i n d  t h e  k i  l o w a i t t  —hour s  g e n cr au t e d  from
c i  t h u r  source a rc’ u n d i  f t ’o r e m l t  i ml t d’d and are’ t r a m n s m i  t te ’ d ant I  d i  s t r i b —
uted i n  t i - me  same s s i y  . th e major d i f f e rence is  t h a i t  convenit ion m u 1
t i l ( ’ rtn ai l p l a i n t ’ s  u s a - i na ’ a i t  produced I a n ’  combust l out of fossil fue l in m l
furn ace ’ , h u i t  f lue I s - m i t ’  p l a u n t s  n ise’  hea t  produced by t’i s s  i o n  of n u e l c a i r
fuels in at re ’stetor. ifa s i c au l in’ a nuclea ir reactor is substituted fe -a t’
mu f ’u u ’ s  s I I — foe’ I ho i i c - n ’ ,
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I d a r l l c a m l  C5 01 ~ i l d  l e - m l r  Getue - Im a t  l o l l

i m i r h  ‘a’ 5 1 m t ~’ s - ’s c u t  c i  c - i  I i  sin l i s le  l c ’ m l r  a l e ’s e’ I a r I a S - I a - l i t  h - m a u v e b a c h
- i c c c ’  1 c m  at 5l l a y  p a v e ’ r l i m a - n t  a c m ~ p e ’ n i d i  t u r e ”I , f t c- s e  r r d a g r m u l s l s  l i a i v c -  i m i c l u d c d
I i  I s m i l i c  i at 1 me l 5 1 S t  si l l cc’ to pr I vaut e l y  owned a l a  I c - c t  5 , r a - ~~e’ m I i’cbi i ti p a r v e ’  t’ ni -

S - i a - I t t l s l l l a r : u t a ’ n m c ’ s  , ~ : i ’ s - i n~’ - t a u  j u u elic ic hc iai l compatnie ’s f ’ronn t he’ I ISC  at
• ~I ( ’  a ’ a a ’ s t ’ l h i i ’ , a t i n  ‘ 5 l a i i’ p a - c ’o luuin te’ f i l e 1 p r a - p m t r a l t  i on  s l i l d  a i ’ a a c ’c’’,s ~n g ,  a t m - m c i

- 1 -  t ‘ elI .~p sas mu 1 ha ~ t I ’ . gov e ’  t f l f l m a I i t  I a t ’  n i a l t  i a t i a u  I s e ’ c l u r l  I Y

a a t  l i e ’  r m u - - s  I -i a i n i c i ’  h:us I ~ic I mta ia’el ‘ ‘ l a s u ’ al ’ : uc k a l  P 1 u i t o n  I 11111 ” a l t ’  l~ a t l  y s ’r h~
b I l e  ‘- t a a S ’ I I  c I . n i c r g’s I anini t ’ss ion at ’ i’ a I r t  ail c h u a u r g c ’ s  fo m ’ n n i c l e ’ m i n ’  m m a t  e ’ r i m u l s
d lu r  i n - m g  c-mit - I ‘a ’ n a n -  01 nu ui c l a - s i r  pos e’ t’ opt’ t ’, l  t l O r i

h f 5 l ’ s  d ’ I I i I i ) a I i t  m u t ua l  i l u e h l l s l  ry n e c o g t i i  sme’ t h i a u t  , w hi e ’ t n s j a c - c i  f i c
-
‘ ‘ a S  - I 1 1 1 1 ,  I l - S I  I ‘ ‘ i - a  f l a  1 - I i i  t S a p j r  u ’ o a u c h i  I e v e ’  i s  conup e ’ I i t i y e -  is i t  Ii t as s i  I —

cm -  I p I s t o l s , t u r n  li e- n d leve  I a 1 ’ i m m a - n r t  of tbn” se nc’ , u c t o r  t y 1 r a ’ - ~ sii e rnuld ara r ceed
I~ I I I ,  a i t  a a s , a 1 1 1 1 1 1  s r I I’ I h a l I t e ’ I cm I , a  - ‘ - ‘ m a t  i i i  ca ’ . he’ I ncius  t n’~ is u I I be auss cunn  i n g

I n i a t l u c i  u i  tn i e ie a a ’ t u a b a -ii ce ’ m i  a r t h e ’ r ‘ a s s u ’ a ’ s  , I c ’ g i s l a t t  i o u  w m u s  e ’ i l , I e ’t e d l  i n

1 1 3
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\ I i : i l ’ a t  1 1 1 1 , u sb l l cbi i n  e ’t t c ’ c’t requi i c ’ s  p r i v a t e ’  o w n e r s h i p  of new
( s t e - I s  i u s ’e’ e la ’sI I o r  I’ d s l a I l l i’ n -a  ; l f t a ’ r  I ) s ’ e ’embe ’ i’ 31 , 10~’0 , ai t i d  c m l  I —a
I a n ’  t a n - w i l i m i t  It i f mill  a a l l t  t m l n i e l  irI g h c ’ m u m a e ’ s  a l P  f u e l s  l iv  hun t ’ 3(1 , l t ) T 3
‘at t he p r e sen t  t I w e’ m u l l  e’ontum d ’ i.e i m u Ir aits e- r rca -m et  c-ar fue I I s h ue ’  i ng
t’a ’1 )I ’l r d ’e ’s~sl c’j bn ’ \uc - la ’m i r Fue l ~ e ’i ’y i  cc’s in Ni’ i s  York . lie Gene’ra l
I lce’t iol~’ ( ‘ a r I S I l s I I I \  a m a ’ - 1 fue l p r o c c ’ s s i n i g  p l a n t  i l l  I l l l n o i s .  O t h e r
i i  rgc I l l  t a a r n I l l  I c o n i n p a u t i  I c ’ s  a re -  aflso eons i d c  r i m - a g  cons t ruc t  i on  of
515h I 10051 1 l’ui c ’ l  p t ’ i a c s s’s u t - m g  c i t p a l C i  t o , h lots e ’vc ’r , t he  frontiers of

ra ’ ’s e ,u r c lm  m i n t u l  de ’ v e ’  lo pm s ue ’t i t  f o r  f c i r t h e r  nei~ s c i e n t i f i c  andi t e e i i n i  emi l
ad ~ , I I i d ’d’S i t )  ~ t’ 1’ t i - d t  iru g b nc ’cele r r c ’ m a d  tilt ’s mind o t h e r  more a i dva inced

t lllc I c ’ , i i ’ re - a c t o r s  is I I I  ~t u 11  ru ec’d p ovc ’ rnmcn t  s p o n s o r s h - a  i p mind f i na n c i  au
a l i e i ,

~s p~~c \ i  a S i ’s I v  t iotc ’d , the  nuc le’mu r poa.s c’rp l ant is much like a
cli i c e’tit  I 0Th au St  e a r n  pl aim - a t e x c ep t  t h m i t a nuc 1 e sir  r eac t  or i s used
n i s t c ’ai d 1 a f

’ 1 fu r n a c e ’  i l c n rn i n ig f o s s i l  f c i e l .  S h i e l d i n g  mus t  lie ’
t ’ a r ’ s  I d ccl t a r  a a f l t  a l l  n h s i : a i r d o u s  rad i at ion  d u r i n g  normau l op e r a t i o n ,

atnd ma a c’e’ jai l deal - mt 5 - mi  n n n c n i t  f a te ’ i l l  t i c’s and other s m i f e g u a i r d s  m u s t  be
I lice rpa r c’al t o  prc ’s ’c’ut t h e  c’s c a i -a e of rad i oaict  i ye’ mate ri mu I i n  ti -me’
1 S - S a F e’s m a tm ’le e v e n t  a r t ’ at r e a c t o r  a u c e i d c n t  . l tm or t h e s e  mine ! o t h e r  rem u s o n s
at cold l c ’ au r  p l a l t - mt  i s  l i k e  lv  t a - a  h a ty c ’  iii gher const  ruct  i o n  cos t s  t h a n  mu
conv en t i o n a t  I p l a - mm - mt  . h b o w e ’ v c r  , coniprira ut i ye des I g’ l m S t I l d l  i c ’s  h m it ’e  I ndi  —

c m u t e d  t h a l t  t I l e  e a u p i t m l l  c o s ts  p e r  u n i t  a r f  c a u p a i c i t v  f o r  a n u c l e a r

~ 
l it ru t sb i c - a u lc i  ciee 11 0C’ d ’ V e ’fl more ra ip i d l n ’  w i t h  i n c  r e - m i s  i ng  c ap a c i ty

I ha iti dIO c o n v e n t  i o t a I p la i t i t c o s t s  . . \ cco rd i rig l n ’  , t h e  cap i t ai l cos t
ci i  s a u d v s u a i  t ape ’  of neic I e s l r  p 1 ai t t 5 , i n  compa ur i  son w I th conven t  i onm i 1
p l a i t - a t s  is i 11 be l e s s  s i gui i i ’ i e a i n t  f o r  l a r g er  p i m l u i t s

‘la ir e’ 5 t a I ’ a ,’ j a i l i :c’ cb ope i ’ a it  I rig m a t  a u f f  aim d hi gh c’r tln m u i n t e n a i n c e
c o s t s  b r  s5 amm c’ c s b u i f l s m e - I I t  m I r e ’  I’c ’c h cl i  t e c h  f o r  t i u c l e - s l i ’  t i - m m - m n - a  fan ’ c o t t a - e l i —

i o n m i l  p l m i n l t m ;  . \ c , - o r a l i t i g l o  , u l l i e ’ l c - c m r  p l a u n t s  h a u t e ’  b r e ’en r e ’ l m I t  i t c h
h a  - c ’ s  ‘cflS i c- c’ 10 a l e ’ n a t e’ an d  I nS t i n - m t  a - m i  n t i - m a u l - a  e’Oli V C I 1  t j l O S t  I p 1 aunt ma

I lam c c e r , t i t s  dl I I t e ’  Fa i r  a I S  e ’ X !aa ’dt ccl t o  s iec  i i n e  is i t  Ii i l ie r c a —  u t - a g
ut u c I ‘ m l  t’ p l a t r u  t Ca l a  I t  ‘a ’ mI n d g re ’s l  t e’ i’ cape ’ rat i up cxpc ’ n i  c ’nc t ’

I t  i ~ t i l t  I d I p m l t  C c l  t II a l t  t i l t  l i re ’  t uc’ 1 C v e ’ Ic’ cost  s w i I I l i e’ h ells ci’

1 ‘C  d~i l lS - . e ~ t ~ (illS t a l I t  a ml 1 I mp r ’o ’a’ e ll td ’t it  h n ’ I 1)81) r I ’ t h e  end’  rgy n i  c i i i  i n
‘— il! ’ s e l b ni e ~ni t fue l l i l m i e h S  in c i  th e - n t h e  p m ’ e’sen t t yp e s  art \ s a i t e r  r e ’ a u c t i a r ’ s
or in I Ft Ihi au Vc ’d re - a c t o r ’ s . I n  tniO r t ’  re - c e n t  s 1u o t s l t j e l l - ms I c i r l u s ts p lants ,
n i i c  1 e a t  r’ S n a p  l i e- FS 1111C c ’ m u i t  I c’ I pa t  e’cl -a I ‘s r  h I m  Cal I I a a l t  alncl improvement
I n  l a w - I f a h a r i  eai t I o n  aund  o t h i u ’ r  f i le’  I c ’Vc I c ’  i i b np r oy em e ’n t  5 , m i n d  a 1u ot at —

i sa il S b u t t e  m l s Su m e d l  I a r i a  a- i - s- i l c’o”a t at eh  I e’l,’ed hay 1 ,1 I c e’ t ‘ s e a l utite of s a t  les

lt e s c’ p0t c -l i t  1 5 1 1  h t)ip re ’ve ’bSIe’ nlt S P° ’ t i t  i n  thi c ’ di ree’t l e a n  a t ’
i i uc n’ a - m i sed o u l t i n t i t  oc cm- ’l’ m u  t i , u  I e t a ’ ’ . I gn d’a t p a c ’ i t I d ’ S , el c’d ’re mls e d i  t i n - m i t
costs i n  do I l a I r ’ s  pe’ r Is 1 1 1 1 115 1 t t of d’ a i p s l  1’ i ly , a m i d d ec re ’aised 1

,
1 x ceh

d E l l r ge~~~’un d In t e l e y e  ic i t u c i  o t h e ’ r co s t  -a p ’ ~ 
Is i los a u t  t -h - moi t i ’ ,

m i  v l a w  of ’ f l u ’  ‘~Iu a i ’ 1r a ’  t t ’ e ’c I of lut e’  I ’ e’ , lm- ~d ’S Iri u n i t  s i m’ u ’ i i i
re uh ie - i  rig the d I a l  s r i  n u c l c ’ s i r  p 111-Ic r , I l - me ’  m a i x i n n u m  s u  m c ’ s In wh I e’hu i t
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i s ’ s  p ass  il ) l u ’ t o  h u i  I d  nuclear h’u la n ts are of special interest.
Const  ruet  i on  of m m u n t i m o t l u  n u ic  I c m u r — e  le’et n c  power s t a t i o n s  w i t h
“sc ’y c ’ra l  I r e a c t o r  cmi t 5 a l t  one S i t e  may he ant ici pated. Tb-me handicap
of r i g o r o u s  s i t e ’  r c s lu l r e ’ l h t c n u t s  cou ld  be overcome , at leas t  i n  some
d e g r e e ’ , h - my b u i l d I n g  se’ ’a’e ’ra u l r eac tor  u n i t s  a u t  a s i n g le  s i t e .  U n i t
costs could al ssi be rediiec’d hr sh imur in g of fue l handling and other
t a l c  i i i  t i es’s aun omi g ti -ac ’ uti i t s  , mmci per h aps, in t hu ’  case of soni c designs
b a n ’ ti - m e usc’ of ’ common c e - m t - m t  a I lime- u-a t

hull - v exploit ing the m u l t i u n l t  approach could result in a
vc’r n- l a t r g c  c’m up ac u t n ’  t i u c l e ’a i r s t m u t i on , s u i p p e s t i n g  t he  p o s s i b i l i t y  of
Se v e r al 1 cut iii tv  5’s- s t en i s  j u m  ru i  n -ag f o rces  to  c’st at) Ii si-a a nuclear
p e ’ l l c ’ r m i t i ofl c en t e r .  l ch i l c ’  such mu d eve lopment  w o u l d  consc ’rvc n u c l e a r
a~ l a i n t  s i  te ’s , t i - me ’ econ onnie ’ s of corist ruct ion mit-m d operat ion would have
to  ire b r a i l ance ’el m i g m l  i n s t  t h e ’ e x t  rmi cos ts  of t ra t i smi  t t i n g  tb - me  power
from ml s I n u p l e  sa aell ’ dc ’ t h r o u g h -tout  e x t e n s i v e  m m u r k c t  areas and the
di  ssldc’ au t i ts lp e ’ to  n a u t  i o n a l l d e f e ’ ni s c  f rom c o n c e n t r a t i o n  of c a p a c i ty .
l i - m e  es t al -a I i  shmet ’It  of at 1:1 i ’pe ’ c m u p a i c  I I  ~ t raunsmi  ss ion g r i d  c o v e r i n g

h~ro atd m l r c ’ a i s  c a l  t he  c o u n t ry  sou l e l  t end  to  m i n i m i z e  the  t r a n s m i s s i o n
da a st  ma mit - m d cn h i a u nce ’  t b u e  p o t e n t  i a l  s a l v i n g s  i n  tb - me cons t ruc t  j ot - a  of such

a n u e l e ’ a i r comp l e x .

i m a t  u m a t e s  of n - mu - me lc ’au r p 1 ant  p m -_ oduct  iou - a  o f t e n  chi p ioy t h e
is slimpt i on-a I b a i t  t h e  l o n g — t  c’ rtli m mlx  i tbtn u m a v e r ag e  output of n u c l e a r

p lat it s us I II l a d -  s u i r o u t  SI ) p e r c e n t  of m m x i  munu c a p a c i ty .  I n s o f a r  as
s i c  I i  I ah ~ t 1~ t~ i s  cou iee ’ rne ’d , t h i s  a l s s u i n l p t i o n  may e’vc-n he c o n s e r v a t i v e .
1, 0115 i d er l  np  t h e ’ p c - h e r a  I iv I ow r r e ’ssu re~s mund t e ’mp era ture s  i n  tb - ac
nuc  le ’ar  s t e a m  c y c l e  of c o n t e m p o r a t r v  s-aite ’ r r emuc to r  desi gns , t u e
tine l e s i r  t u r l ’ et i c ’r at o r s  mi m e1 h e a u t  e x c h a n g e r s  of these  reauctors  may
i-a rea c e’ re’ I m it l y e ’  in’  dep c Snd si l n Ic’ c a n m p m u r e d  to  today  ‘ S h i gh —p r e s s u r e  and

~- S r e r a t  ti re c’ofl ’s ’e ’ n t  i a r h l m i  1 P 1 a l l t S . Le ’ m i e ’t or re hue’ I i  rug , maintenance
air - mel  a r t  11c r t ’ m t c l ors c o u l d  ai c ’coun t  f o r  o f f s e ’tt  i t - a g sources  of o u t ag es
f s I ’  n t i c  I c ’ m i r I’l l  aunt  ma i n  e o r n j - a m u r i  501i Is I t i i  eot iv ent  t o n a l  p l mu t t s  ‘at t empts
s I r e -  i r e - i t - m g  mmu e le ’ to  re ’ducc’ out m ig c ’s f -_ or re f u e l i n g  . For exam p le-  , some
ra - s l d l ot’ c ia - s  ipti’a pro ’s- i de’ fo r  ( t i — u rIc refue l i n g  hu t  i t  may he thm i t
I h c  cos t of t h e ’  c a h I l l  pment  to  e ’xpedi t e  t h i s  op e r a t i c - a l l  s - i l l  he g r e a u t e r
t h i s u n  the’ s ; i c - i n g s .

\ y s l i  1 a d a i 1 j t n  i t s e l f  mmi v no t  con t  t’o l t h e’ e x t e n t  to  w h i  ch mu
F m t rt  I d t l l a l ’  f l l l e ’ l l ,’al r p l a u u i t  w i  11 l a c ’ 115cc1 . 1-_ oad c o n d i t i o n s , mind
~

-a
~~~

S’s
~~’s ii) i i i  t u e s  l i a r  use of o the r  low cost mt l t e r n m u t  i yes i n c l u d i n g

i tnprov e - ei r i uc i c ’ au r p l a i n t s  , is i l l  d e t e r m i n e  t h e  cap a ic i  t y  f a c t o r  of
cm i c b i  p l a i n t  . L o t u s  I d l i  r ig t i - mu ’  f u e l  cost a u e l v a i n i t a t g c s  I i  ke Iv  fo r  laurge
i’e s l c  t o rs , i t  I e x p e c t e d  t h u a i t  l a i r g e  n u c l e a r  p l a n t s  w n  I I  lie favored
f a i r  t h e ’  l i i  g u e s t  lev e l of output m i  tbe S stem complex. ‘at t i m e s
during the prime ’ n’i’atrs If tb - a c’ p l a i n t ’ s l i f e , nucle ar units may
u~ps’ r a t e ’  m i t  p l a i n - m t  t a c t  ors be tween  80 and 90 PC rcc’n t , dcc lining
‘-. n i b a ’ s e ’ q c i t ’ u i t  In ’  as lowe ’ t’ cost hutse ’ load p l a n t s  , pr o b a b l y  of improved
n a t i c  l i - s i r  t v h n c  , si re’ added t s r  t h u  sy s t e m .  The p a t t e r n  shou ld  fol  los
t h a t  a l t  eu ,u t i y u ’ ri t  ton s i l p l a n t s  excep t  t h a u t  n u c l e a r  r’1 a u n t s  w i l l  be used
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it  lu I gh’Ie ’r cap a i c i  t~ f m c t  ors , because of thc’i r lowe r operat ing c o s t s .

\ n a t h c ’r  f a c t  or i n  t i -me  e’xt e n t  t o  wh i ch r iuc  I cm u r p l a n t s  s i  I I
lIe ’ used i s  t i - me  di sp lace m eru t of t h e i r  capab i Ii t n  by hvdroe l c’ct r i  c
e’ne i’pv wb’1 ich i is o t h e rw i s e  unus air Ic. Substmunt I m l  reg i o n - m a u l h c ’ t e ’ f ’i  t s
w i l l  be ach i c ’veu l h a n’ such fu e -_ I d i s p l a c e m e n t  t h  roug h c o o r d i n mi t c ’ c l
o l r e ’ r a i t  i on  o f ’ the ’ u -_ niau l and h y dro gene  ra t  i o n . ‘Ui -me ’ prob l ems i u-a such
O~~d’ i-_ a - mt  j e a n - a  Su re ’ I ) d ’is a u i ) c I  t in i que t s )  t i -me e Ic ’ct r i  c u t  i l i t  i es and t h e
st up p i  I c ’l ’’s of nud l c ’ m l r  m ’ s v S t s ’ b f l l-a j - a m u r t i c ’ u l m u r l n ’ t h e  Supp l i e r s  of n u c l e a r
ftus ’ ls  . ~t u d i c ’s of such c o o r d i n a t i on au r e  o n l y  beg i n n i n g . (29)

I h e  pre ’di c t  m u l l  cai liaIse load operat  i otu • as d i s c u s s e d  a ihov e’
is al -a l -a r opr i  m i t e  f a n ’ t i - a c  c ’a rlv  econom i cal  l y comj - aet i t I y e ’ nuc  leaur
p [a n t  ma , bu t I t  11)51 ) ’ not  b-ac ap p r o pr i  m u t e ’  f o r  all p1 a u n t s  w h e n  n u c l e a r
~rCr’as c’r becomes ml s l i h a s t a t l i t  i a u l f r act  ion of ’ mu s n ’ s t e m ’ ma poi~~’r s;upp Iv .
I v p i c m u l l n ’ , m i n i m u m  n i g h - a t — t i m e  s y s t e m  loads a rc’ on l n ’  mub out  t w o — t h i r d s

a r t ’ th ic  cl aivt a mac ’ pe’aks . lVhcn niore’ t h a n  t h i s  f r ms c t  i on-a of t h e  peals is
ma u l-ap i l C d l  by nc ic  l e ar  p m i n t s  , t i - ac re  mus t I~c some r e d u c t i o n  i n  o f f -p e a k
o d i t p u t  te a f ’ol  low t h e  load  d c c  h u e .  Fu r t h e r  i t c r e m i s e s  iru  t h e  t i u c l c -’ar
cap Ic I I  ‘a~ t 11 then n’e’a i u i  rc ’ th a i t  these ’  p l a n t s  h - ac i ri crc ’as I rig ly p r c —
p a t h s . at t o  ‘‘fc a h o w ’’ the s y s t e m  l oad \ a r i  m i t i can . A l l  ex l a c ’r I  c r ied’  t h i l s
f a i r  i n d i c a t es  t h a t  f l U d ’ I i ’ m l l ’  p l a u u ’ I t s  h a l v e ’ c x c e h l c’ti t l o a d i n g  f l e ’ x i b a i 1 —
1 t y —  — s i C t t i a i  I is supe i’ior t o  I urg e c o n v e n t  iona i  s t eam cmi ts . bl ots c’vc ’ r
f c i tu rc ’  n u u c l e m i i ’ p l a n t s  d e s i g h - m c’d fo r  h i gh pr e s s u r e  mind t e m p e r s lt u r c ’
op c- ra t  ion S - l as S  lOSe’ ¶ h i s  un a i rg  in  of siiperi on t n

S team l c ’m i v lu g  the low p ressure -  e x l i s l c l s t  of ’ at n u c l e a u r  p l a t i t
t i l r h  l u - m e ’  i s  I i e iu e f i  e d  i n  the ’ cor ide r i se’r , a 

~~~~~~~~~ 
i’cs~ui r i  rig st c o n —

as I c i c ’ rmu h n Ic flow of ’ coo l i t - a g  is’ m t t e ’ r t b ir ou ~ h t h e  c o n d e n s e r .  N u c l c ’ m ii ’
r I m u t t  -a n o w  ope ’ r at  i ng ha tc’ e si  earn t u i r h  u ne’ s of ’ lower effi encn- t h a n
t h o s e  now f o rn t i  h ag p a r t  c a l S- i cI cle ’ ru b - al gbi—p ressur e , h i  g h — t e n t p c ’  r at u r e
f oss i 1 —  t u e’ 1 f t r c d  p I l o t s  , T h i s  i s  re’f ’l e c t  c’ct in a gremute ’ r coneiensc’r
c o o l i n g  w a u te’ r rc ’sha,u I i’e’ sm ic ’n ’u t  , For ml i ,tllii’—m a ’gsil sai tt n c i c l e m i r p l a i n t  w i t h
mt coca i i  rig ‘as mute ’  i’ t emp e ra t  l I r e -  I’ I Sc’ of 2t 3 ’ I - , t h u e  f -_ low t hro dlg h t h ie ’
c o n d e n s e r  w o u l d  ire -  a u h i c u t  1 ,(a20 cuir I c  f eet  p e r  sc ’cond . I f ’ an
c’v m t p o r m t t  1 ye coo l I r i g  t owe’ r ‘ace ’ r e ’ u sed f ’s-a n’ t b i  i s  p l a i n t  , cool I ng w a s t e ’ r
S’s S t  cnn eon sun ip t  i c- c’ 111Cc ’ 551111 d l a s -  1-I , 3 cu il a  I c t’ce’t pe r  se’cond . I’he

Cot l s utnp t  i\ c- use 1
-_
i- ar stc’ani  le mi op make—up w s l t e ’ r w o u l d  be stl s aail t ‘l , 2

cuha I c I c - C  t j ie I ‘a c ’ a ,’orid

\ r i c  I emi r ‘~m i f e ’ t y

\ u l c l e ’ s i r  I i  s s i o r  i s  muccomp anied  b y t h e  em i s s i o n  of’ cii i- e e l
r a i d u a t t i o n  and ban- th e ’  f’orm a u t  ion  of at v a r i e t y  of ’ r ae i i oa i c t i c e ’  f ’is~~i on
f r ag m e n t s  th ;ut si  11 e m i t  r a d i a t i o n  over  v a r i o u s  t june I r e ’ r u  ocis d u n  ru g
wh i cli t h u e ’ s -  d e c ay  , I ’here f’ore , i t  i s  I mp crzut  I ye t o  prov i d e  s a i l ’c ’gua t r e i s
to avoid contaumin at ion of th e’ work i ng au r’ u ’mu s  o f  thu .’ p l a n t  aind I h it ’
environment surrounding the plant .
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( e a v e ’ n ’ni l ie b i t  aun d  I t i a l i l i F’s h s l ’,’ e’ m l e ’ t c ’d u i  t h r e e w a s v s  t o  a v o i d
macri cr 515  c’onse ’ab ’aue ’nu ce s 1 1)  la y  s m i f ’ e - g u l a l  rels t o hol 1 nuorma I rout inc
i’e’ I c m l c I ii n i l  f a d ’ I a ’ ’s - u ’ I s  a r t ’ to ho ld a u c c i  e lu ’ t i t  at I re I i’ml :— e ’ ref himl :aurdou s
i’ s i a ,i I s I t 1111) s i n - m d  raid i e l a te ’ t I cc’ p roeluct ma is i t  b i i n t h e ’  r c a u c ’tor St ruct tire’
I 2 1 brn’ t,’s) t l t  at I n hh hc ’ f l t  St  r t i c ’ t u i’e’S m i n d  at  h e r  s:ufe’guta rel sa to keep with in

m a -  P l a i n - m t  I h i S -  m i c e ’ i ei c’n t ai I is.’ I d a I S  a ’ s a t  h t m u : a t r d o u s  raid i m it  t on sb i ch
a a c i l b ’ S s i t h d l  (3 l a y  ot~~ng b l i c s l m a t u r ’ e’s t o  p re’v e ’tu t w h a t e v e r  radi  sit i on
a l ’ s! n’ au d i a r sl d ’t i ’ s - c’ p roulu c’t 5 b b h a t c  c’s cmtpe I n i a u d v e ’ r t c ’n i t  Iv , I n  Sp i t e ’  of

mu It p Ic’ S a l  f ’c l t m t  I’eIS , f ’rothi e’ausis  i n ig  ha t  u’rn t a r  the ’ I n h a lb  I t mints i ri the
v i e  I r u t s .

I t  i s  cii  f ’f i  c i i i  t t o  d e l  c m i i nn ’ t i - m e ’  k i n d s  and e x t  eni t of
I m l a l I  a t t  I nTl ah ~~ e’S us - h i  a,’h i l t i d l c ’l’ i l i n h l b l l s - r a i h r l v  el i  f ’ fer e t i t k i t - a d s  of cond i  —

I le afS s h i a l h l l d  be’ u’c’ g aui ’clc ’eI sea I iL’ l n’ t i a  c’ m lhi Sc’ hstr’ m , I b u e -  -- ‘ a t o m i c  h in e r g n’
( e r t l l h l l l s S I s a l i , i n i t e ’ m n a u t  i ~r flat I : i g e ’ t i e ’ i  c’s , a m id o t h e r s  l u m l v e ’ e v o l v e d  s t a n d —
mi 1’ cI ~ at nu ci  c r u  t e’ F i as b a s I s  eel Upon e’ \ 1 r a a s m l r e - cha t  ai min d c’xpc’ r t  Ue lgh lle ’hi t ass
t a - a  w h s l t  I 1 115 1 t a t  i a - a t - a s  a l l i s1  h ’ a a S U I  h a - I S l e  b i t  5 1’r ,- a \ ’ ire ’ (‘S S C e - b i t i m l l  t o  I c h i  c’ve
m l s l s - a l l s m i t c ’  a h ’ a d t d ’ c ’t  ion . h - su . u ’ th e ’ n’ e x p e r I e n c e ’ ‘ mm m l v  l c ’ a u d  t o  t i g h t e n i n g  or
b ’a l a ’ s  I b l ~~ t b e -  c r 1  t c  i - _ I  a t wh I a.,’h ! ‘ S m I V  be a m p j a  I i  e d  i n  the ’  h I t  r i F e -

he -  \ l , r m i c  I I l e I ’ s l \ ’  I a n u S - l i ass i on  h a s  p l m l c e ’ dl bb t l l e ’h s t re ’~~s oti
S s l i r  l v  in  i t s  c l ’ s - i l  i a i t l  l u I l c ’ l r a r  p t s r g b ’ , a S - I , i~e’’ac ’m I b ’ e’li mit d dev e lop ni e ’n t
I f  rId i , a ~~I t c c ’ w a I s t  e’ I l i m a h i a c S - S c  i S  t li i’s c Ir e-e n tinde l’is lIt for r l s l h ) ’ s  y c ’ s i  rma
s O l d  a t c l r S - l 1 n mln i I a r bi p h ’ g ~- m a n  m i  r e - m a c t a r  S a l t d ’ t n ’  s m a s  S t  ml r I  e d  i t  I ~~ 5
\fl a - \ S i b i d c  ci a ui i el a c e s - i c -  r m l t c’d ~

-a r a g maim i~ as m i t  i m i t  c c i  I t  I 90 1 , Wi - l i  ch
I f l e’ I i15L ~ at tam Id l e ’  r m l b i g c - ~ f c a l , i ties.’ H r~g sc ’ a m Ic’ t e s t  ma and e ’vau hunt  ion
s t u i i e m ~ r e l a u t i b i g  t o  r e a c t o r  s a f e t y ,

i l - m e ’ c h a t t u e ’c’ t h a i t  sante m a c c  d e b i t  n i g h t  occa,u r  h a i s  l ed  t o  In st r a n ’

e t t~~~r l ma tO t-a~- dm ~ 5’a,- h a , - I t  k e ’ Ii hooch of’ Ice ’ l a t e n t  mit - ad  m l  n h i  :e t b - m e  co n —
S a s 1u e i l cc ’s , c ’ t l s  a ma wb I cli I l l  chat t c- l i s a  c c ’  bee -nI  h I gh I ~ 

su c c es s  Lu I . ho 
nt is . ’  at h u g h a l e g l ’a - e ’ s f S a l t d ’ t \’ , t i I l c ’ I c ’ a i r  r e a c t o r s  S - l I S t  b -ac de smgl uc’ dl

a~y i e r t r c ’ b , l t d ’ el i- . i  t hu  tb u e ’ u t m o s t eai u’ c - t a n  r ’ e ’c lmu c e’ t i -me ’  p u ’ a a l a m iir t I l l  S- a t
a l e c  I c l e ’ n t a u  I d l  s s e ’ll an I n t a i t  I on a t ’ raidi easu ci l y e ’ p u’oe li -m ct ‘a , I ’hese’ s a u f e g u a u r d —
I h i a ~ - t e ’ 1r5  Fis t - a t i r i c l u d e  g n ’ c ’ mut  c m a i ’e’ i n n  p l a l n u t  e l e ’ s i g n i  , c ’x te ’ ti s  i c e
In st rum e ’bit  itia n mind  monn i t o r i  n g ,  i’cd i el i r c lS -e’ h h t  s fea r p r e c i s i e u t-a and
u - a - l i  ab I l i l y ’ of cotlhp Or le’li t ‘a 

~~~~~ 
I S  l o l l  of b ht tl 1 t I l - a l e’ miux i  I i  m i n i  es min d

s e ’ r v i e ’e’s t e a  n ’ since ’ r i s k s  a a f ’ C d i d t i t a l i e h t o r  ope ’rait in g  fai l l u r e , sp e c i al

: a l  I l i  f i t c h b a inicl l i n i g  m i h i e l  s t e ) r a i g c , p r o v i s i o n  s a t  s h i e l d i n g  mmc l
as t n’u c’ t a l r s l l  a m i d c r ] a a l ’ m i t  I rug sm lt c’ guuai rd s I t i t c ’mi d e’cl t o  e’o n t a i  Ii cli  rc’ct
raid i t t  l ain and raid I d a m l e  t I c e ’  L i  ss I n h  p roduct  S , aspp r’opr n m u t e  rn d-’aris f o r
a 5 ‘b I t ro l l ed rn leas e of’ r a id  I s i t  I on whie ’ n si c ’S 1 rah l e’ , r i gorous e’oti t i’ca l
tO l ’ - — l l i ’ a I a l ’ a i l e - r  e’ a a b u s t  ruc ’t ion , opc ’ i’ s l t r ig procedure’s , mit -ad t n a u i n t e n a u t c’e ,
a ur id  f t a  -a l a l a - h i t  I hi S I r e - ct I e l t i  a u n ie i  t s - ~ t I bug ca l ’ au 11 s-i f’et ‘s procedures and
u ’q u i  I p b bl i ’n t

‘l’he’ ra t uh i a u t  i o n  I i m l : m l i ’ e b ’  o f  st nSlc l esui ’ aucc ’iete ’uj t calm -a hue’ f
-_
’irthie’ r

rcdueeul ba y p re’- - a u - t b I  rig re ’’~ t n’i ct c’d oi’ cxc’ lus t on s i r c ’m us  i i i  the pla n t
c i  c l i i i t n  . ‘l’hil’a , I 1’ suib’; t a in c e ’ s  e n n a i n m m t  I ng from ml reaie’ tor  mus t  t r a l v d ’l
‘s s ’ c - c ’ r m t l mi ii ’s tli i’ougbi h u e  a i l  r lr e ’ f ’o re’ t h e y  can iu ’ a ic h suh st an iaml

117

—



nm u t t ib r e ’t ’ s- - a t pe’op I c - , t h c ’ u I’ i l m e ’ s l n ’ n l a a n l - , c b u a u r a u c ’te’ r e’a im i  b a a ’  n - a - c h i c a! m i a t

a l l  lv la y I t m au l dl Sir e n’ s l ot -a a t m - m c i  d i  l t ~ l s a u u  in t i ì c’ I t t f l I O S 1 l i u e  m e  haut u s a
h:~~i~ h i d art lau l c l e - c s t ’ s  s r f ’ t h e’ u ’ a i a b i a a , i c t  i c e  m u i d  t a n ’ s !  e an n a c l n i c t  m di m r l b b a

the t m ntue , - f ’ a ’ , a - i m m a  i t  o u l t  a r t ’ t i t e ’  t ’c’s b ml  ctc ’d  S- o il s ’ . I h a re’ Lou’s’ , s\I, t

h iss ut I I I  :e’ dI c l i s t a t i c - l u ’ oisi t h i s -  h’ c - m l d ’t  a n  t a n  peop le is a n n i e  ra t  the
‘a e ’ s  c a t  I 5 , i  f n ~~ n l - i  r H  u ii a i a m ~, 1 c am r p 1 ~u f l t  s I t e- Sc’ i c  I n n b i  cr 1 t C r 1 5 1

In a 5a s s i l a  Ic ’ s -  I a a t ca L a ‘ S I  r t  i i ,  U I  -es  I ma sun mic i d i t  I a a n s I  1 s t i l e s !  I on
Ot t c l i  a l a  “t ’~l iii c a n I n e  a t  1 1) 1-a Is I h I s  t h e  l o c a l l  I aab i , u n m sl c i a - i pn i  o t ’ i t u i c  I e ’ mt r

i S ’ S i t )  c m l  t ’ t i u s 1 t , s k e ’ - ma 5 ~~ a i m ’ e m a : -  , ‘a n A L  r ep o r t  on m a r !  h q r a t k e S  C I I
a s  l ’s’ m ’ cs- V , i  F l  ~a i l 5  i t m I s s -  i n  s s l a  i ~h a ; a i ’ t i l ( 1 s l a t k e - S  bn i l i n l  c a t l m - e  b m r e c ’ h m u n i  emi l

a -  S t t s r  u r a s  I La I I m i re ’  a l l - m e l  e l I  5 flU a l I I  m o n t  c e b d u j s s r s I e - b n t  , s e - m y  i c e ’s , or
‘ a t e  C! ly e’ c a n t  r s ’l s m u nch t h c ’ t e l s  s ra a d i i c s’ ef ~e’c b - sun r e - m l c t o r s  i s h u i c h u

ca l f  lei le ’m icl t 5n l’ s 5 ’  y a ,’ h a  c e a n i ’ a e ’ a h a l s ’ t a c a ’ s -  - ‘h u e  l i S m i  I S S i  5 s m i t  1 1  ne’s C i s
- S-nec I I I  cons u In , b’ ,it I OTiS si naI i a b ’ a a i i i t  I a a u l s  i l l  si t a Sd’ I c t  i on-a , a le ’S- I

Ibid ci u g bi d d ‘I  h g  t o i’c 1 5 1  i ’ l l  1 t he -  p ! i n n  I b ug  m m n c i  t’Oti - I i’ua ’t I oh 0 I t hi e’
p m m !  t~~ s a t t  - - t  t he’  S a C t  a t  inumi- -u al S ’ I  o’s i c t~o r a  c’s .  h l a e ’  g e o l o g i  -

I c o n d i  I - , ‘ b b -  I t  s i t e ’ s  f ’c ’r t U I c  la : a i i ’  p I m i n a t  -m i n n ’ e r i n a n Sc ’ d  f a r  am e m a r t h a i n i m i l  a ’ -

p r a b i d - 51” 1 r m i r .  t ’ e c e  t ye’ c ’ s l a a - e  i am ! Is Ii a l ’ a a i l a ’ ! s  e ’ X m l t b t j m al t I r a I l  m l b i a b  5 1 1  I

;n s t m ’ t a s  o t ’ !he ’ f ’a l u  I i  t y  ‘ l i s t  I r e -  eh e ’ck e ’el f a r  S t  r e i i g t h  5 5 1 1 , 1  1 u a n t i o t i a i l
p c ’ r l  - ‘n : n , a l m c’ - s  I ’  5 1 5 1 I b i s  ‘ a b u o c k  I s a s i d m n g s  t b u a t t  c m i i i  I n s -  l b b h p aa s c ’ei b y

a ~ C I ’ d ’ s ,  a I I s  i s , , i i  c ’S

Ac e m  cl I n t  ma c m i i i  h ,a s1 e t i  but , l i - a  y i t’s a) ! t h a  - n uc u i t i p lc ’ s a t  t e t !  tO t i’d-

s i n a I  y re ’ a’ , I m I  j 5 , a ~5 - h u l l  !t  in!o ma Is L i e  l e , s i ’  p l mtn ! , ;1 con t l r  i I I , a t  I c- at - a of  e~ a - ill ma

S m l  cii eom jlc h p b s  a , l s I s ’e , a  l u l l s ’ J a S l h ’  m i c e  l si r I mt I m i y o  l v i  ti~ bL a b’ ! I LU I b al d I s a t  I

e fcc  S I hi I nb a! I I a t  b ’ - ‘ I -  I 5 e ’ .\ I b e - S - i a  1 i nt r o b a i h a  i c  , I I m a u l s -  I e m t S a a b i  -

sib i S  c a a b i c e ’ I c a l I c ’  m a c c i  c!. a ! —c’ I t s r  r i c e ’ S b ’ , su ch m sma ai a r~- : n k  i - a r  m m m l i r a r
l e a k  n b , a  h u e ’  f t h i e ’  p r u l l i a i m ” s  c a r o l i n g  ; V S ! e ’ f l i , s i b  I m i a t s - m e l e e - C of

h a l  u s  - i s a  1 m’ aie l i t I Ofi is d a ti I dl m a t  a l a c i l  F e \ ‘ a lma  at I’s- - a u It a n f mu ma cr1 es
caL H a l  I s u t a s  of a s m l f ’e ’ ty  l e i t n i r a - 5 .  ‘a h b a - ,It al n r w r S  of ma l l  n a t  t h e ’ bill S - S r b a a U- -

m ide ’; ‘ c - b i d e - b !  p - at 1 ye’ s m u f e  C c ’ c i a t i  t i  a las f o r  S t app i r i g  I h u e ’  F a s t - : ! or
p i ’c a c t ’ S s  1115151 h a ve ’  - - .s t i l l ’  a ! h a e f c a t r  t l m  n s l c l e a u m  S - n b  e r i s u l  c e a h l c a - i  y sa l a l y

c a a t a l d  bid - I t  c iow b m 11.1 p r a du c ’ ’  L -  ,~~~ ,‘t fl ~I r ‘e m-i d a r e  tch 1 ~b i COI l Idh  c m a u s c ’

b s i a h l a i t  ion s l l t e l  m ’ m t d i a a s i c t  I vs n i ’a ) a I S i a t 5 t a a  e’~~c I l ’ e t r a a l s- t h e  Fc ’ S I a t or  al i ’ d’ s i .
h: ~ - c - l n t bue ’ n , tno  pu l l  a t ’ h i m a h ’ l ’ m  ss a ’imi d i’ s - s a l t  w I t h a s i i t  the f i l b ’ t l b e ’i ’  d’l ) b ’ b l a l b u m i _

- a l l  of thu. ’  C a  i I I I  F - O f t h i s  c a i h i b  a a h USS e In t sIte ’ 11 art’ sna rl ’ i c ’ s - S i  a a n i  chaibbb b c ’rS

a - m t  II 11 t lie ’  r s t c l  l a  - a t  I y e ’ ~~ , 0 c r ’  I ~t l a s  , I f Sn rbmbe - of  t m a  - F l  a i i a  ‘ s l a b  ye ’
‘ m l ! cr1 a t !  cli d c- - c a p e  l i ’sa bs b  I Im e ’ a l  a l l - m t  , i t  i sot i le l  I ’ d ’  s l I l ’ l d ’ c t  C ’  t i l e ’
el’S - I ma a - f  a I e ’ca \  l i l a ! c l i  n t  I a - a n  i i i  i’ a ’ a chu I ng  I i t h a l i a  i t  ed at u n - a t s  . i b i s ’

c a l l s  , 1 n la - b l C a  5 01 s I n S  r a i n ’  h - i  r lee a a b ’~~ t S I ?‘ l ’  C 1 5 , 1 1  I s  tIl l 1) 1 111 1 c’cl l a y  I b i e ’
e’ n ’ i t c ’ l’ i U , s t , a b n a l , l r I ,I s  a f a I  a t o c c ’ d l u l i ’ d ’s s a s i a l a n y  s- Lb I a n  \ i ( ’ iii the ’ l i c e - b b S  i nig ,
t c  t l i l g ,  op er ’ t t  i o n , i l i m l i f l t a n l s i n c e , a u m I d I  i b i - , r e , b  ma n s a n f  n u c l e a r  a b a n i e c t s .

l i e  5 - a i c  t - r c - e e m’ ci i n n  iii ’: aJp e ’i l b  i a a a l  01 il t a t  I n ’ ~j aa nlsord’dl b t il c ’ l e’m l i’—

e I a I c p 1 l I l t  ma b r a  s l a t  i’ h , t  - i i i ,’e’n ( ‘ d e j a  I i n  ~~~~ 1 1 s- ga el

I n c r e a s i n g  c U t  a n t !  S h e )  r a - d n i ee’ a l l  r’ ~ O l  l i l t  l O t ~ S a l t  ,u d ’s l Ila ’S tile’

a_sail s I d e ’r , I i  m a n  of h i t l e ’ l e - , I n ’  i a a%se ’ rp l s i l i t ma in s i a n l l e  a m i ’ a S l s —  - I I i a - e  j ) l s t n t  -a

do b a r b  m a - l e ’ a t s e ’  b l n d h i a a e , I I ’ l a a a i l  . s r i  a n t  h i s - n  c h e m i c a l  I ‘ S a i n t a i n s , ’d’s u c h i c ’h t
a n a l  Id can t  r j  i u u i t  i -  to mi I r Po1 hu t  I n a u m  i m ’ob le lns  , Sh i s au  ld  tnu e’h i l I I a a F e -
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c’ I a ib a c r l’ a t t e ’ a i t i e l  e’x re ’
~

i -
~ i c s ’ am I r cI ealti t rig e’qu i i  p n ne i i t  t l i a t u i  t h i a i t  i b i s ifl USe

h c ’ dls ’blbamfld hc’c l c-at ’ c o n I c  c u t  I aa n b s l  I p 1am !  ii , t h t  i s  i ncremise ’eI cost W O U l d  nim uke
I S l e  I e ’ m l  r POt~

d’
~~I-a 1 ,111! 5 i’c’ 1 , a C m ~‘ e ’ lv nn o r’c’ m i t t  r a u c ’t i c-c’ .

IV I i I Ic’ i t  i s  l i k e  I n ’ t h i m i t  an c ’ s b  e nded rc ’cord of good (‘\a e’i ’t (‘tbe ’Y

l a m  11 b re ’  r equ ~ i rc’d I a e’ I’aa i’ e’ t i l l e l e ’ a t r  p l s t i u t s  m i r e’ l a u i  It i n  c l o s e ’  p r o x i m i t y
t a r d e b t s  cI 

~ i-a oi-au I m i  t e s h  1 o :ud e’c ’n t  c’ rS , th I S do e s  b i n a t  u hi e ’m u ni t h a i  t ti - m e’
benc’ L i a’ 1 s t  1 €‘ f t ’ s - c t  ~ arf ’ f l u i c’ I c a l  b’ p1 sui t  s i Ii reduc I l i~ au r p o l l u t i o n  sire
not , i I  t’ e s i sin a c t  \‘ s lhile . l’ite’i’ n ’ l b ’ e few l oe ’a i t  j a n U s  wh ere  m aj o r  flew
conven t 101151 1 p 1 Sill  t m -  ts’Oti I dl I r e ’ h o c , a t  c d  Ss l i e -  me ’ frec ’donu f ’ u’ ar b n s u t m a s p he r I c
p a i l  Ut a l l -a t  5 t s a a b,1 l e t  blo t h e ’  mu c’m u I s l a i n  he ’ f’s - mit ture

l , I a i l a m  I I  b n ’  i n s l m i ’ s a b i c n  p m ’ es. c ’ nt s  sp e c i a t !  p r ob -a l e l t i m a  f o r  n s i c l c s l r
pow c rp l , I b u t  I \p c r i  e’ru c’ e’ t o  c h s u t c ’  h a u s  h ic ’ e’ni I i m i  tad to 51 t ess vc ’mir s -m
sIh i c l  51 sl’t ma I I  n u n b h a e  m e a t ’ p I s i n t  s , ‘a c e !  eia ’rit ma b - m siv c’ been I a ’S i n  t iu m b r e r
sit -ad a i m e - m i g e ’ s n t s i l  1 , b u t t  t l u e ’m c ’  i s  l i t t l e ’  - - a t m a t  ‘at i c a l h a l s i m a  f ’e r r
d’s t a !  I i  sh I iig H sks ,~~~ le sun u shu Ic’ , coiled ’ i ’  s u ha Ic r i  sk m u nch  i i  sub - a I I i  t v  ha c’ e
m a c r i  C n r b i- a i d er c ’ cl t o  a \ e ’ c’ c ’ a! t h e’ L i  i l a l n u c i a m i c a l p m l b i  l i t - , of t i - m e  p r i  v a t s -
I l l s 51I ’ ma l i a e  I ndu s  t m ’s , \e c an m c l i  u i g  ly  , ( I a a n g  F e - a s  i n  I ‘

~ ‘i su ths ar j :ecl the’
h e ’de’r a tl l , o v e r n m e n t  t o  ~r i ’ a y a I n  I i a t h n i  l i t ’  !a1’ na t d ’ c’ t l O I i  ui-a to ~- IS 5a m i l l i o n
1 , 1 ’  a ln n ’ ma i l ug  I d ’  li S le ’ l e s t  i’ ale c’ I dent , Fbi e r’e’au ct a r m  l a - a c ’ n ’m t t s ib ’ S  I t m a v e ’  p m u i d
the ’ ga r ve - h ’ llmmS c ’ll t aim - a m i b l f l u i s a l  f

_
e s  a a f ~ ,‘a~h l-a~’1’ i!i e’~’ m a \ s m I t t  a r t  r e - m a c t a r  hc ’ a t t

a’ m a p m i e m i I C  I r a n  11 stb a i I it s cave m m age , l h i s  i l m a u s l  I ly : a l i i a n i m i l t  s ten sltr a il it

t r a i n  t a c t ’ riec ’m a ia mat t of u. L e s c t  i ’ s c m u  I cm spmul - a h I  i t y

Ow n e r s  i r a -  re-cu ll ! re’d t o  Se ’ e i l I ’ e’ t i - m e’ p n ’ e s e ’i ’ t h e e l au moci t i t  of
- r i  c a~ c’ I i  mu i I i i  - s n i s i u m ’ a i n c e ’  t i p  t o  at h i  ni l  t of ’ ST’ 4 m i  I I  ion , c lepend i  rig

U p o n  SI  m c -  ‘ 5  C m i u c  i s - a r  p 1 s l b i t  , al S .1 i r e  me -s i l l  i s  i t  e’ t o  i i  c e ’n i n s ed  o l r e ’r a lt  i on
md p m a c i l  m n  h I  I n a t  ‘eel s ’ m ma I I y S 5 a b i S a n  b ’ a - d 1 l ath i i i  t~ j m o t e c t  i o n . ‘lb i s
i s  i n  labe l S b I t - a t - a  t o  t In ’  I d d e ’  r’ sm I I i  a l a  I I i t s - ’ i n a s u r m u n d’c’ . I t s e i ra mn ce
c,aI’ m l s ,afln’ p u ’ e m  I l l S - I ’~ H a n ’ n b l c ’ 1 c’s I ’ p 1 mul l  I s  si i’d ’ s i t  a l ’ e’Se’li t h i  gb ci’ t l i a u m - a

i lL’- b s n I ’  c a a n v c ’ n t  a a ~~, a l  a j n e r m a t  l o r i s

‘ ‘ I  m e l  i - c a a b u e t h n I  c I s i c t s a i ” .

Ui ’  e’oui s Ide ’  1 , 1 1 ’  Ic ’ u sia h e - s i r  ;naa ia C t  I n t e l e u - - I i-v ibutist statnel Ofl i t s
a sis ti t i u m a n ci sil t a - a  t .  m a t  1 1 5 5 5 1 !  c .  s a t  nu e’l c ’ m t r  r i n s e r  c o s t s  sure— g e n b e r m i l l n ’
p r c d i c l t n : a a  oil a l a t t ’ g c ’ — s c s t l e  b i l l e ’ h S u i ’  pois e u ’ l n d s l S t i’v a i n d  e s c s l l s t t  ion

‘ I  I l h i  i t  S i  S,’S is e l l  ~ h a a a t e -  t h o r m a c ’  t l i s t  h a v e ’  h aee ’ n b u i  I t  t e a  elate , ‘I’hic
s c m i l e ’  a r t ’ n n ’a r j e - e- I e ’ d b i l l c l c ’ s l t’ a s i rsa e ’i C ’ s  a i c l c h u t l am -ms t ‘a h - a m u s e d  on s u s s u t n t j - a —

I s a I l - s a f c oma I b’e ’ I i  c - c e - cl t o  lie’ c’Oh i S I S t  e’nt t  is it hi P ri t i l t  C ails ne rsh i P of
p l a n !  m i n d  fue l , t I m e - I  bb i a i i t t l f s t c ’b luring , and me’ pm’o cc’ S S l u g  I aie’i l i t  i c’s ,

m I l d  n o r mnam l j s i ’ ar t ’ t t s  t a n t  e ’ a { t m i ; ’ r l a n l i t  l m l m I l l u l l  a t c t t l t ’ c’ t’s I t  i s  assumed ,
b i a a i s e v e ’r , C b o i l  t h i s ’  I a ’ e l s ’ r a u l ( oy c ’ b ’ n t n l t t ’ I i t  si 11 a _ s a I n t  little’ to  psi m t  i e l  p a itc’

t o  Sa ab l ie ’  a e b e~it in list rss ret I n~ i m r a m n e ’c’ s i g a u  i r u s t  f lue le ’ar loss  I n c ’s- s an d
r I C sIC e ca sc ’ e ’ r m a y a :  -

‘li-a c Colein iha I at — ‘5 a b ’ t Ii P a u c  i i ’ I a’ R e g i  on au i’ e ’ a i d l V  Ii si ~ s r b i e ’ n I l e ’ le s I r
p l m i n t t , h u e’ h h m .t n t n a t ’ d  p l a I n t o f ’ I\5l ’ -,h I n i g t a a u  Pt l h l I c ’ P au am e’ i’ I-a u l ~rp h v  Sy s t c ’ t b l .

1 l~)
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i t  i s  af t b - me ’  p u ’ a ’ ’ a s a , u m ’ i  :cd w a t e r  tn - i re ’ murie l  o pe ra t e s  at low t eniperature
a t r ic i  p ra ’SSI I I ’ e’ , I t  S m a t  c ’aul b i s a i p p  I i s I ’rounm ai f’c’de’ rat 1 I owned riuc I a _- sm r
i ’e ’ a i C t  arm,

t I t h e ’  m. i t s i c ’ I e ’ mm r a s i s s a ’  r i-a l m I n t  s i n  - i c’ r’c i cc ’ I n a n t  he ’ r p a u r t s  of t b u e ’
ea rfUl i’n’ i n  It ~i aS ) SI i’c’ of v m i r m  aHl5 C n ’p camn i h i c l U d i  ru g a m’ s’s— slum’ I :ed sate’ n
hea l h i n g  i s sltl ’ i’, l 1 I g l i _ t c b ! a n e m’ a u t n l i ~s’ g u s  cooled  auu d s a i e h i n u m  coo le d , t h i n ’ -  e
t ” i - l b a t s  h m i u a .’ at t a n !  m u l  e’ m l p si a’ itn ’ at 2 ,0, . I i a ’ 1 s l i s s i I t S .  O t h e r  t iuie ’I c ’ar
p l m e l t s  w ith a t - ’ t : t l  e’ m l a s l e ’ i t v  l i t  a C,\ s,’eSS of 35 ,1 10(1 me g st c smi tts isd ’i ’ e’

t im - ache ’  u’ cons t r t i c ’ t j a ant I - t I t )  ‘t)

\ i l c ’ h e ’ a i r  l i l a ’ I n e- e red ’s i~ i I 1 Ire ’ I n c  m ’ e’as it - a g I v  I n t p o r t m l n t  a t s  t m i e n l ’ c-
siri el  nn ioi’ e’ p 1 s i n ~ ‘- -~~ ‘ c’ hel l I t  . I St i n : i a i t  a s s  a t  t I l e ’ Si mc ’ of n u c l e a r  fete’ I
t ’e- c- F C c ’S of ’ t i n s - l ! n n  I cd St aita ,’ — m a n ’ u ’  stppmoxima tc’ mind ba m I m a c - a l  on mu i’ m lb ig c-
of s t ’ n a a i U e ’t l oti e’ s a s t S  . \ a ’ a’amel i ag t o  t h e  b re s t  i n t o r m a i t  i on  1ruh l i s h i ed
t o  el a u t e  , tI n s - I ~- l l ’  f u e l e’on St l ibb p t  i o u  I a n p l a i t -mt as c x i  ‘at  i ng or l a s  be’
a’ons t reic t a ~ b -a n’ I 1)51 i w I I I  i o t  m t m o e u n b  t o  morc - t h m i n I percent of tIn-
i~ese b ’V n,’S es t  I bbum m t  c a b  !a co ’5 I l e s s  t h ’i m u n  ~ I t )  I re ’ r po ur id  of ut’an 1 ram o x i d e
I I ’ t h e -  ml I a li s 511- a Ic ’ e’suS t n a t  I I  m m l i i  111111 sIn _ s  d C  I ma l i - a c  r e ’s tsed t o  ~ I p er
pouri ab , t h e - a.’car tidrb l s l c b ’ c - s_ c’ m’ n; e ’ - ’ m~c’ m i i  h a t h i l e  are n c a r l n ’  doub l ed .

I ’ x c i i  st a g e s  atruc l Imports

\ connp h a - t  c’ h an oi— ba 5 s a l l b ’ a,’ c ’ m~b i s i  h n - s i s  Li i i ’  sin mi rca t  m u s t  cons i cier
t h e  t I n a - ,~ cii ’ rai se- n - i n i t a ,  aineh omIt sal ’ t Il e’ s t i ’ e ’ s l .  ‘I b i s  hsis sun c ’f ’L-ct  on
ha’ t m a s u  -5:5 I SS I aril Sy stc’ in b ’ e ’ a a l l  m’ c’d f o r  t h e  a t r e m l  , b u t  i t s most

i m’m n a n m t a i n t  a I a  s t  i S  ‘ ‘ I i  H a s  p n 5 s ~ ’r Fe 5 a ~ i l l ’ C C 5  re ’s b u l r e d  to  Inc - s - I  tb i e
e l e c t r i c ’ I n ) , t e b  ~n f  t b t c  s a t ’ s ’ , i ,  “s aa l !l e ’t l IlieS these ’ i- ao s~cr f lo i s s h l a I \ ’ e’ ml

rc’ a u t c r  C f~~ - c t  a l l  t h e  c h i a  r u e  t em n a t ’ t i - m e  s l i ’ c ’mI ‘ S i n t e r n a l  1 j- a oie e’ r sempp I >’
t h m l n  S - i l p u t  Ir e’ su g g e s t e d  ban’  t h l e ’ i F b’ e’ I mt t l y e’ tbimlgli i tuele

I ’ n1is n, i’ in tc re- hl m l m a ’e(’s in’’, a - s e n  ml u’ c ’su s mire ’ mauc le ’ f o r  at v m u r i  e ’t t ’  e a t ’

ms-su s a n _a lms, ftc’ mos t  St  ra l  i ’ ’,’h t  t s , r c ss ur d i  m e ’mu son i s  m l su rp l us  of ’ c’ I e e t r m e ’
a b le  r’ g v i l l  a b le ’  t’~~m I l  n a I l  Sih id l  ml cle’ t’i a’i e r i c’’’ i n  t h e  o th e r .  b i t e - r e ’ I It I as

iur p 1 IS i s  a r t ’ st  f ’~ r’ s n m i tb l re’ , it provi de’s al t ’i mm re souim ’e’e’ tsr t h e
i sp a n’! m u g  m ’ u ’ g i  o n .  I n  Is - an SI i n s t a n c e ’s , h b e us c ’vc ’m ’ , the ’  u’ c’so s ircc -  e’x l a s t s
SI ’a 1 ‘ a u l r p l l l - m  a a n l n ’ over at l I b s i i t e e l  p e r i o d  of n ’e ’a l r s  m ind t h e ’r c’t’omc
proc- I d c ’ s  b i n  Li ~ ibb t’e ’m a n a i l i ’ a’e’ to th~e’ I nh l ro r t  i t -mg m u rea i  On am l ot - ag— t erm
I r a l S i  s .  t in de r mm g ive ’mi  b au d I e ’ce ’ I , po~’er  surp ins e ’s  i h i mi n i  a i rc ’ au sire’
IlOt sis u at I in’  mt v s i  I I sub-a  Ic’  umnl e r a I i  a’ i i’e’lifli S t a u n e e s  cit lomiel  m uriel  S t  r ’e ’a t i i t t ’ I Os
I mu t h e s e ’  i n ’a t in bled’s , t h i s ’ s -  u s u a l  In’  do not s i ipj - a  I n ’  L i  nn e n s ’ n’ n l v  t a n  th e’
i mp o r t  i n g  a~ n ’e ’a t munch sire’ b e st  r i c t c ’d  t o  such asseS s~s f ’t ie ’ l cii s p l s l c c ’ I s l a  b i t
an t I  i ni t  e r rup t  i h a l e  i r idus t r i  a u I omu ds

Othe ’  r r e ’ a u s a r i u m a  f ’or hit erc h i au n gc ’  app l y to pe’muk i t-ag casp ab I h i t  s-
1 f at re’g i o n ’ s loads m ind r c ’S ouim’ c a _ ’ ’-i mire ’ i n  i r a l a n c e ’  w i t h  respect  t o
e ’t i c ’r gy b r u i t  a s u m r l a l  mm - i  a r t ’ e m t i r s u c ’ i t v  s ’ x I m a t s  , t h e n  t h i m t t  p e a k i n g
cmu 1 rmu b i I i  I v  call h u e  s u c ’ m l l  h a u b u l e  fa ir ’ cxhlort . ‘iso (j e i c a s t  l a n m u s  m i r i s e ’ w i t  hi
t h i s  d’ , \ h r s a u t  I I r ’s t  , w i l l  tb - me  e x p o r t i n g  area agree to  cot -mt inue ’
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installing generators to malntain this surplus ? Second , 5 - 111  t i -me
exporting system supply the energy wh i ch accompanies this peaking ,
or will it require that the energy be returned during lig ht load
periods of the i m p o r t i n g  sn’ s tem?

Where there is load diversity 1-aetween the two areas , firm
resources may result from an interchange even though both areas
have loads and resources in balance . This may be a diversity in
hourly loads , but more productively mi ght he a diversity in seasonal
loads . To measure the’ productive diversity cons i deration of histor-
ical or forecasted loads may not be sufficient . There must i-ac as
h i g h assurance of d i v e r s i t y  for f i r m  b e n e f i t s  to r e s u l t .  i f , for
e x a mp l e , t i -mere  is al d i v e r s i t y  of one hour  in peak loads of Uw two
areas , then an abnormality of o n l y  one hour in the peask load of
e i t h e r  area mi ght e n t i r e l y negate  the  d i v e r s i t y  measured for  s ome
past period.

The foregoing discussion h-a> ’ no means exhausts th e potenti al
benefits of power exchanges . Exchanges of energy between thermal
sys tems ma~’ decrease the total collective cost of energy generation -a .
Ability to exchange peaking power may reduce the overall cost of
ge t -ae r a t i ng  reserves.  Other  s i t u a t i o n s  have s i m i l a r l y  been i d e n t i f i e d
where power exchanges hold promise.

A fundamental necessity for power interchanges with adjacent
streas is adequate interconnecting transmission capacity . Sufficient
t r a n s m i s s i o n  c a p m l c l t y  for  the  C o l u m b i a - N o r t h  P s u c i f i c  Reg ioni to oper-
site as one power as Stem has existed for a considerable time .
Capaci ty for si gnificant in terchanges with -a other area uS is developed ,
such as the three extra-hi gh vol tage lines being constructed to tI~e’
Pacific Southwest. Additional interchange capacity wit h ti-me ~Iissouri
Basin systems and British Columbia will undoubtedl y be provided  in
the future .

Some of the  more  impor tan t  in t e r re g ionau l i n t e r c h a m n g e a s  sire ’
d i s c u s s e d  under  the  f o l l o w i n g  h e a d i n g s :

Cana i d i an  h r e a t v  Power

t i n d e r  terms of the  C o l u m b i a  Ri vc n m’ ‘l ’ r e au t y ,  Canada is aus t o
re c e i v e ’  power ass r e i m b u r s e m e n t  for  r e g u l a ti o n  of f l o w  by ~‘l i c a t ,
-\ r row , and l)uncan reservoirs . Smile of this ent it le”ment h a y  Can ad au
th roug h the C o l u m b i a  Storage Power 1!xchaunge retain -med the ’ power in
the United States hu t  for mun interim period . For ti -me ear ln’  p a u r t  of
this pe’riod , most of the entitlement will be exported t a r  Paicific
Soutba se’st uti li tie’s. ht~’ 1083—84 , huawc’ve ’r, aul l the m i s s  i gnlnen t s  t o
I s 1l ifo rn iau w i l l  be withdrawn and the Canadian Entitlement wi l l  be
use’si e n t i r e l y  i n  the  Pacific Northwest.
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‘ F ’  ‘ - “ , ‘ ‘ ,‘ ‘ ‘ ‘ “ . ‘ Z Z ’ ’ ’ ’ . . ; ’ ’  ‘ ‘ ‘‘ , ‘ ‘ ,‘ ‘ ‘ , ‘ ‘, ,‘ ,, ‘ ‘ ‘ . - ‘ ‘ ‘ ‘  ‘ ‘, •— •- ‘ - ‘
- , “ , “ a r si, ’ a’ - . -

- S a l l e ’  of t i le ’  ( ‘ s t r ia te!  l air s e’b t I t I ement  is for  idcnt  i f i e d
di  m i n i  shu  1 rig aur mou t’ m t S  e af  c a t p a u e i t n ’ mum ’id ct i erg > -  t h roug h t h e  > - c au r  2003.
\ t ’ t c r  t i m s u t  d a u t  e , tb - me ’  c ’flt i t  lc’bltc’bit mmiv t b e r e ’ f o r e  m ’ c ’ ’ a u I  t i n  an e ’ x J a e a r ’ t
ci t r o w e r  t’I’s rlsl the’ re’g i ein w i t } t i - me ’  aunie-aunt e I e t e m m i n e ’d each s - e m i t ’
ulnidl e ’  r t a - I ’ S - i s  of  t h -me ’ t r em i t > ’  , ‘ l i m e ’  nuaugn i t  imci e - of t b - m e  eu - a t  t I cment  mi t
s s i cb t  a d i  sl ant da i t  e’ I S d l f l c c -  r tm s i mu ; hi owe ’c ’ e’r , s m i l e ’ a r t ’ t I l e’ c u t  i t  Icbne’mi t
p r a a c  i d e s  t’om te ’ i’~n I i - mai l aumnoeimi ! ‘a at ’ a l p a roxin l u m utc l n’ 21 1( 1 m e g a i w a t t t s  a r f ’

cs m s - si e i t v m e l  l o u t t v n ’ m m l g e  l I l c ’ps i i s  a l t  t ‘a saL c’ n c b ’ gv

.\ 5, - l i  slli ~~n - ad 1 n us er w~ thi tbi e ’ Ps ic it ’ic seruthwc st

1 1 m uIr i l l  t n  of ’ t lie ’ t h i  i’ee’ h i  g im voltage’ lin e s m t  ei’connect —

in g  si t I n  t h i e ’  l’ ac i  Li c Sa iut bs sa ’a t ai’ arviab c ’ S opp artu utu t i e s  t’or expo r t
of’ a, ~~ a l l > ,  a’! m m s ’- i c’ s a n t

’ 
ra awsm r . I n  t i t e ’  e’a m l >  n ’e ’s i  m ’s , i m i aci d it i Ofl te i

u sinam shl an t resautn ’ ana s e’ n’ , cons i~i e r m u h r I e  sa ’ e’on dm u r v  i i v chu’ o  e ’n ergs - -  w i  1 1 Ire
s u c ’ s u i  t u n e ’  f o r  e x p o r t . Na i l  m a i l  t h u e ’  m l c s u k i , u l n l e  s ’uie ’ l’gy t r i l l  be’

e ran m l  a - n i  S I ”  t h e  Rcg i sini mi ! I’ me ’ i c ’  re ’ne’e’ \ a  I , h a t l h u  i i  a’ h au l s 8 , 5 —  h~~2 , rest ri a’t>
b a n  - a - . e 1 a nn  r t  t o protect ene rgy supp h a’s t’a r m i’ s i c  I L i e ’ N o m t  h iu s ’e’s t use i’s

b i t  Is I nsa ’ ra’ sm s ~es1 t b e ’  r il u su I c’ I e’ct r i c i n s  t a t  I 1 a t  i on i n tb - me ’  l’ aue i Lie
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\ e r r t h wcs t  , secot elarv hvslro enc’ m g >  s~ I I I  be ’ I n c  re mus i ng I v  us ab l e  for
Lute 1 di  asp h s u  e’e ’fltent and cx n a i r t  s of c ’ i n c ’  rgy w i l l  dint it i sb-a

~ rp0I’tilil i t t  c’S f a i r  l b - m e  u’ c’misc ’ d hvdro e’  I e’e’t r i  c pemik i rig i n s t  m i l l  a—
t ion in t h e  N o r t h w e s t  c’s 1 St  m It n - mali - a >’ of the larger hydro p lants. -‘as
t he ’ i n c r e m c n t a t l  cost of suci -m jacak i n-mg c ap a c i t y  i s  low , t h e s e ’  p l a n t s
p r o v i d e  at-a a t t r a c t  ly e ’  source  of peak iu ig  fo r  e xp o r t s  over  ti -a c pe r iod
tin t II the’ cmi pm u city is re”qa,m i re’d i n  t i - ac  N o r t h w e s t  . -\ port i on of t h i s
ca F ra tc i  tn ’ w i l l  be s o l d  di m ’eet ly w I t h  t h e  r e m a i n i n g  p o r t i o n  exchanged
for ene rgy , t hus  i n c r e m e n t  i n g  the f i  rm ene rgy  supp ly  of tb -a c N o r t h w e s t .
By 1’ , ) Ss’~ , wh e n  t h e  CSPl~ smile’ s to C a l l  f o rn u mi have ’  t e r m i n a t e d , i t  is
a u n t  i c i  pat  ed t h m i t  I , 3-1 2 n t e g s i w a i t  t S of ’ c m t p m l c  i t > ’  sr i  11 be s up p l i e d  ti -a c
Saa ~~ t I iw e ’st in r e ’ tu rmi  f o r  w h i c h  3~~) n n e’ g a uis al t t s  of f i r m  stve rage  energy
‘a i l l  be mi ’e’ e - i v c ’d ,  l I t her c’x e ’ h m u u u g e ’ s  s i l l  r a i s e  t h i s  a l v e r a l g e ’  energy
to 300 T’le’ Cmiir m i t t as . i ) i  ye’ ms i t > ’  e’xc h u m u u i g e s  w i t h ’~ \ r i  zonmi  ut i i  it I CS W i l l
aulso pr ov I c e ’ ¶122 megaiwa ltt ’a of capaci t \ ’

Power  cmu pm ub lilt > ’ caf t h e ’ B u r e s m l l  cit E e c  l aniat ion ‘s Central
‘i a  11ev h r r o i  c’et i n Cat ii forii i mi i m ;  t I m e ’  50c m re’e’ of poser supp l> - ’ to c e r t a i n
j- at ih rl Ic p a s s e r  di st r i h - a n,mt i o n  m i genc i  c’s , ‘l’o e x t e n d  t he  1-aeri od over w h i c h
the rc’c i u i  r en e ’n t s  of t l u c ’se mug e t c i  a’s cau ui 1-ac met , the Bureau has
c o n t r m u c t e d  fo r  mu p ower  supp ly  f rom P m i c i f i  e E mus 1 E l e c t r i c  Company ,
tb - ac  p r i n c i p a l  p ower  sit i i i  t y  of cent  r a i l  aund n o r t h e r n  C a l i f o r n i a .
l i i  r e t u r n  f or  such 51 a i a w c  r supp ly t n  t h e ’ more d i s t a n t  f u t u r e , power
I ni tb - m e’ e a r l y  fu l t u r e ’  is  t aa  i a e  1-a~’~~ ’j  ded ti - ac ’  company by the  Bureau ’ s
purcb ’lase of ’ a sb are of t b u e  Cent  r m m l i m i  t h i e r n t a l — c ’ l e c t r i c  p l a in t  in the
N o r t b i w e s t  w i t h  t i l e  power c o c r r e h i n m m t e c l  and t r ansni i ttcd by Bonneville
Powe r Adm i em i st raut loil . The pu i ’ cb i m i se  i s  for  sun amount , wh i ch ,
a dj u s t e d  for  t rau i smi  s a s i  on l o s s e s  , pray m des -100 meg a w a t t s  of c ap a c i ty
at t he  Oregon—Call forn i at Irorder fair a h O — n ’ e ’a ir p e r iod  beg in n i  rig
.1 a t b - m u s l r V  1 , 1 0’~2 . Erie  rp v  a i cco mp sun v  l uig t h i  is i ower i s  scheduled  b y
h i c a t l r s  . 10 t h c ’  e ’x t e n l  t i m i s  c ’ns- rgn’  e x c e e d s  t h m u t  g ene ra t ed  b y the

t n n ( ( _ n e ’ g s t u s a t t t  asi umur e ’ of ’ t b - m e ’  p h a u n t  , t b - m e  d e f i c i t  must  be re turned before
t h i e ’  er i ch of the ’ st s a r s t e a ’  re l e ’ s uas e ’  p e ’ri  oel . I L  t h e r e  i s  mi surp lus ra ther
tit  s in su d e f i c i t  , i t  i s  s to red  ii i  hr ~ m t l b l s c S t  Fcdc rai l m ’eservo i  rs mit -ad
s c h e d u l e d  for  ‘ s u m l a s e q u e n t  de’ h i  n- cry or m u l t e r n a t  i ve ’ lv  sp i l l e d , or
p u m r c h a s e d  i f  s i s m u b i h e ’ . S a c - c  i f  I c  c h a m t r g e s  s I r e  p r o v i d e d  for t r a n s m i s s i o n ,
storage , or purcbus ise ’ of sttrp lem as

I xe’bm a u rn g e of’ Poir- c’r w ith Itri t I ‘ah Co l e tm h a  i a

I r m i u m ’ a m i  as s i a n t i  I m n t c r c o u i r i s ’et i ons w i t h  l lr i  t I sb -a Columbia have
h ae ’e r i  in  u_ ape ra i l  ion  f o r  mann’ >‘e ’al rs . I n  1 90~_a — (aT , t he  re ’ waus a f i r m
i mport wh I ch exceeded ti - ac’  t r ’a r ismi  ass ion ca l h )smd m i t n in t i - me U n i t e d  S ta tes
under  cert ai em eme rge ’ncv comic ! I t I o i s  . Purch mu se ’  of ti - me ’ Canad i an
C’atorage lm t t jt l cm en t u u t h i t ’  U n i t e d  St a t e s , of course , contractually
c o n s t i t u t e s  ar i mport . S tud i es we ’re  r e c e n t l y  i n i t i m u t c e l  hay non-
}tm e’derah utiliti e s of t h i e  P a c i f i c  N o r t h w e s t  I e ’ m i d u n g  to  at f i r m
ag r ( ’ s ’ b l u a - i l t  fau r c o s i rs h i nat ing t i - me ’  powc’r opcram t iou-a a ) f  B . C .  H ydro w i t h
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1 lie 5> ‘ a t  em S ‘ a u r t v  to  the }‘suei fi e’ N o r t  buwe ’s t C o o r d i n a t i o n  A greement
l i e ’ h a r r l n ’ it a ’a l d — s ’a~’s’r a’va’l e’ possib le w i t h  th ’me l a rge  r e s e r v o i r  back  of

h ’ arrt muge ~h s r a m n t  s u m  ut Pain on tb ’ue ’ Pe ’mice ’ River r at i sc’ s i n t e re s t in g  possi —

F a t  h i  t I c’’ from as im ch i eoordi limit on

‘a t \‘ s i r i e ) u s  t t in es  it hais been suggested tha t the large’ iiy dro-
‘a’is a ’m r aa t eri tia l in B ritish Columbia provides a possible source of

1-aower Lear the ’ Pacif ic Northwest. ‘J’his is a possibilit y wh i ch should
not i-a c’ ruled out , hut vario lus factors make it conjectural at this
t irme ’ . n u ns- is the accelerating load growth of B.C. hl ydro s-}uich
su n l s r o a c h e s  t h e  a b i l i t y  of the  P r o v i n c e  to p rov ide  new power r e sources .
\ n i c n t h e ’r i s  t h e  comp l i c a t i o n s  of the necessary tre’auty negoti ations
10 S - l , u E c ’ such hc ’n e f i  ts Li rm.

L~c~~~t -a Fe f Ja 1r~~*th the ~l i s s o u r i  R i v e r  Basin

i t  h i s u s  been sugges ted  that hi gh-a vol tage interconnection of
t h e  t i n - a Federa l I-aot~

’
~ r genera tion and marketing systems in the’

C o l a m r n i -  I a  and ~1I Ssour i  R i v e r  Bas ins  w o u l d  p rov ide  v a l u a b l e  power
c ’i~~- f I t s .  ‘h ’h c Isist investi gation , the final stages of w h i c h  w ere’

b lc a t  c o mp l e t e d , c o n c l u d e d  t h a t  an i n t e r c o n n e c t i o n  w o u l d  p r o v i d e
m i p p r e c i a h l c  I r e n e f i t s  t h r o u g h resource d i v e r s i t n ’ , h o u r l y  i o m ud
di v c ’ r ’a it s -’ , ar-ad tlt e’rma l energy transfer. Recomm endation of the’
i n t e r c o n n e c t i on i’maus been is- ithh eld p e n d i n g  f u r t h e r  s tudy .

\lonitanau Po w er ComI -a any serves loads mind has capmil-a i lit> ’ in
-a t i i  t i m e - Columb I a unel n h s sou r i  R i  ve ’ r Bas ins . S h i f t s of pot~e r SUp~n 1> ’

w i t h i n  t he  M o r i t a u n s u  s y s t e m  t h e r e f o r e  c o n s t i t u t e  e ’xports i n  the
t c ’ c i i n i c s i l sense’ . P ower  s t e u d i c s , i n c l u d i n g  those cinde r ti -me Pacific
N aar l l i a s e ’st C o o r d i n a t i o n  5\g re ement , s o l v e  this proi-a I em throug h-a the ’
ala ; i cc ’ of c o i m s  I c l s ’r i n g  Cohium b la m RI  n-c r P~mu s i n  g e n e r a t i o n  o n l y , w i th
at ca n’ i’ t - S  ~rcrn d i  ng I oad ml 11 ocsut i on.

sclimibiu , O L  lower with U t a h  j a Qw;~~~~~~~ h i h t  Conlpminy

I n  tb - me’  ‘m i s t  t h e r e  h a t v e  been exchaumge m u nc h p u r c h a t a s e ’  ag reements
( a  - t S r  O e - I i  I claho P o w e r  (; o mp m i n> F mind t it ah Power f, 1, 1 g h t  Compmunv . ‘I’hes c’
h i s i v a ’  b a e a ’ b (  f o r  ci e ’f i  n i t e  I m i  t ed  pe’ n ods , and there ’  i s  no i n f o r m m u t  i on
ti -mat ‘- nuc ia ex ch ia t sge s ash -mould be contemp lated on at long-term firm b m l s  is.

E x o t i c  Ge n e r a t i o n  Sources

‘l’he word “exot Ic ” when used to describe meauns of ge ’mue ’rm it lug
electric power generall y refers to such methods as nuclear fusion ,
magnetohydrodynam ics (MUD) , fue l cells , ther m ionics , phot~rve r l t a i c s ,

or theninoclect ri cs. (if these , the greatest hope ’ t’or a dle ’v l a ’ s’ ci f
hi gh u a u p a i c i t y ,  s u i t a b l e  for  e l e c t r i c  power system central st a t l eumu
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gen e r a t i o n , seems to  ire ’ in c i  t i - m e  r t b - m e ’  nuc hour fusion , or the MIII )
type  of g e n e r a t o r .

aNi l ci e smi r fus  h-an’s ’ i s  I nte ’n deel to  i den t  i f > ’ m~ method of produc-
ing ncr>’ large aumouruts of he at hay urn i t  I rig or fusing li ght nuclei
such as those  of d e u t e r i t m i n  or t t ’ i t i u m  as c o n t r a s t e d  to p r o d u c t i o n
of hea t  by sp l i t t i n g  or f i s s i o n i n g  h ie m uv n ’  n u c l e i , U r a n i u m  235 for
exmu un j - a l e ’ , t i - me  1 - a m u s i c  b - mrs - ace -a s s  of e x i s t  i mig r iuc le ’ar  p o w e r p l a n t s .  a \ I t h ou g h
cons i derab Ic  resem irchi  e f f o r t  b i mus  bee’n and i s  be lu - ag  exe r ted  il l an
a t t emp t  to  produc e ’ i-aots’er h - an ’ u - a si c l ear  fus ion , i t  has not ye t  been
accomp l i s i ’ I ed .  The i m i e l i c a u t  i o n s  mure Unit i n v e n t i o n  of a power gene r-
a t o r  us i rig a cont  rea l led u - mi te  h e a t  m’ feu s i on process is many years ,
PC r h im i pm ; dec aude ’s , aw aiy

En mu m-a ~IhiI ( genie rat or , c i  e’ct r u c e’nerg>’ is produced b ay  forcing
mu cond euct  l i - m g  f l u i d  across a m sign e ”t  I c  L i  e ’ld w i t h  the  c u r r e n t  g e n e r —
m u t e d  t a i ke ui  o f f  th n’oiig h t w a - a  e l e c t  rodes w h i c h  a re  connected to  t i - me
ex t  e rr i sm i  l o a d . Th e’ mauch i m e  cm i f l  be ’ des 1 gui e d to  g e t i e r m it e  d i r e c t
current  or m m i i  e r u i a i t i  rig c u r r e n t  a t i  th oug h tb - ac  rem i ct  j ye’ power redtui re—
nents  ham v e  inside the’ all ternait iti g current uui aut t ract i ye ’ , E)es I gn of
p rmlet i cable , econonul cmi I l y eounpet I t I ye ’ , gene rmu tors of the MbbI ) type
apparent  1>’ ~‘l 11 a l s o  r e c h u l  re muc h m o r e  re’ semirch

i m tmc l  c e l l s  of re l mtt  i n - e l > ’ s m a l l  k i  l o w m i t t  c a p a c i ty  h ave been
Lw i I t  aneh t lseeb alas , f o r  c’ x s I m u t n  Ic , I ti t h e  S b r a s c c ’ p rogram (G emini  and
A p o l l o )  . ‘I’hei r hi gb’u cost , spa u e s ’  r ee i n t i  rente ’nt s , s inai low output  at
t h e  p r e s e n t  st auge  of cle’ve l a a n rnie ’a’ t I inch caute I h s ~t the ’>’ m i re  not l i k e l y
to be a factor in cent rsul s t s u t  l o w  pe’aw c’1’ p i ’och ui e t  i on  for  some t i m e ,
i f  eve r .

h ah o t o v o l  t a i c  p o w e r  source ’ ’a  ( s e a l  s I r  cc l  I s  I hauve Proved t h e i r
va ha’ and dep endmsh I l i t > ’  tinder t I m e ’ sevc ’ re c’onel t i o n s  of o u t e r  space ,
bait cost , v o l u m ct  r i  e requ I r en ie t i t as  , m ind ale ’peric ieriee ’ oem sun l i g h t
ap j a c ’mt r to ml l itmute m m g m t i n i s h  u s s ’  a t ’ t h e s e -  d c v i  ce’s l t i  mi t  i l i t > ’  s y s t e m
power  g e n e r a u t i o r i .

‘i’hcmmoe lect ri e g e n e r m t t  01’S depend on t b - m e  d l  ffe rerice in t cm-
‘c i’ai t u re  of tw o  sep 51 m a l t  e’eI ,( t l n c t  I s a i l s  ( b i a a t  sau d c o l d )  of t w o  diss imn i l a u r

me ta l  I s  for t h e  gene ra t  i o n  aaf e’ u m r r c ’ u u t  . ‘ l u c y  at r e e’x e’mp l i f i e d  by t h e
t h e r m o c o u p l e s  common >’ u se d  i n  t c ’ bn lp e ra u tu re  i n d i c a t o r s  of some types
of power e q u i p m e n t  munch m u s  sm u  f a t > ’ d c v  ices  in  many househo ld , n a t u r a l  —

gas f i r e d , space aruel w a t e r  h u eau t  ers . ith i he t h i e v  mire  e m i n e n t  Iv
p r a c t i c a l  fo r  t i - m i s  t y p e ’  of s e m I cc’ , t I m , ’>’ a s i c  not S a l t  isfactory for
large’— scathe power p-m’ oehu ict j u a n  be~ a uuuasc ’  at ’ cost at el s i z e  I imi tau t ions

I n  t h e rm i on i  e’ c’net’gv e-onne’rt s m ’’; , h i e ’ s t t  i s  supp l i ed  mit ii i gh
t e m p e r a t u r e  t o  a m e t a l l i c ’ elc ’ e’t r ochc ’ c s i h l e d  t i - a c  e m i t t e r  stnd electrons
are evaporated from i t s  su r fa t ce ’ . These el e ct mons atre’ t ransported
t h r o u g h  a gap and ate ’ cumu 1 st  t e e l  on m u cool e m ’  e’ icc t roche e a t  lIed t b - me ’
collector. The latter mus t he coo l e d  t o  k eep i t  at at lowe’r
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t e’nnpe ’ m a l t  t I r e  t Ii sin t h e  e m i t  t c’r . ‘an ex t  e rti ai I ci  rcui  t prov i ales ai p at  Ii
t a r t ’  t h e  conim p l e t  I on a a f  t bie ’ 11 aSs’ m i t id  St p 1 a i e ’e for  u s e f u l e’mp lon ’ :sn- rtt

of ’ t lie’ e l  u’ e’t r i c e m s ’  m g> produced . Mu ch l’c’sc ’a I  n’ e’ii i - mats  gone i r i t  aa  t b u s ’
cieve ’ I opmen t of th i  i s met  hod of ’ conver t  in - mg b i c au t  cli recc Iv  i m - a to  c l e e ’ - -

t i’i c i t  > (‘c’i’t su t n muelvain t s m g e’S , s n u c h u  mus  h i  g ii b u e a t t  r e j  e’ct i on  t empe rat—
t - m m  re a uu id  h i  g ii a r u l  t i - m u t t  pe ’ r u n i t  w a  i g I n t , main ’ make  th ic  m i  i on  I e’ convert e n’s
p m’ e’t ’e- mat  he ’  t o  o th c’r son i r c e ’s i n  s ns u ce ’  m o d u l e s  us’hcre t h e s e  t w o
cii m u r a t e ’ t c’ r i  St I c’S s i r e  b - mat  rt I cu l  s i r  I >’  des I rmi hi he . The ’ i i ’  use I em t h e  ‘ u  mc ’
m u l u i c l a u n e -  w o r l d  s a f  commc ’rc I mu I p our er  se’ems le’ss c e r t a u i n p r i n c i  pau l 1 >’
i a e ’cm ius c’ s a t ’ t b - m e  I m e’OS t w b u I ch c a i t u n o t  l i e p r e u h i  cted ~‘ven a p p r o x i m a t e  1>’
mi t  t I m e ’  p re’senit st  m i t e ’ o f ’ dcv e lopn n e’ i i t

\ t i o t h m e r  aa ) s s e’ r SoUrc e he ’ s ’~ a t p n r o p r i a t e l > ’  c l m u s s  u fed as
‘‘ c ’ \ a a t  i c ’ is c ’crt h e’ u’ us ms u I ja ois’e’r. ( ‘e -o t ime’ rmil at l I-aotcer t i tsu > ’ he g c ’ n e m ’m u t e ’ d
Fa n ’ t I l e ’  me ’ h a , m u s e ’  s at St  e m It >  f rom na i l  u ra  I I > -  hot  ai re ’mu s tm nde ’ rg round .  l ’he ’
tb ie ’ n’ s m i m u  1 a t m a - mat > ’ b - ac ’ t a p p e d  t h r o u g h e l r i  I I  holes and t u e  na utura t 1
S t  cain a’Ol t e i u l c  t e’ dh I a - a  mu the ’ ritual 1 g e n e  ra it i u - mg un I t

kit Ise ’ h I s  l I e ’  amsed  fo r  a s p a l c e’ h e a t  I ng in  Boi Se , I daub -mo , munch
Khm ii’m ma t h b m m u l  l a s , O r e ’g a a n i , ‘I’hc’ o n i > ’  a s i g n i f i c a i r i t  e ’l e ’c t r i c  g e n c r a s t i a r n
t ’a’ e a> n m i tu tt ’ su I s t e - sin i n  s a m ra ’aul ’ t h e  rc’g i o n  i s  a t  Cc’> ’ m- mo rs , C a u l I t ’i a m ’ n i ai ,

a ’ t m m ’  ss e ’ h  h a s  i a c ’ g s i n s  p i ’ o d u l e’ l l i f  mi t  t h a u t  sure st in l~~
’aS , m unch t l u e ’  S t e a m  as’ m a s

s m i p p l i  eel by  con t r sue ’t t sa [‘s I c ’ I f ’I a’ C uS a I ,  I c - c-i I’ I c’ 1 O i 1up 5l i lv  . h ous e’ r
prc-a d u i c t  i o n  n e ’ g m u l u  i n ’ s  I ~t (a ( n 

~
- i t  hi i n - m a s t  m u l l  s s t  ion art ’ 12 , ~O ((  k i 1 o w a u t  t as of

;~a:l te - mmut m u g  c s s p m s c t t v  . I n’s 1 1 ’ O , p l s i n ’ s t c m i p a c i t n ’ mut  11’Ie ’ fe’ vSe i ’s  i s
52 , (~s 01 k I h ous m it I as , smel sa ’h i e ’ c l t m l e ’ d  ta- a e x c e e d  ( a ( ( ( (  ,00() K I I  a i S s i t  t a s  b> ’ I P , a

\ t  t h e ’  c u m  m i’e-ii t r a n I t  I t I t h i  c ’ l’ s ’ s’ c ’St u’ch aun d de n’ c’ I opme’nt of ’ t h e
‘ exo t  m a’’’ c e l l s’ l’ s ?  i o n  S a n l i m ’ a’e’S e l i  Sa ’ S t 5 ’ -~e’ dl i n  t i - m e’ I ol ’ c f(J i n n~ p mt i’ m m g u ’mi p b m as
none Sc’c ’lm is to n c ’  t m u r  (‘ im a n r l L l i  a m i n a l i a  t e n  a c ’  c o m i s u c i e ’ red at I i k e ’ I n ’  ccni t  rai l
S t m i t  I sai l  nose’ m ’ s nn all ’ a ’e . I t  I as . of ’ couu ’se ’  , i m i - a o a s s  m b - m I  c ’ t a f’o re ’te 11
a~hc ’n s n - a p i s -  mat am ’ c i i  -‘c - n a n  c m ’> n i a m y  I r e- mmude tb -mat i~ i 11 p r oj e c ’ t one a m’  more’
ut t h e s e ’  S n a i l  mcc ’s  i n i t  a t bse ’ n- C ’ my I o r e ’ f m ’ um i t  s i t  h a t  r’s~c’ —scale poucer
p m a n a n  m c t I Ofl .

5 ( 1 -  ‘ c I L I a  h Oi’~’ l - ,R P i , \ I , I s ( I ’ M ) N I ’

h J ~ t a s tb - me ’  p r’ e ’sc ’n i t t I mite’ , I lie ’ p01c c’ n’ miceds of ’ tb - me ’ ref ian ha m ’s’
be en met  mu l i nu s  t cx c  1 eus I n e’ l~ wit hi hydroe 1 ect - ‘I c gene’ rm t t  iou ’s  . I Icuir e V e ’  F

i t  h s i a s  hs ec ’ n au l a p m u re’nt f o r  some t t m e ’  t i - m a t  the reg i on ’ s l i> ’ el r a n  r c s e a l m r c e ’ s

a mire ’  i n m u d e ’ s h t m a t t e ’  t o  meet t ’u t  ure loads~. , \ I t i’ioug hi t b - m e r e  am m’ e’ d m 1 1  t e  at
I ’s’s u i ndeve  ho p e ’ d h v d r o  s i t e ’ s  r e m m u i n i  u - a g ,  tb - ac ’ l oa d  i s  i n c r c a t s  I n i g  s i t
s et ch a r a t e ’  t b i au  t , even i f a l l  a r t ’ t b - m e ’  f e m u s  ib h e  as I t es w e ’  u’ c’ dc ’  Sc> loped ,
t hem ,’> ’ s c a l l i l d  s t i l l  f m t l l  f ’a u r  shom’t of’ meeting ti-m e load by the y e s u r
2 ( ( ( ( O . ‘l ’herma l gene’r at  ion wi l l  be requi red to  nuc ’ e’t much - a of ’ t i - m e ’  i i —
cnemmas ed demand , and i t  i s  aui t 1 c i pa ted  t h at t h e  t he rma l c a p a c i t y  a n f
the re’g ion s - i l l  g r m i d t . m t  11 >’ he i n c r e a s ed ut - at  1 1  u l  t l una te  ly  i t  w i 1 1 c s t r r y
v i  r tua m l l v  m u l l  of the hatse lomtd. Il ydro ’s role s-ill concurrent In’
c b s  sun ug s ’ from the  current si tualt I on , where  i t  meets  h oth  tb -me ’ b m m s e
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mind pe ak t r i g l oads  , to its CII t i m s u t e  s t  a i t u s  , where it s-i 11 be called
on p m ’ i m a r i  In ’  t o  mn i ee ’t p e m u h i n l g  lo a l c l S . ‘l ’I iis t r a n s i t i o n  f rom an a l l
hvdro  t o  am t i i e r m m t l — b m m s e  s s t e n u  1s t  I I  t m u k e  p la ice  i n  s t ages , as d i s —
eilsSCel e a u r l  i c ’r unele ’ r Rese”rvoi r Storage’ . The >‘c’mur as 1980 , 2000, and
2020 a u 1 rcpre seu ’st di f’fe ren t  St ages in ’s t h u  i s  t r an s  i t  ion .

S In - ace’ Ofl~ of t h e  p ri nm mt m n ’ obi j c-ct I n c ’ s  of t h e  C o l u m b i a — N o r t h
Psuc i fi e l m ramew’ork St udv i s  t o  che ’t e r m inc ’  t b - m e  f u t u r e  ss’ amte ’r requi re—
ments of tb -me reg ion , i t  i s  n m c - e e ’ a s s a r y  t o  det e r m i n e  the  amoun t of
therma l g e n e r a t i o n  re qu l i  rc’d so th mm t its cooling water requi rements
earn h-a c e’astitnated. B>’ m a t h  in g  a s y s t e ’ m  pow er regulation studies , It is
p o s s i b l e  to  d e t e r m i n e  ti - me mtmou nt of bi v ei ro g e n e r a t i o n  avai l a b l e  and
hence ’ tb - m e’ aut l iou n it of tb - m e ’ mm m i I gene rait on m ’ e ’a l u I red mit catch of these
as t s tg e ’ s

Resoeurces  t o  M e e t  l i a s id  in 1980 , 2000 , and 2020

Both  h y ei mo mind th s ’rm nm u 1 re ssoturc e ’s w i l l  he requi red to meet
loads at e sucb ’u of t h e  t h r e e  S t a u g e s  . h i - sc ph>’s i c a l  c h a r a c t e r i s t i c s
of each of t b i c ’sc resocurces  were ’ d i s c u s s e d  e a r l i e r  i n  t h i s  sect i on
t inder  f l e e t  mi  c Pow e m’ Resot ircc ’ as . Ib o w e ve t ’ , c e r t a i n  a s s u m p t i o n s  have
to  he mm m d c su s t o  hiow cauch w i  11 f i t  i n t o  tb ’~c’ loaci 1- am i t t e rn  at each
a s t a i g e .  I m u r t h e r  muassumpt  i o n s  h s m v e  t o  be nmu de ’ r e g a u r d i n g  the  degree
of c o o r d i n a t i on’s to  be a t t m u i n e c i  in t b - m e ’  o p e r a t i o n  of t h e  reg ion ’s
power r c a s on m r c e s  , mind t l e  mumot m nt  of u ’eserves  to  I re ’  p r o v i d e d .

Pro i c ’cts f o r  Base’ I , oaud

‘l ’hc ’rc mi re t w o  m m m i o r  Sc r s i r ce , ’s of h au s e  load hi > -’dro gcnermu t ion.
The Li rst  inc l e tde ’s  r u t - a — o f — r i  n c r  p h a u i t s  capalale ’  of su b s t a n t  i a l l > ’
cont inuou s  opera i t  i on a t  f u l l  h v e l  r at i  l i e  capaci t n  th roughout  t he  yea r .
i m x m u t ii p le’ s mi ~’c’ t he ’  p m a ’ s a ’ l n t  R ou ine ’n’ i l i e  mmcl Rock Is land plants and
numeros ias  sm m t l 1 , olde ’r ~ 1 a m n t a s  i u e l  t ided in  t i - me imic i ep enden t  Resources
cs t t e ’ g orv  on t a b  he’s  37 m u n c h  35 . The au nnoumm i t  of bamse ’  l oad capacity
f rom t h i s  source u s I l l  1 r r o l a s u l - a l n ’  d ec r emuase  as some of these  h) l an t s
sure  exp atnd e’ d to  become pemu k i rig p h mi r ’u t s  amnel o t he  m’s are abm indoned or
re ’developed as peak i mig p h a i n t s .

‘I ’h ie ’ second s o n l t ’ c n -  corm s i s t  as cii ’ a por t  ion of t he  output  of
t he  p l s m n m t  as dt ’’~ I gned f o r  pe mmk i n g  ope’ rmtt  i ons  , R e cmuus e of the  n e c e s s i t y
for li st i n t a i n  i ng m i t  l e m i s t  at m i m i  m u m  cal -at  inuou s  w m m t e r  r e i e m u s e  for
o t h e r  w a t e r  else’s d o w u i s t  re ’mt n in , sonic por t  ion  of t ine  p l a i n t  c a p a c i t y  of
c a t c h  h m v c i r o  P l a n t  w i l l  a t u t o m a i t  i e ’mu l i n ’  i r e ’  m i s s  I gned to  base load serv i ce .
‘l ’he ’ amount  of 1-a suse ’ I oad cap s l c ’ I tv  f rom th i  i s  sou rce w i  11 pro bmub I v  be
t’mt I r 1 >’ cont i nuoutS t i roug lu un no s t of t h e ’ pe’ r I od of ’ s t mmd > ’
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I t  i s  a - mm - at  i a l  p a t t e d  that themnua l gc’ne’rmit ion w i 1 1 g radual l v
sus Suui l e the ’  bul b at ’ t h e ’  h r ,m se - lomi el . ‘1 1w numb er  mmnd tv i as - of i lammi t

i rc ’ci mm ci t h e  as i t  m ig  01’ t bie ’sc’ p 1 a i rit as mire ’ di  Sells se’eh later unde r
St  te’ se I e’ a’ t u can o f ’ ‘I ’hs’ rnm al 1 — I l l  c c ’ I r I c P1 aun ts

Peak i tie ~ I (it i t s

‘l’hc ’rc’ ~l re’ at numb er  of a l t e r n a t i v e  sources  of pe auk  i ng  e a p a u c i  t y
i n  the !‘c’fic)fl: muc i e i i t i o n m u l u n i t s  at e ’ x i s t in g  h yd r o e l e c t r i c  p l a n t s ;
new , I s rw p 1 aunt  f a t e t o r  c o n s e n t  i ona i l h yd r o e l e c t r i c  p l a n t s  ; gaas
t u n - a  in c’s attic! 15 u e’Se’ I peak in - ag t in i t s  ; and o i l  — f i  red s t e a m — c ’  lc ’ct  n c
pe ’ a u k i n g  p l a n t s .

l i m e  m i b r i  l i t > ’  t o  s t m i r t  a l u i  ck l y and el m singe power ou tpu t  ra q-a i d l y
ms u k s - as  h v d r a ’n e ’ le’et  r i  C p1 st r u t as e’spee’ I m i l l >’ S i l l  t able for carry ing peak
l a n s u d s - , and supp lying sp i n n i n g  reserve . I n  a d d i t i o n , t he  a n n u a l  Cost

a n  f i a r am ’ i d i n g  add i t i o n --ma I pemik i rig capac I t y  sit h yel roe leet  r i  e p l a n t s  is
u s u a l  l v  l e s s  t h m t n  t h e  cost  of a md di  t i o n a i  capac i  t >  f rom a lt c ’rn a t  j ye
so t m mc e ’ s-~ . ‘l’h i s  is b c ’cs l t i s e ’  t i - m e  cost  of dams and i’eservoi rs fo r  s ta r -
m u g e ’  h a t s  alre ’ad> ’ been i n c u r r e d  anid t u e  a d dj t j o n a l l  cost r e f l e c t s
o n ly  ti - m e i n t a k e , c o n d u i t , powerhouse , and equi p m e n t .  ,-\ p r i m e
example  l a s  t h e  t h i r d  pow er hc )uas e  mit G rmund C o u l e e .  L i s t e d  on t a t - a l e
~~ arc some ; r f  t b - m e  o t h e r  p r o j e c t  as wi -acre ’  p r o v i s i o n  has been mm u de
t ’d n r  m n s t a l l i n g  a d d i t i o n a l  c a p a c i ty . In a d d i t i o n , t he  p o t e n t i a l
e x i s t s  fnar i n i s t a u l l i n g  additiou ’m a l  e m i t s  bey ond those  l i s t e d  i n

tI ’  le  33 at Grand  s a u l e e  , Chi i c f ’ ~Josep h , and p o s s ib l y o t h e r  h - a r o J c ’c t  a s .

‘a - s t h e s e ’  a d dj t  j e r n a u l cmi t s  are aiddeci and tb i e ’rma l capae i  t n
i s Instal l he ’d t o  e’ a t r r v  t i -me ’  b au s e  l o a d , t h e  operait  i on  of most hvdro
p l a n t s  Is 11 b s ’conmc ’ m a i n l y  a peaking ope’ration . ‘a p o r t i o n  of t h i s
m e t e ’  r m u t  i on , such mis f e u t u r e  m ucidi  t ions to tb - ac  t h i r d  p a iu ve ’ rhou se al t
;raincl Couls’e’ , Is i l l  op e ra t e ’  mit t h e  n e  mn peak of t i m e ’  load , u cl u u IC’

o t h e r  h y d r a  p l a u n i t s  is i l l  c a r r y  lower  p o r t i o n s  of the’ pea t k  load .

I h u e ’ rs ’ are s t i l l  mm number of sites availabl e’ in tb - m e reg i ou ’s

r s’ low p l a i n t  fm - met  or convent  I o n a l  hyd ro  p lait - mt s can be cons t r tic t  eel
e c o n o m i a ’m t l h v ,  Most of ti -me plau n t s listed in the inventor>’ of
p ote ’f l t  i m i l i ivdroc ’  ie c t  m l  c pro e ’ct s fai l 1 into t h i s  cm utcgorn’  . These’
r e sourc a - s  mire’ i n c l u d e d  i n  t b - m e  l o a d — r e s o u r c e  m m n a u l v s i s  fe- m i’ P l a i n  ‘a ,
hi owe ’vc r . i t  mus t  I - me recogn i zed t h i m t t  , due to compct i u -mg use’s foi’ t i m e
r i se ’  r re aches wh ’uc > r e  these ’  p l a n t s  w ou ld  be corn-st ructe’d , then’ caun ’~not
be coun ted  on as ii mini resources , box’ t i - m i s  reason , a asc ’e on d a m n m u l v s  i s
w s m s  made , si~~su m i r i g  t b i a t t  p emuk I ri g i’ e’as OUr C e S o the r  t h a n  h y d r a  wa il Id
he requi red to me’e t th ie new 1 oasIs den ’ s’ lop i n-ag a f t e r  ti - me ’ 1990’ as
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‘I bis’ rma h — c ’ I c - ct ri c pemi k i rug c a l  s u i t s  Lam 11 into two categories
thi e v e r y  low e a t p m i c i t ’ a ’ f a i c t o r  p l a n t s  such alas gas turb ines and
l)ic’ase l— e iectric , mind the 10 to 3() p ercent  c a p m i c i t v  f ac to r  range
S t e a m — c ’  I ect  ml c pe’atk i tig r 1 ants

‘ a f t e r  t b - m e ’ i n s t s i l  l m t t i o n  of th i s ’  l a i s t  u n i t s  mit hydro plants
is  comp h s ’t s ’ d i n  time ’ 1990’s , acid i t  i o na l  very l ow’ c ap a c i ty  f ac to r
generat i c-m n w ill b ’ e ’ re’q i u  i red , w h i c h  c o u l d  be met ha n ’  gas t u r b i n es
or I 5 ie’ s e’ l s  . b i o w e v e r , pumped- s to r age  mmiv prove to he a more
e c o n o m i c m u l me ’amns of nc ’e ’ t i t ’Ig t h u s port i on of t he  load .

O i l - f i r e d  stc ’at m - e ’ l e c t r i e  p e m t k i n g  p l a n t s  are c u r r e n t l y
recognized atas t i m e  au l t c r n a t  i n - c > t o  iiy dro in  the  10 to 30 percent
c a p a c i ty  f a c t o r  r ange .  hho w’ e’ n’ er , u sith thermal generation assuming
most of t he  b - a m u s e - load , more mind more hin ’dro w i l l  be avam i l ab l e  for
peak i ng , and i t is ant ici paiteel thmit conventional hydro , along with
p u m pe d - s t o r a g e , w i l l  he amble to carry this port ion of the  peak load
th roug h-a 2 ( ( 2 0 .  kn ee ’ , at the  present time , it does not appear that
stem ani n el c-ct ri c p e a k i n g  gene -ra t  ion w i l l  be res b um - e d

~~~~ed-Storage

‘as d i  s e u~~~ s’ cl e ’ a m r l  le t ’ , t h e  ~a e ’ m u k i n g  re ’qui  r emen t s  of the
Pac i f i c  N o r t h w c a s  t w i  11 pr obmtb ly h e  met t h r o u g h  1990 b r v adding
convent l an a  I cmi t as s i t  e’ ,\ i ast  l u - m g  hvdro cl act r i  c p r o j e ’c t a s  . ‘l’hese
asddi t i onmt I on its can be’ in s t  a m i  le ’ d , in most  cat sc ’ s , more cconomi cal lv
thani develop m umg p c im p e d - a s t o r m i g e  pro  j c ’ c t s .  By t h e  y e a r  2000 , however ,
s t u d i e s  i n d i esute mm re’g ic a rumm l a ie ’ficit of 2 ,000 to 5,000 megawatts of
peak ing cs ip sm c i tv , Bn’ th e - vc ’ai r 2 1 ( 2 5 ) , t i n  i s  r e qu i  rement  w i l l  in c r e a s e
to  a i l a ou t  :~t~ , n n n  ‘nc’ g su sr sut t - ‘ . h’l’u i s b a i t  i on  of the load could readi 1>’
l ’e ’ ea rn  e d  h a n’  pum j-ae ’el — St O r a t g c ’  , min d t h e  pump esi — s to ra tge  s i t e  i n v e n t o r y
d i  sc u i s ~~e’ai cai n i cr  show s t i u m i t  t i i e ’ rc ’ i s  ar- a m mb tm n i e l anc e  of good s i t e s
i n  the’  reg i on i . Num erous site’ s c x i  St n emur  t I m e  S e a u t t  h e  m ind Port l and
load c e n t e r s . W i t h  elc’ v c ’l sap r ac’n it a n t

’ less ti -m aim -a 1 (1 perc ent of these
s u  t e a s  , t b - m e’ n’ e~’ ion ’ as peaking c m i p m t c  I t  y C a i n  b- a c ’ s m u t  i sf1 cd beyond the
n s - s t r 202 0 .

I s u r l y p u m p e d — s t o r a g e ’  de’vc l o p n u e n u t a s  w i l l  ‘f a v o r  a s i t e s  wh i ch
are - , i h n m u l  ~c n a f  am r e l a u t  ly e’  In’  I s m g  gc’n e r a u t  i n g  per iod of 12 to 14 hours
d a m i  I> ’ si t le ar fnii I p 1 stil t e’a p aui u  i l i t a ’  B th is ’  s’nd of 2020 , when

l i e  m ’r ’ isu  I ge ’ uu ’ r amt  Ion  c a m rn e’as am gremuter S ImsI re s a f  t i n e  ba se load , some
pum1ac’d -- t e) rat ge ’  m i m m a s  , n 1 a e’ m a l t  e ’ for p er t  ads a f  on In’ 6 to  8 hours d a i l y
B ccau ss-  a~~ f t h e  h a a n i i ’c m dai  l y  operat  l u n g  r e q u i r e m e n t s , t he  first
pumpe’d- ’~torage p la m nits w i l l  requir e lamrg s’ storage capacity.
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1 thoug h t i n e  reg i on-mai l a m u n a l y s  i s  drn ’as no t  slu ow ’ amn i y ’ i mmc di s i t s ’
n’e”q u i  i’s ’ iu ne ’ul t  f o r  l -m unu i -m d ’ci_ St i a l’ algc’ , I m d i  n, siu msm 1 U t I I it is ’s m su  L i  i-mc i tbuamt
pumpe’d— ’-~t s- si’ su g m ’ va in h , s ~ econonn i e’ s~ l i v  m i c i s i c ’ d t c a  t i m c ’i r Sn’St a’l:1’ ~ be t s u r e

u I  1 m l  t h e ’  n’e’ gi on ’ s c’ou un ’ e ’ m u t  i o n i s i  I e n nu i t m  iisu s - ’c’ be ’s ’uu m u d d e d .  I n
a m e i d u  t I c m l i , t iu e ’ rc ’ tuna > ’ mc’ sonine opp ortut ul tIc’ s tc )  o u t  s u n  low — coast
p e a u k i n g  b y i n s t  m u l l i n g  x’e’n ’ c ’ r s i h l s ’  units insts ’ael of convent ional
u n i t  as mi t  e ’xi St  i n g  1-m i m in t s  , Arm exampl e of tb - alas would l a s ’  the un iits
nl em w b e i ng  I n s t  a u h  hee l  al t  t i n e  ( ;r and  ( ‘ou le’e ’  Pump i u - mg P h a u n t  . Other
pi,umpe ’e l — s t o r z u g c  pro ie ’c ts  c u r r e n t  1> ’ l a e ’ ing  a s t u d i  eel mire d i s c u s s e d
in tie pumped— S t o ra g e  p or t  1 1115 of I In’ d roe’ 1 ect r i  c i~c s u a u m  r ees

Uene i’a t tin ~~~Ueservcs

In cu rds’ r to p i’ov l i e ’ t h e  b - a u  ghi s1um i I i  t y  c l  c’ct ri c ase’rv ice’
h a i t  c r u s t  ca ll us ’ n’s e’xpc’ct , t h i s ’  c I  a c t  ni e psiss’e r as stems must m m m l nt ii n

, 11’ h i a u a ’ e  s l s ’ e’ e ’SS t s i  n S S O i ’ e’ g e l u e r m x t l o g  e’m u h i m l s ’ l t \ ’  thi m url their c’stimatte ’d

pe’sth I j~,1cl . ‘hi i s re ’Se’ m a e ’  gene  rat  i m g caipat e: I t nmus t b e  p r o v i d e d
t o  l i e  s t  th Fee’ u’e’ jm i 1 x ’emet it as ( I )  nut - a s chuehu 1 eel or forced out mi ge as
(2 as ci ~‘ eI51 1 cci alIt si g e ’m -n ion gene’ rs~ 1 un umu I n t e n a n c e ’  mit - ad n ’epsu i r , air-ad
13 c,, l alt i nge ’nc I c ’s f o r  u n m u n t  i ci p m m t e d  load g r o w t h  , The ’ amount  of
gc’ne’n’stt i tug  re ’asern - e’ i u e ’ c e ’sas s l rv  t o  smut  i s f y  t he se  rcqui  r e m en tS  n a n  eas
is’ i d e i v  f rom s v a s t c ’n u  t o  system de 1 e n d i i u g  on s y s t e m  s i z e ; tb -ac t Yp e s
si :e’s , munel ssge of ge’ n l e ’rau t in - a g u n  i t s  i t  t he  sy s t e m ; m a i n t e n a n c e
t a i l S  I I’ m ml a ’ l i tas ; nu inii aer mmcl cal l- male i t n  of i n t e r c o n n e c t i o n s  wi th i  o t h e r
sn’s t cUss ~‘t c , ‘[‘he 1 oa ed — l’easendu ’c’e’ ama tvses shown on t ab l e s  39 mit - ad

bI n u i u c ’ l i s~l au h ow- amt - m e- e-s of’ mub out 15 pe ’rc( ’nt of t b - m e  t b i e r m a l  e m i p a l c i  t n
i e ’~~i il re si sts muas  sin - a e ne rgy  reserve’  -‘an m u l  lowance of 12 ~-ms ’rceuit

a s s u a s  su eide ’sb to t i n e  fcan’ o ’ e ’ a s t m ’ i I  ~ns’;si ’ t o u c h  to  p r l m \ ’ i  di’ thu s ’ othe’r res e rve
m’ s ( I l l  I m’c’T’ie’n t S a’ i t  cci  mib ove
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“\‘St e’lll Coorsi i n n a m t  i s - mi ,

‘he ’ sn ’s t cnn caowc’ u’ re’gu I mit  I am as t uei i es win i cii h m u v e ’  beeui mmmdc to
elc ’t en ’m i uie ’ t h e ’ l o a d — c a r r n’ ing ca ip aub i lit > ’ el f t I ne ’  P aci  l’ic N o r t h w e s t
S-s-st cm sun s summ ed th ’m m u t t h e’ ope ra i t  I on of mill I-a ro j  ec t S  , m c i  udi nig thierma I
is ’ 11 he Lcd Iv  e’oor shi u - mat  e’cI su uie l  us ’ i l l  t a k e  full advmmnt m igc ’ of di  n -ers  i —
t I c’S in - a  s t rs’aminfiow’s aund l o m t d a s  t o  p roduce  m m x i  ni - m um ha en e ’ Ii tas con -ms is ten -at
wu th i oth e ’ r W a i t c ’i’ uses s n i c h i  su s  I n ’ r l g s l t ’ i o t u , n a m n ’ i g a t i o n , f l o o d  c o n t r o l ,
re’c re m I t u on , wmut c’r 9 11 am h i  t n  , t’i sh sit - mel  w i i ciii fe , e t c  . I t i s  assume d
t h a u t  ti - me ’ e’a ipm l c ’i t n of t h e’ t m a m r i s n n i a s s i o m  s n - s t  enm us ’ i  I l  be am de s 1uat e  to
conin’ e’n’ e’ I e ’ct  r i c e’tie u’ g\ ’ fr s - mn i n tl’uc’ a’m m r i  s a I l s  p la lnt s to t im e b aud ccnte ’ rs
Fur t  hc’r , it h ams 1-ae’e’n a m- ~ ssunue’d thaut t h i - u ’ s ’ w i l l  be m t  e rconnc ’c t  i ons
‘ c> twe en  t i l e’ rlunnierous a’ 1 c ’et r I c ut  i I i  t I c’s t o  pe’rm I t LI c x i i )  le’ pow -er

exchange ’ s among t i le  Ut i l i t  I s ’s m mcl the’ rebv auvoi d s t - a  i i  lit - ag of ’ usmib I s ’
w aut e’ r h’c ’cas smsc of t h e  i n - a m u l a l  I i  t v  s m f  am paI nt i cu lmur u t i l i t  t o  s to re ’
e x ce s s  w a u t e ’r for lsut e’ i use.

Sen’ermu 1 orgaun I :sut i ouS h - m m u v e  been formed by t h e  ut i i i  t i e s  mInd
Oi~ a,’? ’ pu’oc luce ’ rs to  p m ’o it uot e ’ meg iona m h mit -ad inte rrcg  I ona i l coordi nat iou .

\ 1n:s t j I l l - m o nt  min t 1 me’ ti le ’ \o  mt h iss ’S t h a owc i’ ‘no 1 , the’ h’ am c I f i  c N o r t h a c es  t 
U

Coorci i u - mm - m t 1 au ‘a g i’c’e ’I l e ’n l t . mm d t h e’ We ’ s t e r n  Sn’S t e l m s  Cooreh i n at  i ru
Ca mi m ni e I I , di  ascus as ed eat u ’l icr u inde ’ r P resent Si  t u m u t  i on-a
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Sv s t c’u’m i~o ’ m’ t ma n I n t h  a

‘l im e’ s a m ’ i i i  wh i e’h t hue m o user g t’IO’ i’ 1 5 i c> sc- st ‘ - ‘  ad 1 1 p a’ m I S S  i’m ’
tmn e i en’  c i i i  l ’ ’ rs ’nt  It ma scl c on e i i t io r u’ cmlii hi’ s u ’ , s ’ a  r t  s u i n i e d  f r s a r ’  t h i n ’  s ’ s u - a ’ t l l m i l
aun ci is m ’ - ~~ 1 c ’ S t  m ’s’ sur f I ow r e g i s  I a l t  m on-a St II i t ’ ’ , \ ~ as -,‘‘ ~ t ‘ ‘ r ’ -  a l ’  t i n t  r r ’ m li  a ” ’

h s u s  at m a u l  or s - i l ’s ’ c t  on t b - m e ’  S t m u m ~ I t i c> a ’  V I I r i s ’ t n mist- I’ ~‘‘‘~( i i  rces • su u ”n’
saf ti i a  r” , i u t a r  a s v s t a ’ m r  c hi, i t ’ m i e ’ t m ’ n a S m  i c - s  s u r t ’  b I a s -  s u ’ , ’ ,’d

ihv drope m w’ e’r fort -a ’s the ’ b m s i ~’k! a t mts ~ ’ t a t  La 1 ( 1  ‘iIi ’s 1 m t t w t ’ l ’ u’ ’ ’lis ’ r n ’
m u i g  “v s  s n - , m u r i e l i~ s 11 , h a ’ c m u u ’ ; e ’ of ’ i t  as f I t  S ti I y . s’ 11 0 I mini s’ to m a l a m > ’
. 1 5  l a m - m t  ant  x ’ole I n  tb - me ’  f u t u r e ’  s - f i n n l i s t ’  I - m u t , ~~~ I c> i f  t i m e  I m s m c b  w i l l

c a rr  I s - el h a ’ the ’ m m m l  . I n  mak itO’ m m 1 1 : 1 1 !  r -  a , t m r  a t ’  t n t  I as I as , I l i ’
I I m a s t  S t e - i - a  is  t o  cb et c ’t’mi ne t h e  I amid -  c- mu r mv i na y m su n ) ’ ’ l i t > ’  of -

m y d  m a ’  S V S t s ’t’ i - ‘ lii Cc> th i s as I S e l i t i s m -  , t i m ’ ’  nna~gti I t  i i i  n il n h ’  I” 9 15 r ” - ”  c - n i t as
i ’ m  he ot m a ’ ’ t Y p e ’ s  s - s f  n ow e r  m n - s n - u t - c , -  c m i i i  r -  a id  i I~ ’ I s a ’  ‘ b m ’ ’ ‘ r r ’ i m a !  -
‘lime ai t’ i ’ - I’ m e  1- a t see n t he p r o m - ct eel s- l i t -  rg~

’ I u s u a l  m ind  tb h e mm ci -
c a r r y i n g  m : ’ m s l m I  h i t n ’  of t h i s ’  h y d r a  system i s  t h i s -  a n n - I c > :  ‘ d e f i c i t ’’ a n t ’
t h n e ’  ~v s t e ’ r: , t h u m i t  p a i r t  of t h i c ’  l am - m d w h i c h  r ’u ’ - t  I ” ’  c a r r i e d  l a y  h m u ” i -
1 mud  t h e  rm m u 1 p l aint as , h u  t a n ’  e su  r In ’ vi- m i r- , t h I  s c c 7  i n  i n  u t  i to m n i ’
con’, i m n r m m u l  h y’ eI I’ a ’ a sinai baise ’ lo sm ci t hn ’ rmmu l wi 11 he’ c l i i i ’ he of
Cai n i’~

- i iu~’ I m e ’ n r a t  i t ’ ’’ rns ’m 1 I~ I oa ci miS  1s t ’  I I  . Rut , (mv , u h o s u ’  I ! m ’
2 s ) s s , is’he i i  ‘ i l l  a n t ’ t h e  fe sus ible ’ hvc h rs a us’ I  11 i m m u n e’ ( m e -en  cons!  m m d  ‘ ni , mu
c l e f t  c i t  is’ j l I  de n’s-lop , im ’ iI cli is’ S 11 be met ( a n ’ a i a r n p n ’ e l  s t a ’ r m s p s ’  , p m m a s

uurb - a ins’s nm 0! i n r re ’si l . I nsa plaint ~ The m inno sunt ml ’ aidel it i ansi I
p e m i k  i n c >  m ’~~p m u 1 ’  I I i  t e  i’i’9 I J i - n ’s! I S tb - m e’ cli i’fn’rs’ncs’ 1 wcen t h e  ; - a r oj i ’ cte ’ul
pa ak 1 oam d mind t i c  sum vi t h e  l i v J  mu peak l u i g  cm i pab  i i i  tn auncl tim-: ba m u s e ’
I O 5 l c I  1 he m’ma 1 e m u n m u c  I V

I Ivdros’ 1~’ t r u c Fe’s a ii m cy’ ‘au mu in’ s i s

h i ’  b-as u s  m s of ’ t i e  l’u n ’dmo t’ e’ m cm li r e m ,’ a u e u a u  h v s  i s  i S t i l e  Sc> m i s c a l l  a l i
S~~ ’ I er: m a ’ g u  h a t  I t i m  s t  Ueh n’  , svh m c b m  as ~n r!  l a s t  n ’ s  tb - a s’ op , r , s  t I on of t i m e ’ as eS’ I - ”

n i - u - a n j  en ’! S mmli mi ‘ - n  n i t  11 h a ’  Im m u ’ ;  i as t ii rou gh mu 3 0 — v s ’ s - s  r h i  st 01’! cml
ci’ ii I St t” ‘ c i  a i~ ( l a s  l v  19 2 -~ t h  r o m m g h t  . ! u u n c ’  lt )~ S I . tv

r s’u-iml m u t un- , sy stc1 as !  ‘ m m i i ’ , ’  t b m m m m a m i ’ h  3 ) )  ys ’ : u r a s  of  St  m s ’ m s m ” l h a s ’ , , it 55
p s t s s i h l t ’  t o  o b a t m u i n u  am c>, s l a n a l  r i i e t m m n ’ n- of’ h s m ss ’ t h i e  sys t e m ’  %s’ I 1 1  lac ’rt ’n u’n

u t uele ’  r r - is I s!t’ ‘ u n ’ s .  t ion  in St u’ e- s u n - f ’ low l n , i t  t a’ flu S wh u ch cti u i d  b - me ’
‘ ‘ s c ’ o i m i s t n ’ u ’ n . ’d iii mIs tua u h ope ’rmmt ion . lm rom tb -me’ u’ s’ ,g i m l m n t  i on-a s t m u e i v  s ev e ’m’ m s l
i l i p n a r t  m u l i t  p m u n ’ sl’t ’ te’ r ’s s m ’  o b t s u i n i c ’ d  . l v  c’ msu ga’ a m n n u s l h e’ne’rsav , t a m ’ i n n c ’

‘‘rn en’~’v , m u d  i l a ’ t n a ’ n s l a i h  he’ em tpa ie’ i t > , i m t m t h  t’nr  th e ’  svsts ’n ’ s i n - m c i  t r u n ’
l i i i i n ’ I dual p r oj e c t s .  ‘ l im e ’  sin’ s ’ rmi g e ’  sm nn i ua l  I c’tis ’ n’ g\ ’ i s  t i m e ’  sIn’ s ’ n - m i c e
I n c  m m ’ ’’ g en e ’  t’ s i t  a s h  sill r u  n t  T i  ,v i t U — ~i t m r m t h stt ud a’ 

~-as’~
’
~ 

sash w’h 1 I c ’  c - sm Inc’s

wh e’ bu ac t  cs 1 l v  s ic ’  I m I n t ’  ti ne h ydra ‘sc-as ter r a ’ as sle ’ Ime ’ uscl a mb he’ s a ul t i a mu t , prime’
t ’ u u s ’ r g n ’  , m i n d  d s ’ p m ’n d a h l e  c s u p : u c i t n ’  s I n e ’  m s ’ h , u t  ed t o  the ’ e’n’ I t t c ii l m t ’ u ’ l o e l
amid m u t t ’  de’ LI  n e d  1 mu I l l ’  -

m u  ir sak i r ~~ t b ’ . hn ’ al ro sc - st ‘ mm r e g u m i m l t  i o n u  , buv shn - ia i’ e’Smtiit ’ e’s’S m m i ’s’
eli  a’ i t h u d  i n t o  I W a n  C i t  ‘ f a I n  s ’ s  : Cl)  t hue cuord I nusut e d  C u t  I n in th i s u  l a  e t -
h n n ’ m b r a m  sy ’ t s’n’ s u m s 1  ( 2 )  1 i a n ’  u n s i e p e n u t i e n i t  u ’ t ’ ’ . t ’ a u  r e t ’’ , , ‘i bi s ’ t a t  n ’r n mn’ r i s  t i m ’
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‘-‘a ’S tar ’ s  ol 51 st rai t s r i -  I ru im u - 0 m u  a i r  j-a I aim - a r - I sm n ’ , u t c’ s1 on t n - ’ (Ha h im ”1 ’ i a
R m  c-c’ r a u t u d  nna m n or rib - smut ms r u i n s  , t s b so - ,e a t 1 n a ’ n i l  m I a m I  I as e I s a - m e  I n ’ c s , n m r s l  i r u m s  t

- -t im ‘ , - H t i n , I i  c i i  l v  m d  5 ’ I t ’d  F l  eau i i n ’  , on a Sc-s i s a t l i m u  I h a t s  j S  , ‘Iii i s
a tt n I ~ ‘ i ’lImas h u e ’ b um 1k of t lie’ nm- f I on ‘ as i v al t m ’  1 ct n i c cm p n m u ! - I l i t

I (m e a ‘I a ! ’ ’! ‘ ( ‘ t I m ! ’  ‘1s t m ’s ’ -. 11 mm m c ’  as s i n ’  m I t s ’  m n ’ I ’ n m u  i u i a u g  hv el u’ t a n l aint as i n  t h mt ’
rn - g u o u u , m a m o s t l ”  s n u m i l l c ’r . ss ! m l c b i  m i s ’ - h i a e a m t - ’ , !  as a s e bi tha ’ h a i r  op e r s i t  l am l m
h s u s  h i t  I s ’ c i  ‘ ‘ ‘ t Ou i th i s ’ r n  ‘ s -u I s i t  m - m t  i t t  t hi’’  Co st  n - li n-a at e’d Co lrs r :i ’ I mu

L J a s ’m Sc - ste m , “l a s t  s f  1 i 1~~’ m u m ,  l t nc : t t ’ t ! m u  ‘ l i n t ’ - y t ’ r i t ’ m ’ su l s n - m u s s
1 1 t b a ’  h I p I mt’ r ’ S rm s sl c’ , (2) t r t  ‘rut mm m c’s a - i  t i c ’  C o h m n ’ n l -  i mu ba n ’  Itss

h~s t u i n e ’v  - I be’ . a r m , !  I 3 Iu i~- s’! H t t m u n t s h  a i m ’ - mt am ncl cs - mamas ’ ‘s I s- I n -  ‘s l i m s ,  ‘ a l t  hou~’h
I t s ” C ‘ - t a i l  m v a l r a i n u l  I c a u l  In ’ , l i i i  -‘‘ m r , i !  m a r s  of ’ t b i s ’~ e’ r ’ m t a i t ’ c t s  1 5

se’ I a ’ ,‘ , nun m~! I - t e l  c’ I c e ’ m l  cam 1 1 - s  a~ j I hi 1 b i e ’  ( ‘u I s  mi - I a m u c-er as ’S 1 ‘ ‘a ’

l a m , ! ’ - - ’  n , !~ m a t  m c c l  m u t e ’  h e ’ s_st  u’ i  c R e ’ s a t ’ i t ’ a’ a ’s

‘h u e ’ c i t ’ m u ( a  s I s ’ I c  S ~- I  ‘ m um t ( ’ ’r- ae ’r’ , - t - ‘ ‘ t  m ’ s  s- su o ’ct ’as b is in ’ e ’ a n’ , ’u m

she ’ l l ‘ m ’ m r u ’  ci fan m d i  f t ’s - n -  r ‘ l e v t ’  i s  ‘ ‘ u m ’ s t m l t ’ } m a m s na ’ c I  , s I n ’ ’ n ’ u l l ’ m t  m n - l i  St lIcl v
m i n d s ’  ‘ a, , m u b - s  ‘ h 5 - Put se ’ r ‘ I t s  t I I t t  I ‘ - m’ mm ” u ‘ ‘ ‘ c a - I t h e  I’ s s c  i’j  c \n ’ u r t  mm , n - a s !
R i  c> It s i m m - 5 oIssIS ’  u ~s - ’i on ‘ 

~ I n s  as r - c > m s l  i t  l ’fl ‘ n . lnl V sem is ~ n m u i d u u c t  c’s1
U m a ’ s  m u g  ‘ :- ‘s ,tme SO v s - s i t  ‘ - 1  - - s ’ t ’r i  c mi i as ’ n - - m s ’  I I m a s s  s t a t  a t s u n - m d  u s  i rug r h-

5 ,51 ,5 ’ ge t t e r ’ 1 , t S S m  l 1 ” l ’t  l - ’ m i s  u~ ‘I ” e bu ‘-a , t i- ’ s~ -~h nc ’ l ois s- ar  r i m e ’  coo rdin at- a!
( ‘o l i m m ” i a l - a  b ’ u a ’ s ’n  s v a s ’ t ’ l ”  , ( m a  s ’ m m , l v  1 1 5 ’ s th t ’ tte r t ” n u’- m m c i ’  n t  p r t m m t t n a s s ’ s b

i m m d e ’ r ’ e ’n , !- ‘ : i  b t > ’ d r ’ ’  ‘ n m ’ m e ’ ~~’ as ,i’ ~ in s - I l  mis ‘ a - m c I  I i n g  n ’ I ~s’5 , In r ai l in g

t ’ l c ’  hi v s l n s s  a ’v s o t l m c e’ a u l u , s  I v ’ s  i s~~~~a st ’ ‘b- l o b  m mmi ’ am ‘ , - - m l  i m Pate i f t c  s t as, i v

‘s v a s t  - “ a n t ’ 5 t i n i c > m  - ‘ - m m  a h e f i ’ n m i t t  c c ’ S a~e ne am ’ s  ‘ s a m ” , ’ a! I - - n u 5 ,  ~~ i t ’
-, r - ‘I l l

l e n t ’ l a s  - ‘ I  ebe ’Ve’ i n - I ’ m ’ ’ ui ’ , a n s I  t i n s ’  m u c ’ u ’ isc md c s t r ’ auc u ‘ n ’ ‘:51 l i m e s  s n u l n l ’ a m m  r i  e’el

‘a s ’ u_s a ud i  “ t a n ’ hi , b m c ’ a s s -  a mu I i u , ’~ i, c’ r ’ ‘ h i ru - i i ) ’ ’ r a eel t i - - I ”  h u e ’  n’ e’ sa t o n i
l ist , ! ‘ I n n ’ s !  c’s ( :s~ c 23! , h e ’ i n ’  s f l u ’ I l i e ’ n - I , l m u s s  I I n tl  m i m i c’h r - n ss hi ’

r a a ,:,i by Thu su m s , r’ -
. I u r u m s ’ - (Hi tr im I m i S i  n c r sc as ’ ,. s u n - !  as ’  1 s c ’ rnu a i I

s ’ ’ t u u ’ - n ’as .

1 -  C r u  ‘ 1 cam 1 c l ’ u s ’s!

‘l’hc ’ k s - v  ! i t  1 I r t ’  i la I t  i - I ’ m i n  ‘it i t ’ l l  5 1 ‘ h ue ’ It sd — e’aum ’ u’ s ’ ru g c’aip m i b l  i l i t
‘ ‘ I  ‘ a - ’ b i n d t ’ t ’  se ’ s! c” i ’s t u e  en t I c m l  I ‘e ’ n m  od , I~ n s ’  c r 1  t i em i l pu rl ad In
‘hi,’ m ‘ , u i b c n ’ r s t ’  as i ’ t ( m m e n c e ’  s - mf  as ! a ” m a n !  i u s s s - o L  - ‘ s ac ’ c u m n r a ’ e l  e I m m r i t i st t h e
I , s 2 5 —  I L- S period , s mu s l  m u - a  ‘ s u i , ’h e h l . ’t ’ u mue ’’ s t h e ’ ‘s n ,’ ’’ ’ e’’’’ s f i r s ’ s ’ c r o n e ’ -, ;in ,l

s l t ’ i mc ’n c l ;uh l e’ c n ’ s u e i t v  , ‘ H -  n u a i c u n u l m m  eu i ’ - m g >  m u l l , !  es u m a m u c  i t  v r~ m i t  t h e ’  h y d r a
‘sc ’ s I t - I ’ m  c’ a m n l I c’ slept ‘ ru e i c sh  u i r - t m u )  t sa c a m t m ’ ” m i nd ’ n’ ‘ h i s - s e ’  e’ \ t  t ’ ‘ me ’ c’ s t r i e h  i t  I aati ms

m i  mu l s t r a g  I - - n m ’  s c - a p m e ’n c e ’  i t !  I t a i s ”- s u i : b n  u s t b - s e ’ SI n c - t i n ’  r ’d ’ u ’ I O c !
i t s ’  I r u g  I l i e1 i C’ s l , t i n  r i t a  nu a s _ a  I h a ’ S e - v t ’  t ’ ’ u I di I I ‘ tO il ’ n I n e’ m a s s ’  I’ low

‘, t ’ a 1 s l s ’ n m c t ’ ’ - , ‘ l h e ” ’ ; , - a t i t . - r m , ’ n -  n t l I h ot s ” r t i , i t  l ’s l b i ’  r”, st ’s ’ m m s l v e r s e ’  a! n ’r ’;’r in Is

t i a  t he ’ s u r m n m t l u l t  I a ai ! s t n s t g t ’  In  m u m  I I~ I c  u ‘ n , “ - i n !  u _ _ n ’ i sm t m - s t  i i t ’ , s  I t ’ lo sas
b i t  - n t - b c -  i n c  u - - s I i  C s c - a s  r - -  i - I t t  - m g ’  c m i  r n - s  m r u g  c s u t n s i b  u l i t  ) l i i  t im t h m e

a mnu s o m i n t t t f  a s t m t n ’ a i ge ’  b u r t - a s  r u t  h a ’  in n i ! ,  ( , u t l m u m h a i mm R i v e r  h s - ! n n -  - - - t e ’fls , L i t ’
it i c - mu r n  oil m as b m s i ’ -,u’d on t ne S -‘ I / 2 mon t i s a s t ’ t l m m i ’ n c ’e- ta t I l o ws  t is m i t

O Ca ’t s m ’ m’ ’ ’ a I  , l m u  m ’ s  r u g  t ) n  - tHu I I , utm il is’ u n i t e  n ’ t i ’ 1’) ‘- t — 3 ’ . l s e ’rue n eb m u g  s-an t b - au’
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scls ’ ’~b s sIing ma t ’ t i m -’ f i l l  t u g  taf t b’ ~ ’ b , l h t l , v , ‘heal , s un - I I tu se tr - hm d ~ 1 ‘ - r u n ’ -
l - ’, - ’ -c - m n ’ t a u  r s i l l ’S m m m u , h n ’ n  ca n t ’ - !  “ i - i u - c a , th c> 2 ( 5 — l / 2 - t ’ i a s m a t l a e m i t  i c’au l
‘c n ’ m o ci 1 , 1 1 ‘ “ i v m i t - f m  rue’ ‘sc’s ! apt e m m j ’ m u ! ,  m b i t  i ’ aa m’ I or 2 n e s s  I S

u h t ~Is’ a c - i ’  • a t t i c a ’ t ! a -  ‘ e’ t H m m s’ m’s’’~ a ’ n’n ’ s sm  m’ s sun ’ - ’ r u b  I i n  t - ~~a s ’  n ’ s u t  jua u i , ~~‘
‘ ~t ’ - n l s

c ,u 1t aI i , i I a y wm 1 1 s t  ,. b t ’  r I n n t’ e I ( m c >  r H - nn m u I ’ I -s ’ s-mu r ‘u’ i t u cm , I mas t  u m n -i ’ I s nu ~
p e t ’ us! ‘‘ I 13 n uo ;n t b - m s  c ’ i ’ i m t b  I t i c  I rs anr r ‘t ’ i m O m s  t 1 12-S t h ‘ a u s g s i - n h - s  ma

h i  I h e ’ I t  Is pt ”.- - ib m 1- . t b m;l t r ” t m m ’ e m t a i ; n ’ n a s e  e t a S a b i  I i ’ afl’ , u - ta , m I d
a a c d i l m , , m  ~s ur ’ ’r ’n’ t, ! ’ . ‘ - I  ‘ i j a s t i a r  i e s i l  I t -  s i r a f l m t i s  - i , u t ; i  ‘1 ts j 1 a s -s
i m , s c ” l u - ’ u s l u  t H - a t  t h i s ’  5- ‘ - t n t  It  e m i t  I a , ,i 1 i - ac ’ n I s i b  s s e e a u r t ’ m n t g i t t  ‘ b u I s
, u 5  - d c ’ s u  i’ p e r  m ad I as t i s ’ S a m- .! i l l  I - a n n - b i b  h i s  s ’ t ’ m ’ - i r a - , r Iso t c  to ma’

s as f e - l i  t b u m s  t t i s ’  I 9 ,~S ~t S p a m  i t t , !  a 1 m i m i m u  I n ’s i s  u as ‘ I -  , , i f m - n ’
- ! - I e’ s ’m ’ m n i l  t u e  s c - a s t e r s  c m i p m ibm 5 I i t  n’

I’ S m ’ s’ ,, I I l e s t  I I n ’  , t i n  e F! ‘ - e u  I p m ’ m t t e l  a ‘ i s . sc- - a ’  - cc’ I
m m s t ’ I s 1 5 , i~’ I a n - r ’ - ’ u ’ m  i l l  u r  S l t t t ’ s t t ’ s ’  u s r t ’ I ’ ’ s m s , ’ , ‘ “ ~‘ - s n s a ’ m : s ’  l i e - h r
S” S  I a ’S’ (‘Ill ’ n r c -  - cs l u ’m ’v i IC c ‘ a ’  i 1 s I y , I I s u i ’ ~ , by d I N ,  - ‘ U nu , ‘he
c r I • I c m i  I l i t ,’ t i s l e !  -‘ I 5 r t as mt ’ 5 p at N - m I S  ‘ u n - c ’  i s i s ’  - m m  • all a ’ . ‘ 5 5 5 !  - - a m a

I ’ l t s ’ ’u ” ’ c e d i n g  “ a - s I l a s , m i l l  m u - a c m ’ s- s m 1” Iii ‘ l a d ’  s c s r  e s m ,, m n ’ t a l l ,
s cm n s l u g  I n e ’  I - - I Is-us i t u g  s ‘r i  a 

- as ot  a i t l n e ’ ras n ’ as ! n’. st at I mis , ‘ - sn’ s I n i ’  1 ~
I , u t m ,! I n Sii, ’ ia a m r ” m u mimld n r hm u ’ t b t e ’  I o s s e b  c s m t i  t a ’  na- I i s ’ -- u s  , s  ma’ s r - I “ - u r n

- m mmi nu n I a - I I ! - - n’ ’ - 5  1 ge m s ’ r ‘ I  n i ’  - U - - - m m m l  a t ’ ‘ , - c m i  ‘ m c m i i  ra e’ r t nd t S

,!et ’ ane’sb mm ’-  m e ’  f, 5 - i n s  I mi _ c mit i s a  c m  s a l I ‘ - - as - m V  s a l r - i t s  ‘~ 1 5 ~

l’ s ’ - ’’ - - I t V i “,~ t s ,’ a,’ e’ t ’d I ti m_s hi sI  U r i c  mu I rm s’ ; ’as be ’ i n s m i t H  i c m  ‘ ‘Ii ’ ‘ a , ’
c c - c n N  m a s i  I b y m n ’ I I I t i m e ’  rn - ,  m o m  r ’s

is’ s i c - s I t ’ ’ i t vi!t’ at u ’, c - ru e’m ’ , u I - ‘ -m a i I I ’ i I i f  t he’ ci’ I I u c m s l  ‘eruma , ! i s
i sle’ttt u I e~ h as S I s e  ‘ s a ’ a s t  ci’ ‘n sm ’ s’ ’:mic m g ’ - ‘l ’i e m’ s n i  m i m i ”  pe ’ s u b  inc cm sa ’s s —
I) 1 1 I I v s i t ’ I b c ’ cc’ -’ ‘ c m i  m m u e s u  so r i d  m c m i i  S as I ! m  - 5” n - M t  of ’ r m m ,s I m ” ms m r I” ’ ‘if i n :
de s - - s t a i d  slet 5 m n ’ ’ - I h t  s v”  I di’ ‘ S n im ’fle’ t Itb alh ) Ic> c - s m - - ate I I a’ , ‘I’bu as a t - c O l t  ha
n s ~ n i , s h I v  t ’c c s l r s  u t  t m  m i - m u m  ‘‘ c ,- rid u!~ t l m a ’ c m i  ‘ m e s s ! r ’ m ’r i ocl ,

- ‘ a t  i n  I y i t r ’ a ’  n - - a  ‘ am l t i u  u ’ s  r u )  ‘ - - C 5 I ’ I c t  1 ‘c’ ri m ’ ,!

I t a r 19 Si i is’ a’s’ I sa f a ls’ - - l a - i - I ”  a u n t s t u d  s a n s  t Ii I’ -l mg h ‘ b c ’  a ’ - i n  I v  ‘ s m

ml t i c ’  1995 5’ s , ti m - ’ l t t a i d - ’ e s s r r - - u s e  d ,I f ’ ,tb I l I t a ’  ( I - r u I n ’ c’ u l m ’n ’ f \ ’ s i m u c l
n I , ’ I ’ t ’ l I e i m i i ’ l , ’ c , i t m m a e m t c ’ ! s I t  ‘ h e  S m s l s t r ” i ’ m s t  R i n s ’ t ’  i s ’ t l m t a  ‘s v ’ ; t a . ’ s ’ m a t m  I I  a c ’

‘c ml’ I n e a l nut t i c  ) a , u s  i s  ‘I  r ~~ 1 ,5 5” U a ’ I i t  H n m  t u cam 1 st rcau l rmt h Ohs tier u c d .
I i i  s - a t  s i l t  1 1  s i m m u s ’ t h u t ’  a s s  s e n’ s -st ma a t m  r mu he’ ( s t j ~ e ’ m i t  i s m ~ ’ ) i ’llt ’ \’ t ’S ,
r- u ’U I s !  i a a ~~ ç r  t I e !  S i ’ S  St  - - - ‘  a , ! - ’ eu n ~ e m s  m c mt I - ‘I t n - a n I m a l ’ h m m ss 1m~’ m i t d  , i n
is ll u c’b l u i  I mc m i s  l a u b a  I~ p~~~ ’ ’ St  i ’ t ’ sI, ’t ’ is ’i’-s s i r  1 I c’s1 in st utmaln t m e ’ I t a

- ‘ -  t i n  m’ -~a 1 5 , 515 r ’ m n ’ m  as l b - a  Ic hvei r sa s~ ’ i5t cnn I n n s  ‘ - n ’  ao~’ e’ m ’ u c h i m I c ’  it t hue ’
ss mr m s e’ I I PUs - se - rn s ti ul as! I h i I g b m s ’  u an I - m s  t a ’ nom s ; m o u s ’ a ’  l’ S s m i t i ’  I’ n’ c ’ i s u I m c ’ir r e ’n t as
cm0 opc’ n s u r  i ma 

~ 
, ‘mi as I s t  s i n  t us i t h  sn’s t err coins t ram lint as iln cie u’ t h e ’  1’~ Si ’

dO tim i l I 1 (5 115 isis , 5” ’ m ” ssxmm t l m :au r I I n n  t t t  I m v m h m n i ’Iuems !\ ’ i s  t i a n  i ” s u m n  e’ o m i a s u c l e ’ r m u
t i n s  , t h e - a s s ’  c r i t  I Ca I u’ r l u - mel ptti5 i ’m ms’ fst 1 s t  t u on t s a s h  ic ’s d c ’ t c rim s tic’ tins ’

t m  m I m i c ’  n~ ’~ I u t a m e h - e a u  m rv I n n s ’ c’ a i j ’ m t i ’  m i i  T n - t i  t h u e ’  P m t e  I t m c  \ a n m ’ t  hi sse s
a a - t , l i  it a t  - ‘d Svs tI ~ i l l m u stb n - i  - ‘ , sn ’b u h u t  - - rcom m’ t ’ ct c’ei sn’ s t e’r’m , ltv ne ’ec’ asas i t -s .

~t u ç m 1 t 1 ‘ ‘ m m u m ’ n u  t a m  I s t  m m i i i cas m i m i ’ ! b a e ’ -c> ml a ’  u r I n e  a n ai n n uum l 11 a’ t i i  r e f  I a c t  m u l e  na - miss- mi

~m n a m n t  I C u b i s m !  i’d I a n t s ! ’ - , I ’ t ’\ i - ‘cub m at  l i n t a ’ m m , u m u c c ’  a s c h e ’ d u m  In s  , she ’ 1 a l c a s  , s r i ’



, u c ’ s’ e ’ l e  n u t  l u o n s  l i i  li e ns or  s m u l e h i t ion m m I m’ s ’a souI rce S s c - b i e ’ e h t m l u _’si , retirements ,
m r m , ’ n e ’ a m a s t, ’d I m i ’ u gs u t  m o n  d e p i c t  i i’ll ” a m id n t h i e ’ n’ c o n s s m m p t i v e  losses , e t c .

ilnslc’ m 1950 c’oruel I t I car us  , she’ rc m m m x l  nIl i m m m l  t i on u - sI ’ hyd roeru e’ rgv I s
thi s ’ pn ’ u inuc’ oh-s !e’ e’t l a ’ s.- , t h e ’  d i ’ a u t ’t i n - m g s O’ I m u r g e ’  a m o u n t s  of’ storage
u’t ’,hls s’e’s t h is ’ he ’ am t ,i s i t  t i l t ’  s t a ’ir a igc  p r s ) m t ’ s’ t as , r e s u l t  i n g  i n  clecresusecl
1’us’ a u hi n g es i p s u ha l Ii t n , i t  I s  e’~~ ’a ’ s’t eel t h i m i t  i n  time’ c’ mu r ’ I n’ 1990’ s , s i l l
s e t ’ t h a  c’ i~e ’t l e ’ n a i t  a ’  I’ ’s p h amnne’ sl t ’ s i t’ t h e ’ mm m i or la n d roe’ I cct nc’ proj ec’t S w i I I
h m s v e ’ he ’e’n j r - m a s t  m i l l e d  t s a  n e ’e’ t jae’m uh ’~ I amid re ’ sb i m i t ’ c mem mi t  as ‘l ’hcre for e  , in
mmt’ ,l~’ 1’ t i m  s a f a t  an S mu s l ck i  i t  I 00m m 1 i ae ’ ;u k I t u g  e ’ s s b t a s h a  i h i  tn ’  ai t  tb - m e’ b s ’aus t  cost
umncl e ’ r \ ‘ t ’ a i m ’  21)5 )1 5 ammus l  2 5 ) 2 ( 1  s t a n ch t ion s , n’s’ass’ u’a’ oi n’s--s si  11 he r e g u l a t e d
t e a  n ms , u x  I mms j  :e’ peamis I ng  e’aup at b t  m l i t  v m ’ a t t h e ’  u’ t h a m n  h n’ c h r os ’um c ’  r gn ’ Th i s
Il i ac’ ramt ion I S  _ j U s t  i t ’ tc ’ cl b t e ’s ’ siIi’Si ’ s u I t !  i c - s e n t  t h i e r m a u l e a i p r t c i t n ’  is’ i i i  be
s t n ’ s l i  I a m b i c  hn’ the m t s m  s ’ , st ’ l ’ \ ’ t b s e’ m n s a u l s a r i t n ’  of ’ tb - ac  b i a t a s e ’  hom e d e ner g y
nc ’qu i re’m a n t a s  , S’ t m ’s,’ s t s m n t ’ l oua n a - g i m l a t t i o n i  s t i u c i l e’as sc-i 11 e ’ a s t : n h l i s h u  the
cxtc ’t it  t h s u t  St a m m s u g e ’ e m m m  h - me ’ 1 s t  t lnc h r s lm - suI sit c -m uch  u’cse ’rvoi  r , rn ’ cogn i z i n g

I I  hi I gh e r  j am’  I ‘ a m ’ i t  V r’e’e I t u  I no rm cr0 s-s inn] c s ’ m s  ‘a t  r an  lot as aune l s t i l l  mm m ii nt ai fl —

iti g n asu a s s  n o rms e’a u p a u b  I l i t  v t o  sc r ’ , a - t h e ’ s n ’s I em ’ - p e ’a ul ’~ I a m id  in - a  ~b a u n u m z i  rn’

Ibu i cle r 2 00 ))  m e l  202 ( 1 c s m r u a b  i i  I m r ~~a , sd th h ye lr op h a u n t s  b e i n g
m’ u ’iu )iairi i n ’ rcglli autc cl tar pe’smk it a g m u aas te - au e h i - si ’ f i r m  c ’ n s e ’ m ’i - \ , p r o d u c t  i ota ,
t - s n n e r a m t  io t  of the n ’c ’sc m ’n’ sm I m’s ms i I I  ha s ’ m m m u s i c ’ r t  a u h e ’ m i  on an a u n n i m s u  I h a t s  i s
aund t h e ’  sri t I cat 1 pc i’i a t e !  isl 11  n o  I onl ,ge’r ii a n t ’  as I ,g n a I f ’i c a u n c e .

~Ionth lv  I H i s ’  m m u t  I Ot t is ’ s t In l , n t n s s  - l a ’  n - m m ‘— t m , ’ m s m n f  l os’s

\as d i  as cu m a s s e d  s m b a o n ’ a ’ , t h i s ’  ‘ stale’ cat ’ hn ’ ci roe l est  r i c sn’s t en
a t l m e ’r m i t  i o n  hal l b  c b isu us i’s ’ s u a s  t b t c ’  pc’ a de b au d m ’ a ’9 5u 1 i ’euia eflt s  exceed  tb - ac ’
av ai l b a t h - a l I i t n ’  t a i l ’ inn s - s t , s l h i u m e ’  sm eld ’i t l e t na u l bun ’m l t ’os_’au pai cit v , Unde r 19th)
con e! I t  i m a n s , site ’ i - a ’ t~s s t - a  I ml  z a u t  i on s a l ’ hn’ e l m o e ’ n s c -  mg v i s  ti ’uc m a i n  cons I d —
i ’ m - u t  I cart , i t  is’ l 11 h ae ’ ma e ’e’ n ’as s,m t ’ \’ tm - s  elcn’e’ lop t a S s m  s e t s  of m m i i ’  c eurve ms
t sar e ’ su u ,,mh rs,’sc’rn c-sir am as , s m at m ’t t a t ’ ‘u bi e’ c t m m ’ m ’ s h i  t ’i s n t c ’c l  s c - St e I n , ‘i’he f i r s t
set n5 i Ii  h ’~’ eie ’sii’ ui e ’ tl to pr o tect the’ f i  i’m e’ne’rgv l o a i e l — e a m r r n ’ i n g
c’ s i b S m I i ’  I l i t  v • t h a u t  i ‘as , t o I nsilre’ that I l ’e’’sC’ m ’n ’ s t l  i ’ us ’ l  t h c i r a i s s m n  i s  is i I i  be
a ippor t  I ot Cd i n  asc mch am main - a n - m e - i’ t H i t  s h o n i l c i  c r 1  t 5 s’ m~ 1 as t  r e a u n n f l o w s  occ’ur
t b - a c ’  t i  rm e l s e ’ n ’gn ’ b aud ‘ s s s t’u’ a ’ I n m g  s’ a t j m su h I h i  t n  u-s 1 11 he’ mai l n t a u  i ned throug h—

t u s t  t b m a  i m m ’nio di . ,\ ss e’ e’ t t u i c l  as s ’! . dc ’n ’c l a ’p e ’ d  ann the ’ h a m s  l a s  of ’ l o n g — t e r m
st t’ c ’ m mrmu f l nsa ‘- - us 5 11 ins’ s I t - ’ ~ I gine ’ cI T m -  s- m ’ i t t  a - c t  tb -me’ stta u ’ , um ’c refill amb I 1 1 tv
na t ’ the’ re’ s — a - n n  a n  i rs , hinds’ r c s tn tel u t I ofias m’ t ’p n ’c ’ s -s e’ru t alt in ’ s ’  met’ ye ’amrS 2000
mmci b t & ’- ,’t t uutl , wha m’ s’ t i -  r s ’ u x i u m n t :au t l a s s  t t t ’ 1te ’ s m k l o s u c i — d ’m u r r v i n g  e’ a m pm ih i i i t n ’
i i— th i s ’  mat s mu a t t t i ’ n  i ’ l - n i t  l o l l  , i ’t I I s ’ m ’ t i  mn ’ s ’ ’ — sc - i  1 1 b a te ’ sic ’s i gmi eel so t h a t

m m m l  ,a m t s  h ums t i m  n ’i m I s s’ m m i i !  - s t  i s ,  UI s I c1  i tt ’ m id’SI i b a t h s  I s ’  t a m  t ’ t h i s ’ c’ r i t I ca l  in i el—
5, h i t  s - n ’  ‘t’ u~ u tug ~-s u, ’ i i  oil , fu l I c’ ci i  m a  a ’ s  l ’ n ’anm m l  el — b su r um l at m’v through the
t ’ h c t s t t l  s t ’ , u s , t n m  ~ t suslcl i ’ s  t en ’ s ! on a s u u ’ t s u i m l e ’  n’ t ’ t ’ j I I  curves forecasting
1 n m t t l t m u l t  Is’ hu nt ’ Itos s s tu d as l im o l a n t e ’ ci sl at1 iv finis h re’gem I at ion st uns1 1 c’s,
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I he ’ u ’ nmau  1 R a i s e —  I , ~~ici 1- s i  aim - a t t ) o e ’r a u t  I

I n  ma m ,u h s n u g  l b s  5 as a s t  m I m i ’ , i t  i c - m I S  m t ’ ; s m m u m c e !  t h i m u t  t h u s ’  t b m e ,’r m a u  I p 1  a u n t s
sms e ’ub i n  nm s’s’t u m g  h a t s - s e ’ — l u t a i c i  demm u m’ msi as  w o u h u l  b - s e ’  p l a u r u t s  d e s ig n c e i  t s s
t p ’ a - i ’ , I t e ’ mos t  u ’ t ’ t ’ i c’ m c n s t Iv s - sn mm s- o n u t i n m i o t n s  h a m ’ s i s .  For p l i r i a l t a s e a s  of ’

t e ’ m ’lsa t n i m i g c’ s u b a a i h t i  I i  t a  i n  r a n t - a ’ !  h u g  a s n ’ s t s ’ n i m  er u e r g n ’  rc qcm i r c ’nme ’mmts , i t

m ’s gs ’ns ’ r ’ai l In ’  a u s a - , nm nmne ’ ,l t b u , s t  t b m u ’ s e ’  b a l a u n t s  w i l l  o p e r a t t e  mi t  a m
~~ pe’mc ’ ’ n i t p l ai nt f,s ct tm ’ I (at mu 1 l s ~ s for (‘ou’ecel otm t su gd ’s , mm iintc n aunc c
c t  c , It is am I S t i  au’ a ’ a s m m s n s ’ sI  tbtmut (‘mu l l  ratte d e aupamci t v us i l l  i- sd ’
cl e ’ p c m i e h a u h h e ’  ( ‘ t s r  r m n e ’ e - t  i m ug  c m i  t h c m i  1 p e n ’ i t e l pe a m k i n s ~ rem b nu i re’mc’ntas

I mu m o n -a t d m 5  mm - ti -me’ re’ i’s sslH m a ’ I e ’nt W a l t e r to pe r m i t  hych ro—
p h a u n t as t a m  gen i e ’ mast e’ eons Ide r a i l - s  1cm c > n s c ’  mg n ’  en  e x c e s s  of ’ t he  h y d ra
s n , ’~~t em I’ - m ’ i l r’ c’ s ’na ’ m n ~n, ’ . I t  i s , t b i a ’ n i ’ i ’s a r e ’  , s u a s a s i u m c e h  t h a t  t h i s  s c e o n c l a m m ’ n ’
h s c - u i  m’ e)e ’mie ’ u ’ u ’ n ’  is ’ 11 he ’ a s sc’ sh ( ‘or t h i c’ rep I amce ’mrse ’nt of t h e  r nn r au 1 ens’ rgn’ an n ci
t h a i t  i s h m e l s  5e - c t a n e h s m u ’ n , ’  c’ne ’m n, ’ i s  m au i b a i l - s h e  t h e  t h e r m a l n i s i t i t s  s c - i l l  br
s i - m i s t  shown t r u  ,-s t~,ls ’ m’ at’ sh e-c ’ n’ s-mis i ru g e’ne’ rgv ( f’ue’ 1) cos t s  , Th e’ e ffe’et
tb us h i slas - t m  t i c ’ t ’ t ” s i l  p l a I n t  Ope’ ra it  i oni i’s shown on f i g u r e  17,  . \ ‘as
P l I  ~ht ! U 5  , ‘\ ‘ ‘ t ’ e’te’ ei , t I m e - n ’ s ’  aura ’  e’ m ’ m ’ t , s l l f i  p rof’s l ao’ s an s s o c i a t c d  w i t h  t h e
a u s a s m a ’ m a c ’ ~I o i a s ’ m ’ m i t  i s a i l , aun cb suctmsm ul opera it i ona ml c’xn e’rience sc - i l l  hamvc’ t m s

i s a ’ n ’ l ’ t a i  1 nice ! bae ’ 1 ’ , ’ so it s p s s l a t  i calm i i i  t n  c m mm h - ac au a s c e ’r t  a i  n e d ,  hbowc’n’er
i n  t i m c ’  h i  g bst of r i m s ’s ’ Ce ’Ot iott ’ I e’ e’ s - s t -m s i m ! a ’ r a u t i o n s  auns i  t h e  fa ic t  t h i a u t
‘ I ’ e o a ’mi t I a i t e i ’ r s t  1 1 i t v  p l a u n i s i r u g ,  su n el  e’o n a t i ’ a u c t n ,i a u l  a lgr d ’e ’ n Ie ’ i i t as  ssre ’
c m u u ’ u ’ s ’nt h a ’  pn’oc’c’ m ’ m i I n a g  can t h i  ‘as b m l s  i s  , i t  l a s  fs’ I t  t h a u t  t h i s  a u a s S I s I m s I ’ t  i O n
i s  V O l  I d ,

b ’ e’ a m k i n  g b l s u m i t ( lu - sc ’  n’ a m t I on

t i m ’ , ’ 1990 ‘ as , s- l i e -mu am 11  of tb - ac’ e’on vcn t  j o n a h  hve iro  p e ak  i mua
c s t m m , ac  i t  s- b s a s a s  b e ’e’n i n as ts i 1 1 d m !  , t h e ’ l’5’ w i  I I  b e ’ mu n eed i ’s m r  a m c ie i i t i s s l ) m s  I
c’su ! m m s c ’ i t  a to h a t n u c i  I -, ‘ t h i s ’  I ne m ’n ’mu as ins g ‘- a s ’ ‘uk b au d , \s di  se’ s i s s a ’ e h  c m i i ’  I me ’  u’
a m ilnmii U i - s a’i ’ e f m u l t c ’ m ’ m m a u t  i C c ’s- u t ’ ’ ’ m s a ’ a i u l s u h b e ’ , in e ’ im m chi n g ranmm pc’ cI s t t ’ u ’ m m a ’c’ ,

I , m m c i m  , i a n ’  t h e ’ S i t U  I’ m . n i t  i t  S mt ps- m s m  t I s t n s  , I as ps i  m ’t I cci b a i t’ ly  n u n  t e d  ft - s  m
e m m m m m y  m u - m g  mu s l n e ’ c  u f i  c g a u n t  m a f t l am - pc’m m k b au d . II o s’ s ’ve ’r , I t  i s

P a ! ’ i ’ a i s ’t  Is ’m u I t i t  m u t t  i - l i ’ ! ’ !  tnt at 1 I s e ’ a l t s ’  t b m c  pe ’suk I o~ u i amm o m ig  tb ie ’s e ’
a t h te’ r ’ rn s l t  in ’ u’s- ~ ‘aH t s’ ~, 5 )  n ’ s - s u m s  i n  sldl a’ a t n m e ’e’ , I n s t e ae i  , i t  h t m l ’ s  coin s i slers ’d
sudc- s u , u t n  - ,m i s  ~- t tat m d e n s  t u i ’ s- t a n  - m s - s i g m a  t m u s i c ’ t t ’ ti - m e’ e’au b amc I t n  she ’ (‘ m c i  t a uu u s h
t S i s I s S I i l ’ u e ’  t h , I t  I t is I 1 1 la s ’ ,t  1 1  a t c s u t c ’ sh sn ap n’c ’tnm ’i si t c’ I s- ammu an e t h i e ’
s m I t e ’  r r u s i t  m c ’ s’s ,

‘iitns t hl ,~’ Ojo-u’ st t i a l l il m u Ia c t ’ h- , l v I, i t ,’isl ‘ y e ’ l e ’

F lc’ et ‘I e’ ‘ l i s a - n ’  co n u c i  i t  b u s  a i m - c’ ce ’sni t i m u u m a m  1 l v  c’b ia un ig  l u g .  I i i  the ’
lt a u c i  ( ‘ i s ’ \ m t u ’ t  b s sc - e s t  ( ‘ a a o n ’ s l i  n a u t c c l  ~n’as ts ’ r m , wh e r e  a~ unm mh ’te ’ u’ s a t ’ p l a u i u t s
this - rsas su I mis we 1 1 is  hn ’d no , sc - i 1 1 hc h i i a ’ o l v e e l  , usc ’ II — b ai l atticed ~‘imu d c’

p lain - m s for am I I i a e a a i t  m oiu s a t  p 1 ai im t I oa us l i  It g as si t’ s’ e’sse’nn t 1 a m  1 , I ’ i u e ’ s a ’  g s u  I dIe’

p lain - m s m~ I 1 I lim e’ hide’ slam I Is - ’ am os ] see k I v  • au ’s Ic-c’ ! I mu ’ ;  s e s i a s o n m i  I p h air ’uas ,
‘I ’h s ’ l t s a n b  am I l o c s u t  I on j’-m l a i r - a s a s i u o n m h c i  l i e ’  I ’ l i x  I h a l e ’  enough s i - s  t h s u t  c aich i
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Ins!  in’ i duan 1 p l a n t I mid i ng can I -as ’ chaunged  as lme’e ’a’ sassi m n to obt :11 11 th i s ’
mm ix im t mm coor s l in autes l  sn’s t s ’ m ’ u ge- t ie - rant  ion . Fx t e n s  i n - c’ f l u c t u a t i o n  of
h ydrop la n t  l o a d i n g s  and how load f a c t o r  op e r a t i o n u  r e s u l t s  i n  h i g h e r
tam i b u s a m t e r  c I a -n - s i t  ion  and , then’s’ fore’, redu ced head at t he  t I me of
m a u x i m u m n u  b o a u e l i n g .  ‘~h i s  ty p e ’  ot ’ o p e r a t i o n  r e s u l t s  i n  he ’ s ’ s  g e n e r a t i o n
alt h i g he r  heads  d e m r i m i g  t i -me n i ght  and more g e n e r a m t i o n  aut  b ower  h e a m d s
d u r i n g  the  c I s m ~~t I me. ‘I’his comb inmut ion i n  turn means less total
gencra ntiomi from am g iven i  amount  of w a n t e r  t h a u n  w s a i m b d  he’ obtained by
am more un i form opermition throcig heaut the  e !am y or the  week .  Fu r the r -
more , extreme fluctuations mac- Im m uv s’ adverse effects on nonpower
w a i t e r  sI ’seS such us recre aut ion  amid fish mund wildlife ’ . These adverse
c’ffc’cts mac- h-se ’ more sigu s ificau m it at asome times of the year than at
others . h owever , f l u c t c u a u t i o n  of t i - ac loads to he carried by thermal
p l at t i t s  i n c r e a m s e s  em i t  p r o d u c t i o n  c o s t s .  Ex t e n s i v e ’  f l u c t u a t i o n s  of
t h e r m a l  u n i t s  not  o n l y  reduce’s t h e r m a l  p l a n t  e f f i c i e n c i e s  h u t  may
requi  rc’ sp i n n i n g  st au n db v  c a p a c i ty  at n i g h t , m u l l  of w h i c h  inc re au s~’s
t h e  t o t a m i sc - s t e m  p r o d u c t i o n  c o s t s .  i s x t e n s i v e  and c o n t i n u i ng
s t u d i e s  basesl upon muc cn,mmc m latin ’e ’ experience will he necessa irv to
obtain the most pra m ctical sc-stem as a whole within the established
c o n s t r a u i n t s .

It can he seen that ti-ac additional hysiro included in Plan A
s e - s u s i d  not  h a i v c ’ a vc’ r~ gre ’s lt  e f f e c t  in  r e d u c i n g  the  b a s e — l o a d  t h e r m a l
r e q u i r e m e n t s , hu t  w o u l d  han - c  a si g n i f i c a n t  e f f e c t  on the  pumped
s t o r m m g e  or t h e r m m u  1 p e a k i n g  c m u p a i c i  tv requ i r e m e n t s .

Fi gure 17 shows g r s m p h i  c a l m ’  the  r e s u l t s  of ah 30 -year
r e g u l a t i o n  s tudy  au t  t h e  1980 l e v e l .  W h i l e  t h i s  studs-’ was riot one
of those fina uh lv adopted for this report , i t  i s  tvp i c a u l mum - mel
i i b u s t  r a u t e ’’s t h e  g r a d u a l  pub ling down of the sc-stem resern’s - si rs ov”r
t h e  course of the August 1928 through l~cbruairy 1932 critical period
ais sc - e li mus the large block of thermal energy required to meet
svste ’rr loads during the critical period .

Summary of Resource’s

In orsler to present as st-ide au range of h y d r o - t h e ’ r m m s a u l
s y s t e m  comb m al t i onn s am s  p u a s s  lb  Is’ , load-  re source  an au l ys c ’as  were mache ’
(‘or two dift ’crent sc-Stems . P l a n  -\ i s  t he  m a u x i m u m  b yci ro  sy s t e m  and
i n c l u d e s  s i l l  of tb - me hv dro  p r o j e ’ct s  e l i s c n m a s s e d  i n  the  h yd r o e l e c t r i c
re sources inventory except for Penny Cliffs , wh i ch is located om
mun e s t a b l i s h e d  l~I 1(1 R i v e r ,  ‘h is s ’  capab i l i t  ic ’ s of the  h y dro projects
at each leve l are l i s t s ’s ]  on t a b l e  37 and the  load - i ’e’ as ourcc a n a u l v a s c a s
s u m m a r i z e d  on t a b l e  39. P l a n  B i s  the m i n i m u m  hyelro system and
include’ s oniy hydro projects wh i ch sure now e x i s t i n g  or under
construction . As with Plan A , it includes sill authorized and
licensed additions to existing and under construction projects.
‘I’h e c a p a b i l i t i es of the Plan B hydro projects are listed on
taubl e 38 mind the load-resource’s anaul yses on table 40.
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‘rhe Ind ependent Resources are not listed indin-iduall y in
the  hy dro resource t a b l e s .  For P lan  B , the Independent  Resource
category contains essentiall y the projects listed in tables 49 ,
50, and 51 . The Plan A Independent Resources include , in addition ,
the hydro projects listed in the potential hydroelectric resources
inventory for Subregions 2, 4, 5, 7 , 8, 9, 10 , and 11. For
further information on the capabilities of the majorit y of these
projec ts , reference should be made to the Independent Resources
Study . (23)

The two p lans present the two extremes in the development
of the region ’s hydro potential. In try ing to forecast what will
actuall y happen , it is perhaps most reasonable to assume that the
actual hydro development will take p lace at a level somewhere
between the two extremes. Such a modifies ] forecast can he
a n t i c i pated part i c u l a r l y  in the ear l y years . Loads and resources
shown for 1980 on the tables airs’ , there fore , those wh i ch are
currently being used in the reg ion for programming. They were
arrived at cooperatively by the operating entities hut modified by
events wh i ch took p lace between cooperatin’s’ preparat i on im
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January 1970 and preparation of the t a b l e s .  These loads and
resources are for the West (roup area wh i ch exclusies munch of Idaho
and western Montan a and , therefore , are not in comp lete continuit y
with loads and resources shown for 2000 ansi 2020 on tables 37 and
38.

PROJ F,CTEF) TRANSMISSION FACILITIES

Providing sufficient rights-of-way for the transmission of
large amounts of power presents one of the biggest problems in
meeting power loads of the Columbia -North Pacific Region by the
year 2000 and beyond. This will he particularl y true for the
movement of power from the area east of the Cascade Mountains to
the load centers west of these mountains. ‘rhe major share of the
region ’s power requirements is concentrated in the large population
centers of the Pacific slope . This situation is expected to
continue throughout the period of this study . A peak load of
13 ,000 megawatts in 1965 is shown in table 10. Table 23 estimates
that this load will grow to 84,800 by 2000 , and to 191 ,700 megawatts
b y 2020. Local thermal generation w ill meet most of this increase.
Howeve r , large-block , extra-hi gh voltage powe r transmission from
other areas will probably supply the remainder.
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g t - mp b l ’ S ‘s h s ’si’. t h e  c e n t s  i d e r sm h  Ic i n c r i ,’ :ms s ’  i n  I r : m n l s m i  S S i  on Cit ~~i I C l  ~~
c i r c u i t , w h i c h  can l’s’ s f  f s - c t e d  t h r o u g h  u se of t h e  h i ght -r vo ltag s ’’-i
s i t  is on lv :5 p s’cs l oi n - I  s e s l : s t  s- l v  sinai I in c r e ’ ; m - ~ e- i n  r i g ht —of— was’ It’ sit i s - - -

\ i s : m  I vs s c i t  t l~s’ da t a g i n e t s  r e s u l t s  in t in s’ t ’o h o w  i ng t a b  Ic , it’ll Ch
rs’ t’ I c e  t s t h e s e  i t i e ’ re .m- ~s’s i n  terms s l ’ meg :mw;st t s per f ’sso t of ’
i ’m ~ h t — o f —  w as ’  %s t i l t  is

2 3 0— k y  5 0 0 — k \  “ 00— b ,

(S i sith c t  r n ,eh t — o f — w : m v , f e e t  125 1 2 5 — 1 5 0  1 2 5 — 1 7 5

F r s m n o s n s ss m e n  e’05 ’ ; m c j t \ ’  p e r  315 (1 1 , 5 O() 3 , 000
c i  rcu i s  ,

I n’an stt l i ss j ests c ; s i l : s c  it \ pe ’r 2 4 1 0 —  12 1 ‘— 2
ci rcim i S  pe t  f oot of r i gist  —

o f — w ; m v  w i d t h  • ‘tIn/foot

\ s t u dy  has  i - s e e - t ~ maci c is-h i c h  sheis -s t h a t  i t  w o u l d  he d e s i r a b l e
t o  r e p l a c e  some of t i se  e x i s t i n g  1 1 5 —  and 2 3 0 — k i l o v o l t  l i n es  w i t h
500— (Sr T5 )0 - ~ i l i - s n ’ s ’ i t  ci r cu i t s  , ut i i i  i ng t h e  sam e g e n e r a l  r i gh t — o f —
is :~v is-h i ch  w o u l d  r e s i m l  t i n  r ec iuc i ng t he  t seed for  new r i g h t  — o f — i s - a s ’

The in st important :sspc - e’t of t h i s  l i n e  rep l a c e m e n t  s t u dy  is
t h o r  of rep l a c i t -ig e x i s t i n g  t r a n s m o u n t a i n  l i n e s  w i t h  t h e s e  much
h i g her  c a p a c i t y  c i r c u i t s .  ‘I ’his  i s - i l l  i n c r e a s e  s o s — i t - w e s t  t r a n s m i s s i o n
c ; m p : m h  i l i t  y m a r k e d l y is i t i u o n n t  t h e  need for  d e v e l o p ing  new ri ght s — o f ’—

was’ through t h e  m o u n t a i n s .  ‘I ’he p re sen t  e i l st  -w e s t  capab i i i  t o  of
app roximatel y 5 ,000 meg;sss:st ts could hi’ increased upward to about
55 ,000 m e g a w a t t s  in  t h i s  is- s i n ’ ,

W h a t e v e r  f t i t t m r e  l ats d r equ i  remen t  S 111550 eleve lop , t h e  need t’os’
care fu l p l a c e m e n t  of t r a n s u n i s s i  on c o r r i d o r s  in r e s p e c t  t o  o t h e r
forms of lansi use will conS issue , P l a n n e r s  w i l l  r ou te  t r a n s m i ss i o n
lines throug h :mrs ’as so as t o resu l t in s t i le  l e a s t  con f ’ i l e t  w i t h

- t i  - -  r l a n d  uses . hu rt ’; or pas t  sirs ’ l a n d s  , hr t ,nsh ; m r e : m s  , e t c .  , often
a d o p t  well for t r :mn I~~I ,I i s s ion  l i n e  usc ’ w i t h  m m i run um c o n f l i c t  . ;\ i s o ,
t r a n s m i s s i o n  l i n e  p l a n t i e r s  s h o u l d  c o t i s i d e r  t he  e s t h e t i c  d i s t r : i c-
t ion - ‘ I  i i  f ls,’ I oe’at  I ons I n cc rt  t i :s r s o s s  and smn ’ e  s d pub l i c  roe’ cc _ us S S On

st ’ ’ ~s , m a i n  h i g h w ay  n ’ o s m t s ’ s  , or w i l d e r n e s s — S  \‘pe- n-’is t a a reas  where
possible.

By 19 50 , there will be in o p e r a t i o n  some 3 ,500 c i  n’ s’ul i  t m i l es
‘‘ 1 t 0 ( ( — k j  l on ’ o l t  ( o r  ab ove ’ ) 1 j u i e s  in the s t u dy  s i r e n ,  \l:s n sv of t h e s e
h i  tIe ’s wi 1 1 ints’rc stss s s’c t the ma jor hydros’le’c t n c  generating p lants
and deliver their outputs to t h e  West  C o ;m s t  load c e n t e r s . Ot h e r s
w i l l  he Nss rth— South i ntegrat i rig l i n es , i n t e r c o n n e c t i n g  the  load
c e n t  th e i  r p r i u lis m r y lnIrpo’~~

’ bein g to prov i de c_ oust inuity isP

serv i cs’ . A n tn m h s ’ r of t h e  new I ins’s will he routed on-er e x n  s t i n g
r i g h t s — o f — w a y  p r e s e n t l y  occup ied I s v  1 1 5 —  and 2 5 ( 5 - k  i l on ’o l t  l i n e s
w i s n c h  w i l l  be r e t i  r i d .
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lch s i t ’  n’ c j - I . t s - s ’me u i t  s t  s ’ x i s t i n g  l i n e s  w i t h  h i g h e r — v o i t : s g s ’ ,
htg h c’u ’ --c a j’ u mcitv I i u s c s  i s s  I I  h e l p l i n i s i t nn e s t ’ r i ght— of— is a~’ s’ c - c ~ u i  n’ c ’ t i l s ’ n t ~ . ,
e’istst in uls m l lv ifl e’ u ’ s’ - i’ ~ il1g 15 515cr n~~a ’ sI-s  i n s  t h e  m a j o r  l o s m e i  c ’ s n t c r s  ( ‘ I  t h i 5 ~’

‘ i c  s i n  c 5 i sipe ’ it ~ 11 t i  s~~ i i re st m h i  me cc’ t r : m t s s m i  s s i  on e spa c  i t  V l c s - t l t ’ s : s ’t I
ti se ’ 155 1 5 1) ’ p s ’ s i s - r ; i t  i t n g  s o i ! I l s l e s ’ ’ . so s-c t of t he ’ (;:isc~tdcs and t h e se  :sr c ’ :s ;;
w e s t  o f  t he, ’ ( : sse ’ ;si l s ’ s ,  10, ’ t ie,’ I ’: s I  I of 1 15 7 ( 5 , f o u r  500--hi l o v o l t
t r s t n i s i ’ u o i s t i t : s i n s  l s o e ’s i - i l l  i n S ’ - n ’ e ’ s , n t i s ’  t th e’s ,- g -ne r ;m tin g I SI S and
load s r i - a s , i n s s m d s li t n i  t o  t l s e ’  e x i s t  i nc 2 3 0 — , 2 5 7 — , and 3- 1 5— h i lon -o lt
sv ct  cnn , I l ow s ’ n- c’ 1’ , t i~c I s)tig— t u r n  ps-  ne st look I n i d i ca l  - - - t h e  nee d f’ u’
:ms l d cei  c m  rcu i t  s is’ i t  in g u’ s ’ m t  e n ’  c ; m l i  u s e ’ i t i c ’ s  t h s s t n  w i  1 1  he ’ I’ r ein’ i dccl sn’
5 i up  h e — c  i r e in  i t 50 5 1 -hi l o v e  I S  I i  use ’s . Clean’ I v , s i t  l i i  - r m e ’sm u re’ s I ’o r
p r on -’id iog t he flec ’ c ’’c s : sn’  v u ; sn sur s ss i c cu s c_ ’ :mp :sc s t n  s ire  r e ej u i  r e - e l  , such
:ms go ing to h i c hie’ r n’el t :si 0-~~, d o s s l ’ l c - c i  r e s u l t  c _ o n i o t r t n e t  ion , h r  even
e h ’ \ e ’ i i ’ ? ’  i tl sl t i sMS i S n ’ t  hi ‘ds of c 1 , - ’: 1 r i c pcswc r t r a n s u n  I sic i on

R e s e ’; m c c l i  ; sn e l  l s cv e ’ h j r c - n t

V o l t  age ’ 1, s,’n ’ -l s ; n l - ’n ~ - 5 5 0 1 — k i l o v o l t ;

( l i e ’  a l t  e ’ u’nSi t  i n -c smnd er se’rn i sis i c ‘ c t i m c _ l v  i s  t h ; s t  of ’ n ’oh t age
i c - c_ - I c  i n  e x c e s s  i n k  500—b , i hon ’oIt~~. Se’n’s,’n’ah 700—hi lon ’oht class
lines I r e  i n n  s , i c c - r u i S  i ons s n r  mm n el e ’ r cs )um struct ion at t h e  nt - c -sn- nt t i m e
i n  t i s  i s  ansi st h ,  t e’eon l t  r i e~ S i n c e  si 7 1 ) 0 — h i  l o v o l t  1 just ’ has s i p s 1  r i s x  j —

i s ; , s t c ’ l~ ’ tit l e e ’  t h e  c s s t s ~~i C i t ”  s ’ S  ~L 500—hi i s o v o l t  h is ’, ’ , use of th iic
no i t : s g e ’  l e ’veh  :ss smn i s v e ’ r l : s v  t i )  t i le ’  e’Xt O t i s  in ’e ’ 5 0 0 — k  I ien’ n I t  g r i d
b e i n g  s Ie v e - l ’ ’ I i e ’ cI i s s n i i l e i  red sis’e’ t h e  nuimhe ’ r c - s f ’ c i r c u i t s  u’ e’t l l mi n ed smn el
t he  it i spusc _ t on l a n s d  use  i n n  t h e  stud area.

( f oe  r s m t h e ’ r  S n ’ i n i ; I i s i t s g  iuc _ - th o d n i t  I l l e ’ I ’ i :SS l u n g  t n ’ ; I s i ’ c n l l i s s i o n
c u s p : s c i t v  i s  t o  cnnp l s)v c l o t i h l e — e ’i r c e m i t  “ O O — h i l o n ’ o l t  c c s i l u c t n ’ u e ’ t i Ot S ( s i r
t i c s  ne - I s t r a n s m o i s n  t a i n h i  tIc ’ s . \ elouh i i ’  — c i  rc us  i t  7 0 5 5 — h i  l ove  i t  i i  t i e
can he ’ c _ It ’ s i g n uc ’ t, I I s  s n  :m s i  gi s t — ss t— Ss ;l\’ w i c _ I  t l i  t sc - sam,’ ms , on’ is I i  gh lv
gre - s t e r  , th a n tlsoso ee’ctmp l e d  b y ox  u sit  i isp 2 3 1 5 — h i  I en ’o l  t t r sm t l s i ’ ’ s ’ i I i i t  S m i in
l i n e s .  ‘I ’he’ 2 3 0 — h i  l c s i  s i t  l i n t ’  c o u l d  he u ’c -p l : sces l  by S l i t ’ h i gher—
capac i ty  l i n s e  is’

~ th a u ’ - ‘ c i i  i t  an t  I 5— t o  2 5 ) —  f ’o id III e’ t’ e’ase i n
t r ; s t i ’ c t l i  i ss ion  e’ap u s c i  tv , f rom 2 5 1 5 —  3 ( 5 5 1  isu’p;sw u st S -; t o  i t t  t h e  m u s h ’ u - of ’
5 ,000 tlis: g :mis at t 5

‘-t n i s i  i s ’ s  si n’ e’ us 1 5 5 )  ‘ u ’ sip rc’.s s i p  on I ,00l5 k n I ( 0 0 1 5  S r s s n i sn u  i ss I on
t i e  i l l  t is ’s , \ I .05 551 - h i  lone i t  i i  u se ’  h ;ms  :m ppn ’  ox j n tn s mt  e’ Iv f ’otnr t i i a - - c  S i S

c u i p s i c i t  s s s f ’ 
~ 5 5 ( 0 — h i  lox ’ s , i t  1 i nle t i n s el  s I ’’ ‘ ci t ‘_ h i -  coni c ’ cap ac s t v ’ ,m s a

d n s i s t s i e — e ’i  re ’ s n i t  7 0 0 — I  i l o v o l t  h i u u e .

h owever , n ’ s ’ i i  oh i l i t  n’ ‘ iso ’s t ile’ rat ion s  d i e t  it , ’ ~lI5 et’ elen’ lv
S t na’nsg ths ’n i n g  sO Sic , ’  S - - S  i - i u  ( f i s t ’  t 1 I ’  C s t h s m u n s i s i ; s — \ n t r t l s  P i i e ’ u  t i e ’ i~e’ptcs n

: s t  5 5 ( 5 5 — k  j lot- n i t  - - ) before go i n up  t o  t l se  hi gh s’r n’ol tags’ . Ill s’ hi gi se n ’
t b s e ’  I i t i e  ca j l a c i  t x , t h e  g r c s m t n - r  the ’ i h i c n e ’b to ths’ svst en s it ) 1Cfl t h a t
1 i n c  i s  h o s t  elsie t s  sm s h i s c n ’ t  ci r e s i n  t sr some s s t b s e ’ r  coun t inge ’ncv
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Underground (1:th le

‘l’h t’ I s i x ’  s u n g  i n  t u n s l e ’ r groun d  e’ab I e sins cx i st i ng r I gh t s — o f — w a y
p r e s e n t s  another method  of i n c r e a s i t i g  t h e  t r a n s m i s s i o n  c ap a c i t y  per
ri ght—of— wan’. lcchn i c:m I l y . t h i s  i s  f e a s i b l e  h u t  at present is
p r o h i h i  t iv el v cxpens in c , in  t h e  orde r of 1 0— 2 5  t i m e s  as costly per
k i i  ow -sit t sO’ powe ’ r t ransuts I t  t ed  as s i t  :mnel;mrd overhead li t is ’ s , Rt ’sea re - l i
cont s nut ’s  , howe-n -cr , si n n e ’ c’ in certain Sm r e ’ :m s — — such sm s 1 smrge
met r o p o l it  an cs~-u i t e ’r s  , unssherground transm i ssi on is  the o n l y
ac c ep t  zds Ic r’R - t ho d . th e rs’ , t r u s t s  cii i ss i ons cli  s tance’s arc sho r t  , and
t h e  i ncreass ’d c o st s  h : sv e  much l e s s  impac t  than si 100— 300 m i i i ’

r s m n s m i  s s i  on eli st sties’ wou ld impose’ ,

15 1 r ec t  — ( ‘s s r r , - u s t  I s ’ an s mi s s  ion

I l i  r e’ct  — current t ransr’i ss ion ma y be empleve’d fo r  l a r g e — h  loch
p o w e r  tr scus st s’ n s w i  t h i n s  ti s s’ P a c i f i c  N o r t h w e s t  in  f u t u r e  vcssrs .

the pre’sent t s r ’ s’ , d i n ’ s - c t  - - c u r r e n t  can compete e c o n o m i c a l ly  w i t h
: m l t s ’ r n a t i n g - c s m r r e t i t t r a n s m i s s i o n  o n ly  w h e n  d i s t ances  are g r e a t e r
t h a n  a p p r o x i u r ’ s s t c l v  500 m i l e ’s for  ove rhead  l i n e s  and 30 —oO m i l e s
f o r  u n d e r g r o u n d  c a b l e s .  I ) i  re ’ct - cu r r e n t  t e r m i n a l s  are qu i  te ’ comp l e x
:mnd cost  lv  is - lie -ti compst r e ’ d is’s th a l  t e r u s a t  its g c n m r r c n t  s u m b s t a t  ion
e’ f ss pm cnt  , h i n t  d i  r o u t  -cu rrent l i n e  cos ts  snre  on lv about t w n s — t h  i rds
t 1 s,s t of ’ s i l t  - r o o t  i ng c u r ren t  he ’c : mu s c  t w o  c o n du c t o r s  r a t h e r  t h a n
t I : r e e  s n - c’ r e ’c i : i red . ‘Flie’ economic “crossover point ” occurs when
t h e  di  f t c  rencs’ in  line ’ costs esiusn Is t h i s ’  eli I ’ f ’e ’rence i n  t e ’rm i n o I
c o s t s .  S l u i c e ’  t u e  t r a n s m i s s i o n  d i s t s i n l c e  in s  the N s n r t h w e ’st f rom
p o i n t  to  p o i n t  fon’ f u t u r e  sy s t e m s  w i l l  be less t han 300 m i l e s
d i r e ct c u r r e n t  w i l l  not  he j i ~s t i f i e ’ ei , u n l e s s  marked  r e d u c t i o n s  it s

e’rmin al costs are e f f ’n ’ c_ - t e ’e i . Of course , if other factors reejui Fe’
t he ’ use’ of underground cables , dire ct-current coulsi lie very
si t  t r a c t  i y e .

\tsothcr fusctor wh i ch cou ld influenc e’ the use of direct-
c u r r e n t  t r a n s m i s s i o n  i s  t h e  m a g n i t u d e  of ’ fault du,ntjc’ s on te’rm iu ’i:sl

equ i pment  as t h e  sy s t e m  grows . , -‘s,s : m i t e r n s s t i n s g — c u r r c n t  f a c i l i t i e s
are added , s h o r t — c i r c u i t  quarl t i t  ic ’s i n c r ea s e  is -i t h  r e s u l t a n t
greater st rc’~ ses i m p o s e d  upon c i  r c u i  t h r s ’zm h e r s  and ot l se’ r equ i pment
rh is could cause a r a th s-  r expens  i n e  e’qtn i pnn s”Int c h a n g e ’  — ou s t  p rogra m
Th e’ u s -  of d i  r c ’ct - c u r r e n t  s y s tem  a d d i t i o n s  w o u l d  o b v i a t e ’  t i s i s  need ,
s i  rs co f a u l t  chit i t ’s  S i r s ’  r io t  i nc re sms e ’d  Ox ’ t l s e  add i t  ion  of di rect —

current fac i l i t i e s .

Supercond uct i,,pg, Tr an s m i  ssi on

The cr ’s og( ’ ns I c  ( ,t reme I >’ I e w — t e m p e ’  r a t u m r e ) f i c  lii may

m c c i ,’ is ’ r a t e ’  t he  u se of d i  r ee’t —cnnrre ’rnt S n ’atn smi ss ion is-i th  the
d( ’ Vs I oprnc n t of snipe r conduc  t I ng e’ab lo s  in av i t ig many t i m e s the
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4

c i s ’  i i ’ , , coni n e - u s t  I s u n s  1 1 iu it ’ s or  cab I c ’s , ISn - re’t’ri p c _ -rust i n s p  this ’
c t  “- t ‘ t e n  s’ s u ’ : s t  i i i ’ s - c  use’:sr u i l ’ n s  I s i S  ‘,- :e’ro , a sn ’s t e’tl’ can s  o t t  c i  ti

an i s s  - ‘ i o l I n ’  l i s . s  1 c’’~ s S r an sin i sic i ‘Ii , a l  I c  sit - l i s p  vs  r n h i ph poscc’ r
l i l t  -‘ pc’ 1 c’ s  n ’ c sm i t I n’ ‘ - t h o s i g hs t h e ’  e’est pe n’ c ~ t ’L’ lI I t woo li i  he ’ h i  p h i

s . ‘ ‘ s l i t  s i - c o t i le’ n ’ i’u’\s tin e’eSicOu ’\ ’ , S O c  u n i t  i_- s i - i t I - s e_ n’  h i  lc sit ’ u s t t

i t ‘ e’sl , I d  , ‘ c - ’ ’ ’  s n’s’ i c - u ’ s ’  ‘ ‘n - o r a ls  I n ’ w I s h i  i o t ~ consy e’tn S n on sn I
oels of ’ c I - ‘ n’ s e t c  n ’ t t’ u i — i ’  s ss l i s t s

Pe ’se- ss r c h s  i s i t ’  c i  ti p i n  t h i  i s  s u e - u s  , n ut S hus t’;sn ’ ni  c i  pu s i
5 c - i ;  u is r n - u s ~ S h u e s  u ,’hs h a n  ‘ -  i n  0I i t  e el  . lii, nt e r e s t  I u p  f a c e ’ ! s (  5 ’ , 5 5

t ’ : m i ’ u i s  ‘ l i e -  goa l  of ’ c_ I s -ni lo~uiun g a ‘si t e - r i s i l stli ie :li w o u l d  I i ss \ ’ i ’ s u m pe ’r-
d’~~- : ~~i I i ,  S l u n g  q u m u s i s t  ic ’ s t t i c ’ u ’ u ’ ; s l  t c _ ’ n ;~s i - i ’ : i t s m r ’e’ s.  “ i i c _ ’ c_ ’ c ’ i c i c  i n s  t h i s  e ffort
s~ i n s i  Id  u’ s - n o  l i s t  i on i :~ S l i s ’  s t i s o  I , ’ f ’ s c l i i  of ’ 0515 c r  S r u s i i - ~t u5i  s c i o n ,

I i i ’  t 5 s of ‘h i, t i c s  1 h~ 1 ss n u  t i , c  i c s t  i Ot i

h i s s ’  t ’ t l u u s  I p l o o t s  s l i e i s n l e l  , i n s  g e ’ t i eu ’ sn l  , i- se ’ l oc :m t  s ’sI m d j  sn ~ - - l I t  t o
on’ ti e’ar- S ~~~ - t ’ s : i  j o r  I sssie i ce ’nst en’s t o  nut i n s  s t ’s i :e S r u l l l ~~t il i s i s  i on e m S  5’ -

- S  I i  i n  S u s c  i l i t  i s ’ s  t ’ s - c 1 i I I r e d  arid in t c u l t i s m  i ss i sis lo sses , I l s n us , ’~ e’ F
s u t s s m t i c i s s ’ r  sit ’ - - t i s e r  t : i c _ ’ t s s t ’ ’c it ’ S  1 1  s m l s s s  i u ’i i ’ lue ’uic s ’ p l ; s i s t  l n s e ’ uc t  I I n t l , ‘ soc _ hi
s i c  s - n v  i r i s i s i s i s - t i t  s i t  , p s i l s  I i c s m c c  - ‘ t  a n n e ’ S’ , ann u l ic’s’ I ss p 5 c c _ C i S c  i e ie ’ t’ ; s t  n en s

- - S  iii i c’s l n s m - s s’el i m p o r t  t r : s u s ~ iii sic j e t s  c c  n~ i l , - r u s t  S isO 5 si I s s f le ’  Is  : 5Cc ’
si’ s -u s nti :~ l s- to u’ si - S e’ u’ s- - i n  l o g  S l i e  c c (  5 i u t u u i t t i  s c i n e d u n  I i  usc ’ On e 1 1 - ’ ~ at 1 On s in  I

h i c ’ ’ ,e ’ ~ l an n I P u os i syli S h i s ’ 1 1 ) 1 ) 5 5  ~ss’ n ’i sit i . Re sin i s  c i id i e ; s t  c -  t u . s  5 1 hs’
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p t ’n ’ p s n n i s h i ’  u ’ u s i I  u s ’ et  t h e  t h e  n’ n iia I p1  ous t acid i t I ot i s sip to th i si t i rune
chi ~n u s 1 d  I ’ e ’ l e c s i t c ’ ei its’ st 0’ t i s e ( ; s s c c ’ s s ~ I , - s  u s u i d  ‘ s c s n , t h  of t he  Pug et
ic s s i i u id  c i i t n u ’ c_ - g s  s~u i , i’ ows ’t ’  ti ornissl Iv t ’I ssis - ’c ts , the w e s t  ~inc1 s o u t h  i n
t h e  w e s t eu ’n i  p e t ’S ‘ i l l s f  t l u c ’ t’ e5l i s i t i , I } s s ’  Po r t  l and  are a i s  a p p r o x i —
‘ s t e  I v  h s 5 5 ~ m i l e ’ s t ’:s u’S his ’ t ’ t r i o ”  S he’ l u s  r is e r i c h  — C o l u m h  I a  gens’r at i ng
comp ie ’X t 1 1 , 1 5 1  t lie ’ l ’ lsps ’S Soti u s d s i n h  r e p s  on .  I n  m ’ I ’ t ’n ’ e ’t , l o c a t i n g  a
p l a n t  in s S Is I ’ o r t  I stUd : m u ’ e ’s i  r s m t h e -  r t li s t s  in the I5 isps’ t Sound are a
wet s ist ‘~u s n ’ s’ ;sfl n l’ s’ \ I ‘ c m l i -  i n -  105) nut i I c - c  c m l ’ t r’ sm nss rn u i ss i on l i n e  , p l u s
re c i i  i t  m u s t  l i n e  1 o s s e s  . ‘i ’here’ f s s r e -  , fron t s  a t ran sut s i s c i o n  s tssnd poi  n t
t h e  iii ’S i r s m b li’ p s i t t c  urn of t h e  m b  1 p h oust l o c s m t  i isis s wou lii m a i n  t s m in
I ow N o r t h - s  — P o u m i  Is power f l o w s oii t h e’ c o sm s t  s m i  p n ’ I ci . i . osn il  g r o w t h  i n
t h i e  ‘ is p s - t  N our i sh u - c - i  on u s m i s m l d  he i l u l ’ t  l i v  u s e’onnls i t is mt i on of local
t b i e ’ u ’ i’ s: n l stu d added hn’ s,li ’o i u i s t a l  h s m t  ion s i n  the m i e h — C o l u n i i h i :m s s r c ’a .
I m n s i d gu’ sis ~tls south s i t ’ ti-se ’ I’ i spe ’t “elsule ! regi it t wsns i I d  be met  p r i m a r i  In ’
l ’n - l oca l  t h e r m a l w i t  i s ‘sou s e’ p es t h  i t i m ’  s u p p l i e d  0 hy’si urn f’roni c-sic t of
t O -  Cumscasl e’s. ‘Ib i s is I ilu ist n’ s i t ed  i n  f i gure  l~~. ‘I’h i~ p s n t t e ’ r n

i s m n si  lii e’etlt I nue cint ii e’ c c c i i  t i s i l l  v a l t  o f ’ t l i i ’  \ s s r t  hu~’es t hn’stro ci t us
c u ’, f u m l  l v  s le ’vc ’hope c i  , sit  wh i ch s i on -  t h e ’ t ’ n i u s l  p ls m r i t s i t i n g  weti l si
folios ~ lo ad grow th.

Some of t l i e ’ t iew t l i e  r s ’ u , i  I i n  a t  us I i s m  t I c c i i ’ s  w i  11 no doub t be
l o c a t e d  c ’s m s t  of the (‘uss caehs ’s I c r  c s - i c o n s ’ s  o t h e ’ n’ t h a n  t hose  i’e’Ia tecl
tss t t ’ s m f l s s ’ i n s s i o n i  u s d 5 5 1  t’ n ’ i ’ ’ - fl t s  . such as the- c’ ,’is t ns t ni e c c- s f’ s ca l e  in

c _ h - n’ . ‘l c ’r ing l u s t - c ’ e’i~ ’’- p l e ’ ,x n  5 mel n’ n ’ :st s - u ’ ~um h 1 i c  s ic ’ e c p t s m n c e ’  of
l o c a t i n g  t i t l e  I s - s n ’ p l a n t s  ass us e  S u -i’ - nua i o r  popu 1 ; s t  i on cen t  e’rs . ‘lb is

n 5 s ’ l i ld F n ’ c l O j  u ’ s-  ann e ’ s m n ’ I l i _ u ’  den’ s ’ lI m OS - i- l It of ’ u i i c _ -r e : s s e’el t r a n s m i s s i o n
e’Si ’ ’s si e ’ i t \  t l u t’ nn sic h th e’ i ’ sss lius t s in p s s s c e s  m i l d  a l t e r  the sii st ribut ion
i 1 l u s t  r u s t  s’ c_ ! i t s  t I  ‘ ar  I - si ,

S i l l  ‘ ; i  , i C I  l ’ s ’— , 5 ) i  ‘ I l l  - ‘ ‘ l \ I  I I I  C l ’P I C  PI_ Vn ’ l’P

h h u mn ’ s n g  i s i s - u t  i f ’i e ’ei I 0’ re’s u s m i  m u  tlne ’r nis a l—e l e ctri e capahi l i r y
si t  t h i s ’  t h i t ’ s’ ’ t a rp ’  - S I c  s ’ I s  ‘ 5  m I t -  n’ s-  1 oflm s’nt , i t is n lc ’ce ’ss :1 rn to
b eats ’ this c _ q ui l l l i t n  I n - f  ‘s - c ’ i t s  i u ; u l n s s e ’l oni spe ’cific water su pp l i e s
e’an he ’ e’st i nnsmte’ d. ‘I’ is e’ locust ions re s u l t  f ’rom t h e  i n t e r pl a v  of’ m a n y
t s i n g  i 0 Ic ansi m u  i t i  i l b  I s ’  f u n  t ‘ i r -  - ‘I’he’ce’ i us e  m dc’ t lse ’ I rs fI uence of
no g n m l a t o r v  u s p n - t i c m e ’ c  , u s e  u s~ is mb s l i t  v ot ieh cost of l a n d , s i t e  p repara -
t ion  costs , e’sss t of ’ tru s t s ’ s; ’ Imc si s its , as w s ’ l h  as s n o t  l a b i l i t y  of ’
coolin g ss usts ’ r , w b i u e ’h i s  t h i s -  sub s, ’ c_ ’t  of p r i n c i p a l  concern fo r  t h i s
r ep o r t  . \ 1 I t h e s e ’  t ’sms _’ t i  F ’s u s n i l  n u s s t s n ’ o t h e r s  d c  t e r m i ns ’ t he  h u h  l i e
o p i n i o n s  rs ’g sird i n p s i t s  se’l s’e ’t i ons w i s i c h  in S l it ’ ens1 determines
whit h e r  ii g i e s - n i  s i t s ’  i s  ni ~ i sh

iso g s - t i s ’ u ’ ; m l  i n t c - n ’ r s - l s m t  i on  l s n -tws ,’e’n s i t e  se lec t  ion factors
Inn  11 (Th’S this- c s- h u rt i ’ n r u ~~idc’rsm ionn s , -\t ’l o c’,t,,~~~, St e a ow M a n t S i t e
Ni’ I s i ’S I ou t  I 11’ I . ‘hir e’ spec i I ’ n c i n n  t ’e rn i i : mt  i on l i i i ’  5 i t s ’  se I s’ e’ t S ( i t i  l i s t s
l i i i, is f i r s i n  u d i d  l i i  t i n e  n c O s s u  t \ums ,l s su I SOst r P I n n t N i t i n ~, in the
l’ s i c i f l c N o r ’ t l s s s i ’ c t  1 2 ) .  i s u m t s m  fu ’ons t i s s ’se  re -p or t s  s i re  s u p p l e m e n t e d
On ’ ot hse’ n’ av a ilable ’ da t a lot’ l ’ s i s s i  i — f s i e ’ i t’i red , t h s ’ r n n s i l — e l e c t r i c
p l a n t s  w h c t s -  t h e se  s i r s -  t u to rs ’  I i k s ’ l n ’  i t s  e’e ’ r t s i i u i  p s i r t s  of this ’ reg ion .
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‘n i t  e’ l , s ) C 51 t  i on  l’ ,’ie ’t (sr-c

-c i t , ’ 1 s ic  s i t  m on f u s e S  on ’s si re e li  se ’u i s s e c l  i n  f’u rthe r dt’ta i
in t h i t ’ I’ol 1s t  m u g  s ect  ion s .

- its ’s i s -  n ss i s  sti

‘l ine ’ e’s m s t  0’ n ewe r t r s m n s m i  s si  s m n u  f r o m  a gs’tsc’rat I tig p h  an t  is
i i i  a u s t i n ’ cu sses t I l e ’  cO st factor wh i ch b e a r s  ti - sc ’  y r - s i t s - s t  re l s m t i o n  t o
l o c u s t  i on . b o t h  t h e ’  cap it s m l  c o s t  and t h e  thc’ i’ilsmi loss  s f ’  t h e
1 I t i e ’ sire- ml c’pe -nd et st oni d i sts srs e’s’ , I t  f o l l o w s  t i te r - s  ths s t t h e r n i u s m l
p e- ti e - rsit i t ip p l si t s t c w i l l  he ’ b o c u s t e ’ d sic c h s s e  to  loa d c e n t e r s  as other
di st ,sne ’e’— nc ’ 1 s i t  i d  f’ss e ’t Ot’S mc i 1 1 ps’ rmi  t App i i cat  i o n  of ’ tin  is s i m p l e
u’tm I n ’ i s  c_ ’ (n t ~~~’ I i ea te~d liv t h e  f ’sm c t ths m t i’i ssnn ’ rn e ’sc getic-rsmt i isp t ’s l s m n t s  of
t O e isLV s u e  cs - el’s ’ u’ ss t i ye e n t  e F I n n ’  ses c is c igned  to  ‘se’ rn - c’ the I osnds of
seve ’r a l  or uns mn i n’ U t  i l i t  is’s The’ ee on onn i us  ( i f  l’s r ger  S I  Ze ’ c m i  t s w i  11
t e n d  t o  inc me ss ” sc ’ t u e - s m -  coopersmt in- c’ e’uste -rpn ’ise’ s . I n  s i d e l i t  i o n , the’

i - c -c ’  - u s  S t r’ c ’nei i n  ut i i i  t n m I n i -  i ’s st  i on’s I s t silt a rd a much h i  ghe r elc ’gi’ c’c-
1 s t ’ I n t e r u t i  l i tn ’ coos’d s n is m t ion th ssti Is is been c_ tn! ’ lon’c ’ d i n  the ’  p - s - - t
‘ I l s e ’ r ’mss l g e ’ u s e - n ’ s t t  ion ’s m i  t h ~’ r e g i o n - s  u m i  11  s s c c o r d i t s g l n ’  m e q u i  me t rsws—
r’ I ss i on f u s e s  I s  t i c - c  cc t i ’- i c l i ’  m u s h  in ’  run s m ’  e x t  ens  i n’e th  sin have he-on
s - x i s  i h i  t e d  On’ S i t e -  n’t s si I b s i s i c _’ei se ct o r ’s  s r i  t h e  p s i s t

1 L~~ ~~~~~~ ~~~~

l i s t ’  s r - - n ’  u t  i i av  l s s u ’ p c ’ n s n c l e ’ : s r — e ’ I e -e ’ t ci e,’ s l e ’n s e ’ i ’ a t ou ’ s i t u s s t e
, s s ’ p u ’ s n x i n r n t e ’ l v  t’ Is c ’ — t J ’ s i t ’ c I - s  c u t ’ S 1 1 e ’ ht’sit wh i ch th i n’ rs r’oel isee’ . \

I , 0 0 0 — n e ’ g s m w s s t t  l i s ’ l i t  — i s u s t e - i ’  r e s i s t o r  s i c c _ - s s t ’~I i t s g ly  ~‘ u’ c n s l u e - e’s a b o u n t
3 , 5570 i - s e - g u i i s u s t  t s  i s ) ’ t s s t s i h  lu - s t  I ’ l l tile’ pres ent ~ui s j si of’ 32.(s pe’re’e’nt

l i e  t ’~i’ ui I c f  I i  c i  d u e ’’’ the ’  Is I ghi c’ u ’ i n p e ’ u’ s m t i ng te nu p e ’ rat in s e ’ s pe mm i t t  i _ i l
b y  um p u sa~ c sms 1 e- d r i - a s t o r  s m u ic l  sunbs-c ’~- m p n e n t I c  isv ii hr ee ’ e h e ’ r re ’u s c t o r  w i l l
i, . s  i c e -  t i s i s i  e’ t t j  d i  en c n ’ t I i  s h i  g is t  In’  s ’C c ’  t’ 40 percent , the  sum ac’
e ’ i ’ t ’ i c i c  t i c y  s i t  i ’ c t ’W ’~I I n c  S m con v u ’ n t i s i u s u s l  f u s e ’ i — f i  n ’ed p l s s n i t  . It s s t s p c _ - : sr s
t h s m t  niic _ - h e’sir om l a m u t s  h i u s e  i t i g  t ine’  i i s s h in ’o v e ’ m h e’f t ’i c i e n c i e ’ s  s s i h l  he ’
- m c  s i  1 s i b - s h e ’ ste I I I n , ’  f n i  ms - S lie  ce us c 2 5u5515

‘ r e s t - s i t  eissc rune le uit ’ n s iuts’r l n la n i t s g e n e r a l l y  b i u s v s ’ sm cond e ’t u s e r
e l  I’ lue’nt 5 ’ , - ‘ s ’ m s  t i n  re s 1 s p bs t 1 y u u s s ’ ‘uce ’s s of 91)00, -\ 1 t h s n n p ! u  t h e  n’ s-
s ri isi rge’ amour -st s sit 515e Ii b s & - , s t  to he wsisteel , t h i s  i s i  t (10 ls~s si

i n n s ’  r s i  S i s  r s ’  S m ’  I-sc s i t  S r sse ’t I vi’ fo r  nuost  h - s v — j - s r o s h u m c t  Use ’s . R e s e sn r c h
i n t o  l i e n s’ Ii- ;n ’’ - i s undc’ t’w,sv in t h e ’  l’ sic ’i f’ic Northwest , hsit itiost
s i s i ’bs )5’-i~~- 5 p r u n  i sic sin s i lt e’mni’nt i n c  rns’thusd f’s-sr di -is i Issnt rig h e a t  u’ s m t i u e ’ n’
t i ss ini an sic t s n s s l u-c , ’ n i t  t Os’ In st t i t  ‘ci’  I f

‘ I I i c u ’ s s i t ’s ’ ss ’ v e ’ r’ s m I tu ie ’t l i i s d s of ’ d i  sS i pat  i n i g  I seat fn’ o m nn a t h s c ’ rnu s s t l
I e e ’t r i  e’ p l a n t .  For sm g i  1 , 5 5  ‘ s i t s ’ t in s ’  f l5( ’ti i0ei  w i  11 elepensi si j u ot i  s e c t  of

l a n d , um n’ ,s I l ab  i I i  ty ss t ’ w ust ci. . e’ s s i ’ i , i s ’t  I ing w ssts ’ r U ses , w e a t h e r  e’ondi t i (1fl5,
stu d t h e  e c o n o m i c  ~n e n s m l t  ie’ s i i s i b s i s ’ ; s ’ s h  i i i  tii (’ p lstii t i t s e l f ’ by  li’s’s t h a n
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1 d c i i c m - s u i t  i t n ’  “u s - S  h uh ’s - i r s  t m u ’  f u m e s  s u n ’ 5 5 t h u s ’  I i n~c u t i s  i t ic  u ’ s- u s- - u ’’;

m u  I t s ’ F t l ’ ! ’ i’ s ’ t ’ I t C i  F l ’”  “‘c ’’ - I ’ d I c n  m m ’ p i n i s i ! s u r v  s ipt- uu cs e -s .

l i ~e’ n- si n’ m i n i s ’ - I s l e ’ ;  I n s ’ \ c , i ’ i ’ u s t e ’si  - s m t c ’ - h u s e s -  s m i l , s i u l s ’ d  t , i i n m i u i s ’ i h s
Per  s i n s ’ s  11 ‘ n’ is ) ’ ‘ - ‘ c F , \ i u n n s n l y  S ic ’ ‘ -5 ’ 5 ’ ISl e 1 u s  t ’ c ) ~ - 515 ’ e’ I c e s  I i  us u l t s t  j u t s - c

‘Ot I t i l e ’ li e ’ , i s  w i s e l m i c ds cc 5 ‘ us  t Oil t i n  s - u I  I c ’ s ’  ho d  i t i c  . ‘h u t ’ c l  - s u i d u s  m d c
ii 5 ~ t c I’ b - se-! \ss ’e’ tt t u c! - - 1” ’ si l t  s irs ’  p- l u  - u ’ su I l v  s i u t u i l u s t ’  n i l  I si - Fm . - ‘ S c i ct  is ot

u’ i s 5 ’h t 5 i c-c t 1 con ’ isIs ’ -

- 5 ’ !  t u s i s  ! ‘  - s ’ ‘;! - i ui ihu ,u’ ct’ - - b u s-s 50, v’S 0 , 5  cc l y s c ic l i u sl b y
e l s u ss i m i s t )  sn i p Ire s t i e d ’ - Slurs si s y h coo l m l u g  o 5 !!ieu ” - u - u , - ‘ s ’ I ee l  s’ i c p h  u n i t S  ‘ i s
t h e  I , ‘ s ss -n’  C m n l u n i h  i u s  b i v e n .  ( m u s s  1 m o p  i i - - , - - ’ - m s  s i n e -  he’cm -se’ tt’ c ’ t c m l  C o n ’
the ~‘oc ’ p c - l i e  t ’ ,s t i S i n l smu i l u~’ hs 5 ehs i s u s i , I s -  ‘s , , i c ’ m i n i  s c  u ’ s - - c c stic us h s I y such

us 1 I s !  I c i i i  it i 1 1 i c e’ s e t  d’ ti sls’ cb I s ) s i c ‘~u cI i  p I s s n u t ‘t c c l  S I c ’  u s !  ‘i r s- .

0 ci i i 5 t i p  1’  i S 1 “i t u u !  i m i S c  Smi - ‘ I  ic F is55 ’ em h c c ~l I c’s conS nnul I’d he- 5 I s -  -

~ t u i ! -  us ! e - F  c h i i m h m t v  ~ t u , , l , s s’J - - - i t S l I  se ’c , u’ s- I c ’ c u r ’s , 1 m l  n u t
c’ I i ‘ i n s  si t C n O s e ’ c - S hi s ” ” ; - : ’ u c m s i n  I n t u g
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5-c - i  i t  — h a t  or S ’vs te ’ms

( ‘ u ’o I i n g  ss’ I t i n  s ss I t  ut ’ ; s t e r  i s  e-ssc ’n t i s i l  In ’  t ime’  s ;m m e s ic  ut ’ i  t i ’s
I ’ n’ e ’’ sh ( s u i t  i ’m , 1- sui t  t i le ’  me’ si rs’ i m l - s or t s s n t  ec000m i c, c l i  f I s - n ’ s - t i e ’s - c  . l’~ui S i ’  r
t e ’n ips ’u ’ s m t  s m r e s  a re’ l oSt ’ ant i  fa i  m l n ’  c o n s s t s t n i t  on the’ s’insmc t s smnie i e’Stu :irj c’s
u s  I ’ ( S t ’ s - i ’ s s t u an ei  t~ ss sh i n g t  on . ‘I’he l ow’ te ’nip e’ mss tn i s ’c  p r s s v  I des s s cos t
s i c k - s u I t  i c e ’ , as ~s’”s us’ s: t s’ r nec ’ ni h i -  ps m mp e’ e I  to effs’e’t :s g i n - en ; sn i ou m nt  of
‘st eILlfl e’sm t uili’ n is us S i onu . Is  l ’ t ’ i e’ i o n s  e’ n ’ m i  gis t t i c -  i rip ron - e e l  l e u ,’sss i c c  of thus -
l s i i s , ’n’  t s m r i - s u n e ’  h s i e i  ~-s u’ c s s smi ’ e , m i  adel i t i o f i  , s i t e s  551 ‘ l i m i t m 5 mn n s n i c l  s m n c l

t b i c _ ’ ~ t r u s s  S s s f  . lu nus tu c m ’  I ’ i s c s u  o f f e r ‘se’ve’rss l oS h ;s ’ r usc _ I c us s it sice’s , s en- p
w’sm te ’u ’ c l s ns c - to ‘sllmnn’ n ’ us’ i l  1 h i e ’ l ’ m s t  m a x i m u m  nice ’  siC tiu c - - m uil st r’s n ti I icst—
t ion  t i n  s m n ’ c - s i d  r e c i  n ’ cnm l u s t  I oni . ~ t r’onn g e’u m rre ,’n s ts c sm rmn ’ smw;m n’ ssnci
ehi s t i’il’in te ’ t h i n - e ’t ’ t’ I s ,n e n t  s i t  :m i ” s s , e i i ~’sss ” r s i t e .  ~i s e l t e ’ rc ’ui l o c s n t  i o n s
p roy i ,Ie r ’; ix 5 n : i su r  pn’ ot s - c ’ t i on si p ss i r i s  t st  on ’ms ari d t i cia 1 is u s e ’ s -s  . On t is c,
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cs ’us ’s t , en t h e  oth c ’ r h a n u i l . s h s i l l o w  ss’sster ( t i l l  ne -cc -c s  i l u s t c
i s su t t ’u s I I Ii mci -s I on-s p s’nio nnph to siu t :5 in smcies iusi te ’ clc’pth f o r  c om b - s lc ’ t e’
“ i  ,~ n n ,c ‘ ‘ I ’ S l u t  h c ’ u m t  c’s1 i t  i s c h u s r e s ’ .

° , s l t - I t u s t e ’m c s n s n l i i c e ’ ‘ c - c h u m s  m e ’ s  c o r m c ’ ’c i oti Fi ’ S i s t s i t l t ‘ u u s t e t ’ i s s l s
l i d  r a 11 St s i t  c r  iu u s s t s l  I i  mis ’  f ’ , s c  i l i t  S c ’ s  , ‘bus m i n e ’  Ii ross :c’ s I; u s cc ’ t lie ’
l i e ’ e’ e ’SS ssrv co r ros  i s - sn - s re’s S t  5511 c c’ b u s t  s i c  o isj  c - u t  i ot issb lo ‘ s i - s d’ res ann’
f i s b i e ’i’ e ’ i s  iuue ’ m s l v c ’sJ . I , n T n 1 i e’m s m i  t on’s  are t o x i c ’ t o  son’e s p e c i e s ; sn nd ,
sls e ’m’ e’ t h e n ’  s i r e’ n u t  , s - s u n - n’ s’sn f l t  i n  u n r n s i l s m t a l ’s i  1 i t n ’  he’c’smt ss c,’ of
e I i ’ s c’ s ’s l s u n m s s t  l i n t ’ s . In - s sue- li in s tususce ’ s — st s s j r-sle’ cs ste- c l or ni c ’l- s’l—ch u’os’- c’
ss 1 1 inn’s i s s ; m v he f l e e ’s’ ‘c — s u i t - c ’  s i t  s i s u  i inc resist’ c-sf’ siboum t 2 u - s e -  rcc’t t i n  t lie ’
c u s i n i t s s l  cost i n ) ’ c onsic ’u ’ssc - r t~ih n ittp .

\ l t s ’rn ’s sit i n ’ s ’ l ine ) I i  tip ‘b et  I i i  s c _ I c

\ 1 t h u n s i p h i  u s ’ , m l  l ;sh l e ’ c i n u n  l i t - s e  n ie ’ t huocl : ;  , m I’ s ele ’ru t i f’i c—si in  eh e t a  i 1
s t i s u s i e l  be ‘ - u l nun’ , s i t  I l u s t  1 i u s t u s  th u e’ t’oI Is~ t ing t’om nn’ pc’ ne—r ssl cl sm ss c s:
1 1) onne’e—th n’ ms s m i ’h coo l i nn ’ s n ’ s  mdi i c _ i t  e’o O l  i n g  s c s t t e ’ i’ is dra w-ti  f t ’ O t i c us
l - s r p e ’ I m o u l y  s f ’ s i t e ’ S ’ , ‘- s i c h  s i c ’ s 55  m n - s i t ! ’ , l ake , or t I n e ’  0 cc -s in  p : s s c s ’ ,l
t h r ’ o u n g h t il e- cous in -n- ; , u ’ ‘ m u  r e ’ t u m ’nsc ’ el t o  ti - sc ’ ss5555’ c_ ’e’ ; (2) us cool suuc ’

- u t u m i  wh i c h  is - s e’l o sc ’d  s n’ - c t c _ - ’ n t - s  s s i s i e ~iu t I n ’  ~n e; ’se l i s  c i i ) ’ l ’ n c ’ic ’ t s t l n ’
I - s rps’  t o  d i  ss l i d - I t s ’  t h u e -  i c - I t  S n ’  t i s ’ -  i t  tu i o sp h ie ’ i’ s ’ 3) es.’ s m p o r s m t  i ye
,‘ui o l np it ’ s us 1; i c l u  t 0~- s~,s t n - s ’  5 p s s s c t - ul through a coo l i t u p  t s n n s c ’ t ’  whc’ re

h c ’ s s t  i s m i s  ss m i s s !  s- ~ l S o  I I i i ’  s t  i s ’ -~ l in ’ me lsv en : i s i o F , i t  s ~~s s ’s  ; s i u n d
I I )  us s i r - ’ c’ x , - I i u s i s ~ ’ e’ - c e ’ -u t u - i ”  us st - bu s ch c i u m u h i t s u  ss :m ts - r is ‘sui S si’ c_ I t!u t’ s nusciu

I i i u i s ’d li e-sit , ‘ t ~, hi s s ;  s c  F us h i t ’ m s s u m c t  5 l ss ’ , s t i s  t rsm uss l ’o ui’s’el to tOn-

‘ s t i p s s - ,~i iss-u ’ e e s s u u c ’ n ’ e t  i c s ’ l v  ;‘, I t h s n u m t  i c  u s s ’ s s u s i t  m i s t s . h u ; m e ’in s i t ’ t h ’ s e ’ n ’ s m n ’ i osic
i’ s’thods is ‘
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i - r u t h  i s -  s it i de - m ’ s’es ’tsm it s c i  s’e - s m u u i s t s s m n c e ’ s  . One’e’—t i ’ sn’ou ig h

c u s s i i n s ’ l s , i -  r - s t s i ; - - i m r u  c’ u n s t  u s n n d  l oss c’ s i m n s s m n u i n t  m e ’  u s e ’ hu t l i s t s  u s h i g h
u s t : s  I ts’ si t e’ r sn - c e- ;m n d s i e i e i c  i n s - a t  t u s S b u s  m s - s f , ’  n ’us s n  . \ sirv s ’x e ’h s i n g e ’

sn ’ ’ct ‘ - s c  h u m s  l u  i t ’s I ‘ u i 5 i c  St s i t s ’  m’ s i n e  h n m t  i s u s ’ s  t ins ’  di s ’ i u h n’ st n t sun’ of ‘‘six i i s s iu s i

~‘OS l  bn ’ ~ I s s r ’ y t ’  m’u s mt ’g i m l  . \ c u i s s l ins t i onu l  f ’s - s r  us l s s r g s ’  p l : m n n t  r e s s u m i  r~’c
us n’c u’’~’ i s mn’ m’s - ust ’ s - ss , I e ’ s s 5 i i s n ’ s m t  m c i  i s ’  s l i n g ,  i n  gs ” ni - r s t l  rs ’r- sre ’sc— u s t s  st
c ’ s , i ’ u I c n ’ s i u l u i ’o ’ , s s ’ m s s l s p  S I m s - ’ - - ’ ’  u h u  s s s s l n ’ : m n s t  i g ’s .



Eo n’ d i i ’ s ’ - I c _ u i ’ I i u n g , us I , 0 ( 50  ‘ ‘‘ - c’ s s ut ’s i t t n i s s e ’ l e s s t ’  p l a n t
si i 551 !‘u s t m S l ~’ S 55 55 ’ 7 h i I I  i i  s i  1St u i’ s ’u’ l i d ’ s  u s ’ , ‘i i s , u i i t  I , ( ‘ U I cub ’s i c fs_ ’c ’ t
pi’ ~ ~~~~~~ I ,‘ h hi’ ~‘~‘ ‘ i u’ s - e l  t s r’ a c’ m s s O  mt l t s - n u r s e ’  n ’ s m t i s  r u r i  so of

i-in n i ’ i s s s t  s ’\’ u fl s s i m :mt s u n ’  5 5 5 1 1 , 5 1  I , S S S i ( I - - m e p u s w u s t t  usu clear plant
ma n ’ i n a n e m u  u s c s ’ m , s p s ’ m n ’ s h s i i  m , -s ~c ’ -iuI s f  _%‘s t n s  l~~ ) ‘ ; s -cnnusml _ f s ’m’ t , as
com1-ssiresi Si ) ti ’s ’  1 , ( s i l ( i  S i c _ c h u m 1  l i n t  t i n t ’  iii I - - c ’ S e ’ mu n i l  i n n g

h lesp i t i  the u i i ’C’smitl :sp ’s ~ sit ’ en’ us h i m s m s s t  sn - c’ cooling, the ciisadvan—
t s s ~’e ’’s s u e ’ s i gn - s i I’m c a m u t  . h u v s m p o n ~s s t  l v i ’  e ’ s u i l  m i  r e i p l i  ri- n ; sm incresised
c s ! ’ i t s s l  i n t e ’ c - ’ s t mt i c ’ n u t  , st u d  ;sddc ’ d P u in iu l u i s i  c o s t  -u I s m s ’  reci r’culating the’
c’ o m l u l e ’ n u c s i t e  l ! nsm n’  l ’ s ’ l s s m p s ’  - Ihe’ n’t’ ( s i  h i  l ie ’  S I i i ’  ;m c lcl i t ional ctsst of’

z’e’ s m t  i n - s _p t h e’ u’ s - c,- i n ’ c um 1 s i t  i ’ s1 m i n i m  l i i i  s’, w u s t c u ’ I Slot t us I-se c_ urn I m i s c - i  us’i tO
e’ u s t i c _ l e ’ i u ’ - i ’s’ s u m S ’ ml smnel th e’ c’es I  of’ po w e ’  s ’ f i s t ’  ei s’ i v i n p  f’orceei d r a f t

‘ m m m c l  u n - s g  l’si n— c c’”- c c ’ l ’ S  i s l i c ’ n ’e ’ u u , s t u u ’ s s I  ci i’ s s f ’ t e ’ m s s s I  i u - s g  t ow-cr c ssre  nis e ci .
I t s  i s l e t m  i t ion , c -c u s s ’ s ’  t’us t s ye- coo l i i i  c’, is I I I su s siss I in ’ u ’ c ’ s-sum It in l’s i ghe r
e’ s n u u u l e ’n c c ’ u ’ t e ’ ” s ; s , ’ r ’s i t , i u r ’ s ’s t l u u i u s  one’ i’ — t h n’ough c _ s u e t  isn~. ‘t h e- h i gh e r
te ’”s’ e - m ’u s t u n ’n ’ us - i l l  ,t ( ’c’ u ’i ’ u s c e ’ e’ f f j ~~i , ’ s i e ’’u ’ of ’ t O n - t imr l sinc ’ with the
n’ e’ - c u u h  t s f ’ si t’eeiumce’d e ’ ,51 ’51 C i in’ ,

\ I t I ~c ’ups ’ l ; t h e’ c i t e ’ s’ , b s ’ i’’ , s t l c _ h s  s i re ’  ut i s ich c u ’ u s s l  1 c m  thss n  us’ i  t h  once—
t h u ’ o i n u , s l u  cool t u g ,  t h e  e s c u ’ s ’ u ; e l d t  C v’ 1550 i s  is i 5zI;e-r. ‘l’is i s di ‘ c s s e t n ’ an t ag e
i S -; s m i e - s u i c  i n ’ s  cis ni e’ us m i - u s c  s i c i ! ‘ I c t s 5 b i t ’  p I s s n l t  i n  us e u i l l ’ l ’e  t I t i n e ’
p o s i t  i on -s ss ’ i t h  ‘ ‘ t I l e ’s’ i s ” ’ n c m !  sits ! s u l l e n ’  55’cCs S i S e ’ n l a ’c i rr’ i pat i o n  su ne l
mon 5 c i  p c  1 s , i S c r ’  ‘s l i f l 5 i  1 v , I ‘:c -r  us ’ l t ’ , ’ me ’ t Is e’ m c-  i s l t ; s  t c’ s- Cs - s r  t h e
tic ’ ce - sc s i r - ’ 5 t i c  mc i’ s n t  m c  I c e c i l  — s u i i s u 1 n t  I vc’ Ice ’ , I e ’pss  I el~ )‘ Ci c u l t  i c’s sn -set tb - s e
cost of 5i~~’~
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in g c uss - s ’ s - I  i t  iy e  c h s s i uss s i ,  u t , i t c ’ r  i i ssme ’ l n e ’ s e r i o n i s .

i c - r us e ’ ‘c’ n i t  ‘cr’ oh i e’c’t i s i n ’ s  t i s  c_ ’nn c ’s h m u m  towers or’s ti’se
has i s c m ) ’ c’s t in t ’s i cc . . \ ‘s  u t  ii ’ ; I c _ I u ’ s s h ’t owe rs us m c ’ n - c’ n’ n - I st r g e ’  the n ’
locus I lv  elom u u i n u s s  S c - t b u c ’ 1 s s u s 5 l s  c _ s s s n i ’  , I’ h e - i  t i e ’ m t h e ’ ’ ,’ s i r e  sirs s’s the’ tic u i s s t ’ t
i s  a ‘s - n t  S r  i n ) ’ t a s t e , bs nmt t h e ’n -  it ’ i  I I  i m t ’ s e l O u i l ’n t e ’ c h l  he ohhe c,’t i ori smhl c-
t o  some . I on - ce , ! d r s m f t  i - i so !  i n c  t n i s ’ s e’T ’ s  s i r e ’  sl ot is h i g h i s u s t  then’ sire
si 5 1 1 - u s m  I S i :  h u s m p e  s tu d  n o s e ’  me - s i l l  S I’d’ ‘ I n c  j u s t  ele ’S i gns f o r  u s , ’ ‘ s i l r s r e ’ s ’ci  s~t u
of S O c  n o i s u -  u s ’ ; c c ’ u i s m t s ’ cI sO t i m  l u r e -  l u s t i s .  F i t e  c s s , n t i s l e  t ois’e ’ r s n h ~~s - s

i m ’ o, !lici ’S c_ m s u i , b , ’ t i s , i t  5 0F5 ( 1 51,05 i u - s e t  C n n ’  t I l e ’  p l s t i s t  . ~S s n i ’ e’ i’ e - cc - t u t  c _ l e ” c i g n s
O ic e- e- I n isi s s i t  cc _ I  Fe-c i 1 - s i t  s s t  i o u  f u ’ c i i ’  5 0 i s ‘‘ s’ U s s r ’ ’’ an t i  good sIms ’ s i p us

c - e l i - ;  t h e’ ‘‘ u l n s u s i , ’ ’’ u s i n , ’v e ’ gs’oimnel leve l - h i c c t ’ d’ i s  s t i l l  tO t s ’
s i b - s e t l I e ’ ’  i f S h s  I t u n u u , ’  t i n  u ss ncs l e f t - i ’ , b S s i 5 i ’\ ’ e’ F ,

l s v s p i o n ’ s s t  j u l 5 1 Of S l i t ’  e’i  n’ c_ ’ui  l i t  i ni p  ( s i t e ’S ’  e’sl u s t ’ S  us b u i i  I d — l i t ’  c- s C
li e ‘cm lids in t h i s -  is’ u m l  n ’ s ’ , l i t  0 us s s t inn - us I sus It - s sit - s i b sislcle’ d cl-scm i c’s~ Is

To I i m i  t i u s ’  h n m i  id— s ip , w s s t , - t -  u s i s - c t h u e ’ b l e d  f ’ s’ s~~’i t h e  sn ’s t e t i u  i i i  Sit - s
, s i ’ i c n i t t ’ s t  s i

~ S c ’  -I “- s- c c ‘Iii - I ’s - c t  t ’cn r 5 1 ,l~ i 5 i - “ u - c s  is sit t p h  sin - st  . 1) 1 ‘ p m s s s s l
sit ’ t O i s in I un It , I s n u ~us si ’ ui’ ,t b e’ c -I f ’s - t I  e ’e h it ’ t i o s s t  i- so t l i n t  i m i n i  of ’ t h e  inca I
St ms- s i r or p i ’ os m mueh s t a t  e r .

St -; i t s - S  W t i m  u s e  I s  i s u n  1, ’ 1 arid sinss i fsin - s mah le S e’n’ra in coolin g
i ’ n s u s t t ~~ Is i n hi’ c ull s’s I , Is ’  i’ s ’ sl , ‘ h i s ’  ions d ‘ u s n  he’ e ’ne ’ los ’d hv eartlu sljke’s
sin f ’ l s s t  l a n d , s i r n l us t n ’ i i i -  us c’otin’ e ’ti t  i c n n m us I s’ c ’’ - s e’t’\ ’Oi r or an t ’xisting
I sd, n ’ , ,-\ p ssn ; sh to Se’t’ve’ a I ,00fl ‘ i l u c ’ p u i u t u i t  t mu se Ie’sir p l a n t  would  require
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ss m t - I  s i c e  s n - us i n S  , s l ’ n u u u l  2 , 1 5 1 5 ( 1  u sc n ’ s - I ;  ‘m md si d e p t h s ‘ ‘ I  Us t s m  251 k ’ S  -

li s t ’ ms ’ m f l m i  ‘ ‘ c _ h , s s t s i  I s i l l  l ’ s  1 s f  i n c ’ eI t i n s s m s ’ s ’x s i c t  I v  l v  c i  i i’u s st I c
‘ t i m 1  5 • ‘ ‘i’, ’ -

c m ’ s  1 s i p  i i i  l ” l s ” S  s e ’  5 n :e’d t u s  c i i  55 i b s c  S t i o t  n I l 1 ~ t l i e ’ 1 i -  s t

I’ rut” t Is’: cs n n t , h u ’i n 5e m , L i t .s I c m i  - c s 1 - s m ’  h i s - s i t  m s ’ c’ e’ i v e i l  by kin pond , I n ’ s ’

us p s ’uud S I n  Si ’ F\ e ’ 5 1 , ll 55 l i~ i ’~~
,, ’ , i ( s  5 5 5  ‘ p t o u t  , I h u n ’  column’ l ss si c _ l s u s i e -  - C C - c - c l

In s ! m uss b s m ss e’CI On li s t p l us s s ’ - ( C s i t c _ ’ i ’  - i c s c u i l v i u , s i ’ u t  , i l s u n  s i r - - ’ m d c  I - s r  ‘ cli v

,s’ ce ’’cc , i n c  ss ’e ’u’ , i c i  Isss’; . l I s t ’  s s s i u m m  m ’ l l , - c S  us’ s  I I , i n  u~’ s i i ’ i
us e ’ - - c’c , : u - ’ r ’ r o \  m i l l c Is ’  b c  I n Is ,’ b un cot usll i - u h i t i c e ’  I l - -c’ o f  Is - S - m u sc
cs ’srp . 5 r ed ‘ i i  us cm ’s ’ i I ‘P  t 5 (ti -

h lue’ n ’i n ui h , ‘ I - i t i t  I , s n c u s t

1 he ’ I c c. 5 I s O  i ’ C Sl i m ’ mi n us I p t i l l s  u c u s c  it ’
~~’ 1 1 us c  t 1 u e ’  i r i l m i t ;  l

1 s c ’s ’cc nu t u -m 1 S - - c le f ’ s n  i ! u s  ‘51 s s ) ’ 5 I t s ’ 5 m s ’ ~‘ I c e  S Oil  It i S c, m -- s i n u s  ~~c ‘l’ - c ’ t l  I

l i e  ‘aim I - ,  I - - i’ e’ cus r i us l i I I - ‘ n 5 1 5  s m u t  us Fs’sl I S c ’ p i s s t  I c )  c le ’c t  F I c ’ I o s u c l
so I I - - , u mc ,i i n s  i l l S  5 i ”p - - i  N ust s d I i i  l ’ s -  - c i i  l i vs ls ’cne ’ l e e s  m i  c c u s i ’ s s 1’ I I i~ n -

h 5 ie - i t 1~ - , u i S ’ c  ,IeIn,’I ,s i l i u m - u i  S l i  I I - i F  c i d l ” 5 , i I ’ i 5 ~~d iI -u I o n ’  - i i c ’,’S’  s r  s i c ,
s smt t ’\c ’n ’. ( ‘ i s t l s e ’ s I ’ i c - u i ! I s  , s u n  - ‘ s i c -  - - I o f ’ t o - i ’ !  u i , !  h n ~ l s’u  c u i r - u sh i l i t i c ’ s
c iii I ’ ,  c _ m i s - p t  1 I I -  I us - ‘ hi us ill , i i  - I i d e ’ c c l ’ 5 u , - s ’ u ” u s l 51  t c_ ’ l o c u s t  i on ’s~

I I i s - u ’ s i ’ u s  I S e I ce , ! j onu ’ c  . S ic ’ i ’  - ) i u r c _ ’  . 2 ‘pc -i c1 i l p c  ‘I  50 l ie’ S ’ S u i t  u r’ e’ cs~u s , l  I -

~ i tO - cli r u s e  Inc ml C t ’ i c i s l  n i ’ s s ’u 1 n - i s c u 1 ’ t , ’  s o  i s s ’s - l i c t  t’on’ s ic  ‘s i r
s O  ! ‘ , e u u u ’ - u r  u 5 s  21 1211 c ’ m  C t - I l  ‘ i c u c i m  \lS, -s ’iu, c i  ‘ C ’ :  ,-s t li” n ’; -- usv

I s  u ’ l I e  mu’ - mc ‘ I I  I c  s - u s - i s ’  i c  s m S ‘I’ - ‘~ t O e  crc ’~i s i n  1 -  , s I t  c’ n’tisi ! i ve ’c

\ -  c_ - 5 -c , ’ 5  ‘ - l i e  - s i l  t O ~ lt,i S c _ ’ r us s e ’ fo r’ t h e i ’ i ’  m i - c - i c c !  n c

m ’ s’ti s ’m , ! i i i  j c  5 h u s s e -  i i i ’  n’ge’ m s m c l i s c i n p  s i l u s u i t s  , 55 s s i t  5 n ’ i ’ u t i t  5 5  ii ss c _ be ’

tI ’ ~ 51 5 1 5 1! S o 5 u I s ’ ~0 u ‘ C ’ I H -  I s u i t  c’ sl S he ’ l l ’ s ;  I s s t ’ us k s u t e ca - u s h  i 1 u ‘ v

I usc ‘ c’ u ! st t c i , s c h  - u s !  c l’S , Iu ~ “sm- s i 5 i d , -  c m ! c is c i t C u c ! ’ u i l - s  i I I I v  s s I I d u e-

m n On’ 1 i s  1w cos t c ’ s ’ t I m - ! t ’c ’sm k 1 os sel c sm t  I - sc ’ c u s s ’ n ’ i  i _ m i  b e ’ u ss u i x 5 “liii”

‘ 1 c m !  F’’ ‘ c ~~ I sIp c .si’ u ii’ 5 1 i t e  u i i l c t b y ’ ’ s s u n ~ i c’ , I  ss i srus : ’ - hy ei m i s s - I i c !  n ’ i v ‘

S ‘ ‘ - l u - i S ‘ ‘ t i -  I or ‘1:501 ~ u ~ i t 5 c u

l i i i  i s  ‘ c ’~~ss I u i ’ , I m  se a s  s I suns ‘ s i  nc ’ s i n ! I I i -  - co a ti  Ic ’ \ i n s !  c mi ’ I n c
sss s ’ snsm’ t h u  S m e t  m r s  i u s e ’ s s I v -  1 n t ic - n - a s s !  p l s m m ’ s ! i u s c , c l  i n n s ,  I l n i e l s n , ; 1 ’ !  c i ’ ,
. u 5 5 , 5 - , s i r e  s U i t  c s i u u s l  s u s  I l l ,  I C l I n t ’ s  s , l i i t ’hi c ’ s u n u s c s S  i s ’ u ’c ’’ - ’  r~ I t s  m i S
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l5 ’ , L c _ I s i n ’ s- _ s is t i m e ’  e ’ni erg\’  los is i  e h i ~ ’ j sled hn ’ 1 ,85 p l s m n t  f u s c ’ t o n  s I t s - n
sub -c t ract ion of hn ’ clroe l ec t  n - i c ’ c’ s- se ’ r p n -  r n s c n u s s ’ c’es , ‘I’h i s p 1 stru t factcs r
i s  in  r e cogn i  t ion  of m s m i n t e ’ m s s m n c e  , n’ e ’fu c ’ I i u i g  , and tmn schcelule ’d
ou t a g e ’s .  TO i s  in s  t ss l  luit ion  i s  s h m s s c s u  on t s i b ’  Ic’ ‘13 f ’s s j ’ t i - s c’ ssmm s ’
a l t e ’rns s t i n_ c’ for wi-s i e’hs thc’s’mal p c’ssk i og Iii ’ . S u s i l  at i on was shown . ‘[‘h e’
c_ st h e r  c- s en m us I t e n s  at s yes us e’ me’ s i m i l u s n i  V sic n i  ned for  all I nu iel are as
Shown s5 i  ‘0 t h i s  i n c t s m h l s s t i c ’ s u  i s  t i l e -  r e i h u i  r s ’d peak  c a p a c i t y  f r om
t u m b l e ’ - 11, \s sh oss’n , all the t h uc- runal i n s s t u m l I s i t i o n  i n  c e n t r a l  Oregon
5tfl e I (~ussh ingtc sm ’s tc i 1! he ’ insect  t o  g en i e n s i t e ’  e n e r g y,  iss i t the  i n s t u i l lust ion
fom pc’smk itug us- i l l  he ’ cons i e h e r u m b s l v  ps’c ’ate ’ r t h s m n  t i- se ’ i n s t a l  Ismt i on f - s r
ene m ssn ’ i n  t h e  Is i i t  s s u u u e -  S t c’ and P u u g e t  Sn s sn d 1 r m s i d  s- s r e u m c  . S i-s ar t  of

I c i s  C ee’ss coem 1 el he ssspp l i ed a 1 te’rnuit i n’n I n -  isv i - s tum p ed  s t o r a g e

5 , 1 , ’ 1~ u s c , - , ,  5 I ’ ’ s ’ r s ’ s , i  u km,, ’ Is , ’ - ’ - - ‘ V  d d ’ n d u,, ’ S t . ’.’ r’” i’ , , , c  - - - - ‘‘n
- - - , -  n ‘ — ‘ , ‘ — t - c ’ c ’n’ , 5 c i ” I

‘I m - , m ” - ,r d% I s  r s -  5 , - ,‘,“ ,i - - I s _ s n ~5 c ost -is fl 1 L’ s - , , ~~ , i’ s ’ s
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Sb si nu ’,t u u s c _ l i s i c - s - nt i n- os-s t i m e ’  t ush he ’ us s’ n ’ t bi c’ suhn ’e’g l ouis most closely
e’OrrCSpof l s I  1 n i p  t o  eu mch I s iad a rea .  Si t h s - s u m g h t l u c ’ mc - is us l ack  of e’ x sm Ct
L s m m r ’ c - - c p cs n d le ’nc e  , S l I t -  l o c u s t  i on  of ’ t i s c ’ m’mii u s l capah i 1 i t n ’ On ’ suh s’e’g icnmi s is
u m p p u s r e n t  cs- i sen  t l u n  ch s u s r a c t  ‘- - m i s t i c c of S f c c - - u - s ub reg ions  are cons i ehs’ rc’et

‘to k eep the’ a i t e u ’ t s s i t  i n c ’ s  ss ’l u i c - i n s i ’ s ’  r n - j s c s n ’ t c ’ el w i t h i n  us
r s ’ u i s s ’ s u s s b s  I s ’ n iumis e r  , sonIc’ consp ui ruut in - c’ iv  us r t u  I t s’ u s r n ’  s i c c u i m i l t  I c i i i ’. nee ch
to l i e  made . ‘th e as’- nuu r ’ j - t  ion ti c , u t  11 1 ,005) i ’u n g u sw us t t s  ‘ f  t h e r m u m i  c u i j i u s —
O i l  it is’l Il be i i n s ’ m ’ r t  e’tl t i ’s  s - s s c h  of the’ W i  I l usmet t se and Pu ’, I I - t  Sound
ss mh r e p  i ons f ’ m ’ ‘ l u  c_ i - s u m s  t u s I I s u e - Si t b u m s  h i s s ’ s  t uc ’u ’n  dc’’-icr lbs- ct , h mu m m ’ e’ogn s —

ion si t ’ t h u  s’conom ’m e ’ s i l  cs upp i i s’s m l  I l sS ~si  I I s i s - I s , i t wsss ass nm mtm s— d

thu i t t he rsc s~-o t m 1 d he’ I m i - s o r t e d  t h e  cue rgy sh isw mu by t he ’  I ’m ‘i nS n s ’ t  s’s s i ns
t s i t ’  I s ’  13  I u nit sost r ca ’s ( sl i t  S i s le  t isv region . S ite m utt i ne Iv
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I icls’I nr t at j ot-s c s f ’ the’ fuse’ I , pu i s’t i c _ ’ u m  l u s t - I n ’ i u s t o  S sm h u s -p  i nm - s 1 , is us
r~”~~ i! - s i l i t  i- isi s s c - h i  wm n s i te l On cons I de’rc’d i t s i r s  i i  stm i t e d  a! te’ rn u m t  i ne s s
Ise ’  nn he’ m m g  st  smd i c’d

It husui g hi Sssh s’e’gi om s I hums us surn lus of ’ i n - s I  u ’ ’ ’ ’  I i- c:1 s’i  c c’s sp si—
i’ii l i t  n ’ f ’s - s i ’  I t i-c 5 5%s ’ni nis’c’ets , it prom ’ i sis’s us I oc ui t on f u s ’ m ini in - s i :1 ng
th i s ’  n ’n ii ss 1 l u s t  sm 1 lust i o n  i n  t h s c ’  h - s t m g e t  Soun d “ish reg ion  , us- i  t h i n  the ’
I i  nib t m l ’ t s’uinsni i cci m n ni e’ a i n u m c  i t n  , b u n  r n - s t  h ues r silt n n is sst i vns  , a mini mcmrn
e’uip ah i i i  S i - s f ’ I , 1 ) I ) 5 )  isSc ’ g u s w  s s t t s  , in c  I u e l i n p  t O t  u - x  i s t i n g  hh ui n t ’usrel
t h e r n i u s i p I s s u s t  t h r o u g h - s ,~000 , is’ j  th d u s ’ n ’ , ’ t c a s c s l i  ng I s l ’ cc ’ :m t n  - 1  us- i t O in
t h e ’ ‘ . I l O s ’ s’ i n u l  i n  n ’ s ’c’ogn i t ion  s i t ’ 5n s is sibs i l it ies f’ss r combining
ths’rmss l gen eu ’smtin g css~- ss s c i S n  w i t h  i m r i g s m t  i o n  c l e ’ v c ’ l oj smen l  -

Sub reg ions 1 , -1 , - m d  S us - c’ shown w i t  h - s , c c i t tl ,n ’rm al cus ~c s sIt j I itv
I c - c u s s-cc’ of the ’ s n c’ , s u i  I — t ’i red i IIcs i,c m t 5 , Bef’ore I 515(1 , 1 d uiho Power
fomi-s u m n n ’  j s l u sn s  t s i  i n ij - so r t  J sn - s 5 s’ c’ u (‘noun J i m  t t n i s .l g en  poss’ s ’rp l an t l o c : s t e s e i
j e i s t m u s s-c t of ~ t i l e ’ s u m h s u ’ e- s _ s i i n u - s  n e ’ssr su i s s r ,p c ’ coss l d ep o s i t ~ S t s h r c ’g i m - t i  12
s c ’ x 5 ’ c ’  c _ t e d  to b u s s  m ’ s’ u o  ti -sc’ r’ma 1 c_ sup ’sb I l i t  n- bsc Cs iusc cc 05 ’ 1 - c c  I rc’mc I s-

smss l I l o uue h . ‘sci !~ m c -g ion 3 , the’ \‘a k i u st ss  R i n ’ e ’ r C a s t s ’ s , is  asss smc ’ ei to
h u m - c’ m s o t Is i - u - ic - ui  I csmjsah I l i t  es be’csmussc’ of t h e ’  0 1 g is us 1 te’ s’nat i ne’ n - us lim e
of c o o l i n g s u m t e r  f u n  i r ’ r i g u m t i o n , C n s m l  d e p o s i t ’ s  e x i s t  in this
s u b r e g i o n , hmm ’c’~’e’i’ , u sn el sirs u mi5 e ’rn s’s tin ’e- ss’h i  ch c o r l s i e t e ’r s  some I u s ’n ’ ibc us l

c spats i l i t  s’ w o u l d  h usn ’ c’ some suppor t . S u m b r e g  i on-s 1, , l ouse’ r Sn ssb e ’ , I s
nxpected ti i’u us ve’ rio t c r un s t i  ca~sab I i i t y  t sc ’cauc e  of li ght load s m nd
h i gh hyel rcse’ le cu t n i c  c’ u s is uii’ s i I i  t m  is’ h I  cis w o u l d  p r o v i d e ’  a surp  lus  at a l l
th re -c - len - c’ Is , n f  e ie ’V c ’ I opme ’n

Su m b s r e ’ g i c-sn 7 , u ~l - (
‘i-s l i m bs I us , l ’ c ’ c s s u i s e  c- sf i S s c_ c - s m -s i  is ip I, u n I t -  r

S5 I I’ i h in ’ . cs - i 11 i sssn ’ c’ us s i gh tb iei ’isu s sl cs sp sui -s i i i  tn’ . ‘[h i S c_ ’ u m f i u i i i  i i i  t ~‘ is
i t nm m l i cii l us s - I es Ii 1 p hi i n  s i l l  c n n - s u i t  i m e ’ s ss’i u c ’ r e I c c ’  m~- is  1 S i u s \  i ussuni t ruins —

m~ cc ion  I I  f’ u n”c ’ n to t O :  W i  II u snls e ’ t t e Su m i s r e g i on.

In S I t  P R O Q I I I  I ’ l \ l i  N H  \N! Si \N \Si ”il NI ’ NLi I15 i5OR I’ult n ’Ik

- I s’ s t r i C l’ sul s ’ d’ u ’ i ’ s ’ l u s t  c ’ ’  t 1 5  t bud ’ rep i isn u s I p lan ‘f ’ w n i I c’ s’
r ecssus rc _ se - d c-me ’ lopnne ’us t I h rs ’sus gis S ! u c - w ust e ’r u ’s- m i ll I me ’siuc’ nS ‘c Ins’ dn i n’ s t t g
sm ns i cool i ng gene ’rust ing p 1 cult -s - ‘I’bies c’ n,’ncis su re d e n ye’s! f’ rosti t h e
l m me ’, ut ion and mod e ‘ i f ’ o p e r s u t  i nt’l of’ h ye!rop l us nt s umne l the cp c’ smn ct

to c_’;it ion of the miss ! — n c a  S r i  c p I  u s mut s un - s ti -se rep ion . Is it hi time ’ J n s i uc _ c’ 5’
s- s - ’ - s ns m m c ’s - r e ’ d b u n i  l ’ s’ h i u d ’ u i t s  clc ’n ’ e’lOb ’i C ei in s  t ime ’  p s’e’c’e ’cti n g sc - c- t i  o t l s s , it is
j s o s s i h  Is’ to den n- c’ w uste ’r mc m l i i i  i’c’SiI s ’flt -s u m m i d !  n i u s t n s i g s ’ r u e ’ s i t uiee’ shs l ’u n u ’

S1s s - n’

as ’ i i s ’~~~~~~~ i ’  ‘iiun ’ !It s t ’ssr  t l i i ’ n ’ n ’ . u l ( ’ en we ’ u’

‘I ’h s’ m’n n u m 1 p l a n t i s i s  t us I I  sit i oil s pm ’o,ic’ c S e’d on t sib - s I C ’ -J . u s re
i r i te’ ru u - t  e”d i n  te runs of’ cuss - s i i rig u s , ut s r  nnc ’cbc On’ a~sp I i cust jet) Sc ’ these’
i s , - S u i l I , m t  I ~nr s - s  t h i s ’ r u s t  n i s f  (‘001 r ig  5s’ u i t  c ’s’  u s s e  b i n ’  t b ic _ ’ V5 i S’ S (555’S p-s’O tCd ’ S i ’ c I
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R um tc of W ss ts’ r l i - i s’

in  ~‘i e’w of t u e  sc’vemal alt c’ m a t  i n- c me thods of coo l i n g  , i t
i s  bes t  to  s i m p l i f y  the requirements somcwh um t for i e l e n tifi c sm t ion
csf f u t u r e  w s i t e m  r e q u i r e m e n t s .  C e r t a i n  m i n i m u m  d i s t i n c t i o n s  sine
rid ’ Ce’s 5 , 1  rn , Is  5 - sw e ve r  . The re’ i s um I smrge di ffe re al s_ s c ’  in  wale’s’ rcsqu I r n  —

mer i ts  i) e”t ss e’e’tm el i  rect  cool  I rig ~ineI c- m’ u i i sns ru m tiv e cool ing . The
di  f ’f er en e’e e x t e n d s  to  b o t h  tb - sc  m a g n i  tud e’ of w u i t s ’ r  m i c e -  and t o  the ’
degree’ t o  wh i  cl-s esi ch i s  a c onc s impt  ly e  m i sc- . ‘I ’here i s  a l so  ti - se ne-ed
to rc’e’ogn I :c’ ths’ i mpnovecl ef’fi e’ I e’n cv in is -ce ’ of suite’ r , w h i c h  m~ I 11
me ’ ’ s e s l t  w i t h  c s - s u s v c n t i o n s s l t h er m a l  gc ’u ’sc ’rs it i on or s i d i v uit lc ’s’ typ e-
re u m e ’ t  ors . W ith t h i s - s e  eli ct in c t  i o n s  i n  min d , tb’se w u st er uses shown
(-st -s the’ fol l oss brig tush le s’ s ’ ma u m e t o p t e d  for cnmp smt at ion of buss In  Is site’ r
use f’or ~~m-s 1s’ ’ 5’

I 5—1 — c , , ,  l i s m ~’ In _ u ? , - , —  I - ’ , c ’ , . , ’ ’ ’ ’ c c ’ ’, , ,u S , I _  S , - ,  ‘ -

‘ ‘ s r  5 0 ,5 15 - - - c t  ~ c ’S  ~I i ’ - i ‘ - n i c s ’ ,

i _ s t _ i ” ,, i  I
I ’ - ’  5 , ’ 5 S-S , , u c ’ , , n

I - u ‘ ‘ ‘ 
- 

‘, - ‘  5I  c i t  ‘~ r ’ - ,,‘‘ ‘ - , ‘ , , , , ‘ , -, 5

- - u c  s - I - t s m  - - “ s ’ s  I i 5 , 5  c ’ s ’ I , ‘5” n i ,
i ,’  i s’-’ Si- s t.’ 55 ,5,’ i t ‘ ‘  ;‘ - us

~~~~~~~~~~~~~ R e q u i r e m e n t s - c

As us d i s t i n c t  i on  in use u ’f ’ c o o l i n g  ms’s s t e r  is  mache ’ be tween
t o u r  different tn’pes of  p l u s n t s  , the ’se tn’pe ’ s m u s t  he i d e n t i  l i e d  u s t

- vusr I ous levels of ele ’ve ’ I ol sm ent  . Pene ru s l in ’ , i t is  re cogn i :ed
t h u s  t t ise ’ a dvus n s e’c’d nut,’ 1 s_’ s m s ’  m n ’ u s e ’t on’s ms’s 11 not h-se umn u s i lush ’s le ’ In 19S0
bu t  shou id  he Its h i s - ’  s i n - u s  i l ab  le isv 2 ( 12 0 . In  the s - c’ si r 21 ( 0 ( 1 , sonic of
t i - s e  l i gh t  s~u s t e r  r c - : s c t o r s  ~s’ m l l  s t i l l  he in - s  c c ’r v i  cc’ . C o m p u t u m t i o n s
a l s o  need t o  r e f l e ’c t  the ’ l i m i t e d  amount  of d i r e c t  c o o l i n g  wh i ch is
ant  ici p ui t c’ eI lu - s some sust-sreg i ru m s-c .

‘rhe comput eel wuste’ r redlu i r ement  c for  t h e r m a l — e l e c t r i c
ge’s-se’ rus t i on sure  susr t im a ml  zed Ori t ush ) le $5 fo r  a l l  e i g h t  of t lie’ a Ite ’  n’s - sum —

t ives s t u d i e d .  S u s b r n g i o n s  1 , 3 , -l , 5 , s m nd  (n us s’ c’ e x c l e u d e d  he ’cs iuss ’
u m s re -n ’ i nn s-c l v d e s c r i b e s ! , the ’ s-’ sire’ e ’xp ect ec l  to husve no therni iss l
gene r u s t i n g  caj sal s i l i t  r . The ’ usniunms ri t s ch sn is ’n si re’ s i n e ’ rusg c ’ uses , s i c  s i t
t i m e s  of peak load use  w o u l d  i n n  somewhat  g r e ’u m t c r .  - Si t h o ug h e i g h t
um l ts’ rr i smt I ye’s amid t h u  r d - c ’  I e ’n ’e ’  ls n t  ch ess ’s ’ l npnne ’ms t smn ’e’ shomss u , th en’ ‘it i 11
do s i c ’ S  s i r m i n ’ s ’  s i t  t h e  d e p l n t  ion of ann ’ spec i f i c sT s’e’ ssm . In  c ome
m n  t s s s u c ’e’s , t i s e s m i t e r s i a t  i n - c’s w i t h i s s  um ceu h reg ion  are ’  l i m i t e d ; b u t t ,
for  most , a numbe r of p l a n s  w ou l d  h i u m n ’ n the ’  l ’s ’ r c ’ c_ ’ u m c ted use’. ‘I ’hcre
f u r t h n  n s u c s , m n ’  , rs ’m u m i m i s  t i se  p rob 1cm of w h s i ch t h e ”  e’i ght  a l t  s’ m m i u s t  ly e ’ s
shots Id he ’ r cc’ogn I zed in ‘ sush i  c n s b s m m ’ u s  t st  ush i cc of ’ rs or ip ower s u ce  . One’
u m t t s ’  m i n i S  in ’ s ’ , such  sic mi l l imum ily di m cii’ I e’ct r 1 s_s Inst s i l l  s i t  ion , w i t h
m a x i m u m  t he rma I i 1i5 Sum  1 lust m on cus s t s -s f ’ t h u s -  Isis c_ sidle’ s sinst m u s s  i mum loads
i n  Sub r s’giosl s 9 umn d 11 , could  I n s ’ s e l e c t e d . Such f u r t h e r  n’ s - f l  ne ’m c ’nt
I s a p t u r n  In rnnu 1 n i t  i s-sr-s s s c ’t m’s  S n ’

1(1 1



- ‘ 
0 5’ 7- ‘‘  C, C, ‘ , C, C 0” ‘1 C C

r

- 1 , ‘ o — , .  , r , ~, o I — — s’ ,r, o s

- “ C ,  ‘ ‘ “ 0 ’ C  “- C s  ,“ — “ r - 0 ” C ,

5~~l -  - T , ‘O C” , C, 0
‘5 ’ ‘~ , s , t

- ‘  - , e - ’, ,  n o ,c =~‘ ::, c~
, , _ 0 - ,

I — =  “ C C, C, ”~ 5 0

C s c _ -  
~~~~~~~~~~~~~~~~~~

‘~ 
-

- 
,; ‘

~~!
- 

— “ ' C,  J ” ~~ t~~ ,,5 ” ,‘ “ C

- C~~~~~~~~ C

- c ” 5 E ’ , ”n ’’S~~~:~~~ ; C ” ~~~’~~~~~
: ~~~~~~~~~~~~~~~~~~~- 

‘-~~~~ -

-~~~~ 

- F

— I - 
-

~~~~ 

_~~~~~~_c 
— “ 

—

C 
— 

C, C

s -,

I ~~~~1 ’~~~~~~~~~~~C 7  ~~~~~~~~~~~~~~~~~~~~~
-, - 0 - 0” - , , ‘ C s - C, ~~~s-, —s , -‘ _-‘ , o ’ s — , o , , - -, ,,~ o —

‘1 C ’ 5  C t ~~~—. 1 5 5

C ,:  ~~~::~~ “ —‘:~
s~~~ -

“'‘ ‘—‘ ‘ “ C , ”  ‘ 0 5  — —  ~~~~~
“ — 0  0

— “5 “5

;~ ~
‘ 5 5  ‘. 5 ~“s 5

162



I- ’ ’ ’  - ‘ c c  I - s n  s i  ‘ m m  I S su ’n b s isi 1(1 ye’ m I 15 it s ’S

i s  i i t ’ i ’ i ’ t ’ , s it ’ ms u sl c ’i ’ i n ’ , c m i  ‘ ‘ ‘ I ’ s - s t  s-u , us hu n ’ s! s-’ss y s ’ s l s ( ’  c t  I —‘i ’

y u n’I u . s  i i  y ,~ 1 i t - s f  ¶ he’ - - t r e ’ant f ’ 1 s-so i~ ‘sc l i i i ’ S Ic - I t - - . h hss’ i ”:s’ r , hn’ c i m s
s s s~s ’i se - m s  I Is ’ c’h ms ’s 5 is ’~! us ’ s  us  n s ( n n l c ( m u ’ - l  I’ l l ’ S  i n s ’  s~si I s ’  r u se  , us u d  w i  t i m
Ibs ~- d ’ \ C e ’h i i  i 5 5 1 1  s n l  r n s - i c ’r u n i  u’ e- y u s l os m ’ iS I u s y  t m s - ,’ -n ’ u , S i, ~ St  i’ n ’ n s n i s f 1 5)15 ’ th us ’s
i s - c s - sI s c t’s t  1 Iv us e ui lush In i i i  l’um t hs s’ r l i n  ‘i, s isusst ms-si r - I ncr’s ’us’ ~e’m I
s u ’ s’ s , ‘ i t i ssus c _ i s - i l l ,  I c isnis m i d  inS h u e s ’ c i i  i f l ’ s c t  l y e ’  ns’ u i t  n - i ’  e l i  y l u s s i’s w I I I
5 5 i  t i n I s ’ i c ’ c I O s ’ s,’ ‘-s ’ i ” c ’tc 5 i u s t  lIsa ,lu-o ii u u t s s f  ‘ s t u n  ns n - f l s sis u sm ’ u m i l u s h s l n  f s s r
Isv5! m ’  c ’ s - usc ’ r- I I  I n u f l  , usmu c _ t t lii s fact 5 1 5 ’  I s u s  c ic ’eu i  us e’ c’ m s u t s i  t s’sl f ’ c m i u-s t ( c c ~
sv SS s ’ulc u ’n ’ s ’ i s l  l oss s t i u s i s s ’ s , l cs us n s - ’ - s ’ . S i t e ’  m O s s - c t  me s i t  h i y , i m c s e ’ l - ’ c ’ t r i c
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The ‘ i l s u m p e ’  and m u i g n i  t u d e ’  s d ’ t!se rc ’g i On u s ]  load usi so has a ri ’smjor
ef f e c t  on h ou r l  v f l s m c t  u s m S  ion c-sf I’ ! os-s sine! h ums a di rect in f ’ l u s c ’ n c - m -  on

i 5 e ’ s e a s o n a l  r cgus  l u s t  u on of St  rc ’usus ’ f l  sin, and the m l c - tc ’rmi nu s t ion of p1 sint
capac i t  I C ’S us c- u w e l l  . On sin h o u r  lv has  is  , the  ‘shap e c C ’ t ls c ’ d u m i  l y load
e s tah i i sh es s t i l e ’  p a t t e r n  of mn ’l c’ um ccs for power  g e n e r a t i o n — — t h e  n i  g l u t  -

t i m e  m i n i m u m s  and dai l ’s ’ pc’us ks di s c u m ’ c c e d  above . On c’.’s’ekcnds these
pes ik s  a re g e n e r a l  l v  lower  and t h e  hr - sun s- f l u c t u m u s t  i ons  are less  t i u u t n
c’XJ’e’ s - i c ’ n c ’e’c! d u r i n g  thc ’  week . F u r t h e r m o r e , w e a t h -r ansi o t h e r  f u s e st o r s
causs- mum ri sit ion s in load over the’ c s u u s s ’ ’ s c -  s I t ’ t he ’  c - a s s  r , T h i s  cc- u s c of l u s  I
vusri ust ion in  load , t o g a t h e r  w i t h  t he  se a s o na l  v a r i u s t  ion  i n  s I  s- - a m —
f los s , has an e’f fe ’ct  on the operation of the hydrop l antc . w i t h  h o u r l y
fi u c t u s m t  s o u c s  ge ne r a l  lv  b e i n g  g r e u s t  cs-s t i n  n i l  ci—wint c’s ’ , and l os ses  t i i i
l s s te ’ s p r i n g  and e a r l y  s u m m e r .

\s h yc l rs gd - sue-  m u s t  i osi sh i  f t s  t snu s ’ n m r d  a pre d ominant Iv p e a k i n g
ol’nes r sst ion • addi t I onal capaci tv Ic _ I  11 be inst c-s l led us t  most  of the ’
mainstem h vc Irop l u s s i t c , and w i t h  t h i s  i n c r e a s e d  c a p a c i t ’ s’ w i l l  come
g m s ’ , s t e r  h o u r ly  f l u c t u a t  I s i s - S c-i , Whc’ re p r o j e c t s  are c s c u i s t r u c t e d  in  a
c_ Oi l t  m uons Sequenc e ’ , aS on mos t  of the ’ Columb i a and the Lower Snake
t l i a  h o u r ly  f l u c t u a t i o n s  wh i ch show up i m m e d i a t e l y  d owns t r eam fronu
each pr o jec t w i l l  he rap i d l y  a t t e n u u s t e eh  i n  t i se downs t r e am r e s e r m - o i r .
FIr s l v  w h e r e  gaps  s i re  left in the “c h a i n ” of pro l ects (as at Ben
F m u s s i k  1 i n )  and sit th e ends of t l s e c h a i n  i’. i i i  the r i v e r  st  us gs-’ he’
u s f f ’ s - s - t c ’ c I fo r  a si gn i  f i c a n t  d i s t a n c e  or ss’ i  11 pools he requ i  red I s _ i

1’ l u c t u s i t e  g re s st  l v .

F i g u r e s  25 t h r o u gh 28 i l l u s t r a t e  t h e  wu sv i n  schi ch s h y c l r n a
p r o J e c t  f i s r s ’ l ’ a y  e I c r u s t  i o n s  , cli schar gc- s , an d t o  i li~ sIt su’ r e levs m t 5 OflS
f i u c t u a t c ~ d u n  ng  t he  cour se-  n _ i f  t c- ’p i cu t  1 is’c’ c’k lv regis lu s t  i ons
R e g u l u s t  ions are’ shown fo r  C h i e f  . Iosep h , I c e  h a r b o r , ,tnhn D u m y , and
B onne -vi  l i e  u n d e r  t w c  t y p i c a l  s t r e a r n f h o w  c o n d i t  i o n s - u : an average

-H ’j ’t emh ’, -r  st r ea n - s s f l ow ( 118 . 1St1 ) c u b i c  feet  1_ ie - r  second at B onn mu ’v i  l i e )
arid a u c - ’ j i i  cu t  1 l o w — f  I sHs ’ h)~~Cei~’ I c n ’ s- (1  H) ,74 1) c u b i c  fee t  per  sc ’conch
i ’hns c ’ s t mn’ c s i i c t’Isiss cu r e f l e c t  s e ’ u s c n n u u s l  r e ’ c_~ci l ,’it i ofl s i m i l a r  to t i - s a t
show s- s on f i gir rs 22 . I t cli ou id I- sc ’ p o i n t  c c l  out  th at t is e ’ hor s r 1 a
p o u s d u s g c -  s t s~ch I es shown on f i g u r e ’s 25 t h r o ug h 28 Se ’ l a  pro d uced u s  i ng
a computt ’r i  :es d s i m u l a t i o n  program s t i l l  in  t h e  cl e’v e ’lopsne nt  st s ige
u srsd t ’u s r Us i S rc ’sscon , t h ey  s h o u l d  1-se ’ m i ns- c- si with corn s - ’ rs,’Se ’ r v u s t  i ons
I I s _ ise m c’ r , t h e y  do cc’rvc to I 1 In s  t r a I n -  quit ’’ graph i cu s s li ’ s’ the t vp n  of
hou r I c- f i u m s -  t u u s t  i o n s  eli i cii  cons Id  h e ’ e ’xp s- ’ctc ’ei . ( 35)

I u s l s  Ic 47 summari zc’c the - range of I I  sm- c wis i cli woss le l he
s - x p e r i n n c e d  s m s i d s ’ s - n o r n i a l  p l s s n m t  ops ’rat  i on . I -u i  l y s icc ep tab  Ic’ Snu i n s i m l i n l n
h o u r l y  f l o w s  have not  v e t  hes ’ui  es t ab 1 i shed for  silos) of t h e  unu s i n s t c ’ u i c
Co h uml -s j u t  p l a n t s -  - However , t i l e ’  (‘ s i n _ i c  of I ssg in se ’er s , und e r i t
s - s - c _ s - s i t lv  m i s t  h s i r i z e s h  C o l t i j n l i i u m  R i v e r  uss u d  I ’ r s h u s t u s r i s - ’ s s  Study , i s
s s ’ I  ‘ i _ i l l s  i n g  to  det e ’ rn u i i s c ’  iuu orc ’ a c c u r a t e ’  l v  the ’  p l a n t  op es ’sst in g  c s - s  ( c ’s’ s us
and c o n s t r a i n t s  w h i c h  w o u l d  t s s s t  sen’m’e t I me c’omb i rsc’ ch i n t e m n ’ - i t c  c _ i f
I so ~ u - r  , wss t  s r  quc l i t  , f i s h  and w i hel l i f s ’ , red ’ S’ s - s i t  i Onl , t ’lood cont  i c ’  1
and nius m i ga l I , ssu , ‘h ’he c’s’ i t s  - r i ss sh a v e  1o 1- s u ’ d  wi 1 1 app 1 c- p riu ss us r 1 1 v to
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FIGURE 25. Weekly Fluctuations at Chief Joseph Dam ,
1990 Conditions (27 Units).
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1990 Conditions (6 Units).
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FIGURE 27. Weekly Fluctuations at John Day Dam ,
1990 Conditions (16 Units).
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FIGURE 28. Weekly Fluctuations at Bonneville Dam ,
1990 Conditions (Existing powerhouse plus
6-80 mw units . Minimum downstream release
85 ,000 cfs).
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Corps projects , hut it is hoped that the data will prove usefu l in
assisting other project operators develop more effective reservoir
regulation procedures . Some of the parameters involved in the study
are poo i fluctuat ions , minimum releases , and maximum rates of
tailwater fluctuation . Cons ideration will be given to the effect
of regu l ation on all activitie s on or adjacent to the reservoirs
and the open reaches below the reservoirs . Input will be solicited
from all interested agencies and organizations to insure that all
aspects and effects of reservoir regulation will he given adequate
consideration , and field tests will he conducted to verify the
criteria deve l oped through the study .

During periods of sustained high river flows , the plant
hydraulic capacities may occasionally he exceeded. tinder 1980
conditions , for example , it is estimated that on the average between
3 and 8 percent of the available energy will be spilled annually at
the mainstem Columbia plants (except for Rock Island , which will
sp ill nearly 30 percent). By 2020 , when full plant capabilities
have been attained and additional upstream storage is available
for regulation , spilled energy w ill he less than 1 percent except
for 5 percent at Bonneville and 35 perc~nt at Rock Island.

Regulated Tributary Fl ows

In addition to the mainstem projects previously discussed ,
major hydroelectric deve lopments are located or are under
construction in the following subbasins (see figure 5):

Columbi a River Tributari es

Kootenai
Cla r k Fo rk - Pen d Orel li e
Spok ane
Che Ian
Sn ake
I)eschutes
Wi 1 lamet te
Lewis
Cow ii t:

Coa stal St reams

Ska git - Baker
Nisqual ly
Skoko mi sh
North Iimpqua
Rogue

A number of sma l l e r , independent projec ts  are located on other
streaJns .
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liii’ ) I I I i C t  S 0fl the St team s ii s t t d  ahove g e n e r a l l y  ía] I
t o t  o t F lu  r ~ t t  y~~~~ r i es : ( I  the Cii !umh i a R i  vi’ r Ra s i n  powe r an t i
I oO(I C( i f l  I rI I 1 ‘~ V s t  ( Ill P I ( ~~J ‘.‘ Ct s , ( 2 ) i n dep end en t  sy s t e m s  of powe r

p r e t  cc t s , (3 )  t t t e j i e n d e i t  t p o s i t  i i  e et  s , and ( . 1) i nd e p e n d e n t
I I t i i t l COli t ro I I t t i l  r i  ~ a t  i on sy s t em  p r o j  oct  s . C e r t a i n  g e n e r a  I

I I l u F l i j i  t S F. t I  I ) t  in, iii’ ilhouit t l ie  operat i on of p r oj  oct  S ~i 1 each  ii
t i  ~ i ) i ’ I ( - S .  I T i I l i - c t s  i n  the  l a s t  th ree  ca t ego r i e s  w e r e

I i i  d a~ I ! I . I I ~~I I J 1 I I S  i t  Re sources  i n  t h e  sy s t e m  r e g u l a t i o n
st  i td c~ d i  ‘~c i j s — e t l  t i t u l ar  ‘~ t at ’  i n g  of F l e c t r i  c Power i)cve lopment

~~~,I ,

( ( r ( I 1 T l : t t ( i ( ; o l I l i ’ i ’  a R i v e t  ~ ~t c i f l  Pro  l o u t s

I n c l u d e d  i n  t h i s  c : t t i g o r v  a t e  t r i b u t a r y  p r o t e c t s  wh ich 1FF ’

hvdrauu Ii ca l i v  i i t t  i g  rated w i t  it i i i ’ . ma i nsten u ( o  Iumh i a p ro jec t  s for
p oser  and H 1 1 ) 1 1  (- H i l t  i- el  p u rp o se s . Ihi s in c l u d e s  p r oj e c t s  en t h e
kno t  ( t i a i  , I I i t  h i - a d . t I a r I~ l ’or ~ — P ond ~ re I l i e , Spokan e . Che I a n
i dd I - I it~ e • 

I I - . ri~ i t  e r , I i n ~ i r Sn;ib e , and I ) e s c h t i t  es R i v e r s
t ii i I F I S  J . ihe ses  ten ! Inc I t ides 1)0th St or ;ige p re) oct s wIt i ch t i c

r ( g i I  l a t  ed seasofl ;t  l i v  i i i  t h e  i n t e r e s t  -~ u t  p oser  and t l  m d  coot m l
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and r u n — o t -  r i  \ ‘er power  p ro  i i ct  s . t h e se  p r oj e c t s  , toget h e r w i t h
the  m a i  n s t em  p r o j e c t  ii st ed  i n  t ab  le .17 m a k e  t ip  the Coordinated
C o l u mb i a  R i v e r  Svst  c m .  I’h i s sy s t e m  meets  l i v e r  80 percent of the
presen t  load r eq i l i  i e t ’ i e t i t  5 of t l u i  t ( F ~ i ( i n .

Mont hly  I l o w  a r t  a t  i o n  w i I I  l i e  i ’e n cr a  I l v , as d e s c r i b e d  for
the m a i n s t e m  ( o u u t m h t u - — s l o t i i t  n t  su rp l u s  s t r ea n i f low i n  l a t e  sp r i n g
and c ar l ~ summe r an d r~ l t , i s e s  I t I I T I I  s to r a g e  d ur i n g l a t e  f a l l  , w i n t e r ,
and ear l ~ s p r i ng I t i g u i r t  2 2 ) .  I h n u t t i s  f l u c t u a t i o n s  from the r u n — o f
r i v e r  p l a n t s  ar e  a l s o  I l l !  t : t l  I~ S i l l I t t  to  t h o ~~e d e sc r i bed  for  t h e
m a i n s t e t i  o I u m b  I a pro  c u t  S

h o u r l y  f h u i c t u a t  o t is  i t  l i i i  . I n i  i u . - a n o u  t s  ~~i i v  sl as ti l i v .
D u r i n g  p e r i o d s  of  (I r : t  I t  • t h i  it s i 1 I i i ?  S I’ I a i F i t ,  I I  F I i i !  1
pe r iods  at f u l l  cap ;R i t e , wlu i I t  d u t i  i l L  I i  I i i - , ce  h i t c 1 c I i i i ~~ ~~t t t  m l ’ ,
re leases  for  powe r may l i e  i i  m u t ed  t ii um ~ c i -  i t i l t  i I ~h u r t  pt r i OilS a t
p e a k i n g ,  at w h i c h  t i m e s  t l u i c t u t : i t  i ons  u s e u i l d  l ie  s i t h i s t a n t  i a ! .  D u r i n g
o f f -peak  p e r i o d s , m i n i m u m  r e l ea se s  are  u s u a l l  m a i n t a i n e d  for
nonpo wer purposes .

I n the  f u t u r e , a~ mo re s torage  becomes a v a i l a b l e , the
m o n t h l y  f l u c t u a t i o n s  w i l l  decrease ( r e f e r  to d i scuss ion  of mains tem
( :olu mh i a m o n t h l y f l u i c t u i a t  i ons  I . On the other  hand , as the r m al
ge n e r a t i  on assumes an in c r e ;i s  i n g l v  l a rge r  share of the b ase load ,
these p r o j e c t s  w i  11 a l s o  be c a l  led on to operate more and more as
p e a k i n g  i n s t a l l a t i o n s . a nd t h e  d o w n s t r e a m  h o u r l  f low f l u c t u a t i o n s
w i l l  become gr ea t e r .  P r o v i s i o n  ha s  been made at many of these
p l a n t s  for  a d d i t i o n a l  u n i t s  to  meet these  p e a k i n g  demands (t ab le  3 3 ) .
\t  some p ro j ec t s  it  w i l l  l ie nec essary  to prov i de re r e g u l a t i n e
fac i  l i t i e s  to per m i t  t n !  I d e v e l o p m e n t  of the  p e a k i n g  p o t e n t i a l
w h i l e  m a i n t a i n i n g  d o w n s t r e a m  f l u c t u a t i o n s  w i t h i n  r easonable  l i m i t s .

I nde pendent  Systems of Power P r oj e c t s

There are i n  t h e  r e g i  on a numb er  of hy d r a u l i c a l l y  independent
s s tems of power p ro j ec t s , each locat ed on a s i n g l e  stream :uid genera l  lv
u nder  the control  of a s i n g l e  u t i l i t y .  These sys t e ms cons i s t  of a
seasonal storage r e s e r v o i r  and one or more g e n e r a t i n g  p l a n t s  located
downstream . An example would he Seattle City Li ght ’s Skag it River
system , consisting of a s to rage  r e s e r v o i r  and g e n e r a t i n g  p l a n t  a t
Ross and generating p lants at  I t i a b l o  and Corge . Other  s i m i l a r
systems are located on the Clackamas , l e w i s , Cowlit :, Skokomish ,

~is qu all v , Baker , and North llmpqua Rivers (figure 5 and t a b l e  I I ) ) .
I n  a d d i t i o n , Washington Vc’ a t e r  Power ’s system of projects on the
Spok ane R i v e r  and Idah o Power ’ s B r o w n l e e - Ox h o w - l i c l l s  Canyon 5 s tem
( t a b l e  48) are in many ways similar , hut  are hydraulicall y
integrated in the coordinated Columbia River system.
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TYp i c a l  op e r a t i o n  of these independ en t  sys t ems  i s  as
f o l l o w s :  Water  i s  s tored in  the ups t ream s torage  r e s e r v o i r s
du r i n g  the season of heavy runof f  and is re leased  as needed to
meet sy s t e m  loads .  W h i l e  the  seasonal r e g u l a t i o n  p a t t e r n  va r i e s
f r om sys tem to sys t em , depend ing  on the n a t u r a l  s t r c am f l o w  regime ,
gene ra l l ~’ sp e a k i n g ,  i t  can he s a i d  t ha t  t he  ope r a t i o n  of the
sys t ems  te nd to  reduce seasonal  f l u c t u a t i o n s  b y r educi n g t h e
a n n u a l  peak s  and i n c r e a s i n g  d ry season f l o w s .  Th i - h o u r l y f l u c t u a -
t i o n s  at these l an t s  arc dependent  on t h e  same f a c t o r s  as are  the
m a in s t e m  C o l u m b i a  p l a n t s .  \t  some of the  r u n - o f - r i v e r  p l a n t s ,
such as the  Spokane R i v e r  p l a n t s , both  h y d r a u l i c  c ap a c i t y  and
pondage are q u i t e  l i m i t e d , and f l u c t u a t i ons are c o m p a r a t i v ely
s m a l l .  At o ther  p l a n t s  , where  su f f i  ci cot pondag e i s  a v a i l a b l e , i t
has  been p o s s i b l e  to ~n s t r u l l  l a rge r  c a p a c i t ie s  and op era t e  as
p e a k i n g  p l a n t s , and as a r e s u l t , h o u r l y  f l u c t u a t i  ons are r e l a t  i v e l y
h i g h . H o w e v e r , to  m m i m i  :e f i  u c t u at  i oflS (I own s t  r eam , t he  f a r t h e s t
d o w n s t r e a m  p l a n t  u s u a l l y  se rve s  as a r e r e g u i l ;u t or  to  damp out t he
la rge  h o u r ly  f l u i c t u i a t  ions e x p e r i e n c e d  at  the  upper p l a n t s . In  t h e
case of the De schute s  R i v e r  sy s t e m , a s p e c i a l  r e r e g ul a t in g  dam wa s
c o n s t r u c t e d  b e l o w  the  l a s t  downs t ream p r o j e c t .

Tn the  f u t u r e , t hese  p r oj e c t s  wi  11 coot in u e  to op e r a te  more
and more as p e a k i n g  p l a n t s  ~d t h i n  t h e  l i m i t a t i o n s  of a v a l  l a h i e
pondag e and p l an t  c a p a c i  t v  . I t  i s  proh h le t h a t  a d d i t i o n a l
c a p a c i ty  wi  i i  he added at  some of these  ! > u - o i . - c t s .
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Ind ep end en t  Power P roj ec t s

Besides those projects i tic I u u d e d  in  t he  sy s t e m s  d e s c r i b e d
above , there are a numi’e r of s m a l l  si n g I t - — p u r p o s e  hv dr o  p r oj e c t s
wh i ch a rc  for a l l  p r a c t i c a l  purposes i i  d r ; i u i l  i cal 1~- in d e p e n d e n t  ot
t h e  o the r  hvdro  projects in t h e  r eg i on  ( t a )  h’ S~~) . I l u e s e  p r o l ec t s
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~U~(5 u s ua l  Tv  r u n — o f ~ r I v e r  p r o j e c t s  w i t h  I inu i t ed  pond iuge  . d e p e n d i n g
ma in  I v On n a t u r a l  ct  u ’eam f I ows t o t - cue rgv  . Because of t h e  l a c k  n t
ups t  ream s t o r a g e  and t h e  i i  un i t ed  pond age  ava l  I ah Ic , most  of t he
p l a n t s  were  des i gned to  opera te  at  h i g h  c ap a c i t y  f a c t  ors . For a
large p ar t  of t he  ‘.e a r  t he  f l o w s  ~r’e s u f f i c i e n t  to  pe run i t gen era -
t ion at  or nea r  f u l l  cap ac i  t v  . I )u r i  ng t h e  low f l o w  pen ods , t he
1 in t i ~.“d pondage is used to  p e r m i t  a c e r t a i n  amount  of p e a k i n g  , and
as a r e s u u  I t  , some h o u r l y  f l o w  f l u c t t i a t  ion  is e xp e r i e n c e d .  A few
of the  i n d ep e n d e n t  ~ot~’ e r p r oj  ec t s  do have  a s u b s t a n t i a l  amount of
ponda ge . wh i ch p e r m u  t - ~ a d d i t i o n a l  d a i l y  and w e e k l y f l e x i h  i 1 i t y  in
po~~’5r ( l p - - r a t  ion s . E x a m p l e s  a re  th e  C. .J . St r i k e  p r o j e c t  on t h e
t I pper  ~-~n a k e  and t h e  W h i t e  R i v e r  p r o i e c t  in the Puget Sound Subre g i on.
H o w e v e r , t l u e  ani o ’-nt of s t o r ag e  a v a i l a b l e  at most of these p r o j e c t s
i s  ~ o s m a l l  t h a t  t h c~- do no t  h a v e  any  si g n i f i  cant e f f e c t  on
sL ’a s o n a l  f l o w  ~‘a r i  at i Otis . ~1os t  of the  independen t  p r o j e c t s  are
c o mp a r a t i v e ly  o ld , and w i t h  a few e x c e p t i o n s  ( Lower Salmon and
B l i s s  on t h e  tI pper  Sn a k e  and tVh i te R i v e r  in the  Ikuget  Sound
S u b r e g i o n ) ,  no p r o v i s i o n  has been made for  i n s t a l l i ng  a d d i t i o n a l
c a p a c i  t ’.’ . T h e r e f o r e , i t  i s  not  ant i c i pated  t h a t  any s i g n i f i c a n t
change  in  oper a t  i o n  w i l l  occur  i n  the  f u t u r e , except at those  fe~s
p l a n t s  wh e r e  add i  t i ona l  capac i t v  w i  11 he i n s t a l l e d .  H oweve r , some
p r o j e c t s  may he r( ’C l e v e l o p e d  , poss ib ~~ as p e ;u k i  ng p l a n t s

- - - ~:‘ 9 0 * 1 1 .
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I_ndc p cnden  t I 1 ocs l t l l f l t  ?- (71 and I_r r~j~j lt_I (711 SVS t i  -n l s  i l I ld  P roj  cc t S

P1II5 C - r  f ’ac i  1~~t I C S  l ; I \ l  i l e C i l  i n s t a l l e d  it 5 n u m b e r  of m u l t i p l e —
t e s & ’ l v ( ’ l  1 ’ . C1~ t I ’ t l’ 111 ’t l .’ Ci ‘ r i m a rl  lv f l u  1100( 1 i ’ I l f l t  m l  a n d / o r

i rn  ga t  ion  ( t a t - i c  ~‘1 I .  \s s e ; l 5 u i n ~t l  o p - I t  i o n  c t  t h e s e  r ’ e S e rV o i  t s
i s  i i ’  r r~. u I l v  d ependen t  on t h e  I r 1~~t - i  F -a  rv  t ’ u i nc t  so n  • t h e  m o n t h l y f l o w
t I  11:1 O a t  I (1fl 5 Is’ j 11 n ’ ‘t he c i git i t  C a ll lv  a I t  ‘ c t  ed b e  pciu ~~’ r ope ra t  ions .
I l o we v C - r • Is I th Hi t h e  ((Sfl st l a  I l i t  S 1) 1 t h~ C’ ’ f l -~ i - r\ i i  I (in afl( 1 f l o o d
cont  r i ’l  opc r a t  i o n s  • a c e r t a i n  a m o unt  i l l  l a t  i t u i d e  i s  a v a u  l a b l e
ls’ l t i n  ucli Ji h o t i r l v  , ~i a i  lv  , and even  lseC ’h l v l 1 l I s l ’ i ~ r c ’ g i i l a t i o n  can
he u c c o ’ p  1 i 5f ie ~I

‘ I } i~’ h i g h  he ads  ova i I a l l  1 C ’ I t  some of t hese  p r  ‘ i  ect  s make
t h e n  p a r t  i c i i i  a r I v  I t  t u - a C ’ t I ye :us  p e a k  I n i  p l a n t s  . \ t  I ) t - t  ro I t C r e _ ~n

C - I c r , and I l l o k o u l t  P o i n t  . f l o o d  co t i t  F I l l  r e s er v o l  t - - ; i n  t he
l \ i  1 1 : 1 c C - t I C ’  B a s i n . r e r e g n l a t  i n g  rI SC - r e e l  I- --- 1 I :l v c  l , 1 1e 11  p r o v i d e d  to
o’ rd t p e a k i n g  ope r at  i oti s w i  t h o u i t  c ;tuS i l u g  eX c e - C i v e  downs t ream

I I  i c t u i a t  i on s  . Where re regu  let  ion i s  t i o t  p ro v i  (led , t h e  s i :c of the
i n s t ~u l  l a t  ion has  been 1 m i  t e d .  I n  a d d i t i o n  , S t  i p I i l a t C ’ d  m i n i  mum
r e lea s e s  and max i mum r a t e s  of c h an g e  i n  r e l e a s e  are  m a i n t a i n e d  at
a l l  of t h e  t~i 1 l a m e t t e  and Rogue R i v e r  B a s i n  f l ood  con t ro l
re -9 e  10. ( S i  rs
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At irrigation reservoirs , power generation is almost wholly
dependent on irrigat i on release requirements during the irri gation
season ; and , in some cases , a large part of the generat i on thus
obtained is used for irrigat ion pumping. As the irrigation release
demand is fairly steady during most of the season , relativel y little
fluctuation is experienced. During the non i rrigation season ,
however , a certain amount of flexibilit y in power operation is
p o s s i b l e , and hou r ly  f l u c t u a t i o n s  of the type described for the
mainstem Columbia projects will be experienced. However , the flow
available for power generation during the nonirrigation season is
limited by the need to store water for the subsequent irrigation
season .

Changes in the  m o n t h l y and h o u r ly  f l u c t u a t i on pat tern s may
occur at these projects in the future , hut the changes wil l he
related to the nonpower functions. At a few projects , however , it
is possible that additional capacity may he added to increase their
peaking capability. Examples are Cougar in the Willamette and
Palisades in the Upper Snake Subregions . Reregulation would he
required at these plants to permit full utilization of their
peaking potential.

185



131 RI .  I ( ~~;RA p l  IY

1 . \t om i c Ene rgv Comm i ss i on , Nuc l ear 1. ors and E ar t h quakes
Technica l  I n f orma t  i o n  I ) o cum ent  7021 , Augus t  1963.

. .  B a t t e l l e — M e m o r i a l  I n s t i t u t e , N u c l e a r  Power Plant Siting in
t h e Pac i f i c  N o r t h w e s t  for B o n n e v i  lie Power A dministration,
R i c h i a n d , W as h i n g t o n , J u l y  1 , 1967.

3. Bess cv , Roy I . , Pub i i  c i s sues~~~f ’i i d d l e :~nake R i v e r  I)evc lo,pment,
B u l l e t i n  N o .  9 , W a s h i n g t o n  S t a t t  I t i v i s  ion of Power Resources ,
Ol ympia , Washington , lP i - 1 .

4 . Bus i ness R e v i e w  , We lls 1:argo Haul.. , ‘‘Th e World at I.arge , ‘‘
January 1967 .

5. C a n a dj  an l ) ep a r t m c n t  of Fnergv , Mines and Resources , Inland
W ate r Branch , E l e c t r ic Power in Canada ,  1966, O t t awa , 1967.

6. Columbi a  B a s i n  I n t e r - A gency C o m m i t t e e , Power P l a n n i n g
Subcommittee , Plant l) at a  Sheets  of Hydroelectric and Steam-
Electric Plants of the Pacific Northwest , Port l and , Oregon ,
June 1900 ( r e v .  Oc tober  31 , 1967)

7. Columb i an, “Me r r i l l ’ s P la n Axed by  PUE ) , ” Vancouver , Was h i ngto n ,
Ma~’ 15 , 1970.

8. 11 .5 . Department of Commerce , Bureau of the Census , U.S. Census
of Ilous i ng, Covernment P r i n t i n g  Of f ice  1960 .

9. Federa l Power Commission , ~~droelectric Power Resources of the
United States-1968, Wash ington , P. C., 1968.

10. Federal Power Commission , Bureau of Power , Problems in Disposal
of Waste Heat from Steam Electric Plants, 1970 National Power
Survey , 1969.

11 . U .S. l)epartment of the Interior , Bonneville Power Administration ,
System Power Study 76-li , Portland , Oregon , 1970 .

12. U . S .  E)epartment of the Inter ior , Bonneville Power Administration ,
Electric Power Plants in the Pacific Northwest and Adjacent
Areas, December 31, 1969, port l and , Oregon , 1970.

13. U.S. I)epartment of the Interior , Bureau of Reclamation ,
Challis Project, Idaho, Boise , Idaho , March 1964.

i~l. U.S. Department of the Interior , Bureau of Reclamation ,
Southwest Idaho Water I)cvclopment Project, Boise , Idah o,
.June 1966.

187

- 

‘. ( ~~~~~~~~~ PAGE BIANK.NOT ?ILMED



15. Coordinating (;roup , Northwest Power Pool , Pac i fic Northwest
Coordinatio~~,~~rcement Plan t Data , Portland , Oregon , 1968
(p lus  supplements )

16. Coord i nating Group , N o r t h w e s t  Power Pool , Nor thwes t  Power
Pool Op e r a t i o n s  R e v i e w  for  1968-69, P o r t l a n d , Oregon ,
Augus t 1969 .

17. I inergv  S t a f f , O f f i c e  of Science and Technology , Considerations
Affectin g Steam Power Plant Site Selection , Washington , D.C.,
December 1968.

18. Pacific Northwest Power Company , Power Production Study of
Mountain Shc~p~~ l~in - No. I (Exhibit R-22 before Federa l Power
Commission in the matter of Pacific Northwest Power Company
Project No. 2243 and Washington Public Power Supp ly System
P r o j e c t  N o .  2 2 7 3 ) ,  Spokane , Washington , A pril 1968.

19. Pacific Northwest Power Company , App lication for L i c e n s e  for
Middle Snake R i v e r  l !,ydroe l cctric Project, Fifth Amendment,
Spokane , Was h i n g t o n , O c tober  1969.

20. Pacific Northwest lJ ti~~it ies Conference Committee , West Group
I:orecast of Power I.oads and Resources,  February 1 , 1968.

21. Pacific Northwest River Basins Commission , Columbia-North
Pacific T e c h n i c a l  Staff , Columbia-North Pacific Reg ion
Comprehensive Framework Study, Appendix V, Water Resources,
\‘ancouver , Washington , March  1969 (preliminary draft )

22. Pacific Northwest River Basins Commission , Power Planning
Committee , Review of Power Planning in the P a c i f i c  N o r t h w e s t ,
Calendar Ye a r 1968 , \ ‘ a n c o u ve r , Washington , 1969 .

23. P a c i f i c  N o r t h w e s t  R i v e r  Bas ins  Commiss ion , Power  P l a nn i n g
Committee , Pow cr Hcsources of Il y d roe lec t r i c  P roj ec ts  w i t h
lly drauli c Operations Independent of the Columbia R i v e r  Sy s t e m ,
Vancouver , W ash i n g t o n , 19 70.

24.  P a c i f i c  N o r t h w e s t  R i v e r  Bas ins  C o m m i s s i o n , Power Planning
Committee , Review of Power Planning in the Pacific Northwest,
Calendar Year 1969, Vancouver , Washington , 1970.

25. Pacific Northwest River Basins Commission , Willam ette Basin
Task Force , Wi llam ette Basin Comprehens i ve Study of Water  and
Related l and Resources- -Appendix  J (Power), Vancouver ,
Was h i ngton , 1970 .

188



2o. P a c i f i c  Nor thwes t  R i v e r  B a s i n s  Commiss ion , W i l l a m et t e  Basin
lask Force , Willamette Basin  Comprehensive Study of Water and
and Related Land Uses, Appendix M, Pl an Formulation, Vancoi~~er,
Washington , 1970 .

27. Pacific Northwest River Basins Commission , Puget Sound l’ask
I : o rc ., , Puget Sound and A d j a c e n t  Waters, Comprehensive Water
Resource Stud y, Ap p e n d i x  I X , Power , Vancouver , W a s h i n g t o n , 1970.

2 S .  P a c i f i c  N o r t h w e s t  R i v e r  Bas ins  Commiss ion , Puget Sound Task
Force , Pugct  Sound and A d i a c e n t  Wate rs ,  Comprehensive W ate r
Resou rces  Stud s’, A p p e n d i x  XV , P l a n  F o r m u l a t i o n ,  Vancouver ,
W a s h i n g t o n , 1970.

29 .  St a r r . 1 ; i l  lman  , and Fu l  1’.-r , C o o r d i n a t i o n  of Large N u c l e a r
Power P l a n t s  w i t h  P a c i f i c  Nor thwes t  ll y dro System, Proceedings
of the American Power Conference , Vol . 31 , p. 773, 1969 .

30. U . S .  Arm y , Corps of Eng inee r s , ‘l’he Co lumbia  R ive r ,  House
Document 531 , 81st Congress , 2nd Session , 1950.

31. 11 .5. Army , Corp s of Eng ineers , Middle Snake R i v e r ,  Senate
Document 51 , 84th Congress , 1st Session , 1955.

32. U . S .  Army , Corps of Eng ineers , W a l l a  W alla District ,
11 .5. Denartment of the Interior , Bureau of Reclamation ,
Reg ion 1 , Upper Snake R i v e r  Basin , Volume I , Summary Report ,
la! la Wal Ia , W ash i n g to n , 19o1

33. U.S. Army , Corps of Eng i neers , Columbia River and Tributaries
House Document .103 , 87th  Congress , 2nd Session , 1962 .

34 . U.S. Army , Corps of Eng ineers , Power Plant Studies, Dworshak
11am and Reservoir (Supplement No. 2 to Design Memorandum
No. 3), W a l l a  Wa lla , Washington , November 1964.

35. U.S. Army , Corps of Eng ineers , North Pacific Division ,
Columbia B asin  Power Pondage Studies, Part 1, 1985 Conditions ,
Port l and , Oregon , September 1965.

36. U . S .  Ar m ’,’ , Corps of Eng ineers , North Pacific l)ivision ,
System Power Study CF-l-1980, Portland , Oregon , 1967.

37 . 11 .5. -\ rmv , Corps of Engineers , North Pacific Division ,

~~
s J2.~~Lst

udy Cl:~ 13_l990, Portland , Oregon , 1967.

38. U . S .  Army , Corps of Eng ineers , Memorandum Report on Clark Fork
B a s i n ,  Montana , for  the Federal Power Commission , Seattle ,
Washington , September 1967.

189 



39. U . S . Army , Corps of Engineers , W a l l a  W a l l a  District ,
Upper Snake River , Interim Report No. 6, Lucky Peak
Powerplant  and ‘I’w i n  Sp r ings  l)am and Reservoir,  W a l l a  W a l l a ,
Washington , March 1968.

40. U.S. Army , Corps of Engineers , Snogualmie River, Washington ,
Seattle , Washington , March 1968.

41. U.S. Army, Corps of Engineers , North Pacific Division ,
Pumped-Storage Potential of the Pacific Northwest
(preliminary draft) Portland , Oregon , October 1968.

42. U . S . Army , Corps of Engineers , Ben Franklin Lock, Dam and
Reservoir, Seattle , Washing ton , 1969.

43. U . S .  Army , Corps of Eng ineers , North Pacific Division ,

~ystem Power Study NP-5-2010, Portland , Oregon , 1969.

44.  U.S. Army , Corps of Eng ineers , North Pacific Division ,
Hydraulic Capacities of Columbia and Snake River Hydroelectric
Plants, December 5, 1969 .

45. U . S .  Army , Corps of Eng ineers , North Pacific Division ,
System Power Study NP-6-2010, Portland , Oregon , 1970 .

46. U.S. Army , Corps of Eng ineers , North Pacific Division ,
System Power Studv NP-7-l980, Portland , Oregon , 1970.

47 . U.S. Army , Corps of Engineers , North Pacific Division ,
System Power Study AOl ’ 1975-76, Portland , Oregon , 1970.

48. Washington Public Power Supply System , Amended Application
for [,icense, Nez Perce Project ,  Kennewick , Washington ,
August 19 , 1960.

49. Water Resources Council , Guidelines for Framework Studies,
Washington , B. C., October 1967.

50. :cller , Robert W., et al , A Survey of Thermal Power Plant
Cooling Facilities , Pollution Contro l Council , Pac if ic
Northwest Area , Apr il 1969.

190



0 L 0 S S A R Y

APPLIANCE SATURATION - Ratio of the number of homes using a specific
appliance to the total number of homes .

AVERAGE MEGAWATT - A unit of average energy output over a specified
time period (total energy in megawatt-hours divided by the
number of hours in  the time period) .

BASE 1.OA[) - See Load , Base.

B1,OWDOWN - Water drawn from boile r systems and cold water basins
of cooling towers to prevent buildu p of solids concentrations .
U sually contains chemicals used for pH adjustment and slime
control.

B R I T I S H  THERMA l. U N I T  ( B t u )  - The standard unit for measurement of
the amount of heat energy , such as the heat content of fuel.
Equal  to t h e  amount of heat  energy necessary to raise the
temperature of one pound of water one degree Fahrenheit.

CAPABILITY - The maximum load w h i c h  a generator , turbine , power
pl ant , transmission circuit , or power system can supply
under specified conditions for a given time interval without
exceeding  approved l i m i t s  of t empera tu re  and s t ress .

M aximum P l a n t  C ap a b i l i ty  (Il y dro) The maximum load wh i ch a
— hydroelectric plant can supply under optimum head and

f low c o n d i t i o n s  w i t l ~out exceeding approved l im i t s
of temperature and stress. This may be less than the
overload rating of the generators due to encroachment
of tai lwater on head at hig h discharges .

Peaking Capahili~fl - The maximum peak load tha t  can be
supplied by a generating unit , station , or system in a
stated time period . For a hydro project the peaking
capability would he equal to the maximum plant capa-
bi lity onl y under favorable pool and flow conditions ,
often the peaking capability may he less due to reser-
voir drawdown or tailwater encroachment .

Ultimate Plant Capability (H ydro) - The maximum plant capa-
bili ty of a hydroelectr ic plan t when all contemplated
generating units have been installed.
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CAPACITY - The load for wh i ch a generator , tr ;’nsmission circuit ,
power plant , or sy stem is rat ~~~ . (

~~ 1~~ c I t y  i s  a I ~u used
synonymous lv  w i t h  ca ;- a l ~ j i l t

Dependable Cap~~ it v - ‘l’he loa d -c ;irrvin g a b i l i t y  of a s t a t i o n
or sys tem under advers e c o n d i t i o n s  for  the t i m e  i n t e r v a l
and period s p e c i f i e d  when r e l a t e d  to the  c h a r a c t e r i s t i c s
of the load to he s u p p l i e d .  Fo r hvdr o pr o jec t s  th e
term refers to the  c a p a b i l i t y  i n  the  most adve rsc month
in t he c r i t i c a l  pe r iod - - .January 1932 in the case of the
1928-32 critical period .

Firm Capac i t~ - Capacity wh i ch has assured availability to
the customer on a demand basis. System firm capacity
cons i s t s  e s s e n t i a l l y of hydro  sy s t e m  depen dable  capa c i t y
p l u s  the rmal  p lan t  i n s t a l l e d  capacity p lus f i r m  imports
minus maintenance and forced outage reserves .

Hydraulic Capacity - The m a x i m u m  f low wh i ch a hyd roe l ec t r i c
plant can u t i l i : e  for  power gene ra t ion .

Insta lled Capacity - Same as nameplate capacity unless
otherwise specified .

Nameplate Capac ity - The nominal  rated capaci ty  of a
g e ne r a t i n g  u n i t  or o t h e r  s i m i l a r  apparatus . The t erm
gives an indication of t h e  approximate generating capa-
bility of the unit , but in many cases the unit is capable
of generating on a continuous basis substantial ly more
than the namep l ate capacity (see Overload C a p a c i t y ,
below).

Overload C apa c i ty  - The maximum load t h a t  a machine ,
apparatus , or dev i c e  can carry for a s p e c i f i e d  p e r i o d
of time under specified conditions when operating beyond
its nameplate rating but within the limits of the  manu-
facturer ’s guarantee or , in the case of expiration of
the guarantee , within safe limits as determined by the
owner. For examp le , most of the generators installed
in the region ’s newer hydroelectric plants have a
continuous overload capacity of 115 percen t of the
nameplate capac ity .

Peaking~ Capac~fl~ - Same as Peakin g Capab i l i ty .

Reserve Capac i~~ - Extra generating capacity available to
meet unanticipate d demands for power or to generate
power in the event of loss of generation resulting from
scheduled or unscheduled outages of regularly used
generat ing capacity.
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CAPACITY l ACTOR - The ratio of the average load on the generating
plant for t h e  period of time’ cons i dered to the capacity
rating of the plant . Unless otherwise identified , capacity
f a c t o r  is  computed on an a n n u a l  b a s i s .  In this App end ix ,
the c a p a c i ty  f a c t o r  of a hvdro  p l a n t  is based on maximum
p l a n t  c a p a b i l i t y  and assumed load equal to the average
annua l  energy .

C I R C U I A T I N(; IV .-Vl ’E R - See Condenser  c o o l i n g  water. In a closed-
cy cle cooling sy stem , this refers to the heated water from
the condenser wh i ch is cooled , usually by evaporative means ,
and recycled through the  condenser.

( ON I ) l . N Sl .R  COOLIN G W V F L R  - W a t e r  r e qu i r ed  to  condense the steam
a f t e r  i t s  d i scha rge  from a s team t u r b i n e .

C O N V L N l I O N A I .  HYDROELECTRIC PLANT - A h y d r o e l e c t r i c  power p lan t
wh i ch u t i l i : e s  streamfiow onl y once as i t  passes downstream ,
as opposed to a pumped-storage p lan t  which  rec i rcu la tes  a l l
or a port i on of the  s t r eamf iow in the  product ion of power.

cooLlN (;  hATER CONSUMPTION - The c o o l i n g  w a te r  wi thdr awn from the
source supply i n g a generating p lant which is lost to the
atmos phere . Caused p r i m a r i l y b y evaporative cooling of the
hea ted  w ate r com i ng from the condenser.  The amount of
consumption ( loss)  is dependent on the type of cooling
employed--di rec t  (once- throug h)  coo l ing  pond , or cooling
towe r. When not returned to  the source of supply,  blowdown
is a l s o in cl uded as a consumptive loss.

COOL I NG W .V lE R LOAD - Wast e ’ heat  energy d i s s ipa ted  b y the cool ing
water.

COOLING WATER RE QU I R E M E N T  - The amount of water needed to pass
through the condensing unit in order to condense the steam
to water. This amount is dependent on the type of cooling
employed and water temperature .

COORDINATED COLUMBIA RIVER SYSTEM - Contractua l ly, the system of
hydroelectric projects located on the Columbia River and
major tributaries which are operated together on a coordinated
basis under the term s of the Pacific Northwest Coordination
Agreement . The term is sometimes used in a more genera l
sense to include also those projects which are operated by
utilities not participating in the Coordin at ion Agre emen t .

COORI )INAF B)N AGRE E MENT - See pages 31-34.

CRITI CAL PERIOD - Period when the limi tat ions of hydroe lect ric
power supply due to water conditions are most critical with
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respect to system energy requirements. For a discussion of
the’ cr i ti c al p er i o d  as i t  a p p l i e s  to the reg ional hydro-
electric system , r~ fer t o  page  l3~~.

CR ITICAl. WATER Y EAR - .\ t e r m  somet imes  used in te rchangeab ly  w i t h
C r i t i c a l  Per iod when t h e  c r i t i c a l  p e r iod  f a l l s  w i t h i n  one
op e r a t i n g  ~‘car .  Ihe  term will lose all si gnifi cance when
the  s y s t e m  moves  i n t o  a mu l t i -y e a r  c r i t i c a l  per iod (see
page 136) .

DEMAN D - The rate at w h i c h  e l e c t r i c  ene rg y is d e l i v ered to or b y a
sy s t e m  at i g iven  i n s t a n t  or averaged over any designated
period of time , cxpr ssed in  k i l o w a t t s  or other  s u i t a b l e
u n i t s .

DRAW E ) OWN - The d i s t a n c e  t h a t  t h e  water  surface of a r ese rvo i r  i s
lowered  f rom a g iven e l e v a t i o n  as the  resu l t  of t he  w i t h -
drawal of water. In specific cases in this Appendix , draw -
down may refe r to the maximum drawdown for power operation ,
from normal  f u l l  pool to  minimum power p o o i .  Somet imes
drawdow n i s  a l s o  expressed  i n  term s of a c r e - f e e t  of s torage
w i t h d r a w n .

ELECTRO- P R OcE SS INI ) USTRY - . \n  i ndus t ry wh i ch requi res very large
amounts  of e l e c t r i c i t y  i n  m a n u f a c t u r i n g  for heat or chemica l
processes (as d i s t i n g u i s h e d  from wheel -turning or mechanical
a p p l i c a t i o n s ). Examp les are e l e c t r i c  furnace  s t ee l , a l u m i n u m ,
an d c h l o r i n e.

LNER (;Y - I h a t  wh i ch does or i s  capab le  of d o i n g  work . I t  is measured
in  te rms of t i l e  w o r k  i t  is  capable  of d o i n g ;  e l e c t r i c  energy
is  commonl y  measured  in k i l o w a t t - h o u r s  or average m e g a w a t t s .

Aver ag e Annua l J n e r g y  - .- \ ve rage  annua l energy genera ted  bc
a hydroelectric project or S stem over a specified
p c ’r i od .  I n  t h e  P a c i f i c  N o r t h w e s t  t he  average ou tpu t  of
most  p r o l e c t s  i s  based on t h e  h i s t o r i c al  f l o w s  experi-
en c e d  d u r i n g  t h e  p e r i o d  19 2 8— 58 , as modi f i ed  by appro-
p r i a t e  i r r i g a t i o n dep l e t i o n s.

F i r m Energy - E l e c t r i c  energy w h i c h  is considered to have
assured a v a i l a b i l i t y  to the customer to meet all or any
agreed upon port i on of h i s  l oad requi rements. Firm
energy is based on ce r t a in  s p e c i f i e d  p r o h ah i l ~ t y
considerat i ons , whi ch , in the Pacific Northwest , are
r e l a t e d  to th e  1928-58 sequence of h i s t o r i c al  st r e a m fl o w s
adopted for ma king system power regulat i ons . System
f i r m  energy c a p a b i l i t y  includes h ydro system pr ime
energy , thermal plant energy capabilities , and firm
imports .
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Prime Energy - Hy d r o e l e c t r i c  energy wh i ch  is assumed to he
avai  lab Jo IOU p er c en t  of t h e  time : spe cifically, the
ave rage cue rgv gen er a t e d  d u r i n g  the  cri t i cal p e r i o d .

Seco ndary l iw r~v - A l 1 hvdr oelc ct ri c energy other than
pr ime energy :  spec i f’i Cal  I s ’ , the  di f ference between
ave rage an n n ;t  1 c f l t  rgy and p r i m e  energy .

U s a b l e  Energy - \ 11 h y droe lec t  i c  ener gY wh i c h  can be used
i n m e e t i n g  sy s t e m  f i r m  and secondary loads . In the
ear l  y ea r s  of this study , it is  pos s ib l e  that  there may
not be a m a r k e t  f o r  a 11 of tile secondary energy wh i ch
could he gene ra t ed  in  y e ar s  of abundant water  supp l y
and some of the  w at e r  max ’ have ’ to he d i v e r t e d  over
pro ject spi llwavs ;iad th e  ene rgy  w a s t e d .

EN E RGY CONTF~ T CURVE - .\ se a s o na l  gu i d e  to the  use of reservoir
storage for  a t - s i te  and d ow n s t r e a m  power g e n e r a t i o n . I t  is
b ased on tile f o l l o w i n g  c o n s t r a i n t s :  ( 1 )  D u r i n g  d r awdow n
s u f f i c i e n t  s t o r a ge  s ha l l  r e m a in  i n  t h e  r e s e r v o i r  to in su re
m e e t i n g  i t s  shire of the system f i r m  energy  r e qu i rem en t s  in
the even t of critical Period water conditions , ( 2 )  Draf t  of
st orage for  secondary  energy p r o d u c t i o n  is pe rmitted only
to the extent t h a t  i t  w i l l  no t  j e o p a r d i z e  reservoir  r e f i l l  by
t he’ end of t h e  comin ~ J u l y .  Draf t ing be low the  as sured r e f i l l
le vel  is  p e r m i t t e d  on l y i t ’ requi red  to  meet f i r m  energy loads
or i f  such d ra f t  is  s e c u r e d by  a commi tmen t  to r eturn energy
eq u i v a l e n t  to  the  d r a f t e d  w a t e r  i f  r e f i l l  is  not o therwise
a c c o mp l i s h e d .

ENERG Y DEMANI ) - See I ) em and.

F I R M  — A s s u r e d .

F I kM I.OAl ) CAR R Y I NC CAPA BI L IT Y ( 1:l ,CC) — The fj  rm load t h a t  a svs  tem
— 

could irrv under coordinated  operat ion under critical period
streamfiow conditions w ith the use of a l l  reservoir storage
(refe r to page 33) . ~Iore  sped f i c  te rm s are F i r m  L r iu ’ rgv
Load C a r r y i n g  C a p a b i l i t y  (F EL CC) and F i rm I’ eak Load Carry ing
Ca p a b i l i t y  (F P I . C C ) . The genera l  t e rm re f er s  c o l l e c t i v e l y  to
both .

FOREBAY - ‘Ihe impoundment i mmedi ately above a dam or h y d r o e l e c t r i c
pla n t int ake structure .

FOSSIL FUELS - C o i l , o i l , n at u r a l gas , and o t h e r  f u e l s  o r i g ina t i ng
from fossilized geolog ic deposits and depending  on oxidation
for release of energy .
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G E N E R A I I O N  - The act or process of producing electri c energy from
o t h e r  forms of e ’nerg \ ’ ; a l s o  the ’ amou n t o f e l e c t r ic  en e rgy
so produced.

G I GA W VrI — One m i l l i o n  k i l o w a t t s .

I I I .  \ I )
( ross h ead - ‘I’he d i f f e rence of e l eva t i ons between w a t e r

surfaces  of t h e  forehay and t a i l r a c e  under  spec i f i ed
conditions . In this Appendix , gross head generally
re fers to  tile d i f f e rence between normal  f u l l  pool and
average t a i  i w a t e r .

N et h ead (E f f e c t  ive  Head ) - ‘I’h e g ross head less a l l
h v d r a u l  i c l a s ses  e.~ce pt those  chargeable  to the  tu rb ine .

JO VI RU I: - A measure of g e n e r a t i n g  s t a t i o n  thermal  e f f i c i  ency ,
gene r a l l y  expressed as Btu per (net)  k i l o w a t t - h o u r . I t  is
comp u ted b y d i v i d i n g  tile t o t a l  Btu content of the fue l
bu rned (or  of h ea t  r e leased  from a nuc lea r  reactor)  by the
r e s u l t i n g  net  k i l o w a t t - h o u r s  generated.

II YD R AI J I. I (‘ CA P A ( ’ 
II Y — See C a p a c i t y ,  I lv drau l ic

I N I ) l P I \ I ) L N !  RESOIJRCFS ( II Y I ) R O L L E C ’l ’RI C ) - The h y d r o e l e c t r i c  p ro jec t s
of the reg io n wh i ch are not inc luded  in  the Coordinated
(;ol um l ) ia  R i v e r  Sys tem (see page 135)

IMPORTS - Power impor ted  from outs ide  the C o l u m b i a - N o r t h  P a c i f i c
Reg ion sy s t e m be’ing c o n s i d er e d , i n  t h i s  App en d i x .

I N F E R T I I  - See I r a n s m i s s i  on In t e r connec t  ion .

K I l O W A T T  ( k w )  - The e l e c t r i c a l  u n i t  of power w h i c h  equals 1 ,000
w a t t s  or 1 .3 4 1  horsepower .

KILOWATT-h OUR (kwh) - The bas i c  u n i t  of electrical energy . It
equals one kilowatt of power app lied for one hour .

LOAD - ‘I’he amount of power delivered to a given point .

Base Load - ‘rhe minimum load in a stated period of time .

Fi rm Load - I ’hat part  of the sys tem load which  mus t he met
w i t h  f i rm Power ’ .

Peak Load - L i t e r a l l y ,  the maximum load in a stated period
of time . Sometimes the term is used in  a genera l
sense to describe that portion of the load above the
base load .
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DIVERSITY - l i t e r a l l y  re fe r s  to the  d i f f e rence be twe en  ( I )  the
sum of t h e  s e p a r a t e  peak loads of two or more load areas and
( 2 )  t h e  a c t u a l  coi nc I dent  peak load of the combined areas
.\s used in t h i s  Appendix , t h e  t e rm ap p l i e s  to th e load
d i u e r s i t v  be twee n two load  areas wh ich  occurs when t h e i r
annua l peak loads  occur in d i f f e r e n t  seasons of the yea r .

I OAIJ L\Th)R - The r a t i o  of t he  average load over a desi gn ated
pei’ I od t o  the  peak load occ u r r i n g  i n tha t  pcr i o d . In t h i s
\~ pend i x the  term app i los  to  annua l  load f ac to r  u n l e s s
o t h e r w i s e ’  s p e c i t i e ’ d .

I,OAI ) SI (A PE  ( lO AI )  PATTERN) — The charac t e  I~ st Ic van at i on in  the
m ag n i t u d e  o f th~~~ owe ’r load w i t h  respect to t ime . l’his
can be for a dai 1 v , w e e k ly , or annual  period .

LOS~~1S (I LEC 1’RIC S l S I E M (  - i’o t a l  el e c t r i c  energy loss in the
e l e c t r ic  sy s t e m . I t  c o n s i s t s  of t r a n s m i s s i o n , t r ans fo rma t i on ,
and d i s t r i b u t i o n  losses and u n a c c o u n t e d - f o r  energy losses
between sources of suppl\  ari d p o in t s  of def lv erv .

( mw ) — One t hous ari d k i I owat t s

“ II C \ W V F ’ I — I  01 JR (mwh ) — One thou~ and k i 1 owat t —hours

N t)R ’1.\l , F I J I , I .  POO L - The max i mum fo rebav  w a t e r  su r face  e l e v a t i o n
w i t h i n  t he  re ser v o i r ’ s normal  o p e r a t i n g  range .

NORT h WEST POWE R 1100! — See page 27 .

P \ C  IF  IC N OR ’I ’IJ WE S ’F COORDI N A T I )N ACRLLMI :N r  — See pages 31 — 34

PEAK l OAI ) — See’ Load , I 1 eak

P E A K I N G  - Power p l a n t  opera t i on  to meet the variab le port ion of
t h e dai lv load . See l oad , l e a k .

P E A K I N G  PI.ANT - A p o w er  p l a n t  w h i c h  is normally operated to
provide  a l l  or most of its generat ion dur i ng maximum load
periods .

PENS TO CK - A conduit to carry water to t h e  t u rb i n e s  of a h y d ro-
e l e c t r i c  p l a n t  ( u s u a l l y re f e r s onl y to  conduits wh i ch are
unde r pressure).

PLANT FACTOR - Same as Capacity Factor.

- Reservoir power storage capac i ty  of limited magnitude
that provides only daily or weekl y regulation of streamfiow .
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PO WER — l i r e  t i m e  r a t e  of t ransferring en & ‘r ’py . N u t  c — — ‘I he term is
f requent lv  u sed i n  a broad sense , as a commodi  c v  of ca 1ei c i  ty
and ener’gv , h a v i n g  u n I v  genera l IssoL i ation w ith clas sic or
sd ( ‘Ut i H c meafl i rig .

1 m m  P owe r  - Power wh i cli is cons ide  red t o  have assured
ava i lab i li t  v t o  the cu~ t o n e r  to  meet ill or any agreed
upon p r t  i o n  of ii 1 s load requl rement s . I t i 5 f i rm
e’nergv sup p o r t e d  be sul ’f i  c i  c’nt e ap ac  i t y  to fit the load
pat i e’ rn . ‘l ’he aVai  lab i l i t  V of f i  rm pow e’r is b~tsed on
t h e  same p roh ;rb i l i t  e cons dera t  i o n s  as is  f i  rm energy .

I n t e_rr~j~t i b l e ’  l’ urcer — Non t i rm power; power made ava i 1 31) Ic
u n d e r  agreements  wh i CII per m i  t c u r t a i l m e n t  or cessat i on
of d e l i  ~cr” he t h e  supp l i c ’r. In  the  Pa d f i  c N o r t h w e s t
in terruptible powe r loads arc’ met w i t h  secondary hy d r o
d l i ’ ‘gv

i r i m e  ( ‘ ower — I ’ n im e  e n e r gy  shaped to  f i t  the  reg iona l  load
p~tt t e r n

Secondary Powe r - Same as Secondary Lner ’ gv .

POt~I R  hf : ~!\N [~ 5ec Demand

l’OWi:R SIJPPI ,Y A R L \  - Geograp h i c  g roup ing  of e l e c t r i c  pow er  supp l ies
as es tai l i shed by t h e  Fede ca l  Power Co m m i s s i  on in accordance
w i th  ut I i i  t~’ se cv i  cc a r eas

PE J M P LI )  S I O R A G E  I’I •\N’F — \ h droe’ k e t  n e  power p l a n t  wh i ch generates
e lec t r i c  energy  for  peak load usc’ he u t i l i z i n g  w a t e r  pumped
i n t o  a st  or age I’esc’ rv Oi r dun r ig o f f -peak  per iods . Refe r
also t o  pag es Sr’— ST

P H , I H \T I O N  ( h y d r o e l e c t r i c  Sy s t em )  - See  pages 1 3 1 - 1 3 5 .

R E R E G I J I , A T I N ( ;  RJ H P \ U I R  — \ r e s e r v o i r  l o c a t e d  downstream from a
hydroc b e t  ci  c p e a k i n g  p I a n t  h a v i n g  s u f f i  d en t  pondage t o
s to re  t he w i il e ’ l y f l u c t u a t  in g  d i s c h a r g e s  from tile p e a k i n g
p l an t  and r’e lease  them i n a relativel y on i form manner
dow nst  ream .

R ER E G U I , A TOR — See Re re gr i  I a t  i ng R i s e  rv () i r .

RI ~S ERV ES
Reserve (j enc rat i n~ 

(
~ j~~~it~’ - See C a p a c i t y ,  Reserve .

Sp i nn i n g  Reserve — ;e ’ircrat ing  cap a ci  t v  connec ted  to the
bus and ready to  t ake  load .  I t  a l so  i n c l u d e s  c ap a c i ty
avui  lab li’ in gene  r at  i ng u n i t s  wh i cii are op e r a t i n g  at
les s than t h e i r  c a p a b i l i t y .
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Sys tem Reserve  C ap a c i t y  - l’he difference between the avai l-
able  dependable  capacit y of the system , including net
f i rm p owe r pu rc h ases , and the  a c t u a l  o r a n t i c i pated
peak load for a specified period.

RULE CURVE - A seasonal guide to the use of reservoir storage .

RUN-Oh -LANAI ,_ PLANT - N h v d r o e l e c t  r i  c p la nt  s imi lar  to  a run-of -  r i v e r
p l a n t  b u t  loca ted  on an i r r i g a t i o n c a n a l  or w a t e r w : r v  instead
of a s t rea m.

R U N — O F — R I V E R  Ph ,A N ’F — N hv ~l r , t ’ l e ’c t  n c  p la nt  w h i c h  depends c h i e f l y
on t he  flow of a ~ t ream as i t  occurs for  g e n e r a t i o n , as
opposed to a st  o r a e  p I i i  cc t , wh r I cii has  s u f f i  c i  ent  St orage
c a p a c i t y  to  c a r r  w a t e r  f rom one season to another .  Some
r u n - o f - r i v e r  p ro i ee ’t s  hav e  a l i m i t e d  s torage  c ap a c i t y
( pondage i w h i c h  p e r m i t s  t hem to r egu la t e  s t r e a m f l o w  on a
d a i l y  or w e e k l y  b a s i s .

sro~~ ci~
Dead Sto rage - The v o l u m e ot wa te r  r e m a i n i n g  in a r e se rvo i r

af t e r  a l l  of the  u s a b l e  s torage  has been w i t h d r a w n .

Gross (Total)— Ih i ’ t o t a l  v o lume  ui  w a t e r  i n  a r e se rvo i r  at
norma l f u l l  poo l

Seasonal  Storage - Ic a te r  h e l d  over from the annual  hi gh-
w a t e r  season to t i le f o l l o w i n g  l ow - w a t e r season .

U s a b l e  St or~ge - I h e  v o l u m e  of s to rage  in  a reservoir  which
can be w i t h d r a w n  for  var ious  conserva t ion  purposes (gross
sto rage m i n u s  dead s t o r a g e ) .  As used i n  t h i s  Appendix
the t e r m  r e f e rs to s to r a g e  w h i c h  can be w i t h d r a w n  e i the r
j o i n t  lv  or c x c  lus i~ ’e l v  for  power  g e n e r a t i o n .

STORAGE PROJECT - A p r oj e c t  w i t h  a r e se r ’vo i  r of su f f i c i e n t  s i z e  to
carryover from the  h i i ~h - f I o w  season to  tile l o w - f l o w  season
and thus  to  develop a f i rm f low sub sta ntiall more than  the
m i n i m u m  n a t u r a l  f l o w . N s to rage  p r oj e c t  miiv have i t s  own
j ) O W C T p l a n t  or may be u sed on l y for i n c r e a s i n g  gene ra t i on
at downstream plants .

‘I’AI LWA TER - The w a t e r  s u r f a c e  i m m e d i a t e l y d o w n s t r e a m  from a dam or
hydroelectric powerplant .

‘ I J I E R M A I, P l A N ]  - A power generating p lant which uses heat  to produce
energy . Such P l a n t s  may b urn f o s s i l  fue l s  or use nuc lea r
energy to produce the  necessary  therm al  energy .
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FRANS M1 S’~i ON ( ; R h t ’  - ~n interconnected sy stem of electr ic t rat~~m is sion
I iro’~ m l ;N~~t e i  I t ’  I t ’ 1ii iptnen t for the movement or t r ; m t r ~ t e r
of ’ e l e c t r i c  iu r L \  i i i  h t i l ~ h e t ’ 4 e e n  p o iiu t~ of ~~i ( J ’ I y  and
p o i n t s  of demand.

I R A \ ~~ I I  ssION I N  I I  R L O N N I  L i  I o N  ( I V ! ! i l l  H — 1 ransmis’~ion ci r~ a1 t c— el

t o  t i e ’  e r  i n t e r c o n n e L t  t w o  load areas or t w o  u t i l i t y  ~ i t e’n~~~.

t l 1 , h 1 ’ I A I i  DLV ! h , 0i’~1I \ h  — The maxi  nun contemp l a t e d  ge n e r a t i n g
to ~‘ t u l I at  on m t  m I ’  wo r p lant

ftc f o b  lo w i t~~ i t r en i e s  were ’  t i se ’ ,h i n  t h e’ p r p m r m t  i o n  0 1
the  g I u ’~ ~ 1

1.  u o l u m h i , i - \ 1 r t h  l u l l  i c  h e c h n i L u l  St u f f , l~~~~. u r  ~~C obt i : J i i —
No rt h h a c i  t i c  I r,mmewoi’k Study ( r ib  i i  c at  ion  N I ’  1 1
i c  c ernl  e r I On , V :miu i ouve ’  r , Wa sh r ngt  on

2 ,  I e’d.,’ra  I l o w e r C o m m i s s i o n . ( l o s sa r e  o~ 1~~j or t wt  I w r a ! u d  a t e

I e i” m— , N i h  re~ r u t  1 ) 11 ; , and I l n i  t s  of ‘le’ a — u r e me n t  r e p u t e d  t i n d e r

Ii d i  re ’ct i o t t  o t t h1 I t i t  o r  - \ ge i i cv  omm i t tee’  on W a t e r  R e s o u rce s
and p romul gated b t hi t ’ I ode ’ ra I Power (:~ nul~l s~ io n )  . 10( 5
Pnis l i i  n ~ t on , ,) . C.

3 . N o r t h w e s t  P ow e r  lool , G l o s s a r y_ of I e r m s  l l ~ ed i n  Coordinated

~~~~rat  ion ,  bu nu ary  1 0 O , Po rt land , O regon

(‘ m c i  t i c  N o r t h w e s t  ( o o t ’ d i  n at  ion \gr eem ent  , \ g reement for
Coo r d i n a t i o n  o ils Among Powe r Sy stems of, the
Pacific Nor thwes t ,  September 19b4 , Port l and , Oregon

I’he l a r g e s t  s har e  of the ’  d e f i n i t i o n s  were drawn from the l ederal
Powe r Comm i ss i on g loscary , t i t  in a number of cases these  d e f i n i t i o n s
had to he m o d i f i e d  ar  supp le ment e d  to r e f l e c t  reg io na l  usage of the
terms .
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PAR T I C i P A T I N G  STAT E S AND AGENCIE S

STATES

Idaho Nevada Utah Wyoming
Montana Oregon Washington

FEDERAL AGENCIES

Department of Agriculture Department of the Interior
Economic Research Service Bonneville Power
Forest Service Administrat ion
Soi l Conservation Service Bureau of Indian Affairs

Department of the Army Bureau of Land Management
Corps of Engineers Bureau of Mines

Department of Commerce Bureau of Outdoor Recreation
Economic , Development Bureau of Reclamation

Administration Fed. Water Pollution
Weather Bureau Control Adm .

Dept . of Health , Educa t ion , Fi sh and W i l d l i f e  Servic e
G We l fare Geological Survey

Public Health Service National Park Labor
Dept . of Housing ~ Urb an Department of Labor

Development
Dept . of Transportat i on Federal Power Commission


