
TO .SELECT PROJECT 

BRAGDOWN AND VITIGATION FLOWS 



We hai~c  coriiiucted studies t o  i-e-as.-;c.irs prqo@ct drawciown and 
mit - iga t io r i  f i o n  cases. These have ' i ~ t d  t o  the sc.?lectic~n o f  
120 f o o t  o~ax$rsru-n dr-$kidov;n at Watana avid 513 foo"is,brd\~td~?rvtr"it 
Ocvi l Cai?yon. Case C 12,000 cFs . i n Augus t 
sel ectod as a pi-actical coirlprni:iiscs f l o w  s9:enari o for 
inclusion i n t o  i i c e n s c  anplication. 

R siiiisnaily paper - is at tached wiiic!~ de ta i l s  thc s tud ies  
cernducted "i;r;l ar.-iite a t  -the ?hove sc'lsctiouls 
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'?-' rbic objectivr? of  t f i i s  pdpe r  i s  to puovjde the details behiad Clrl :  
recrimiiienc4cd project  iiper*adiori, drawdcwn art4 downstream nji t i g a t j o n  
f l ~ w ,  I $  i s  assu iwd t h a t +  the reader* i s  f4miliar wi th  $he 
intent i c f~  of  prou $ d i n g  miur i n ~ u m  doaunstr+eaw flows, irasic p r o j e c t  
apcr&'c.ion proc4zdures and syr;t{?m cost dcl;c;.r*nifnation. i s  also  
a $ 5 ! * ~ a ~ d  t ha t  reader f&f@i 1 f a y  \ q S t ; ~  r@$u Its $O $&e pty $h 
respect ta  drawdortn and ciowns tream f'i 0%. 

"ai-' ! t i e  incer+itive t o  redefine th:: costs arsuc ia led  wi th  provid ing 
downstreani r n i t 7 j r n ~ f - *  flows and greater drawdowns is a result  crf 
disclasr ions  stemming f rom review c f  t h o  Feasibil i t , y  Report and 

dl" inic3rna 1 cr i tiques a(: analyses conducted to  date .  ~ R S ~  
discussions haye resu tted $n several de*srrlopmenSts and 
motl. i f ici i t ions i n  tho  erler-ay a* X simulatiun procedures s4laich a l t e r  the 
cnrrc iur; ions an the  preferred or  recon~mznded pro je~ct drardcwn, 
system costs ,  and costs associated wi th  environmenta,l mi t i g a t i o n  
flows* 

Bssiciil 'iy these cbranges were nisde to attempst Z',o relate [:he 
!jisP.t?rica'i strearnfl~w record, which had ;m extreme dry year, wi th  
more norn~al design c r i t e r i a ,  i n  ; ; t f d i t i ~ n ,  furt$er refinemcnes of 
project iirawrlowns and operati or3 scenar 20s were requ i red t o  assess 
J d I"' sne !atest  developments i n  thostz areas, 
p*r ' 
! iic: procedural changes f;urtal ied mdi fy fng  i n f l o w  hydrology 
irrtrudiicr'rig 3 synthetic dry e v e n 0 0  r e c ~ y d  and in 
c$c+terii~t f t  "i r q  a i-c?gress foi: rc lationship l~efiween system cost and 
projoc t cner$y p r o d ~ l c t  ion, 



Moriii ic;t iuii:; to  b a s i c  i n p u t  4 a t a  i ;av i :  been matli. t o  a t  Lai r ;  pro j ec t  
2 > 

j t, -i i 1 . ~ 1  i c c t  i 5 i i  i f  -i c i t, o n  n f  i n f  /ow ilyc!ri, logy  and 
: j i j i r i t  i t y  ai i t i  t i i n i  ny of mi t i g n t  ion f l u 1 4 ;  downs trt2am. Thesc changes 
~ 4 t  (5 l_g JL~.,U;S~CI( /)<"OW, 

f i  Fr~qiierrr~y p l o t  (Fiqi~re 1 )  O F  a n n u a l  average dischar!je a t  
Goid Crcek indicates t h a t  the driest year (1969)  w i t h  an 
avcr*aye dr inual  d ; I  of 5600 c f s  tias approximate!'iy a 
l: 5UO year  recurrence - in te rva  i ,  T h i s  extrerrie ever i t  ( h i c h  i s  
a l : , ~  foi1owc.d 114 another d r y  yea r ) ,  i ias an abnorinai ly large 
i r i i  luence (jn pra ject energy product ion aild i n  p a r t  icu iar f i  rrii 
energy [~roci'l~c; t ion For 21 cl*iven "3 projec t  scenarirl. i h i  s lavge 
b i a s  f:obdards 'lowr ener4yy y i e l d s  resu I ts  i r r  an annual  f i r m  
ilriergy productinn w i t h  abclirt a I:5011 year return per iod.  
7 h i s  i s  a~:cr?pteti ds okrtsidt. I.hc normzi l i m i t  used i n  
g e r ~ e r a t  iun arld ecor~oinic p l i r i r i  i r ~ y  . 
i t  has !~t.cn proporred [by JHii ar;d Ti.] t h a t  a more reasonable 
re4:ui'n per i i l t i  fur i i rlri eriergy used i n  systerrl re 1 i ab i I i t y  
tes ts  would be 1:30 years. To ach icvc t h i s  god*! t z o  

, approaches can bc followed* i he  first e n t a i  ls acceptatice o f  
1:hc r:fic$ryy p r n 4 u r ; t  i n n  w i  i h  prriseni: res t ra in ts  and sirbmi't the 
"i L : # ~ O  year energy as the f i r m  enertly, Ti.1~ second (at iopted 
hcve) i s  t a  rrindify the ilydrc'syy & reflect a less extreme 
event by inse iv t io i i ,  i n  plac i .  of t i l e  ex-tre~nc i.vc.nt, a 1:30 
+year ~ ~ t ' i l i .  derivrci trani f l o w  statjst ic.;. 

Figure 1 5hopi5 i:hc p l o t  o f  anni:al average flow ax G o l d  Creek 
df l  3L  '7 'j r i . , ~  r, r 4- r" $ 1  - c 8 i a h i  .): - i  it,^ o f  i:xceedarrce. lh fs  P I D L  g i v e s  t h e  1.~30 
year. cvcni: a t  aboili a f Tow o f  7300 c f s .  T h i s  translates t o  
d\,jgui. 11100 ;.Ti a t  We[;and as iibi!icati.d by Figure 2 .  

mofitkily $ i ' ; t - r i b ! j t i ~ n  11;f Flows i c  acsiimrd t o  be t h e  saine 
a:; tiiljr: (;f tilt. avi_.r.aijs irion tii i y  fiuiuc; fo r  tire per i OC! of 

-P i-c--orde fa-jb Je gives ;hp - T P ? : ~  &.. I t a n t  I*: 10 y ~ i i r -  r n n n t h l y  flows 
k.ia!;ed 01: the: r:j%-lc, of the  a i ln i ia l  1: 30 year  2nd average f i o b ~ 5  
eilicei: to.; i ivcyf ige m g n i i i  ly i i OW. 



rc: 4c.f i ri i t i rici OF surrtner dow i l s  l.rcaiii f i rtw reqli i rerric:nls J1.i Iy 
and  ';eptc:iii!~e~. T h i s  cfrancjo provides k:ss wdter i n  Ji l iy  agd  
i i i irre i i i  5 I lir.:.v i ou s 1y bi3en .;u;,jj i i ed . Tiii l  

dr~wn.; t r*rifn f l o w  ri!cjii irement:s are g i v e n  iri Ta i i i c i  2 for  Case A 
tblr<~kjgh c*25e D e  

W itli tihe ~biitr igt! i n  i n f  low i~,ydro logy i t  i s  requ ired to  de terinirle 
t l l c  be:!.. Ndtdrtd iir~i,i D C . V ~ ~  Csiiyon project operat ions particularly 
w i t h  rc?:per,L t u  d and  t o  rcdefinc ti-re r i? ia l i \ i c  net 
beuaef i t  be tween t l r~  clowns trearri 1 scenarios lander 
cansiderat icm, 

*i"t-~c d i : t ~ r l i i i i r ~ ~ ~ t : ~ ~ n  sf  b e s t  p c ~ f i g m i ~  d r a f r d ~ j ~ ~ n  aslid t he  r ~ l l i t i v e  cast  
between f 1 8 b d  Cases &re based on 8GP . r . ' ~ n ~ .  AS C O ~ S & ~ B ~ ~ I ' S  
prohibit the running of tkic number of cases r e q u i r e d  i t  was 
kiccessdry t o  dcturminc relationship bctwecn system present 
worl.lr cosC and the two key cas t  ijarameters of projec t  average  
a::nual energy p r o t l ~ c i  ion and  annua' l  f irrn energy. 

iiascd on 14 OGP rtlns made since A p r i l ,  1982, the f o i l n w i n g  
r ' , ~ i a t - i o n ~ i i i / )  ha5 been det~rmirted i is in ,c j  4 starldau.cj i n o ] t j - ] f g e ; a y  
regress ion techn i que: 



fwri dcawiicrwn studicit; were carried o i i t ,  one w i t h  historicaj 
in f ' lcw pecarci arld the other w i t h  the madif .ied rc:card desc r" i !~~d  

*, . 
I n  5t~cl:ion 1 ,  ii-le First s tudy  consisled of f i v e  drawdoavns 
ra i lg in5  f r o m  140 Feet  t o  ?20 f e e t  i n  20 f o o t  increrfients, Tke 
st!r:cintf s t u d y  r anged  drawdown Prcirr 80 t o  180 f ee t  i n  20 f o o t  
i i: ev*t:sir62ll.n t s . 

r. e Ihe (2nerc~ies produced For Case C w f d h  tkle historical 
jrrflow record are givon i n  Table 3. The in8:ention of  
usirig three ru le curves for the  140 f o o t  dra~rdown case 
v~ds t c ~  dotermiric tire k-e iat ive i i rer i t  o f  producirig 8wr.e or 
less fir% energy at. the expense of average er;-.rgy and 
v i c e  Ver56, 

I n  a l l  drawdowns, except as noted above, an at:tempt :vas 
made to  a d j u s t  the rL; 1e curve u n t i l  the average arlnui.1 

-2 & "" energy ~ 3 :  3h0ut 6710 GWH. requirement provides 
ttlc v a l u e  of producing rriore firm energy a; a resu It of 

G r 

dtld itinnal dr-awdawo. !he v a r  idt:ion it? Firm eiller%gy with 
drawdown i s  given  i n  Figure 3, 

UGC' analyses, d e t a i  i s  o f  \h ick are ca t~ ta inec '  i n  
RLLachmc!n t A, werti rnade 1.i; t h  tb:e above energ 
r imu l a t  icns. The systeni cos t s  ranye f ro in 57225x10 
f o r  140 f o o t  drawdown tu $7008~106 for  220 f o o t  
drab/dowri. TEie ne t  t j cne f i t  over t*&e base case thermal 
scenj.rr'o (assunv~d $8239~106) is plotted i n  Figure 4* 
Th'sc ~ h r , w s  a  fear /weak in  net i>cnefi ts  aroaand 180 foot 
d r a ~ ~ d o w n  

Iii t h e  CGP analyrc.; i t  ha-, tieen a s s u ~ z d  $A,l~iyt-, 
4- f l C "  r W i i r i 5 ~ r 2 u ~ ~ i o i i  tofts d r @  ~h;l>t, g.ivt:n l ; ~  #he fZeas jb j j  i t y  

Rc:poi.i: for ti-ie S.iist;iria/Oc.v r' 1 Canyon dt.velop4iitznt w i  ti.1 
liip i J foo t  d i * ~ i : < j c 7 ~ f i  ;jj: j Shcrcfore, a ]  benef:i es 
t o r  i l r i iwi lo~i> i :  gre3ter that: I.40 fr.gii, shc,u l d  i,~: redrrced ljy 
ail  i t ,  ~orr~~~:iin";ifraf:g v~i t ; fg  a c i s j i t i ~ n d l  t:tyit f a r  
i n t r i l : c :  c a ~ ; i ~ r ~ ~ : b t f ~ c t i a i r ~ ,  



Tile rar ige o f  present worth ccists i s  From $7351 r i i i  l l i lon 
b70i,Cj r f a r  88 E O ~  JQO f o o t  drawdowns 
t ;  i 1 ;  'Th j 5 -kcair;:; ti.o a net br i ic f  i t rdnge  nf 
$ N W  ~ r ~ i  1 l iura tl; $3228 mi 27Stjn for.  these two c- i ra~dr~wns,  
r e  c ~ o r t ~  arid benefits f o r  the drawdr~wns 

""s* i-an:jdci-i.d it-;. giver;  I n  1 4. This t 3 b . i ~  tfic;o shows 
Lhir iin!~dc~ ori c u ~ t i  c,? vdr iat io i i : ,  i n  aiici-agt? and  firiil 
c-nprgy j to  i n o d j f i ~ . i t j n n s  to the ru i e  curile. Net 
k,(::apf i t-;s f a r .  t L ?  *$ifw ah?:;%h ~ E J  1~ C C U ? ~ ~  are plo"l.ed 
4Ljd - i ! i d * $ !  t f f d & t l ~ ! k i ! ~  jrl F j y i r f 2  5- 

f l i p  Ijcnt2f i t s  f r.or:c increas i i l g  di-awd~wn .;howi; a jgarkzd 
clrdi:gi: ;it a j ip rc ix  i m d i .  iy 100 f o o t  cjr-dwdown, f a ]  lowed by 5 
f l C 4  j , T h e  gairi asse:sed l o  tir:wd~wrjs above 

-* a*. f') 

i i 8 s i  i.el.i- ;ATC t i ~ l  ~ G ~ V E Q  o y ~ r - e s t i m a t e d  due  dr., arj 
i-J4+ ty - p - w  ~t i~i ,@en:; ,? t  ion for the v a i i i p  r;? firm ent;rgy, T i l i s  

I I 

h d ~  bccn dt j~ i i ; i cd  8s shown on F i g u r e  5. 



y. r I * i\ri , jn ; fy~, ( f  of" te/lj: tyr;e i$j,is; . ,~if icjuci .~~j - j ; ;  t i j f3  ,~;>r*jr;g :>f l!gjj:J 
1 "  4fV-j  t - : t j f " i ; :  i i j < j $ : c j  f , k l c . j f ;  i i 3  61 1 ~ & c > c + ~  f,ji[? p!*a*jec,t ;I flf:t f>*'?fl(:f-!t 

i s3 : r : t  t i i t "  $,tirj.it' I B I ~ J  1 c k ?  P ( : :*II~ i i VU, [he r:onc 2 n ~ f  i f t r a  t,Eleil was t r t  
J ; c ~ l t t f d ~  !> l lg ;  [ J f j g ; t  p(~k@y*= ('Jpt:~"~td~~~~1 (<<jSC> (C3c;p t q j *  

i f l r :  ; i f i d i y : i :  f rsd,c.a+ i.ci! hew t:i r e f  i c c t  the c i ~anyc  i n  Wdt;an;i 
P O  Lifiri i n i '  low i2ydr.o icigy. i i u ~  t o  i: ii i ie caris t r - d i  n t ~  no 
Orif' y ;  been cogrii~cted ancj the present wt,y!li i:o.: i, 

f a r  cdrh Flow c a w  i s  i ;ct imatod iis-incj thi? r.qi.c?:;s i a t i  cq!ial:ian 
q i at . i i~ve,  

7Y :,ciir:fi f ~ 3 5 ~ 5  d ~ f i f i e d  b y  the i n i ~ ~ i r i \ ; ~ m  r fq i i4 iv fd  
1 r f low a t  Go i a  i:rr;ek cjiven i n  r a i j  i c  2. Energy 

s irnu 1sl:ions have  been rn?dt. g-i t h  :i-,esc! rzqu irenierr t s  and sy!;tcm 
present worth casts  deterioiqcd, Uue t o  the flexibility b u i i t  
i n t o  i h r :  simulation progriuri, i t  ii p a s s i h i e  t o  p r u d o c ~  a wide 
rariyc uf nlofithly energy r i i : : t r ibut ions ant! t o  g i v e  addit.,ional 
of  l i ? : ~  fir05 iir i!yerngt? enercjy. The importance o f  th i s  
var i a t  icn i n  c:ricrgii.c i s  necj l i g i  h i e  w j  l:h r e s p e c t  t o  preseut 
wnt*f;i., !: de ter i r l i  r ~ e d  y i, re reg ress  i on equ d t i on. A 
s t r b j e c t i v ~ :  ~ e l e ~ t i n r ~  ~f the t1e~I. combination of f i rm  and 
r :  j y rcqijjrc!d. 

*"- 

i T I ~  A ?  i s  [a~c'iducgci f o r  the simual t ion: undertaken arc 
* . ~ i v g : n  i n  i n ! , l e  5. Ihu f i r s t  simulci'clon i n  each QF the f l ow  
siiti i; recom:nencic:d f o r  use i n  any f:rr?her OGP runs. 

-sr 4 i-tc. v a r i a t - i n n  iri s*i/stc!r~ pr-i.s?nt worth cost \ * i i t h  the required 
rieininiuifi flow i r ?  Augg.ist i s  g i i i e i ~  i n  Fi r j i i re  6. Ai.;r~ shnwri i n  
F i g u r ~  fi ,is i t  s i r n i  l ~ r  v a r i a t  i:~n assr~fn'ing 180 Foot drawdown a t  
Watana, 

*rV 
i i i i :  impact  o f  adopt i r rg  Case 9 f'iovis ovci' Case H f ioir.5 1s a 
Incs i n  n ~ t  benef i'. o f  ;1pproxiinateiy $535 m i  1 1  i o n ,  For C a ~ r ?  
i\ tc~ i;asi.i C t i l e  loss i n  iir!rieF i L is  a b o i ; ~  $583 m i  i 1 i o n ,  T , w  
0 i~ benef i t  i'rorri h s e  A For a !  l f - lav i  cast25 i s  gisjeri i n  
75% I@ ti, 

i= j, s r  L :  I :  f2iler'yy c j i i i i i  lai: ion t f a r  i.Jhiori2 1 aric! 
P ; [  C s n q i ~ n  f ~ i -  :~lp::te;j rirt3w:in@n a i l4  [ ;a:- ;~ i, 

fii;bq: i: ~jiyr:!; i n  A t C d ~ i > i ! i e f t t  C. 



" r h ~  i:neu.yy s i s iu  ];if; i i in r  miide above have asslrm~ed t ha t  
i n e d i ~ r i i  load Forecast i s  app i i c i l b  ic as an upper l i m i t  t o  
ii.nerijy pr:?cj:lctiofi fro:ii the p r o j e c t ,  i n  a * / ]  runs the forec~sr t  
forb ,ymr %0:0 o f  7 GWii has  k j q e ? r ~  assumned. T h i s  annual 
erii?r'cjy h a s  been fur3Li*icr broken d o ~ n  t o  3 monLh]y value whicirl 
Is a [ ;or i~t r+air r t  t o  i.rjcryy oroduction. 

Fcr. Ctsse C arsc3 ti.ic: rrer 563 CI~TV,P@ detc~t*~~jned the b a d  foreeast  sf 
f i !a  I;&!! fiiri Oci:t!iiihcr 1 %  met; 20 o f  the 32 years sifnu l a t c d .  
S 1 icsi.4 l t r  are o b t ; l j n ~ r i  for other mcrjths o f  t h e  year. 
i s , c i i , i i i i c i  !*lie i?roj@ci.  cari fleet prt3.jectr.d demands on a more thall 
regu i a r  b a s i s  the i i i ipact  o f  a s i l j r i i r i c d n t  reductsicin i n  the 
F i . i i - { ~ ~  tc l i i  i;ni:r7ijy ricinitnd i: s i i l 3 ~  t a n t  i a 1 .  rlrc! retlur: t i o n  o f  
r e d  d I 1 ~ 4 1 1 ~ 1 '  l f ~ ~ s  CIICT'YY r~rgdilct ion and a 
:;ijhsr?yiicn t iric:reaso i r i  tilt:: present worth cos t ,  

iii asc,o.;; th i s  1 ~ i i r i i i l a t i i i ~ ~  Y ' L ~ ~ S  Were E I J ~ C  assuming t h e  
ioiv *lo;id farccas l  o f  6303 GkJ t l ,  Case A, Case C and Case O 
flow scerlak-ies wert? L ~ : x s s u ~ ~ ; ' ~ c J  w i t h  120 f o o t  drawdown a t  W a l a ~ a  
and w i t h  iiiod ii-ied i r l f  to:.: hydro logy. The ent.rSy ier,  produc,-ti 

-* * 

f;>r tkfp three f l ow  cases are q f v e n  i n  Table 9. (he change i n  
d l l f i ~ d l  d'iijr6diji? IJYICI-gy for* Case 4 kinder the t w o  load forecasts  
i :  3 4 i -or  La:c f: i.he ciiani;e i n  avcrnge anrlual energy 
i r; 5&2 GWI-i, 



J 4  [ I n ~ r * g ~ y  S in iu l a t i o r i  w i t h  i.'a*iiures 
md- - a  ".S - , - ** ,9 . + " -,.--- " , -a*.+* -- * - ?? --"*-  

A:]  c!nergy s i i i l i ~ l a t i o n  assuming the acceptance o f  b o t h  energy 
r ! i , in~ j i i i i  !+ j I ,  j f 1 gw f a  1 1 ~4ri.c h;r 5 been nlarie w-j t h  tl?c, 
i ~ i s t f i r i c n l  i;if low rc,:cord, and w i t h  thf? rr jc c u r v e s ,  dernaild 
f fj i lure imti oocrat icm scenario 5 e ) ~ c t e t i  above. 

* -  6 

h i s  !; imulat ion rcs i i  I t s  i n  four month;. w i t h  energy production 
helow r i l ininil inj  dc?niand enerqy arid two rnonths w i t h  f l o w s  be law 
t a r g e t  f l o w s .  The f l o w  Fsi lure months arc: March 2nd May; 
e ;Irp n o t  cr. i t i c d l .  Energy f a  i lures, hokrever, are i n  
4 * Mar(:i*~ iirrd Apr i 1 F o r  one ;qcitr and May r3f t i l e  

f?1 i o w i t i y  I *  i -  tir i ;  : iil~u i a t i o u  the i ivgrai je anriir a1 
enr:rqy i s  6737 GWII, ,i reduct ion  of 36 GWII, and 3 f i r %  !:ener!jy 
[ i f  5354  Gb!il, a rcciuctian of 174 i;Wii. D e t a i  1s of i k j s  pun a1.e 
i n c i u d e d  3ri Atdat:hrnc!lt 6, 





2 .  5ept - (August. x 14 +- 5 [ a- Jime . - I. Auyust ]  a -  a *- - .  - + , l i i r i i :  r 11) i 
2" 

--- 
30 







ENERGY (Gkdl i )  p ~ c  2 
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Q:h:;q: i{j(~1e Averaye Firm 
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( % x l 0 6 )  
Curve 0 -. A - Annuaf 0 - A 14 t8j 5 S~~inrffa'I 
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