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P SAERP T ransmi s s ion S y s tem Reinforc ement Opt ions 
by Ma rv Landaue r - BPA 

3 - 9 - 9 2  

The purpo s e  o f  t h i s  report  i s  t o  p rovide an update o f  the l a t e s t  s tudy work done 
on t ransmi s s ion s y s tem o pt ion s .  Much of the devel opment work f o r  the s e  o pt ions 
is inc luded in the a t t achment s of this report . A l s o  inc luded in the a t tachment s 
a r e  2 rep o r t s  ana lyzing the volt age s ta b i l i t y  o f  the Puget S ound t ransmi s s ion 
s y s t em ( one by BPA and one by Gen e r a l  E l e c t ric ) and a review by Powe r 
Te chno logie s ,  Inc .  o f  the BPA voltage s t abil i ty analy s i s  and reac t ive opt ions . 

Five t ransmi s s ion l ine opt ions and s everal  reac t ive option s  a re p re s en t ly b e in g  
cons id e red a s  po s s ib l e  s o lut ions t o  the P SAERP by t h e  T ransmi s s i on T e am .  The 
f i r s t  two l ine o p t i ons  wou l d  be b u i l t  on new r i gh t s - o f  way adj ac ent ( a s  much a s  
po s s ib l e ) to  exi s t ing c o rridors . The reac t ive opt ions would opt imize the 
exi s t ing t ran smi s s i on s y s t em c apab i l ity by adding new s t a t ions f o r  s e r i e s  
c apac i t o r s  and / o r switchge a r .  The other three line options  a r e  rebui l d s  o r  
upg rade s o f  exi s t ing c ro s s  moun t a in t ransmi s s ion l ine s .  The s e  opt ions a r e  
l i s t e d  be low and inc lude a p re l imina ry a s s e s sment o f  the addit iona l t ransmi s s ion 
s y s tem reinfo r c ement required to integrate  the new fac i l i t i e s  into the ex i s t ing 
t ransmi s s ion s y s t em. P l an s we re de s i gned t o  p rovide a t  l e a s t  5 0 0  MVAR reac t ive 
ma rgin . 

The t rans n1i s s ion l ine options  we re de r ived f rom e a r l i e r  s tudy wo rk that wa s 
s umma rized  in "Puge t S ound R e info r c ement T ransmi s s ion Opt ion s "  and "New Cro s s  
Moun t a in T ransmi s s ion L ine Al t e rn a t ive : The C r o s s t ie " ,  which a r e  a t t ache d . The 
ini t i a l  T ransmi s s ion O p t i on s  s tudy report rec ogni zed the value to s y s t em 
p e r f o rmanc e o f  adding an ent i r e l y  new c i rc u i t  rather than rebuilding an exi s t ing 
one . Howeve r ,  s it ing r e a l i t i e s  requ i re that rebu i l d  opt ions b e  c on s i de re d . 
Typic a l ly , the mo s t  a t t ra c t ive reb u i ld opt ions would b e  the l owe s t  c apac ity 
( lowe s t  volt age ) c i rcui t s . But because o f  c o r r id o r  l o c a t ion , l ength and 
t e rmina l  proximi ty , the rebuild opt ions l i s t e d  b e l ow app e a r  to be the mo s t  
p romi s ing. Diagrams o f  each opt ion a re a l s o  a t tached.  

AS SUMED S YS TEM ADDITIONS 

The f o l lowing e quipment is a s s umed to  be in s e rv i c e :  Echo Lake sub s t a t ion (which 
is r e f e r re d  to  as Snoqua lmie in the s tudie s ) ;  3 0 0  MVAR S VC 's a t  Map l e  Va l l e y  and 
Ke e l e r; LDC's at Coule e ,  C ent r a l i a , John Day , The Dalle s  and B onnev i l l e ;  and new 
2 3 0 - kv c apac i t o r  b anks a t  T a c oma , O lymp i a  and Snakin g and the Opt ion 1 4  r e ac t ive 
p l an (two 5 0 0 - kV c apac i t o r  g roups at Rave r ,  Echo Lake and Monroe ) .  The s e  
add i t i ons  wi l l  me e t  the win t e r  1 9 9 5 - 9 6  load level a s  shown i n  QV Curve-0 . No 
l oc a l  generat ion add i t i ons  beyond 1 9 9 3  o r  a c c e l e ra t e d  c on s e rvat ion programs 
have b e en added to the s e  s tudie s . 

OPT ION 1 :  New Chi e f  Jos eph-Monroe / Echo L ak e  5 0 0 -kV doub l e  c i rc u i t  l ine 

A new double - c i rc u i t  5 0 0 - kV l ine wou ld be bu i l t  o n  new r ight - o f  way f rom Ch ief  
Jos eph sub s t a t ion we s t  t owa rd Monroe f o l lowing the  ex i s t ing S t evens Pass 
c o rridor. In the vic inity o f  Skykomi sh the doub le c i rcuit line wou l d  s p li t ,  
with o n e  c i r c u i t  c ont inu ing o n  t o  Monroe f o l l owing the exis ting c o r r idor .  The 
o the r c i rcuit  would head s outhwe s t  on a new c o rridor  towa rd Echo Lake 
sub s t a t ion. A new 5 0 0 / 2 3 0 - k V  t ran s fo rme r would be  needed a t  the exi s t ing 
Snaking sub s t a t ion . The exi s t ing 2 3 0 -kV l ine that f e e d s  this s ub s tat ion f r om 
Monroe wa s d e s igned f o r  5 0 0 - k V  ope r a t i on and would need t o  b e  c onve r t e d  at  that 
t ime . A s e c ond Bo the ll - Snak ing 2 3 0 -kV line would a ls o  be needed and this line 
could be o b t a ined by r e c onnec t ing ex i s t ing l ine s in the a re a  and / o r c ons t ruc t i ng 



new l ine s . A s e c ond Chi e f  J o s eph 5 0 0 / 2 3 0 - kV t ran s f o rme r will  a l s o  b e  needed and 
this c an be added in the exis t ing s ub s t a t ion. Thi s  p l an is ana lyzed in de t a i l  
i n  "Puge t S ound Rein f o rc ement T ransmi s s ion O p t i on s "  i n  A t t achment 1 .  

OPTION 2 :  New Chi e f  J o s eph-Echo Lake 5 0 0 - kV doub le c i rcuit  l ine 

A new doub l e - c i rc u i t  l ine wou l d  be bu i l t  on new r i ght - o f  way f rom Chi e f  J o s eph 
s ub s t a t i on s outhwe s t  by S ic kl e r  s ub s t a t i on t o  Echo Lake s ub s t a t i on f o l l owing the 
exis t ing Snoqualmie P a s s c o r r ido r . New t rans f o rme r s  would a l s o  be needed at  
Snaking and Chi e f  J o s eph a s  de s c ribed in Opt i on 1 .  Thi s  p l an i s  a l s o  ana lyzed 
in detail in "Puge t S ound Reinforc ement T ransmi s s i on O p t i on s "  in A t t achment 1 .  

OPTION 3 :  R e a c t ive addit ions ( Vo l t age Support - 2 )  

Thi s  p l an involve s building a new s ub s t a t ion in the vic in i ty o f  Naneum ,  tying 
a l l  the 5 0 0 - kV l in e s  togethe r .  S e ri e s  c ompen s a t ion would b e  a dded we s t  of this 
new s t at ion on the o ld Cou l e e - Rave r  l in e s  ( 1 9 ohms and 3 1 5 0  amp s ) . In the e a r ly 
2 0 0 0 ' s ,  add i t ional s e r ie s c ompen s a t i on would be needed on the o the r two l ines 
we s t  of  Naneum ,  ( 2 0 ohms and 2 2 0 0  a mp s  on the o l d  S ic kl e r - Rave r  l ine and 2 3  ohms 
and 2 0 0 0  amp s on the o l d  Vantage - Rave r l ine ) .  A l s o  an upgrade o f  the Co lumb ia 
s e ri e s  capac i t o r s  t o  2 7 0 0  amp s wi l l  be needed a t  this t ime . An a l t e rn a t ive to 
the l a t t e r  two c apac i t o r  b anks wou ld b e  to  inc r e a s e  the 1 9  ohm s e r i e s  capac i t o r  
banks on t h e  C ou l e e - Rave r l ine s to  2 6  ohms a n d  4 2 0 0  amp s . With thi s  c r o s s  
moun t a in re inforc ement , a new t rans fo rme r wi l l  b e  neede d  a t  Snaking i n  2 0 0 0  ( a s 
d i s c u s s e d  in Opt i on 1 ) . Al s o ,  a s e c ond Rave r-Echo Lake 5 0 0 - kV l ine o r  the Ch i e f  
Joe -Mon roe s e r i e s  c ompen s a t ion , a s  disc u s s ed i n  Att achment 3 ,  wi l l  be n e e d e d  in 
about 2 0 0 1 . A third shunt c apac i t o r  g roup i s  a l s o  needed in the vic inity o f  
Rav e r  i n  about 2 0 0 1 .  ( The s e  l at e r  addit ions may n o t  be needed unt i l  a f t e r  2 0 0 3  
i n  the P SAERP p r e f e rred opt ion b e c a u s e  the ac c e l e ra t e d  c on s e rvat ion and expe c ted 
re s ourc e s  will  reduc e f l ows into the Puget S ound a re a . ) 

Many othe r opt i on s  and varia t ions we re a l s o  s tudied . Re fe r t o  A t tachment 3 fo r 
the deve lopment o f  the s e  option s .  It should be noted that s ub s t a t i on name s o f  
Naneum ,  Ki t t i t a s  and S chu l t z  a re int e rchangeable  i n  the Reac t ive Opt ion s  
analy s i s . 

OPTION 4 :  Chi e f  J o s eph- Snohomish 3 4 5 - kV upgrade with Cro s s t i e  

The exis t in g  Chi e f  J o s eph- Snohomi sh 3 4 5 - kV doub l e  c i rcuit  l ine ( th rough the 
S t evens P a s s c o r r idor)  woul d  be upg raded to a s ingle - c i rcuit  5 0 0 - kV l ine in this 
opt ion ( us ing the exi s t ing right - o f -way ) .  Thi s  upg rade would b e  a c c omp l i s he d  by 
replac ing the top of the exi s t ing doub l e  c i rcuit t owe r s  with new s ingle c i rcuit 
one s and a dd ing three new c onduc t o r s . The f e a s ib i l i t y  of  this t ransmi s s ion l ine 
upg rade is s t i l l  b e in g  inv e s t igated.  A new s ingle c i rcuit  l ine would a l s o  be 
needed b e tween Columb i a , S ic kl e r  and a new s ub s ta t ion on the S t even s P a s s 
c o rrido r ,  tent a t ively  c a l l e d  Mad Rive r ( ne a r  Chums t i c k) . The rebu i l t  Chi e f  Joe
Snohomi s h  l ine would b e  c onne c t e d  t o  Mon ro e  s ub s t a t ion and a new 5 0 0 / 23 0 - kV 
t rans fo rme r would b e  added a t  Snohomish to r�p l a c e  the 3 4 5 / 2 3 0 - kV trans f o rme rs 
that wi l l  be removed . A third Bothe l l - Snohomish 2 3 0 - kV l ine would be needed 
with this t rans f o rme r and could be obta ind by c onnec ting one of SCL ' s  S ka g it 
Rive r l in e s  into Snohomi s h  o r  by building a new c i rcuit.  New t rans fo rme r s  would 
a l s o  b e  needed a t  Snaking and Chi e f  J o s e ph as de s c ribed in Opt ion 1 .  An 
addition a l  3 0 %  s e rie s c ompens at ion woul d  b e  needed a t  a new s i t e  ne a r  Naneum on 
the exi s t ing Cou l e e - Rave r l ine s . Eventua l ly a s e c ond Rave r-Echo Lake 5 0 0 - kV 
l ine ( adj ac ent t o  the exis t ing l ine)  will  a l s o  b e  needed.  Thi s  p l an i s  ana lyzed 
in de t a i l  in the  report ent i t l e d  "New C ro s s  Moun t a in T ransmi s s i on L ine 
A l t e rna t ive : The Cro s s t i e "  in Attachment 2.  



OPTION 5 :  Ch i e f  J o s eph- Snohomi sh 3 4 5 - kV rebuild 

The exis ting Ch i e f  J o s eph- Snohomish 3 4 5 -kV l ine (th rough the S t evens P a s s  
c o rrido r )  would b e  rep l a c e d  b y  a new doub l e - c ircuit 5 0 0 - kV l ine in this opt ion 
(us ing e x i s t ing righ t - o f -way ) .  Thi s  new line would b e  c onne c t ed to  Monroe 
sub s t a t ion and a new 5 0 0 / 2 3 0 - kV t rans f o rme r would be added a t  Snohomi sh to  
rep l a c e  the  3 4 5 / 2 3 0 - kV t rans f o rme rs  that  will  be remove d .  A s e c ond Bothe l l
Snohomi sh 2 3 0 - kV l ine would be ne eded with this  t rans f o rme r and could b e  obt a ind 
by c onne c t ing one o f  SCL 's S kagit  Rive r l in e s  int o  Snohomish o r  by buil ding a 
new c i rcuit.  One of  the c i rcuit s b e twe en Monroe and Snohomi sh would ope rate 
a t  5 0 0 - kV to  s upply the new t rans f o rme r ,  the other would ope rate  a t  2 3 0 - kV .  New 
t r an s f o rme r s  wou ld also be needed at Snaking and Chi e f  J o s eph as desc r ibed in 
Opt ion 1 .  

OPTION 6 :  Roc ky Reach-Ma p l e  Va l l e y  3 4 5 - kV rebuild with Cro s s t i e  

The exis t ing Roc ky Reach-Maple Va l l ey 3 4 5 - kV l ine (th rough the Snoqua lmi e 
c o r rido r )  wou ld be rep l a c e d  by a new doub l e - c i rcuit  5 0 0 - kV l ine in this opt ion 
(us ing exi s t ing r ight - o f -way ) .  This new l ine wou ld b e  c onne c t e d  t o  Echo Lake 
s ub s t a t ion and a new 5 0 0 / 2 3 0 - kV t rans f o rme r would be added at  Mapl e Va l l ey to 
replace  the 3 4 5 / 2 3 0 - kV t rans f o rme r that was removed . S ince S ic kl e r  s ub s t a t ion 
i s  not a s t rong enough s ou r c e  f o r  a new doub l e  c i rcuit  l ine , it  will  have to be 
r e info rced . Many opt ions ex i s t  to  do thi s  (a s d i s c u s s e d  in Attachment 4 ) , but 
the fo l lowing opt ion has  s ome des irable  t r a i t s . A doub l e  c i rcuit  l ine wou l d  be 
added b e tween a new Co lumb ia switching s t at ion (adj a c ent t o  the exi s t ing s e r i e s  
capac i t o r  y a rd and 23 0 / 1 1 5 - kV sub s t a t ion )  and th i s  new l ine f o l l owing the 
Co lumbia- Roc ky Reach 2 3 0 - kV l ine . The s e  addit ions would c re a t e  a S ic kl e r- Echo 
Lake l ine, a Columb ia-Echo Lake l ine and a Co lumb i a - S ic kl e r  line . A new s ingle 
c i rcuit l ine wou l d  a l s o  be needed b e twe en Co lumb ia and the Cou l e e - Hanf o rd l ine , 
f o l l owing the 1 1 5 - kV r ight - o f -way e a s t  t owa rd the o l d  Roc ky Ford s ub s tat ion 
s it e .  A sma l l  switching s ta t ion would be requi red there . A s e c ond S ic kl e r  
5 0 0 / 2 3 0 - kV t ran s f o rme r w i l l  a l s o  probably be needed. Eventua l ly a Snaking 
5 0 0 / 2 3 0 - kV t ran s f o rme r would be needed as de s c ribed in Opt ion 1 .  

SUMMARY 

The p e r f o rmance of the s e  opt ions is s umma rized in Tab l e  1 .  A l l  of the s e  opt ions 
wi l l  s o lve the v o l tage s t abil ity p rob l ems in the Puge t S ound B a s in beyond the 
2 0 0 3  s tudy p e r iod. The two new l ine opt ions (Opt i ons  1 and 2 )  a re s omewhat 
s t rong e r  than the o the r plans f o r  outage c ondit ions s ince they c onta in mo re 
t ransmi s s ion l ine s . The upgrade of  the Chi e f  Jos eph- Snohomish l ine to  s ingle 
c i rcuit 5 0 0 - kV (opt ion 4 )  is  the weake s t  o f  the t ransmi s s ion o p t i ons b e ing 
inve s t iga t e d ,  however i t  should be the l e a s t  expen s ive.  This opt ion wou ld be 
s l ightly b e t t e r  than the Reac t ive Opt ions  for s o lv ing the voltage s t abil ity 
problems . 

All  o f  the tran smi s s ion l ine opt ions s ave a sub s tantial  amount of t ransmi s s i on 
s y s t em l o s s e s . Opt ion 5 ,  the rebuild of the Ch ie f J o s eph- Snohomi sh 3 4 5 - kV to 
5 0 0 - kV doub l e - c i rcuit  wou ld s ave the mo s t .  The next be s t  l o s s - s aver is Opt ion 
1 .  Opt ions 2 ,  4 and 6 have s imila r  l o s s  s av ing tha t are  s omewhat l owe r. The 
Reac t ive o p t i on s ave s the l e a s t  amount of l o s s e s . 



TABLE 1 :  COMPARI S ON OF TRANSMI S S I ON REINFORCEMENT PLANS FOR P SAERP 

OPT ION 

1.  New Ch i e f  Joe -Monroe / Echo 
Lake 5 0 0 - kV doub l e  c i rcuit 

2 .  New Chie f J o e - Echo Lake 
5 0 0 - kV doub l e  c ircuit l ine 

3 .  Vo l t a ge Supp o r t  2 
Swi tchya rd and s e r i e s  c a p s  
1 9 / 1 9 / 2 0 / 2 3 ohms 

4. Ch i e f  Joe- Snohomish 3 4 5 - kV 
upgrade t o  5 0 0 - kV s ingle 
c i rcuit 

5 .  Ch i e f  J o e - Snohomish 3 4 5 - kV 
rebu i l d  t o  5 0 0 - kV doub l e  
c ircuit 

6 .  Roc ky Reach-Map l e  Va l ley 
3 4 5 - kV rebuild t o  5 0 0 - kV 
doub l e  c i rcuit  

PEAK SYS TEM LOS S SAVINGS 

MW - 2 0 0 4  
BPA PNW 

8 6  1 08 

7 2  9 0  

18 ( 1 )  2 7  ( 1 )  

7 5  9 7  

9 3  1 1 2  

7 3  8 3  

REACTI VE MARGIN 

MVARS - 2 0 0 4  
2 - l ine / 1 - l ine / T roj an ( 3 )  

ma rgins  inc lude unu s e d  MSC 
QV c u rve s a r e  a t t ached 

1 1 0 0 / 9 0 0 / 9 0 0  

1 0 0 0 / 9 0 0 / 9 0 0  

7 0 0 / 4 0 0 / 5 5 0  ( 2 )  

5 0 0 / 8 0 0 / 6 0 0  

8 0 0 / 7 0 0 / 7 0 0  

1 2 0 0 / 7 0 0 / 8 0 0  

( 1 )  1 0  MW of the BPA l o s s s avings and 1 3  MW o f  the PNW l o s s s avings i s  due t o  
the addi t ion o f  the Rave r- Echo Lake # 2  and Map l e  Va l l e y  T rans f o rme r # 2  nee de d  in 
e a rly 2 0 0 0 's .  

( 2 )  This p l an inc ludes replacement o f  the th i rd ( PCB ) c apac i t o r  g roup a t  Raver.  
Ano the r opt ion t o  this  Raver g roup c ou l d  be an MSC at  Naneum . 

( 3 )  The P o r t l and a re a  wi l l  need to  be s uppo r t e d  in the e a r l y  t o  mid 2 0 0 0 ' s . 
Cu r s o ry s t udies  indic a t e  that one MSC will p rovide this suppo r t ;  a 3 0 0  MVAR MSC 
at Ma r ion sub s ta t ion n e a r  S a l em .  All opt ions inc lude this  MSC. 
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Raver 
Substation 

Echo Lake 
Substation -... ...... 

Stevens Pass 

...... ......... Snoqualmie Pass ,, ,---------... ... ___ 
19 

" # 23n ;·2on 

Columbia 
Capacitor 
Station 

§SB�l�ion Vantage 
Substation 

Grand Coulee 
Substation 



Snohomish 
Substation 

Monroe 
Substation 

Maple Valley 
, __ _ 

Substation 

Snohomish 
Substation 

Monroe 
Substation 

Maple Valley 
Substation 

OPTION 4 

Upgrade 345-kV Line 

Stevens Pass 

Echo Lake 
Substation 

-.. .... .... Snoqualmie Pass .... ...... , __ _ 

OPTION 5 

Replace 345-kV Line 

Stevens Pass 

Rocky Reach 
Substation 

Snoqualmie Pass 

---,---------

Chief Joe 
Substation 

Columbia 
Capacitor 
Station 

Vantage 
Substation 

New 500-kV Line 

500-kV Line 

345-kV Line 

Double Circuit Lines I 

Grand Coulee 
Substation 

I 

About 50 Miles 

Chief Joe 
Substation 

Columbia 
Capacitor 
Station 

Vantage 
Substation 

Grand Coulee 
Substation 



OPTION 6 

Snohomish ,t; 
Substation ,___ ,;, 0---��--------------------------------�, ----�-------�-------�-------

Monroe 
Substation 

Stevens Pass 

Chief Joe 
Substation 

Vantage 
Substation 

New 500-kV Line 

500-kV Line 

345-kV Line --------------· 

Double Circuit Lines ' i 

About 50 Miles 



QV-Curves 
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PERFORMANCE OF SYSTEM WITH REACTIVE-! INSTALLED 
J97133:2C-R OUT ( J9782>MSC 8SN00 ( 2>.MON ( l>.TAC.OLY 

J97EH6S : CJ-MON OUT ( J97EH63> MSC 8 MON ( l>. OLY 
J97EH66:TROJAN SCRAM ( J97EH64> MSC 8 MON ( l ) .  OLY 
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PLAN 1: CHIEF JO-MONRO:/SNOOUALMIE 500 ADDED
J'1st AVAtLABcr 

J04663:COUL-RAV 1&2 OUT(J04662)MSC SN00(2),RAV(l) MoN�o�y 
J04EH426 : COULEE-RAVER 500 OUT (J04EH422) NO MSC f.A(IN,c-LY 

J04EH487:TROJAN SCRAM(J04EH423)MSC MON(l),OLY.MAR No� 
o J 04663QV A J 04EH4260V 
+ J04EH4870V 

1700 

1800 

1SOO 

1400 

1300 

1200 

1100 

1000 

!)00 

eoo 

100 
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PLAN 2: CHIEF JOE-SNOQUALMIE 500 ADDED 
o J04659: COULEE -RAVER 1&2 OUT ( J04656) M 'SG AVAlLA-BlE 

MSC AT MON ( l), SNOQ ( l), RAV ( l) SNOQ,O�f 
6J04EH412:COULEE-RAVER 1 OUT ( J04EH408>MSC AT MON ( l) OLY 

+J04EH413:TROJAN SCRAM ( J04EH409) 
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1400 
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1200 

1100 
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no 

800 

soo 
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100 

0 
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-300 

-400 

MSC AT MON ( l), OLY ( l), MARION ( !) Nor,c 

o J 04659QV A J 04EH412QV 
+ J 04EH488QV 
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I-u -< LLI 0:::: 
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PLAN 3: NANEUM SWYD 
ALL MSC.5 

USG.D 20X ON COULE-RAV�30X ON SICK-RAV� 39X ON VANT-RAV 
oJ04826:NAN-RAV 3&4 OUT.MSC 80L�SNO.MON�RAVCJ04825) 
bJ04827:GC-NAN 1&2 OUT�MSC 80L.SNO�MON.RAVCJ04825) 

�J04EHS79:CJ-MON� MSC 8 OLY (J04EHS77) MS� �4v 
xJ04EHS80:TROJAN SCRAM. MSC 8 OLY�MARION CJ04EHS78)M<.c. RAV 

o J04B26QV A J04827QV + J04EHS790V 
X J04EHS80QV 
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PLAN 4! UPGRADE CJ-SNOHOMISH 345 TO 500 SSC 
ADD CROSSTIE: COLUMBIA-SICKLER-MAD RIVER 500 SSC 

J046Sl:MADRVR-MONROE 1&2 ( J04650 ) MSC 8MONl.SC2.0LYl 
J04EH4 16:COLUMB-RAVER 1 OUTCJ04EH406 ) MSC 8 MON ( l )  

J04EH489:TROJAN SCRAM ( J04EH407 ) MSC 8 OLY. MARION 

o J 046510V A J 04EH4 1 60V 
+ J 04EH4890V 
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PLAN s: CHIEF JOE-SNOHOMISH REBUILT TO 500 SDC 
J04653:COULE-RVR 1&2 OUT ( J04652>MSC SN0 ( 2>.MON.RAV 

J04EH398:COULE-RVR 1 OUT ( J04EH396>MSC 8 MON ( 1) 
J04EH490:TROJAN SCRAM ( J04EH397)MSC 8 OLY.MON.MAR 

o J046530V 6. J 04EH39SQV 
+ J04EH4900V 
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PLAN 6: ROCKY RH-MAPLE VL 345 REBUILD TO 500 SOC 
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-500 

CROSSTIE ADDEO: SICKLER-COLUMBIA-ROCKY FORD 
J04658:COL/SICK-SNOO OUT ( J04655)MSC 8 SNOQ ( 2).RAV 

J04EH4 10:CJ-MON OUT ( J04EH404) MSC 8 OLY 
J04EH487:TROJAN SCRAM ( J04EH423)MSC 8 MARION & OLY 

O J0�6580V A J O�EH� 1 OOV 
+ J04EH4870V 
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Base Cases 
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Ct.NADA TO PNW 

CBCH ' WKOOT> 
si= �so. AI= 450. 

53! -32 

525 -36 CUST 

lf'LVL ·- ·-�--; otll:. 

5�5 -9 CHIEF JO 

530 -31 LCHH.:.>OI � 21191�5) L I j, -- .. ;,z-· TACOIIA 0 II!! \ 518!J21� I 

LIINE 
536 -31 

s:po R- , PLOTTED 16-NOV-90 �T 

537 -22 BURNS 

23! -8 
Lt.GRt.ND 

;:: I ;:: 
LADD 
235 -8 

IN TERTI E scHEDULE t.CIU61. 
AC= 1400. AC= 918. 
oe= 490. oc= '!so. 

5.10.I!US 
JS7B2 11/16/80 PF V6008 
crae PI.L 

�--- � 240 
;;; 

\ 
-

OVIINOD 
241 & 

LOSSES 

BPII= 678,88 
PNW= 1026.53 

SYSTEM= 3627. 69 

166 -9 GOs.-EN 
349 -6 



539 -3 1 
ALST 

KEELER 

PEARL 
538 -28 

INTE.RTIE. SCHEDULE. 
AC= 0 .  
DC= -71 0 .  

CANADA TO PNW 
( BCH & WK OOTJ 
SI=  450 .  
A I =  45 0 .  

545 -24 
MARION 

ACTUAL 
AC= -346 . 
DC= -71 0 .  

MONT T O  PNW 
SI= 13 1 0 .  
AI= 1 0 1 6 .  

LOSSES 

1589\lSill 

542 -31 SNOQ 

1059l-46) 

1 082l-37J 

BPA= 792 . 19 
PNW= 1 197 . 69 

SYSTEM= 3922 . 42 

IDAHO TO PNW 
SI= 7 0 0 .  
AI= 649 . 

CHIEF J3 354 - 1 1  

535 - 1 1  SICKLER 

VANT 
539 -9 

GRIZZLY  

5 0 0BUSNORTHWE.ST 

J97EH63 6/ 5/91 
CY89 MJL 
BASED ON J97EH05 
REACTIVE 1 ADDED 

PF V60 1 0  

545 -7 
COULEE 

I 
..... 
0 
U' 

-5 

PFPLOT PFP334 : REVISED 1 0/1 1/90 



536 -33 
ALST 

PEARL 532 -28 

INTERTIE SCHEDULE 
AC= O. 
DC= -1460 .  

CANADA TO  PNW 
( BCH & WKOOTJ 
S I =  4 5 0 .  
A I =  4 5 0 .  

541 -23 
MARION 

ACTUAL 
AC= -363. 

DC= -1460 . 

MONT TO PNW 
SI= 1 310 . 
AI=  1 0 1 9 .  

564(68) 

1.620\ tS2l 

1120 1) 

1121(-ll 

LOSSES 
BPA= 888 . 7 1  
PNW= 1299 . 20 

SYSTEM= 3966.91 

IDAHO TO PNW 
SI=  7 0 0 .  
AI= 629. 

CHIEF J3 353 -11 

533 -11 
SICKLER 

GRIZZLY 

5 0 08USNORTHWEST 

J97EH64 6/ 5/91 PF V6010 

CY89 HJL 
BASED ON J97EH06 
REACTIVE 1 ADDED 

Ct� ... J. w ,.d J.e :;.• ''-

5'15 - 7 
COULEE 

I 
..... 
0 � 

-4 

PFPLOT PFP33� : REVISED 1 0/11/90 



309 (-9) 

SATSOP 
539 -32 

KEELER 

PEARL 
538 -28 

INTERTIE SCHEDULE 
AC= 0 .  
DC= 557. 

ANADA TO PNH 
C BCH � HKOOTJ 
SI= 450. 
A I =  450 .  

BUT S/C ,..... 0 - ___£\ 
16.7-38 � 

MAD RVR 
540 -16 

3245{77> 
{ 

TROUT 
538 -27 

MCL 
538 -27 

897 ( 109)  

539 -25 
MARION 

ACTUAL 
AC= -277 . 
DC= 557. 

MONT TO PNH 
SI= 1 25 0 .  
AI= 994. 

961 {- 0 ) 

1 0 .q8(4} 

LOSSES 
BPA= 679 . 99 
PNW= 105 1 .47 

SYSTEM= 3779 . 53 

IDAHO TO PNH 
SI= 700 . 
AI= 678 . 

VANT 
540 -9 

GRI ZZLY 

500BUSNORTHHEST 

J04650 2/22/91 
C Y89 MJL-ALH 
BASED ON J04632 
PLAN 4 

PF V60 1 0  

PFPLOT PFP334 : REVISED 10/ll/90 



308( -37) 
SATSOP 
544 -32 

� � 
KEELER <.:J.-! 
539 -30 � 

�'b ..... 10 ..... 

PEARL 
540 -28 

INTERTIE SCHEDULE 
AC= 0 .  
DC= 557. 

:ANADA TO PNW 
<BCH & WKOOT> 
SI= 
A I =  

539 -24 
MAR ION 

ACTUAL 
AC= -278 . 
DC= 557 . 

MONT TO PNW 
SI= 1 25 0 . 
AI= 994 . 

BUT S/C � 
1 6 . 7 -38 � 

1 054 ( 3) 

LOSSES 
BPA= 662 . 3 1 
PNW= 1 036 . 35 

SYSTEM= 3764 . 05 

IDAHO TO PNW 
S I =  700. 
AI= 678 . 

537 -12 
S I CKLER 

VANT 
538 -8 

GRIZZLY 

SO OBUSNORTHWEST 

J 04652 6/ 4/91 
C Y89 MJL-ALH 
BASED ON J 04632 
PLAN 5 

PF V60 1 0 

PFPLOT PFP33i : REVISED 1 0/11/90 

1 



306{-25) 

SATSOP 
541 -32 

538 -31 
ALST 

PEARL 
539 -29 

INTERTIE SCHEDULE 

AC= 0. 

DC= 557. 

CANADA TO PNW 
{ BCH & WK OOTJ 
SI=  450. 
A I= 450 .  

BUT S/C � o __1\ 16.7-40 � 

509{44) 

539 -25 
MARION 

874{ 1 0 1 ) 

ACTUAL 

AC= -279. 

DC= 557. 

MONT TO PNW 
SI= 1250 . 
AI=  992 . 

538 -26 RAVER 

( 301 ) 301 

955(- 4) 

LOSSES 
BPA= 679.21 

PNW= 1060.20 

SYSTEM= 3789. 27 

I DAHO TO PNW 
SI= 700. 

AI= 680 .  

7:02:38 HOUR 

CHIEF J3 357 - 1 0  

:500BUSNORTHI-IEST 

JO��ss ?I 9/91 
CY89 MJL-ALH 
BASED ON J04632 

PLAN 6D 

PF V6010 

PFPLOT PFP334 : REVISED 10/11/90 



310(-37) 

SATSOP 
544 -31 

INTERTIE SCHEDULE 
AC= 0 .  
DC= 557 . 

-.!ADA TO PNW 
( BCH & WKOOTJ 
S I =  
A I =  

BUT S/C � 0 1\ 
16.7-40 � 

539 -24 
MARION 

1596( �01) 

ACTUAL 
AC= -27 7 .  
DC= 557 . 

MONT TO PNW 
SI= 1 250 . 
AI= 995 .  

f<)CI> ..... 
I 

Q) 535 -27 � SNOQ 
..... 

963{- 4) 

1050(0) 

LOSSES 
BPA= 683 . 08 
PNW= 1 0 57 . 85 

SYSTEM= 3787 .64 

IDAHO TO PNW 
SI= 700 . 
AI= 678 . 

VANT 
539 -8 

GRIZZLY 

SOOBUSNORTHWEST 

J 04656 6/ 4/91 PF V60 1 0  
CY89 HJL-ALH 
BASED ON 104632 
PLAN 2 !'CAP ON AT RAVER 

2 



( 159 ) 159 

308(-35 ) 

SATSOP 
5lf5 -31 

PEARL 
5lfl -27 

INTERT I E  SCHEDULE 
AC= 0 .  
DC= 557.  

. •  NADA TO PNW 
( BCH & WKOOTJ  
SI=  450. 
A I =  4 5 0 .  

540 -24 
MAR ION 

901 ( 99 ) 

ACTUAL 
AC= -276 . 
DC= 557 . 

MONT TO PNW 
SI=  125 0 .  
AI= 996. 

961(- 6) 

1 0lf7t-2l 

LOS SE S  
BPA= 668 . 86 
PNW= 104 0 . 1lf 

SYSTEM= 3767.43 
IOI,HO TO PNW 

SI= 700. 
f,I= 677. 

GRIZZLY 

SOOBUSNORTHI-IEST 

J 04662 3/22/91  
CY89 ALH-MJL 
BASED ON J 04632 
PLAN 1 

PF V60 1 0  

5lf5 -7 
COULEE 



236 
SNOH 

SHELTON 
542 -33 648(-76) 

308(-24) 
SATSOP 541 -33 

537 -31 
ALST 

KEELER 
536 -31 

PEARL 
539 -29 

INTER T I E  SCHEDULE 
AC= 0. 
DC= 557.  

CANADA TO PNW 
( BCH & WK OOTJ  
SI= 450 . 
AI = 450 . 

525 -:15 BUT S/C GJL_ __ C) 16.7 -41 (100) -
CHIEF J3 356 -11 

-------
-----522(51) -----------==------- . 

539 -25 
MARION 

895( 1 1 0) 

ACTUAL 
AC= -288 . 

DC= 557 . 

MONT TO PNW 
SI= 1 250. 
A I= 97 1 .  

535 -27 
RAVER 

) 

540 -11 C-R14 

ggl{- 7) 

1096 (5) 

LOSSES 
BPI\= 744.37 
PNW= 1 1 34 . 45 

SYSTEM= 3869 . 1 1 

IDAHO TO PNW 
S I =  700 . 
AI= 691 . 

538 -18 
C-R13 

538 -18 
C-R23 

545 

1�P1ZZIY 

500BUSNORTH"lEST 

JO�B�� 8/22/9! PF V6010 
CY89 1\LH t1JL 
BASED ON J04632 
NANEUM S�ITCHYARD 
307. COMP ON SICKLeR-RAVER 
207. COMP ON COUL[[-RAVER 
397. COMP ON VANTAGE-RAVER 

.... 
.l> 

I 
co 
0 

s PFPLOT PFP334 : REVISED 10/11/90 

-5 

- 4 

MON 
0 



523 
ING 

355(-22) 

SATSOP 
541 -33 

5-lO -31 
ALST 

( �g� ) PEARL 
535 -28 

INTER T I E  SCHEDULE 
AC= -730 . 
DC= - 1 7 1 0 .  

N ADA T O  PNW 
! BCH & WKOOT J 
S I =  450 .  
AI= 450. 

BUT 5/C ,...,. 0 _f\ 16.8 -38 � 

1165( 14) 

537 -21 
MARION 

ACTUAL 
AC= -949 . 
DC= -171 0 .  

MONT T O  PNW 
51=  1 300 . 
A I =  1029 . 

1200 47) 

1236(32) 

LOSSES 
BPA= 999 . 53 
PNI-I= 1 336 . 88 

SYSTEM= 4 1 69.97 

IDAHO TO PNW 
S I =  48 0 .  
AI=  532 . 

535 -12 
SICKLER 

VANT 
53-l -7 

GRIZZLY 

SOOBUSNORTHWEST 

J 04EH396 3/ 7/9 1  
CY89 MJL-ALH 
BASED ON J 04EH333 
PLAN 5 

PF V6010 

PFPLOT PFP33� : REVISED 10/11/90 



33 1 ( -17)  

SATSOP 
542 -35 

INTE.RTIE. SCHEDULE. 
AC= - 1175 .  
DC= -200 0 . 

lADA TO PNH 
< BCH & WKOO T l  
S I =  4 5 0 .  
AI= 450. 

BUT S/C ,.... o __1\ 16.6-38 � 

533 -19 
MAR ION 

ACTUAL 
AC= -1369 . 
DC= -20 0 0 .  

MONT T O  PNW 
SI= 1300. 
A I =  1 044. 

1232 90) 

1291<72 )  

LOSSES 
BPA= 977 . 23 
PNW= 1426 . 94 

SYSTEM= 4269 . 91 

IDAHO TO PNW 
SI=  480 .  
AI= 543. 

533 -12 
SICKLER 

VANT 
531 -6 

GRI ZZLY 

SOOBUSNORTHWE.ST 

J 04EH397 6/ 4/91 
CY89 MJL-ALH 
BASED ON J 04EH337 
PLAN 5 

PF V60 1 0  

I CD C> 

2 

5 



t > ... 

352( -18) 
SAT SOP 
5'12 -33 

( 385 ) 385 

I NTERTIE  SCHEDULE 
AC= -730. 
DC= - 1 11 0 .  

CANADA T O  PNW 
C BCH & 1-lKOOTJ  
SI=  450 .  
AI= 450 .  

540 -22 
MAR ION 

1 1 26(20) 

ACTUAL 
AC= -94 9 .  
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ATTACHMENT 1 

PUGET S OUND REINFORCEMENT TRANSMIS S ION ALTERNATIVES 
by Ma rv Landaue r and Go rdon Come gys - BPA 

9 - 19 - 9 0  

The re is  a minor omi s s ion in this  document . Rein f o rc ement i s  needed in the Lake 
S ammamish a r e a  wi thin the s tudy pe riod . A Lake s ide 2 3 0 / 1 1 5 - kV t rans fo rme r 
add it ion i s  a s s umed in the powe rf low mod e l s  a f t e r  2 0 0 1  t o  c o r r e c t  the s e  loc a l  
prob lems . Th i s  proj e c t  w a s  inadv e r tently l e f t  out o f  Table 1 5 0 , howeve r ,  i t  i s  
inc luded in a l l  opt ions s tudied in this  repo r t . P roj e c t s  s uch a s  t h i s  a re 
needed in the powe r f l ow t o  g e t  accurate  re s u l t s  f r om the ana ly s i s  o f  the c r o s s  
C a s c ade t r ansmi s s ion c apac ity . The pe r f o rmanc e o f  the a l t e rna t ive s s tudied in 
th i s  report  a r e  not dependent on the Lake s ide proj e c t . This proj e c t  wi l l  b e  
s tudied independent ly by t h e  u t i l i t ie s  invo lved to  dete rmine whe the r this o r  
s ome othe r opt ion i s  mo s t  favorab l e . 



PUGET SOUND REINFORCEMENT TRANSMISSION ALTERNATIVES 

AS SUMPTIONS 

Th i s  repo r t  uses the the s ame assump t i ons as con t a i ned in t he 1 - 1 2 -90 memo from 
Porter  to Perry ( Table 1 50 ) . 

The l i ne ra t i ngs used i n  t h i s  repo r t  are included i n  Table 1 5 1 . The 
assump t i ons include Skagi t genera t i on levels p r i o r  to and a f t er January 6 o f  
each year . For cal cula t i on o f  loss sav i ngs no t ed i n  t h i s  repor t ,  i t  i s  as sumed 
tha t the h i gh and low genera t i on levels w i l l  each exi s t  for  hal f  the wi n t er peak 
load per i od and t he loss sav i ngs w i l l  be the ave rage of these two cond i t i ons . 

A t  the t i me t h i s  s t udy was s tar t ed , t here was s ome concern abou t the h igh number 
o f  unex plai ned ou t ages experi enced by the new 1 . 7  pu l i ne des igns . Therefore , a 
2 . 0  p . u .  l i ne des ign was used i n  t hese s tu d i e s  for calcula t i on o f  l i ne 
parame t e r s . Sens i t i v i ty of t h i s  assump t i on is t e s t ed i n  Table 3 1 0 .  Due t o  
aud i ble n o i s e  cons t rai n t s , a 4-b i t tern conduc t or bund le i s  assumed . 

I f  an SVC i s  used i n  any s t udy , i t s oupu t i s  assumed t o  be zero un t i l  a 
cont i ngency o ccurs . F rom that po i n t  on , the SVC a t t emp t s  t o  ma i n tain  the pre
con t i ngency vol t age of the bus i t  is conne c t ed t o .  

NOTE 

The January 2004 cases ( except P lan 5 and 6 )  have an error in the compensa t i on 
level of the Coulee-Raver l i nes ( 45% i ns t ead of 22 . 5% ) . Th i s  error improved the 
per formance o f  the EH w i n t e r  ou t ages by abo u t  150 MVARs . I t  was , howeve r ,  
d e t r i men tal t o  the no rmal w i n t e r  double l i ne ou t ages o f  t he Coulee-Raver l i nes , 
s i nce the sys t em had t o  wi ths t and the loss o f  t h i s  add i t i onal compensa t i on wi th  
f ewer shun t capa c i t ors energi zed p r i o r  to  the ou tage . Th i s  error will  be 
corre c t ed in f u t ure cases . I t  should n o t  have a grea t e f fe c t  on the compar i son 
of these a l t erna t ives . Refer t o  Table 310 for more d e t a i l .  

PROBLEMS 

The po t e n t ial for  vo l t age ins t abi l i ty exi s t s  in t he Puge t Sound area for s everal 
cross moun t a i n  l i ne outages or loss  o f  Troj an genera t i on . Th i s  repo r t  w i l l  
analyze t he rein forcemen t o f  t h e  Cross Moun t ai n  ( CM )  t ransmi s s i on sys t em to  
rel i eve t hese prob lems . Mod i f i ca t ions t o  the t ransmi s s i on sys t em could cause 
increased f low i n  c e r t a i n  areas of t he sys t em and requ i re add i t i onal fac i l i t i es . 
Maj o r  areas wi th  t ransmi s s i on problems tha t  are a f fe c t ed by the CM rein forcemen t 
are the nor th Sea t t le area , Troj an area , Okanogan area and Coulee-Ch i e f  Joe 
area . These w i l l  be analyzed i n d i v i dually for each a l t erna t ive s t ud i ed . 

Reac t i ve suppo r t  f o r  the ma i ngr i d  t ransm i s s ion sys t em was s t ud i ed through 2004 . 
No t a l l  plans are necessar i ly equal , s i nce add i t ions beyond t h i s  t i me ( some o f  
them may b e  s ign i f i can t )  we re no t con s i de red . Thermal pro blems i n  t h e  bulk 
t ransm i s s i ons sys t em in the Puge t Sound area were s t ud i ed through 2010 to  ensure 
that the plans were equ i valen t . The o t her pro blems were only s t ud i ed around the 
1 996 t i mef rame to  measure the impac t of the Cross Moun t a i n  rein for cemen t .  

Solv i ng the vo l t age s tabi l i ty problem i n  the Puge t Sound area i s  a two- t i ered 
problem . The vol tages on t he 230-kV sys t em need to be suppo r t ed to preserve the 
ou t pu t  of the large amoun t of shun t compensa t i on on the lower vol t age sys tem and 
the rea c t ive losses of t he Cross Moun tain  ( CM )  t ransm i s s i on needs t o  be reduced . 



There are also three problems that ex i s t  p r i o r  to  the assumed energ i za t i on o f  
t h e  CM rein forceme n t  ( 10-96 ) and w i l l  no t necessar i ly be s olved b y  t h i s  proj ec t .  
They are : a breake r fai lure a t  Raver , the i n t egra t i on o f  the new PSPL l i ne i n t o  
Lake Trad i t i on and t h e  Mas sachuse t t s -Broads t re e t  1 1 5-kV l i ne over load . 

The breaker fai lure a t  Raver could cause loss o f  the Raver-Snoqualm i e  and Raver
Tacoma l i nes , wh i ch ,  p r i o r  to the CM add i t i ons , would cause the Cov i ng t on 
t rans formers t o  overload as shown in J96254 . Re i n forcemen t o f  the CM 
t ransm i s s i on would reduce the s ever i ty o f  t h i s  problem . It is assumed that t h i s  
p roblem i s  co rrec t ed by rear rang i ng t h e  bus layou t a t  Raver ( s omehow ) and t h i s  
f i x  w i l l  e l i m i na t e  t h e  problem i n  l a t e r  years . However , t h e  e f fe c t  o f  each plan 
on the exi s t i ng bus layout is analyzed in Table 1 7 0 . 

There are many l ine ove rload problems i n  the Lake Trad i t i on area that are the 
resul t o f  poor i n t egra t i on o f  Puge t ' s  new 2 30-kV cross moun t a in c i rcui t .  The 
heavy load i ng of the 1 1 5-kV l i nes in t h i s  area i s  fur ther aggravated by ex ternal 
ou t ages . The Mass achusse t t s -Broads t re e t  overload is caused by through flow wh i ch 
occurs dur ing maingr i d  equ i pmen t  ou tages . No t h ing i s  assumed t o  be added t o  
corre c t  these problems , however t h e  e f fe c t  o f  each C M  rein forcement plan i s  
analyzed wi th  respect t o  these problems i n  Table 1 7 0 . 

ALTERNATIVES CONSIDERED 

Th i r ty n i ne new l i ne op t i ons were s t ud i ed in an a t t emp t to solve the Puge t Sound 
Vo l t age S t abi l i ty problem . F i ve of thes e are con s i d e red t echni cally and 
e conomi cally feas i b le . Also d i s cussed be low are a Reac t i ve Op t i on ( no l i ne 
cons t ruc t i on ) and two rebu i ld op t i ons . O p t i ons that were s t ud i ed and rej ec ted 
are inc luded i n  Tables 302 and 303 . The op t i ons l i s t ed in Tab le 302 are 
cons idered t e chn i cally feas i ble , bu t are too cos t ly .  Those o p t i ons l i s t ed i n  
Table 3 0 3  a r e  no t cons i dered t echn i cally feas i ble or a r e  t echn i cally infer i o r .  

The performances o f  t h e  500-kV t ransmi s s i on l i ne a l t erna t ives a r e  fa i r ly 
s i m i lar . Gener i c  developmen t o f  these al te rna t ives i s  inc luded i n  Table 310 . 
Di f ferences are no t ed wi th  each plan . 

A .  Ch i e f  Jos eph-Monroe 500-kV Double-C i r cu i t Line : P lan 1 

1 .  Puge t Sound Area Vol tage S t ab i l i ty Per fo rmance 

Th i s  plan as sumes a new double c i rcui t Chi e f  Joe-Monroe 500-kV l i ne is bu i l t  
parallel t o  the exi s t i ng c i rcui t o n  new r igh t-o f-way ( ROW ) . Th i s  new l ine and 
the 300 MVAR S t a t i c  VAR Compensa tor ( SVC) a t  Maple Val ley w i l l  s olve the vol tage 
s t abi l i ty problems and have the requi red reac t i ve marg ins for the cri t i cal 
outages i n  199 6 .  Th i s  SVC w i l l  need to  be increas ed t o  500 MVARs is later years 
to keep up wi th  the expe c t ed load growth . Au toma t i c  swi t ch i ng o f  one capac i t or 
group at Raver is requ i red by abou t 2000 for the double Coulee-Raver l i ne 
ou t age . Als o , add i t i onal 500-kV shun t capa c i t o rs w i l l  be needed a t  Snoqualm i e  
and Monroe subs t a t i ons i n  2002 and 2004 , respec t ively . For more de t a i l  on these 
add i t i ons , refer t o  Table 3 1 0 .  

The vol tage s t abi l i ty pe r formance o f  Plan 1 i s  shown i n  QV- 1 1 0  for 1996 and i n  
QV- 1 1 1  for 2004 for t h e  3 c r i t i cal ou tages . Si nce t h i s  plan does no t have the 
reac t i ve marg i ns for the double l i ne ou t age i n  2004 , an add i t i onal 300 MVAR SVC 
i s  needed a t  Cov ing t on p r i o r  t o  the 2003-4 win ter . 



2 .  Puge t Sound Area Thermal Overload Requi remen t s  

I f  the Ch i e f  J oe-Monroe 500-kV double-c i rcu i t  l i ne i s  added , nume rous problems 
are aggrava t ed in t he No r t h  Sea t t le a rea during wi n t e r  cond i t i ons . These 
include : 

a .  Loss o f  t he Monroe-Sedro-Snohomish 2 30-kV t hree t e rminal l i ne causes t he 
Monroe-Snoking Tap 230-kV l i ne t o  overload dur i ng low Skag i t gene rat i on 
( J96M2 18 ) . This  ove rload w i l l  n o t  o ccur wi th normal Skagi t genera t i on 
( J 96M22 7 ) .  

b .  Los s o f  the Monroe-Snaki ng-Sammami sh 230-kV t hree t e rminal l ine caus es t he 
Monroe-Sed ro Tap 230-kV l ine to  overload dur i ng low Skag i t generat ion ( J96M2 1 7 ) . 
Th i s  overload w i l l  also n o t  occur wi t h  normal Skagi t gene ra t i on ( J96M2 26 ) .  

c .  Loss o f  the Maple Valley 500/2 30-kV t rans former over loads the Monroe 
t rans former beyond i t s eme rgency load ing and loads the Monroe-Sedro tap l ine 
heav i ly ( J 96EH554 ) .  

d .  Loss o f  the double- c i rcui t Chi e f  Joe-Snohomish 345-kV l i ne s  dur i ng normal 
wi n t e r  caus es t he Monroe-Sed ro Tap 230-kV l i ne to over load ( J 96235 ) . 

e .  Loss o f  the Monroe-Snoqualmi e  500-kV l ine also overloads the Monroe 500/2 30-
kV t rans fo rme r ( J 9 6EH555 ) .  

f .  The Monroe t rans former and the Monroe-Snohomi sh 230-kV l i ne w i l l  ove r load 
dur i ng cold wea ther wi thou t any outages in 2001 as shown in JOOEH32 . 

This i s  a d i f f i cu l t  s e t  o f  problems t o  solve . Since Monroe i s  s t rengthened 
cons i de rably by the add i t i on of the double-c i rcui t CM l i ne , the 230-kV sys tem 
out o f  Monroe i s  s t ressed heavi ly as indicated by the fac t  that there are 
overloads in the base sys tem wi thou t any outages i n  200 1 . To correc t these 
problems , add i t i onal 500/ 230-kV t rans forma t i on is needed and the 2 30-kV sys tem 
i n t o  Snohomi s h  needs backu p .  S i nce t he base sys t em i s  s o  heav i ly s t ressed , a 
s i ngle r e i n fo rcemen t proj e c t  will  n o t  be able to  s olve t he problems through the 
s tudy per i od ( 20 10 ) . 

Add i ng a new Monroe-Snohom i sh 500-kV l ine t o  feed a 500 / 2 30-kV t rans former a t  
Snohom i s h  would re l i eve these problems bes t i n i t i al ly . Case J 96EH568 shows tha t 
a t h i rd B o t hell-Snohomi s h  230-kV l ine i s  needed wi th t h i s  plan for t he ou tage 
of one of t he exi s t i ng l i nes . Thi s  can be ac compli shed by looping- i n  or  tapping 
one o f  SCL ' s Skagi t l i nes . The wor s t  ou t age for thi s plan appears t o  be the 
loss  of the new t rans former and/or  the new Monroe-Snohom i s h  500-kV l ine 
( JOOEH32 ) whi ch will cause the Monroe t rans fo rmer t o  overload i n  2001 . 

To r e l i eve these la t e r  problems , a t rans former add i t i on i s  needed i n  the 
Snaki ng/ Snohomi s h  area . Rei n forcing Snoking wi t h  a 500/ 230-kV t rans fo rmer looks 
a t t rac t ive at t h i s  t i me s i nce the Monroe-Snoqualmie 500-kV l ine can be tapped 
and the exi s t i ng Snoking Tap 230-kV l i ne can be conver ted to i t s des ign vol t age 
of 500-kV ( no new 500-kV l ine cons t ru c t i on is needed ) .  A second Bo thell-Snoki ng 
2 30-kV l i ne i s  also needed wi t h  t h i s  t rans former ( case JOOEH 1 1 3 ) . Thes e  
add i t i on s  should s olve t he area problems wel l  beyond 201 0 .  

I f  t he Snoking t rans fo rmer were added f i rs t , i t  would requ i re a new c i rcui t t o  
Monroe and n o t  j us t  a t a p  o n  the Monroe-Snoqualmie l i ne in  order t o  �or re c t  
problem 5 above . Thi s  l i ne cons t ru c t i on ( 9  mi les ) can b e  eliminated by add ing 
the Snohomish t rans former f i rs t ,  even though the Snok i ng proj e c t  saves about  4 
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MY mo re losses t han Snohomish . 

I f  the Snak i ng 500/2 30-kV t rans forme r i s  added f i rs t , t he t ransm i s s i on between 
Monroe and Snohomi sh w i l l  over load in 1 998 for the loss  of the new Snaki ng 
t rans forme r ( J 96EH565 and JOOEH28 ) .  Thi s  plan i s  n o t  as good as Snohomi s h  
s i nce t he convers i on o f  the exi s t i ng 230 t ap l i ne i n t o  Snaki ng t o  i t s d e s i gn 
v o l t age o f  500-kV j us t  replaces t he exi s t i ng c i rcui t w i t h  one o f  higher 
capac i ty .  Bu t s i nce t he new l ine is 500-kV , t he sys t em mus t  s e rve abnormally 
cold wea ther loads d u r i ng that outage i ns t ead o f  mod e ra t e  loads as was the case 
p r i o r  to t he change . 

Add i t i onal t rans fo rma t ion could be added a t  Monroe w i t h  an add i t i onal 230-kV 
c i r cu i t added t o  t he Snohomish  area . Los s  savings would favor the add i t i on o f  
t he t rans forma t ion c l o s e r  t o  t he load , however ,  t h i s  could aggrava t e  t hrough
f low problems . 

Tapp i ng an exi s t i ng Cus t e r-Monroe 500-kV l i ne t o  feed a 500/2 30-kV t rans former 
at Snohom i s h  i s  ano ther pos s i b i l i ty t o  rel i eve these problems and would save 
some l i ne cons t ru c t i on .  Howeve r ,  loss o f  t he Cus t e r-Monroe l ine wi t h  t he new 
t rans former aggrava tes the ove rloads that would occur i f  only t he t rans fo rmer 
were los t .  Add i t i onal suppo r t  would be needed in abou t 1 999 to el imina t e  t he 
overloads o f  t he Monroe t rans former and Monroe-Snohom i s h  l i ne f o r  loss  o f  t h i s  
new t rans forme r as s hown i n  case JOOEH30 . As shown abov e ,  t h i s  overload can b e  
delayed abou t 2 years i f  a n  en t i rely new l i n e  i s  bu i l t  from Monroe t o  Snohomi s h  
t o  s upply the new t rans former . 

The loss  sav i ngs due t o  the add i t ion o f  t he recommended Snohomi s h  t rans former 
proj e c t  is abou t 1 3 . 5  MY on t he BPA sys t em and 14 . 9  MY t o t al for t he Nor t hwes t 
in  1 996 ( compare cases J 96248 , J96252 , J96261  and J96262 ) .  Thes e  loss sav i ngs 
increase to 2 1 . 5  MY on the BPA sys t em and 26 . 0  MY for t he Nor thwe s t  in 2 000 
( compare cases J 0035 , J0036 , J0037 and J0038 ) .  No t e  t ha t  the 2 000 cases have 
bo t h  the Snohom i s h  and the Snaki ng t rans formers in s e rv i ce .  

A 300 MVAR shunt rea c t o r  i s  requ i red a t  Monroe t o  prov ide vol t age con t ro l  
o n  t h e  500-kV sys t em d u r i ng ligh t er load per i ods . 

Summer and s p r i ng cond i t i ons were s tudied ( Tables 202 - 2 1 2 ) .  The assumed summer 
cond i t i ons i nclude 2000 MY Ingledow t o  Cus t e r  power flow and 8000 MY t o tal PNY 
t o  PSY i n t e rchange s chedules . The as sumed s p r i ng cond i t i ons inc lude 2000 MY 
Ingledow t o  Cus t e r  powe r flow and 1 800 MY Cus t e r  t o  I ngledow powe r f low . Eleven 
t ransmi s s i on l i nes need upgrad ing to higher condu c t o r  opera t i ng t empera tures 
( Table 2 01 ) .  

The Ingledow t o  Cus t er  power flow cann o t  exceed 1 000 MY w i t h  t he Monroe
Snoqualmie 500-kV l ine permanen t ly out of servi ce during summe r .  Th i s  app l i es 
only t o  Plan 1 .  The o t her plans can accomodate  2000 MY I ngledow to  Cus t e r  
dur i ng outages . 

3 .  Por t land Area Vol tage S t ab i l i ty Per forman ce 

The c r i t i cal ou t age for the Po r t land area is loss of t he Troj an Nuclear plan t 
wi t h  one Cen t ra l i a  generat ing un i t  previ ous ly out  o f  servi ce dur ing abnormally 
cold wea ther load s .  The add i t i on o f  the new l ine i n t o  the Puge t Sound area , 
wi t h  300 MVAR SVC ' s  a t  Maple Valley and Keeler w i l l  prov ide t he necessary 
reac t ive margins in the Port land area . The Keeler SVC w i l l  need to be increased 
to 500 MVARs in l a t e r  years to keep up wi th the load grow t h .  Also , add i t i onal 
500-kV s hun t capaci t o r s  will  be needed at O s t rander , Keeler and Pearl 
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subs t a t i ons be tween 1998 and 2004 . The per formance o f  the three c r i t i cal bus ses 
i n  the Nor t hwes t for  the Troj an s c ram is shown i n  QV- 1 1 2 . For mo re d e t a i l  on 
t h i s  plan , refer t o  Table 3 1 0 .  

4 .  Port land Area Thermal Overload Requi remen t s  

P r i o r  t o  Puge t Sound Re inforcemen t ,  the PGE Troj an-Ri verga t e  230-kV and Troj an
S t . Marys 230-kV l i nes ove rload fol low i ng an Al l s t on-Keeler 500-kV l ine ou t age 
dur i ng summer cond i t i ons ( A9 3 1 94 ) . The sever i ty of the overload i ncreases 
during o f f  peak Sea t t l e  summer loads , very h i gh PNV to PSW s chedules over the 
DC and AC i n t e r t i e s  ( followi ng 3rd AC) , and h igh BCH t o  PNV s chedules (A93160 ) . 
Add i ng a cross moun t a i n  l ine increases the s ever i ty o f  the overload by abou t 
4% ( A9 6 1 7 4 , A9 6 1 7 5 ) .  However ,  t he overload i s  more s ens i t ive t o  h igh area 
i n t e r change s chedules dur i ng o f f  peak summer loads than i t  is to the add i t i on 
o f  a new cross moun t a i n  l ine . The overloads s l i gh t ly decreases i n  f u t ure years 
as the Sea t t l e  summer loads increas e .  

5 .  Okanogan Val ley Performance/ E f f e c t s  

The new cross moun t a i n  l ine i ncreases load i ng by abou t 7 % .  The Okanogan-Brews t e r  
1 15-kV l ine needs upgrad i ng t o  a h igher condu c t o r  opera t ing t emperature be fore 
and af t e r  add i t i on o f  a cross moun t a i n  l ine t o  p revent overloads fol low i ng an 
outage o f  e i ther Douglas-Wells  230-kV l ine or S i ckler 500/ 230-kV t rans former 
dur i ng summer ( A9 6 1 7 0 , A9 6 1 7 6 ) .  Re fer to Table 201 . 

6 .  Coulee/Ch i e f  Jos eph Area Per fo rmance/ E f f e c t s  

Load i ng i ncreases o n  the 500 / 230-kV t rans forme rs wi t h  a new C M  l ine . A second 
Ch i e f  Joe 500 / 2 30-kV t rans former i s  needed to preve n t  overload i ng the Coulee 
500/ 230kv t rans former fol low i ng an ou t age of the exi s t i ng Ch i e f  Joe 500 / 230-kV 
t rans forme r dur i ng s p r i ng wi t h  1 800 MW Cus t er t o  Ingledow powe r f low ( SPG9 4 1 1 6 ) .  
Re fer t o  Table 201 . 

7 .  P lan 1 Summary 

1994 Add 300 MVAR SVC on Maple Vall ey 230-kV bus ; 
Add 300 MVAR SVC on Keeler 230-kV bus ; 
Add 500-kV shunt capaci t or bank a t  Os t rander . 

1996  Add Chi e f  Joseph-Monroe 500-kV double c i rcu i t  l ine ; 
Add 1 300 MVA Snohomi s h  500/ 230-kV t rans former f ed f rom new 1 1  m i l e  
500-kV l ine from Monroe ; 
Loop - i n  one SCL Bothell-Diable l ine i n t o  Snohom i s h ; 
Add Monroe 500-kV shunt reac t o r ; 
Upgrade 1 2  t ransmi s s i on l ines t o  h igher opera t i ng t empera t ures ; 
Add second Chi e f  Joe 500/2 30-kV t rans fo rmer . 

1998 Add 500-kV shunt capac i t or bank a t  
'
Keeler . 

2000 Upgrade Keeler SVC to 500 MVAR ; 
Add Snoking 500/2 30-kV t rans former t apping Monroe- Snoqualmie 500-kV 
l i ne and u s i ng ex i s t i ng 500-kV cons t ru c t ed l ine i n t o  Snoking ; 
Add Snoki ng-Bo thell  230-kV #2 ; 
Add MSC t o  one exi s t i ng Raver shun t capac i t or group ; 
Add second 500-kV shun t capa c i t o r  bank a t  Os t rander . 

200 1  Upgrade Maple Val ley SYC t o  500 MVAR . 
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2002 Add 500-kV shun t capa c i t o r  bank at Snoqualmi e ;  
Add second 500-kV shun t capa c i t o r  bank a t  Pearl ; 

2003 Add 300 MVAR SVC on Cov i ng t on 230-kV bus . 

2004 Add 500-kV shun t capac i t o r  bank at Monroe : 
Add t h i rd 500-kV shun t capa c i t o r  bank a t  Os t rander . 

8 .  Loss savings o f  Plan 1 

The loss sav i ngs o f  var i ous o p t i ons i s  summar i z ed i n  Table 100 . P lan 1 wi l l  
save 58 . 0  M W  o n  t h e  BPA sys t em and 70 . 2  M W  in t h e  Nor t hwes t in 1 996 ( compared t o  
t h e  base sys t em ) . The l o s s  sav i ngs wi ll in crease t o  67 . 9  MW o n  t h e  BPA sys t em 
and 82 . 0  MW i n  the Nor t hwes t i n  2004 ( compared t o  the Reac t i ve Plan ) . Th i s  
p lan has s ome o f  t he highe s t  loss sav i ngs o f  the 500-kV op t i ons s t ud i e d .  

B .  Ch i e f  Jos eph- Snoqualmi e  500-kV Double-C i rcu i t  Line : P lan 2 

1 .  Puge t Sound Area Vo l t age S t ab i l i ty Performan ce 

Th i s  plan assumes a new Ch i e f  Jos eph-Snoqualmi e  500-kV double c i r cu i t l ine i s  
bui l t  o n  new ROW para l l e l i ng the exi s t ing Ch i e f  Joe-Si ckler l i ne , o n  new ROW 
f rom Si ckler t oward the Cas cades summi t ,  then parallel i ng the Rocky Reach-Maple 
Val ley 345-kV line into Snoqualm i e .  Th i s  new l i ne and the 300 MVAR SVC a t  Maple 
Val ley w i l l  solve the vo l t age s t abi l i ty problems and have the requi red reac t i ve 
marg i n s  for the cri t i cal ou tages i n  1 996 . Th i s  SVC w i l l  need t o  be increased t o  
500 MVARs i s  la t e r  years t o  keep u p  wi th t h e  expe c t ed l oad grow t h . Au t oma t i c  
swi t ch ing o f  one capac i t or group a t  Raver i s  requ i red by abou t 2000 for the 
double Coulee-Raver l ine outage . Als o , add i t i onal 500-kV shun t capaci t o rs w i l l  
b e  needed a t  Monroe and Snoqualmie subs t a t i ons be tween 2002 and 2004 . For more 
d e t a i l  on t h i s  and the add i t i ons needed through 2004 , refer to Table 3 1 0 . 

The vol t age s t abi l i ty perfo rmance for the Puge t Sound area wi th  P lan 2 i n  
servi ce i s  s hown i n  QV- 1 2 0  f o r  1 996 and i n  QV- 1 2 1  f o r  2004 f o r  t h e  3 c r i t i cal 
outages . 

2 .  Puge t Sound Area Thermal Ove rload Requi remen t s  

I f  t h i s  l i ne i s  added , numerous problems are aggrava ted i n  t h e  Nor th Sea t t l e  
area dur i ng w i n t e r  cond i t i ons . These include : 

a .  Loss o f  the double- c i rcui t Ch i e f  Joe- Snohom i s h  345-kV l i nes dur i ng normal 
w i n t e r  w i l l  cause the Monroe- Sed ro Tap 230-kV l i ne to overload in 1997 ( J 96234 ) . 

b .  Loss o f  the Monroe 500/2 30-kV t rans former causes t he Maple Va l ley- Snoki ng 
230-kV l i ne t o  load beyond the 1 2 7 5  amp l i m i t ( J96EH55 3 ) . 

c .  Los s o f  the Map le Val ley 500/2 30-kV t rans former w i l l  caus e  t he Monroe 
t ran s forme r to ove rload in 2001 ( JOOEH2 5 ) . 

The 230-kV three- t erminal l i ne ou t ages ou t of . Monroe are no t seri ous wi th  t h i s  
C M  plan ( J 96M2 1 9  and J96M220 ) . 

Al though t rans forma t i on i s  not  requ i red un t i l  2001 , i t  i s  advan tageous t o  add a 
Snoki ng t rans f ormer wi th  the new CM l i ne .  Th i s  t ransformer add i t i on s olves both 
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l i ne overloads ( problems a and b above ) and the even tual 500/2 30-kV t rans former 
overload ( problem c above ) .  I t  also has loss sav i ng bene f i t s . The Monroe
Snoqualm i e  l i ne can be t apped and the ex i s t i ng Snoking Tap-Snoking 2 30-kV l ine 
conve r t ed to i t s  des ign vol tage of 500-kV to s upply the new Snok i ng t rans former . 
A s econd Snoking-Bothe l l  2 30-kV l ine i s  needed wi t h  t h i s  t rans former t o  prevent 
overloads dur i ng Monroe t rans fo rmer ou tages ( JOOEH26 ) .  

Vhen the Lakes ide t rans former i s  added ( a s sumed i n  2001 ) ,  the unused 230-kV 
c i rcu i t  that i s  parallel  t o  the exi s t i ng Bo t hell-Snok i ng-Maple Vall ey 2 30-kV 
l i ne w i l l  need t o  be put  i n t o  service a t  230-kV . Vi t h  the new Ch i e f  Joe
Snoqualmie 500-kV l ine p lan , the Maple Vall ey-Lakes i d e  sec t ion of t h i s  l i ne w i l l  
need t o  b e  rebu i l t  to  abou t 1800 amps a t  - 1 5  degrees Celc ius . 

The Mapl e  Val ley 500/2 30-kV t rans former w i l l  overl oad i n  about 2007 for loss o f  
the Snoking t rans former and Monroe-Snoqulam i e  l ine ( J04EH97 and 2 %  load growth ) .  
A paral l el Maple Val l ey 500/230-kV t rans forme r w i l l  be needed a t  th i s  t ime . 
Vi th  these add i t i ons , t h i s  plan should prov ide for future load growth beyond 
2010 . 

I f  a second Maple Val l ey-Snoking 230-kV l i ne ( 25 m i l e s ) i s  added t o  co rrec t 
problem #2  above i ns t ead o f  the Snoki ng t rans fo rmer , i t  would also delay the 
Monroe-Snohom i s h  ove rload in problem # 1  un t i l  abou t 1 999 ( J96236 and J001 7 ) .  I f  
a second Maple Val ley 500/2 30-kV t rans former i s  then added i n  1 9 9 9 , i t  would 
delay t h i s  ove rload furt her un t i l  about 2002 ( 2% load grow t h  appl i ed t o  case 
J00 18 ) .  Add i t i onal suppo r t  would then be needed i n t o  the Snohomish area . The 
Snok i ng proj e c t  would be needed a t  t h i s  t ime . 

I f  the second Maple Val l ey-Snok i ng 230-kV l ine i s  added i n  10-9 6 , fol lowed by a 
Snoking t rans former i n  1 9 9 9 , the 230-kV l i ne add i t i on would have l im i t ed 
usefulness unt i l  the Lake s i d e  t rans forme r i s  added ( J OOEH27 ) .  The Snok i ng 
t rans former add i t i on prov i des subs t an t ial loss sav i ngs over the 2 30-kV l i n e  
add i t i on ( 9  MV vs 1 . 2  MV ) .  I f  t he Snoking 500/ 230-kV t rans former i s  added i n  
1 996 , i t  would s o lve a l l  t h e  prob lems l i s t ed above through t h e  year 2007 wi t hou t 
t he add i t ion o f  a s econd Mapl e  Val ley-Snoking 2 30-kV l i ne . This  l i ne would n o t  
be needed un t i l the Lake s i d e  t rans former i s  added . There fore , the Snoking 
t rans former is the prefe rred op t i on .  

The loss sav i ngs due t o  the add i t ion o f  t he Snoking proj ec t i s  abou t 9 . 0  MV on 
t he BPA sys tem and 1 4 . 3  MV t o tal for the No r t hwes t ( compare cases J9624 9 , 
J9625 3 , J96258 and J96259 ) .  Thes e  loss sav i ngs i nc rease t o  10 . 6  MV on the BPA 
sys t em and 1 7 . 0  MV for the Nor t hwes t in 2000 ( compare cases J002 1 , J002 2 , J0025 
and J0030 ) .  

A 300 MVAR shunt reac t o r  i s  requ i red a t  Snoqualmie t o  prov i de vol tage con t rol on 
the 500-kV sys t em dur i ng l igh t e r  l oad peri ods . Seven t ransm i s s i on l ines need 
upgrad i ng to h i gher conduc t o r  opera t ing t empera tures to mee t s p r i ng and summer 
l oad i ng cond i t i ons ( Table 201 ) .  

3 .  Por t land Area Vol t age S tabi l i ty Performance 

The e f fec t o f  the Chief Joseph-Snoqualm i e  l i ne add i t i on on the P o r t land sys tem 
performance i s  i s  s imi lar t o  the o t her l i ne op t i on p lans . Iden t i cal fac i l i t i es 
are requi red i n  the P o r t land area . The performance o f  t he three c r i t i cal 
busses i n  the Nor t hwe s t  for t he Troj an s c ram i s  shown i n  QV- 1 2 2 . For more 
d e t a i led i n forma t i on ,  refer to  Table 3 1 0 .  

4 .  Port land Area Thermal Overload Requi remen t s : same as Plan 1 
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5 .  Okanogan Valley Perfo rmance/ E f fe c t s : same as Plan 1 ( Table 201 ) 

6 .  Coulee/Ch i e f  Joseph Area Performance/ E f fe c t s : same as Plan 1 (Table 201 ) 

7 .  Plan 2 Summary 

1994 Add 300 MVAR SVC on Maple Val ley 230-kV bus ; 
Add 300 MVAR SVC on Keeler 230-kV bus ; 
Add 500-kV shunt capac i t or bank a t  Os t rander .  

1 9 9 6  Add Ch i e f  Joseph- Snoqualmie 500-kV double c i rcu i t  l ine ; 
Add 1 300 MVA Snoki ng 500/2 30-kV t rans former t apping Monroe-Snoqualmi e  
500-kV l i ne and u s i ng exi s t i ng 500-kV cons t ru c t ed l i ne i n t o  Snoking ; 
Add Snoking-Bo thell 230-kV l ine #2 ; 
Add Snoqualmie 500-kV shunt reac t o r ; 
Eigh t t ransmi s s i on l i ne upgrades t o  h i gher opera t ing t emperatures 
Add s econd Ch i e f  Joe 500/2 30-kV t rans former . 

1 998 Add 500-kV shun t capac i t o r  bank a t  Kee ler . 

2000 Upgrade Keeler SVC t o  500 MVAR ; 
Add MSC t o  one exi s t i ng Raver shun t capac i t o r  group ; 
Add s e cond 500-kV shun t capaci t o r  bank a t  O s t rander .  

2001 Rebu i ld Maple Valley-Lake s i d e  230-kV l i ne to 1 800 Amps @ -15 degrees 
( co i n c i des wi th  Lakes i d e  t rans former add i t i on ) . 

2002 Upgrade Maple Val ley SVC to 500 MVAR ; 
Add 500-kV shun t capac i t or bank a t  Snoqualmi e ;  
Add second 500-kV shun t capac i t or bank a t  Pearl . 

2004 Add second 500-kV shun t capac i t or bank at Monroe ; 
Add t h i rd 500-kV s hun t capac i t or bank a t  Os t rander . 

2006 Add Maple Valley 500/2 30-kV 1800 MVA t ran s former #2 . 

8 .  Loss sav i ngs o f  Plan 2 

The loss sav i ngs o f  var i ous op t i ons i s  summar i z ed i n  Table 100 . Plan 2 w i l l  
save 53 . 6  M W  on t h e  BPA sys t em and 66 . 9  M W  in  t h e  Nor thwes t i n  1 99 6  ( compared t o  
the base sys t em ) . The l o s s  sav i ngs w i l l  b e  5 3 . 8  MW o n  t h e  BPA sys t em and 65 . 1  
MW in  the Nor thwes t i n  2004 ( compared t o  the Reac t i ve Plan ) . 

C .  C h i e f  Joseph- Snoqualmi e/ Monroe 500-kV Double-C i r cu i t Line : Plan 3 

1 .  Puge t Sound Area Vol t age S t abi l i ty Performance 

Th i s  plan i ncludes a double c i r cui t 500-kV l i ne f rom Ch i e f  Joe wes t t oward s 
Puge t Sound us i ng the ex i s t ing nor thern corridor t o  Monroe . A t  29  m i le s  ou t s ide 
Monroe , t he l i ne w i ll s pl i t  i n t o  two s i ngle c i rcui t s  wi t h  one c i r cu i t  ex t end ing 
s ou thwes t t o  the new Snoqualmie swi t chyard s i t e and the o ther c i rcu i t  l i ne 
con t inu i ng nor thwes t t o  Monroe . Th i s  new l i ne and the 300 MVAR SVC a t  Maple 
Va lley w i l l  s olve the vol tage s t ab i l i ty problems and have the requ i red react ive 
marg ins for the c r i t i cal ou tages in  1996 . Th i s  SVC w i l l  need to be increased t o  
500 MVARs i s  l a t e r  years t o  keep u p  wi th  t h e  expe c t ed load grow t h . Au t oma t i c  



swi t ch i ng o f  one capa c i t o r  group a t  Raver i s  requ i red by abou t 2000 for  the 
double Coulee-Raver line ou tage . Also , add i t i onal 500-kV s hun t capaci t o rs wi l l  
be needed a t  Snoqualm i e  and Mon roe subs t a t i ons i n  2002 and 2004 . For more 
det a i l  on t h i s  and t he add i t i ons needed through 2004 , refer to Tab le 3 1 0 . 

The vol t age s t ab i l i ty perfo rmance for the Puget  Sound area wi th  P lan 3 i n  
serv i ce i s  shown i n  QV- 132 for 1 9 9 6  and i n  QV- 133 for 2004 for t h e  3 c r i t i cal 
ou t ages . 

2 .  Puge t Sound Area Thermal Overload Requi remen t s  

I f  t h i s  l i ne i s  added , t h e  fol lowing problems w i l l  occur : 

a .  The Maple Va l ley 500/230-kV t rans former outage w i l l  cause the Monroe 500/230-
kV t rans fo rmer t o  overload by January 1997 ( J96EH328 ) .  

b .  The new l i ne add i t i on aggrava t e s  the load i ngs expe r i enced during outages o f  
e i ther 2 30-kV three- t e rmi nal l i ne o u t  o f  Monroe ( J96M147 and J96M148 ) .  These 
l i nes w i l l  overload one or two years af t e r  the Cross Moun tain  l i ne is added . 

c .  The loss o f  t he double- c i r cu i t Ch i e f  Joe- Snohomish 345-kV l i nes w i l l  cause 
the Monroe- Sed ro Tap 230 l i ne to overload ( J96260 ) . 

The add i t i on o f  a 500/ 2 30-kV t rans fo rmer a t  Snoki ng w i l l  solve all the problems 
l i s t ed above . The exi s t i ng 500-kV cons t ru c t ed t ap l i n e  presen t ly feed i ng 
Snoki ng should be used t o  tap the newly formed Snoqualmi e-Monroe 500-kV l i ne . 
A second Bothell-Snoking s e c t ion i s  also needed for e i ther t he Maple Val ley or 
Monroe 500/230-kV t rans former outages as shown i n  J96EH2 5 1  and J96EH25 2 . 

The exi s t i ng M onroe-Snohomi sh 230-kV l i ne w i l l  ove rload i n  abou t 2001 for loss 
o f  the new Snoki ng t rans fo rmer ( JOOEH3 9 ) . A second Snoking-Maple Val ley 230-kV 
l ine would delay t h i s  l i ne overload un t i l  abou t 2006 ( case J04EH42 and 2% load 
grow th ) .  Th i s  l i ne i s  assumed to be added in the early 2000 ' s  wi th  t he 
Lake s i d e 230/ 1 1 5-kV t rans former . The refo re , i f  Lakes i d e  i s  added by 2001 , no 
rein forcemen t is needed i n  the Monroe-Snohomi sh area un t i l  2006 . 

A t  t h i s  t i me , add i t i onal suppo r t  w i l l  be needed for Snohomish . I f  a Monroe
Snohom i s h  l i ne is added i n  2006 , the Monroe 500/ 230-kV t rans former w i l l  overload 
i n  2010 for loss  o f  the new Snoking t rans former ( case J04EH 1 10 and 2% load 
growt h ) . Si nce add i t i onal 500/230-kV t rans forma t i on i s  also needed , t h i s  plan 
w i l l  i n clude cons t ruc t i on of the Monroe- Snohom i s h  l i ne at 500-kV ( opera t ed a t  
230-kV i n i t ially)  i n  2006 and convers i on o f  t h i s  l i ne t o  500-kV and a Snohom ish 
500/2 30-kV t rans former i n  2010 . As shown wi th  P lan 1 ,  a loop- i n t o  Snohomish o f  
o n e  Skag i t l i ne i s  needed wi th  t h i s  t rans forme r .  Th i s  rein forcemen t w i l l  
re l i eve t h e  over load problems i n  t h e  area beyond 20 1 0 .  

I f  the Lake s i d e  t rans f o rmer i s  delayed beyond 2001 , t h e  Monroe-Snohomish 
cons t ruc t i on w i l l  have t o  be done earl ier . 

Ano ther s o lu t i on t o  these problems would be t o  reverse t he order o f  the 500/230-
kV t rans formers . I f  the Snohomish t rans former is added f i rs t ,  add i t i onal 
suppo r t  would be needed to  rel i eve the Monroe t rans former and Monroe- Snohom i sh 
2 30-kV l i n e  load i ngs a t  abou t the same t i me as the Snoki ng t rans former p lan 
( case JOOEH3 5 ) . 

Bo th p lans would perform s i mi larly . Howeve r ,  l i ne cons tuc t i on be tween Monroe 
and Snohom i s h  can be de layed wi th  the Snoking plan , espe c i a l ly i f  Lake s i d e  i s  



added as planned . The BPA loss sav i ngs for both plans are almo s t iden t i cal , 
wh i le the Nor thwe s t loss s av ings favors Snoki ng by 2 . 1 MW . There fore , the 
Snok i ng Re i n fo rcemen t i s  prefe rred . 

The loss sav i ngs due t o  the add i t i on o f  the Snoking proj e c t  ( us i ng the ex i s t ing 
parallel Bothell-Snoking c i rcui t )  i s  abou t 10 . 6  MW on the BPA sys t em and 15 . 1  MW 
to tal  for the Nor thwes t i n  1996 ( compare cases J9624 1 ,  J96242 , J96250 , and 
J96251 ) .  The loss  sav i ngs increases t o  1 2 . 6  MW for BPA and 1 7 . 6  for the 
Nor thwe s t  i n  2000 ( compare cases J0023 , J0024 , J0027 and J0028 ) .  

A 300 MVAR shun t reac t or i s  requ i red at Snoqualmi e  t o  prov i de vol tage con trol  
on the 500-kV sys t em during l igh t e r  load per i ods . Dur i ng s p r i ng and summer 
cond i t i ons , the same s even l i ne upgrades needed for Plan 2 are needed for t h i s  
plan ( Table 201 ) .  

3 .  Por t land Area Vo l tage S t ab i l i ty Perfo rmance 

The e f fe c t  of the C h i e f  Joseph- Snoqualm ie/Monroe l i ne add i t i on on the Port land 
sys t em perfo rmance i s  i s  s imi lar to the o t her l i ne op t i on plans . Iden t i cal 
fac i l i t i e s  are requ i red i n  the Port land area . The performance of the three 
cri t i cal bus ses i n  the No r t hwes t for the Troj an s c ram is shown i n  QV-134 . For 
more d e t a i led i n f ormat ion , refer to  Table 3 1 0 . 

4 .  Port land Area Thermal Overload Requ i remen t s : same as Plan 1 

5 .  Okanogan Va l ley Performance / E f fe c t s :  same as Plan 1 ( Table 201 ) 

6 .  Cou lee/Ch i e f  Jos eph Area Per formance/ E f f ec t s :  same as Plan 1 ( Table 20 1 )  

7 .  P lan 3 Summary 

1994 Add 300 MVAR SVC on Maple Va l ley 2 30-kV bus ; 
Add 300 MVAR SVC on Keeler 230-kV bus ; 
Add 500-kV shun t capac i t or bank at O s t rande r .  

1996  Add Ch i e f  Joseph- Snoqualmie/Monroe 500-kV double c i rcui t l i ne ; 
Add 1 300 MVAR Snoki ng 500/230-kV t rans former t apping Monr oe- Snoqualmie 
500-kV l i ne and u s i ng exi s t i ng 500-kV cons t ru c t ed l i ne i n t o  Snoki ng ; 
Add Snoki ng-Bothell  230-kV l i ne #2 ; 
Add Snoqualmie 500-kV shun t reac tor ; 
Add second Ch i e f  Joe 500/2 30-kV t rans forme r .  
E igh t l i ne upgrades . 

1998 Add 500-kV shun t capac i t or bank at Kee le r .  

2000 Upgrade Keeler SVC to 500 MVAR ; 
Add MSC t o  one ex i s t i ng Raver s hunt capac i t or group ; 
Add se cond 500-kV shunt capac i t or bank a t  O s t rande r .  

2001 Rebu i ld Maple Val ley-Lake s i d e  2 30-kV l i ne t o  1800 Amps @ -15 d egrees 
( coinc ides wi th  Lakes ide t rans former add i t i o n ) . 

2002 Upgrade Maple Valley SVC to 500 MVAR ; 
Add 500-kV shun t capac i t or bank a t  Snoqualmi e ;  
Add second 500-kV shun t capac i t or bank a t  Pear l ;  

2004 Add second 500-kV shunt capac i t or bank a t  Monroe ; 



Add t h i rd 500-kV shunt capa c i t o r  bank a t  O s t rand e r . 

2005 Add Monroe-Snohom i s h  500-kV l i ne , o pera t e  at 230-kV i n i t i allly . 

2010 Add Snohomi sh 500/2 30-kV 1800 MVA t rans forme r ;  
Loop Bo thell-Di ablo 230-kV l i ne i n t o  Snohomi s h ;  
Conver t Monroe-Snohom i s h  l i ne t o  500-kV opera t i on .  

8 .  Loss sav i ngs o f  Plan 3 

The l o s s  savings o f  var i ous o p t i ons i s  s ummar i z ed i n  Tabl e 100 . Plan 3 wi l l  
save 59 . 1  M Y  o n  the BPA sys t em and 73 . 9  M Y  i n  the No r thwe s t  i n  1 996 ( compared t o  
t h e  base sys t em ) . The l o s s  savi ngs wi l l  increase t o  63 . 6  MY o n  t h e  BPA sys t em 
and 7 7 . 1  MY i n  the No r thwe s t  i n  2004 ( compared t o  the Reac t i ve Plan ) . Th i s  
plan has t h e  h i ghes t los s savi ngs o f  the 500-kV o p t i ons s t ud i ed . 

D .  Han f ord- Snoqualmi e 500-kV Double-C i rcu i t  Line : Plan 4 

1 .  Puge t Sound Area Vol tage S tab i l i ty Performance 

Th i s  plan assumes that  a new 500-kV d ouble c i rcu i t  l i ne is bu i l t  from Han ford t o  
Naneum paral lel ing t h e  exi s t i ng 500-kV l i ne . From Naneum t o  Snoqualmi e ,  t h e  new 
l i ne w i l l  parallel the exi s t i ng Rocky Reach-Maple Valley 345-kV l i ne . The 
reason for includ i ng t h i s  plan is the pos s i b i l i ty that  f u ture resources ( eg .  the 
mo t hbal led nu clear plan t at Ashe , YNP- 1 )  may be energi zed in the Hanford area . 

Th i s  new l i ne and the 300 MVAR SVC a t  Mapl e Valley w i l l  s olve the vol t age 
s tabi l i ty problems and have the requ i red reac t i ve margins for the c r i t i cal 
o u t ages in  1996 . Th i s  SVC will need to be inc reased to 500 MVARs is later  years 
to keep up wi t h  the expec t ed load grow t h .  Au t oma t i c swi t ch i ng o f  one capaci t o r  
group a t  Raver i s  requ i red b y  abou t 2000 for the double Coulee-Raver l ine 
ou t age . Als o ,  add i t i onal 500-kV shun t capac i t o r s  wi ll be needed a t  Monroe and 
Snoqualmie subs t a t i ons between 2002 and 2004 . For more d e t a i l  on the need for 
t hese add i t i ons , refer to Table 310 . 

The vol t age s tabi l i ty performance for t he Puge t Sound area wi th  Plan 4 i n  
servi ce i s  shown i n  QV- 140 f o r  1 996 and i n  QV- 141  f o r  2004 f o r  t h e  3 c r i t i cal 
outages . To mee t t he reac t i ve requ i remen t s  for the double line ou t age in  2004 , 
an add i t i onal 300 MVAR SVC i s  needed a t  Covington i n  2004 . 

2 .  Puge t Sound Area Thermal Overload Requ i remen t s  

The the rmal requi remen t s  o f  t h i s  plan are the same a s  Plan 2 above . The 
Snoking and Maple Valley t rans former add i t i on proj e c t s  are s i mi larly proposed t o  
corr e c t  these problems . Dur i ng s p r i ng and s ummer cond i t i ons , t h e  same s even l i ne 
upgrades needed f o r  Plan 2 are needed for t � i s  plan ( Table 20 1 ) . 

3 .  Por t land Area Vol tage S tabi l i ty Performance 

The e f fe c t  of the Han ford- Snoqualm i e  l i ne add i t i on on the Por t land sys t em 
per formance i s  i s  s i m i la r  t o  the o ther l i ne o p t i on plans . Iden t i cal fac i l i t i es 
are requ i red i n  the Po r t land area . The performance o f  the three c r i t i cal 
bus s es i n  the Nor thwes t for t he Troj an s cram i s  shown i n  QV- 1 42 . For more 
d e t a i led i n forma t i on ,  refer t o  Table 310 . 

4 .  Por t land Area Thermal Overload Requi remen t s :  s ame a s  Plan 1 
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5 .  Okanogan Vall ey Performance/Effec t s : No impac t 

6 .  Coulee/ Ch i e f  Joseph Area Performance/ E f fe c t s :  No impac t 

7 .  Plan 4 Summary 

1994 Add 300 MVAR SVC on Maple Valley 230-kV bus ; 
Add 300 MVAR SVC on Keeler 230-kV bus ; 
Add 500-kV shun t capac i t o r  bank a t  Os t rander . 

1 9 9 6  Add Han ford-Snoqualmi e  500-kV double c i rcu i t l i ne ; 
Add 1 300 MVAR Snaking 500/230-kV t rans former t apping Monroe-Snoqualmie 
500-kV l i ne and u s i ng ex i s t i ng 500-kV cons t ru c t ed l ine i n t o  Snaki ng ; 
Add Snaking-Bothell 230-kV l i ne #2 ; 
Add Snoqualmie 500-kV s hunt reac t o r ; 
Eigh t l ine upgrades . 

1998 Add 500-kV s hunt capaci t or  bank a t  Kee ler . 

2000 Upgrade Keeler SVC t o  500 MVAR ; 
Add MSC t o  one exi s t ing Raver s hun t capac i t o r  group ; 
Add s econd 500-kV shun t capac i t or  bank a t  Os t rander . 

2001 Rebu i ld Maple Valley-Lakes i de 230-kV l i ne to 1 800 Amps @ -15 degrees 
( co i n c ides wi th  Lake s i d e  t rans former add i t i o n ) ; 
Upgrade Maple Valley SVC t o  500 MVAR . 

2002 Add 500-kV shun t capac i tor  bank a t  Snoqualmi e ;  
Add s econd 500-kV shun t capac i t or  bank a t  Pear l . 

2004 Add s econd 500-kV s hun t capac i t o r  bank a t  Monroe ; 
Add t h i rd 500-kV s hunt capaci to r  bank a t  Os t rander ; 
Add 300 MVAR SVC on Cov i ng t on 230-kV bus . 

2006 Add Maple Valley 500/2 30-kV 1800 MVA t rans former #2 . 

8 .  Loss s av ings of  Plan 4 

The loss  sav i ngs o f  var i ous op t i ons i s  summar i zed in  Table 1 00 . Plan 4 will  
save 3 9 . 9  MW on the BPA sys t em and 5 1 . 0  MW in  the No r thwes t in  1996  ( compared to  
the base sys t em ) . The loss  savings w i l l  increase t o  57 . 4  MW on the BPA sys t em 
and 7 4 . 2  MW in  the Nor thwes t in  2004 ( compared t o  the Reac t i ve Plan ) . The 
inc rease in loss  s avings in 2004 is largely due to the as s ump t i on of WNP- 1  
opera t ing . 

E .  Si ckler- Snoqualmi e  Double-C i r cui t Line & Naneum Swi t chyard : Plan 5 

1 .  Puge t Sound Area Vol t age Stabi l i ty Perfo rmance 

Th i s  plan as s umes that a new 500-kV double c i rcui t l ine is bu i l t  on new ROW f rom 
S i ckler to Snoqualmie . M i leage for the nor t hern corr i dor was assumed in the 
s t ud i es , however , the sou thern corridor  is n o t  much longer . Also included in  
this  plan i s  the developmen t o f  a maj or Naneum swi t chyard ( the Coulee-Raver 
l i nes will be t i ed i n t o  the ex i s t ing s t a t i on w i t h  the Si ckler-Raver and Van tage
Raver l i nes ) .  Th i s  sw i t chyard developmen t s t reng t hens S i ckler as a s ource for 



the new l i n e  and reduces t he s ever i ty o f  the double- l i ne Coulee-Raver outage . 

Yi th  t h i s  new l i ne added , the three cri t i cal ou tages for the Puge t Sound area 
are 1 )  loss of the Ch i e f  Joe-Monroe 500-kV l i ne dur i ng abnormally cold wea ther , 
2 )  loss o f  the Troj an nuclear plan t w i t h one Cen t ra l i a  un i t  prev i ously out-of
serv i ce , also during abnormally cold wea ther and 3)  s i mul t aneous loss o f  bo th 
Coulee-Naneum 500-kV l i nes ( t he compensated s e c t ion o f  the old Coulee-Raver 
l i nes ) during normal w i n t e r  peak load s . 

These new add i t ions and the 300 MVAR SVC a t  Map le Val ley w i l l  solve the vo l t age 
s t ab i l i ty prob lems and have the requi red reac t i ve marg ins for the c r i t i cal 
outages in 1 9 9 6 . Th i s  SVC w i l l  need to be increased to 500 MVARs i s  later years 
to  keep up wi th  the expe c t ed load grow t h .  Also , add i t i onal 500-kV shun t 
capac i t ors  w i l l  be needed a t  Monroe and Snoqualmie subs t a t ions be tween 2002 and 
2004 . For more d e t a i l  on t hese add i t i ons , refer to Tab le 3 1 0 . 

The vol tage s t abi l i ty perfo rmance o f  P lan 5 i s  s hown i n  QV- 150 for 1 9 9 6  and i n  
QV- 1 5 1  for 2004 f o r  t h e  3 c r i t i cal ou t ages . T o  mee t t h e  rea c t ive requ i remen t s  
f o r  t h e  s i ngle l i ne outage i n  2004 , a n  add i t i onal 300 MVAR SVC i s  needed a t  
Cov i ng t on i n  2004 . Perfo rmance o f  t h i s  plan wi th  t h e  Cov i ng t on SVC i s  shown i n  
QV- 152 . 

A Ch i e f  Joseph- S i ckler 500-kV s i ngle c i rcu i t and a 300 MVAR SVC a t  Si ckler was 
i nves t i ga t ed as a l t erna t i ves to the Cov i ng t on SVC to prov ide the requ i red 
reac t i ve margins . Ne i t her perfo rmed as we l l  as the Cov i ng ton SVC dur i ng po s t 
t rans i e n t  cond i t i ons . However , the t rans m i s s ion be tween Ch i e f  Joe and S i ckler 
w i l l  even tually need to  be reinfo rced . 

I t  should be no t ed that i n  Plans 1 and 4 ,  a Cov i ng t on SVC was also proposed , bu t 
to  corre c t  the double l i ne ou tage . In Plan 5 t h i s  SVC i s  needed for the cold 
wea t her s i ngle l i ne outage . The developmen t o f  t he Naneum swi t chyard i n  P lan 5 
i mproves the perfo rmance o f  t he double l i ne outages . The MSC a t  Raver i s  no t 
needed wi th  t h i s  p lan . 

2 .  Puge t Sound Area Thermal Over load Requ i remen t s  

The thermal requi remen t s  o f  t h i s  plan are the same a s  Plan 2 above . The 
Snaki ng and Map le Val ley t rans fo rmer add i t ion proj e c t s  are s i mi larly proposed to 
correct  these prob lems . Dur i ng s p r i ng and summer cond i t i ons , the same seven l i ne 
upgrades needed for Plan 2 are needed for t h i s  p lan ( Table 201 ) . 

3 .  Po r t land Area Vo l t age S t ab i l i ty Per formance 

The e f fe c t  of the S i ckler- Snoqualmi e l i ne and Naneum Swi t chyard add i t ions on the 
Po r t land area perfo rmance is is s i m i lar to  the o ther l i ne o p t ion plans . 
Iden t i cal fac i l i t i es are requi red i n  t he Po r t land area . The performance o f  the 
three c r i t i cal bus ses i n  the Nor t hwes t for the Troj an s cram is shown i n  QV-153 . 
For mo re d e t a i led i nforma t i on ,  refer to  Ta�le 3 1 0 . 

4 .  Po r t land Area Thermal Over load Requi remen t s : same as Plan 1 

5 .  Okanogan Valley Pe r formance/Effec t s : No impac t 

6 .  Cou lee/Ch i e f  Joseph Area Perfo rmance/E f f ec t s : No impac t 

Al though there i s  no impac t i n  the Coulee/Ch i e f  Joseph area , there ·may be some 
impa c t  on the S i ckler/Douglas � rans fo rmer . This  needs fur ther s t udy . 
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7 .  Plan 5 Summary 

1994 Add 300 MVAR SVC on Maple Val l ey 230-kV bus and 
Add 300 MVAR SVC on Keeler 230-kV bus . 
Add 500-kV shun t capac i t or bank a t  Os t rande r .  

1 9 9 6  Add Si ckler-Snoqualmie 500-kV double c i rcu i t l i ne ;  
Expand Naneum 500-kV swi t chyard ; 
Add 300 MVAR 2 30-kV shun t capaci tors  a t  Wel l s ; 
Add 1 300 MVAR Snaki ng 500/2 30-kV t rans former t app i ng Monroe- Snoqualmie 
500-kV l i ne and u s i ng exi s t i ng 500-kV cons t ru c t ed l i ne i n t o  Snaking ;  
Add Snaki ng-Bothell 230-kV l i ne #2 ; 
Add Snoqualmie 500-kV shunt reac t o r ; 
E igh t l i ne upgrades .  

1998 Add 500-kV s hun t capaci t o r  bank a t  Keele r .  

2000 Upgrade Keeler SVC to 500 MVAR ; 
Add second 500-kV shun t capaci tor bank a t  Os t rande r .  

2001 Rebu i ld Maple Val ley-Lakes ide 230-kV l i ne ; 
Upgrade Maple Val l ey SVC t o  500 MVAR . 

2002 Add second 500-kV shun t capaci tor bank at Pear l ;  
Add 500-kV s hun t capaci t o r  bank a t  Snoqualm i e . 

2003 Add 300 MVAR SVC on Cov i ng t on ( o r Snohom i s h )  2 30-kV bus . 

2004 Add s e cond 500-kV shu n t  capac i tor bank a t  Monroe ; 
Add t h i rd 500-kV shun t capac i t or bank a t  Os t rander . 

2006 Add Maple Val ley 500/2 30-kV 1800 MVA t rans former #2 . 

8 .  Loss sav i ngs o f  Plan 5 

The loss sav i ngs o f  var i ous o p t i ons i s  summari zed i n  Table 100 . Plan 5 w i l l  
save 4 9 . 6MW o n  t he BPA sys t em and 65 . 1  MW i n  t h e  No r t hwes t i n  1 9 9 6  ( compared t o  
the base sys t em ) . The loss  savi ngs w i l l  increase t o  56 . 1  MW on t he BPA sys t em 
and 68 . 7  MW i n  t he Nor t hwe s t  i n  2004 ( compared t o  t he Reac t ive Plan ) . 

F .  Rea c t ive Al t e rna t ive Plan 6 

1 .  Puge t Sound Area Vo l t age S t ab i l i ty Performance 

The assumed vol tage s t abi l i ty c r i t e r i a  can be ach i eved in 1 9 9 6  wi th  the 
add i t i on of t hree 300 MVAR SVC ' s  and two s e r i e s  capac i t o r  s t a t i ons on the 
Coulee-Raver l i nes ( J 96EH57 3QV4 , J96EH575QV4 , J96275QV4 ) . A pos s i ble plan to 
add f i ve s e r i es capac i t o r  s t a t i ons ( one on the Ch i e f  Jo-Monroe , one on each 
Naneum-Raver c i rcui t ,  and one on each Cou lee-Raver l i n e )  to reduce t he number 
of SVC ' s does n o t  mee t vol tage s t abi l i ty c r i t e r i a  for the Ch i e f  Jo-Monroe 
ou t age ( J9 6EH58 1 QV ) . Therefore , reduc ing the number o f  SVC ' s  by increas i ng 
s e r i e s  compens a t i on i s  n o t  an al t erna t i ve .  

Di s t r i bu t i ng the SVC ' s  among d i f fe ren t loca t i ons prov i des abou t 40MVARS o f  
bene f i t s  i n  Q-V perfo rmance for the double genera tor ou t age d u r i ng abnormal or 
double l i ne ou t age dur i ng normal ( J 96EH57 3QV4 , J96EH57 3 QV5 , J96275QV4 , 
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J962750V5 ) .  The s i ngle l i ne outage during abnormal s hows 
a 40MVAR d i sadvant age to d i s t r i bu t i ng SVC ' s ( J96EH5750V4 , J 96EH57 50V5 ) .  

The s e r i e s  capac i t o r  s t a t ions perform be t t e r  when l oca t ed hal fway be tween 
Columb i a  and Raver on the Coulee-Raver l i nes ( 20% compensa t i on ,  2600A 
con t i nuous ) .  0-V performance improves by abou t 30MVARS ( J9 6EH57 50V4 , 
J96EH5760V ) . Vol t ages are abo u t  4kv less a t  t he s t a t i ons s o  c r i t e r i a  levels 
are n o t  v i o la t ed when s ending end v o l t ages are held high . 

Sys t em plann i ng as sumes t ha t  the SVC ' s can be made equa l ly re l i able t o  
t ransmi s s i on l i nes . I f  as sump t i ons change and sys t em des ign as sumes the 
fai lure o f  one SVC follow i ng the con t ingency , t hen one more 300MVAR SVC is  
needed ( assumed a t  Snohomi sh J962750V2 , J9627 50V3 ) .  

In 2000 , load growt h  and sys t em des ign for the s i mul taneous loss o f  both Coulee
Raver 500-kV l i nes cause the need for three add i t i onal s e r i e s  capac i to r  
s ta t i ons on the o t her t hree exi s t i ng c r o s s  Cas cades 500-kV l i nes ( 25% 3200A 
midl ine on Ch i e f  Joe-Monroe 500 , 35% 2 300A on each Naneum-Raver 500 l i ne ) . 
These w i l l  be swi t ched i n  servi ce follow i ng t he double Coulee-Raver l i ne loss 
dur i ng normal w i n t e r  o r  double genera t o r  loss during abnormal w i n t e r . Ano ther 
3 24MVAR 500-kV shunt capac i t or bank is needed at Monroe . The p lan for 2000 was 
n o t  s t ud i ed .  I t  was es t ima t ed f rom 1996 and 2004 s t ud i es . 

By 2004 , load grow th causes the need for s e r i es compens a t ion t o  be i n  servi ce 
on the Ch i e f  Jo-Monroe l i ne ( 25% ) and Naneum-Raver l i ne s e c t i ons ( 35% ) wi th  no 
ou t age during abno rmal cold wea ther ( J04EH34 ) .  More s e r i es compens a t ion on the 
Ch i e f  Jo-Monroe l i n e  ( 25% more for 50% t o tal ) and the Naneum-Raver l i nes ( 35% 
more for 7 0% t o tal ) need t o  be added for t he double Coulee-Raver l i ne loss 
dur i ng normal w i n t e r . Two 500-kV 324MVAR shun t capac i to r  banks are needed a t  
Snoqualm i e  ( J04820V ) . The as sumed v o l t age s t ab i l i ty c r i t er i a  i s  achi eved for 
the s i ngle l i ne loss ( J04EH1480V ) and double genera t o r  ou tage ( J04EH1 490V ) wi t h  
t he added s er i e s  and shun t compens a t i on .  

The amoun t s  o f  s e r i es compensa t i on were calcula t ed by con s i d e r i ng these 
fac t o rs : 

> s e r i e s  compens a t i on keeps the amoun t o f  needed dynam i c  and swi t ched s hun t 
compensa t i on f rom d rama t i cal ly increa s i ng every year wi t h  assumed load grow t h .  
F o r  example , abou t 3MVARS o f  dynam i c  shun t ( SVC ' s )  would b e  needed f o r  1MW o f  
load grow t h  wi t hou t s e r i e s  compensa t i on ( 3 : 1 ra t i o ) . W i th  t h e  planned ser i es 
compensa t i on ,  only abou t . 5- 1 MVARS per MW o f  less expen s i ve swi t ched shun t 
compens a t i on needs t o  be added . Therefore , add i ng the s e r i es compensa t i on i s  
es t ima t ed t o  b e  more cos t e f fec t i ve than add i ng more dynam i c  shun t 
compensa t i on . 

> s e r i e s  compensa t i on reduces v o l t age s ens i t iv i ty t o  load level ( reduces t he 
s lope on a 0-V curve ) . Th i s  allows more s hunt capa c i t ors t o  be on l i ne p r i o r  
t o  a n  ou t age . 

> d i s t r i bu t i ng s e r i es compensa t ion along the l i ne improves 0-V performance 
because rea c t ive power canno t be t ransmi t t ed over long d i s tances on heav i ly 
loaded l i nes . 

> the amoun t o f  s e r i e s  compensa t i on a t  any spec i f i c  s i t e i s  l i mi t ed by the 
vo l t age drop ( o r r i s e )  that may cause the vo l tage at the s t a t i on t o  exceed 
550kv s t eady s ta t e .  
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> t ransm i s s i on sys t em energy e f f i c i ency i s  bes t wi t h  Coulee-Rave r s e r i e s  
compensat i on a t  abou t 40-50% ( J 9627 9 ,  J96280 , J962 7 3 ) . 

> the ra t i o  o f  s e r i es compensat ion be tween the Ch i e f  Jo-Monroe l ine and the 
Naneum-Raver l ines was s i zed to  keep t he power f low on the l i nes roughly 
propor t i onal to t he thermal rat i ng of each c i r cu i t during the double 
Coulee-Raver outage . 

> v o l t age s t abi l i ty c r i t e r i a  cann o t  be me t wi th  only s e r i es compensa t i on and 
swi t ched shun t compensa t i on .  SVC ' s  are needed too . This  i s  caused by the very 
h igh c r i t i cal vo l t age ( 5 20kv , J96EH5 7 7 QV ) . SVC ' S  prov ide vol t age con trol  i n  
t he v i c in i ty o f  the c r i t i cal vol t age . Als o ,  SVC ' s lower t h e  c r i t i cal v o l t age 
in t h i s  case and the s e r i e s  compens a t i on becomes more e f fe c t ive in Q-V 
perf ormance . Theore t i cally , vo l t age s tab i l i ty could be accomp l i shed wi th  very 
large amoun t s  o f  SVC ' s  and no s e r i es compens a t i on ,  regardless  o f  the cri t i cal 
vol t age level on a cons tant  powe r Q-V curve . However , the cos t would be much 
h ighe r  wi t h  no apparen t bene f i t s . 

Based on these f a c t o rs , the maxi mum compens a t i on i s  abou t 50% on Chi e f  Jo
Monroe , 42% on Coulee-Raver # 1  & #2 , and 70% on Naneum-Raver #1 & #2 . 

2 .  Puge t Sound Area Thermal Overload Requi reme n t s  

The loss  o f  bo th C h i e f  Joe- Snohomish 345-kV l ines over loads the Monroe-Sedro 
Tap 2 30-kV l i ne s e c t i on dur i ng a 2000 normal w i n t e r  ( J0049 ) .  Add i ng ano ther 
Monroe-Sedro Tap c i rcu i t  s o lves th i s . 

The loss o f  the Maple Val ley 500/2 30-kV t rans former overloads the Cov i ng t on 
500 / 2 30-kV t rans formers dur i ng abnormal cold i n  2004 ( J 04EH2 2 ) . Add i ng a s econd 
Maple Val ley t rans former s olves th i s . 

The loss o f  the Snoqualmi e-Raver 500-kV l i ne overloads the PSP Chr i s topher
Obr i en and Cov i ng t on-Cres t on 2 30-kV l i nes wi th  abnormal cold loads in 2004 
(J04EH25 ) .  A second Snoqualmi e-Raver 500-kV l i ne s olves t h i s . 

3 .  Por t land Area Vol t age S t ab i l i ty Performance 

A 300 MVAR SVC is needed a t  Keeler i n  1996  ( J 9 6EH57 3QV3 , QV4 ) and one add i t i onal 3 
00 
MVAR SVC i s  needed a t  Os t rander i n  2004 t o  sa t i s fy vo l t age s t ab i l i ty cr i t er i a  
for the Troj an ou t age during abnormal cold wi th  one Cen tral i a  un i t  down ( 
J04EH 1 49QV2 ) .  

4 .  Por t land Area The rmal Overload Requi remen t s : s ame as Plan 1 

5 .  Okanogan Valley Pe rformance/ E f f ec t s : see  Tab le 201  ( no cross mtn l i ne ) 

6 .  Coulee/Ch i e f  Jos eph Area Per formance/Effec t s :  none 

7 .  Reac t i ve P lan 6 Summary 

1994 300 MVAR SVC on Maple Val ley 2 30-kV bus and 
300 MVAR SVC on Keeler 230-kV bus . 
8 l i ne upgrades 

1996  300 MVAR SVC a t  Snohomish 
300 MVAR svc a t  Cov i ng ton 
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20% more s e r i e s  comp on Coulee-Raver # 1  and #2 be tween Co lumb i a  and 
Raver 

2000 25% s e r i e s  comp on Ch i e f  Joe-Monroe 500 m i d l i ne 
35% s e r i es comp on Naneum-Rave r  # 1  and #2 be tween 
3rd paral lel c i rcui t f rom Monroe Tap t o  Sed ro Tap 
Add 500-kV shun t capac i t or bank a t  Monroe 
Add 500-kV shun t capaci t o r  bank a t  Pearl 
Add 500-kV s hun t capac i t o r  bank a t  Os t rand e r  

2004 Add 2-500-kV shun t capac i t or banks at Snoqualm i e  
Add 500-kV shun t capaci t o r  bank a t  Os t rand er 
25% more s e r i e s  comp on Ch i e f  Joe-Monroe 500 
3 5% mo re s e r i e s  comp on Naneum-Rave r  #1  and #2 
2nd Maple Val ley 500 / 2 30 t rans former 
2nd Raver-Snoqualm i e  500 l i ne 
300 MVAR SVC at Os t rand er 

8 .  Loss sav i ngs o f  Reac t i ve Plan 6 

Naneum and Raver 

The loss  savings o f  a l l  feas i ble o p t i ons are summa r i zed i n  Tabl e  100 . The 
Reac t i ve Plan w i l l  save 2 . 4  MW in the No r t hwes t in 1 996 . In the 2004 loss 
sav i ngs cas e ,  the rea c t ive plan i s  used as the base s i nce the powerf low will not  
s o lve wi th  j us t  the bas e sys t em i n  s e rv i c e . 

G .  Coulee-Snoqualmi e/ Olymp i a  500-kV Double-Ci rcu i t  L i ne Rebu i ld : P lan 7 

1 .  Puge t Sound Area Vol t age S tab i l i ty Pe rfo rmance 

Th i s  plan as sumes that a new 500-kV double c i rcui t l i ne is bu i l t ,  replac i ng 
ex i s t i ng 230-KV and 287 -KV l i nes be tween Grand Coulee and the Puge t Sound area . 
The Coulee-Columb ia 2 30-kV l i ne , the Columbi a-Cov i ng t on 2 30-kV l i ne and the 
Co lumb ia-O lymp i a  po r t i on o f  the Coulee-Olympia 287-kV l i ne would need to  be 
removed . The rema i n i ng sec t i on o f  287 -kV l i ne f rom Coulee to  O lymp i a  would be 
conve r t ed to  2 30-kV to  replace the parallel c i rcu i t that was removed . No t h i ng 
w i l l  be added a t  Columb i a  t o  replace the c i rcui t to  Cov i ng t on , s i nce i t  i s  a 
load l i ne . The Olymp ia and Cov i ng t on 2 30-kV busses w i l l  be i nves t iga t ed i n  the 
Puge t Sound t hermal over load s ec t i on t o  d e t ermine i f  any reinfo rcemen t is needed 
at these bus ses to replace the faci l i t i e s  that were removed . 

Th i s  new l i ne and the 300 MVAR SVC a t  Maple Val ley w i l l  solve the vol t age 
s tabi l i ty problems and have the requ i red reac t i ve margins for the cri t i cal 
ou tages i n  1996 . Th i s  SVC w i l l  need to  be inc reased t o  500 MVARs is l a t e r  years 
to  keep up wi th  t he expec t ed l oad growth . Au toma t i c  swi t ch i ng o f  one capac i t or 
group a t  Raver i s  requ i red by about 2000 for the double Coul ee-Raver l i ne 
ou tage . Also , add i t i onal 500-kV shun t capac i t o rs w i l l  be needed a t  Snoqualm i e  
and Monroe subs t a t i ons i n  2002 and 2004 . A 300 MVAR SVC i s  needed a t  Snohom ish 
i n  2004 to  s t reng t hen this plan for  double l i ne ou t age . For more d e t a i l  on 
these add i t ions , refer to  Table 3 1 0 .  

The vo l t age s t ab i l i ty performance f o r  the Puge t Sound area wi th  Plan 7 i n  
service i s  shown i n  QV- 1 7 1  for 2004 f o r  the 3 cri t i cal ou tages . 

2 .  Puge t Sound Area Thermal Overload Requ i remen t s  

The problem areas i n  t h e  Nor t h  Sea t t le area f o r  Plan 7 would b e  very s im i lar t o  



Plan 2 .  Si nce the She l t on 500/2 30-kV t ransformer has been added by t h i s  t i me , 
add i t i onal suppo r t  i s  n o t  needed a t  Olymp i a  t o  replace the 287-kV c i rcui t .  
Howeve r ,  a t  s ome f u t ure t i me , add i t i onal faci l i t i es w i l l  be needed i n  t h i s  area 
ear l i e r as compared to the o t her plans cons i dered ( J04EH 1 62 ) .  A l though a s ource 
l i ne was removed from Cov ing ton , the add i t i on o f  t he new 500-kV CM l i nes 
red i s t r i butes  the powerf low s o  that Cov ington capac i ty is no t a problem . There 
are no t rans former ove rloads in the Puge t Sound area for several years . 

As i n  Plan 2 ,  i t  i s  advan tageous t o  add a Snoki ng t rans f ormer w i t h  the new CM 
l i ne s i nce t h i s  t rans former add i t i on wi l l  also allev i a t e  the double 345-kV l i ne 
outage . The Monroe-Snoqualmie l i ne can be tapped and the ex i s t i ng Snoki ng Tap
Snaki ng 2 30-kV l i ne conver t ed t o  i t s  des ign vol t age of 500-kV to supply the new 
trans f orme r .  A s econd Snok i ng-Bo thell 2 30-kV l i ne i s  needed w i t h  t h i s  
t rans f ormer t o  preven t ove rloads dur i ng Monroe t rans f ormer outages ( J OOEH2 6 ,  
from Plan 2 ) . Yi th  the Snoking Transforme r add i t i o n ,  the Cov i ng t on t rans former 
loadi ngs actually decrease from the pre-CM cond i t i ons even though a 2 30-kV 
c i rcui t was removed ( compare J96EH158 and J9 6EH582 ) .  

Yhen the Lake s i de t rans f orme r i s  added ( as sumed i n  2001 ) ,  the unused 2 30-kV 
c i rcu i t  tha t i s  parallel t o  the ex i s t ing Bothell-Snoki ng-Maple Valley 230-kV 
l i ne w i l l  need t o  be put  i n t o  serv i ce a t  2 30-kV . Yi th  a new Ch i e f  Joe
Snoqualmie 500-kV l i ne i n  serv i ce ,  the Maple Val ley-Lake s i d e  s e c t ion o f  t h i s  
l i ne wi l l  need t o  b e  rebu i l t  t o  abo u t  1800 amps a t  - 1 5  degrees Ce l c i u s . 

Thi s plan has ex t remely we l l  balanced 500/2 30-kV t ran s f ormer load ing . The 
Cov i ng t on 500/ 2 30-kV t ransformer wi l l  overload in about 201 1 for loss of the 
Tacoma t ransformer ( J04EH183 and 2% load grow t h )  and in 2012 for loss of the 
parallel  bank ( J04EH 165 ) .  The Maple Val ley 500/2 30-kV trans former wi l l  overload 
in about 2 0 1 2  for loss of the Snoking t rans former and Monroe- Snoqulami e l i ne 
( J04EH1 66 ) .  The Tacoma 500/ 2 30-kV t rans former w i l l  ove rload in 2015  for loss of 
the Maple Val ley t rans f o rme r ( J04EH 1 6 3 ) . A parallel Maple Va lley 500 / 2 30-kV 
t rans former w i l l  therefore be needed by 10-2010 . As can be seen i n  these 
ou t ages , the new Snoking t ran s forme r i s  load i ng i n  excess o f  1 600 MVA in these 
cases . Thi s t rans former wi l l  need t o  be a 1800 MVA bank when i t  i s  ins t al led in 
1996 . 

The loss  savi ngs due t o  the add i t i on o f  the Snoking proj e c t  wi l l  be s i mi lar t o  
tha t o f  Plan 2 .  The l o s s  savi ngs for Plan 2 are abou t 9 . 0  MY o n  t h e  BPA sys tem 
and 14 . 3  MY t o tal  for  the Nor thwes t ( compare cases J96249 , J962 53 , J96258 and 
J96259 ) .  These loss sav i ngs increase t o  10 . 6  MY on the BPA sys t em and 1 7 . 0  MY 
for the Nor thwes t in 2000 ( compare cases J002 1 , J002 2 , J0025 and J003 0 ) . 

A 300 MVAR shun t reac t o r  i s  requi red a t  Snoqualmi e t o  prov i d e  vol tage con t ro l  
o n  the 500-kV sys t em d u r i ng l igh ter load pe r i ods . Seven t ran smi s s ion l i nes need 
upgrad i ng to h igher conduc t or opera t i ng temperatures to mee t s p r i ng and summer 
load ing cond i t i ons ( Table 20 1 ) . The e f fec t o f  the new l i ne t erminated at 
Olymp ia on i n t er t i e  s chedules has no t been s tudied ye t .  

3 .  P o r t land Area Vo l t age S t abi l i ty Performance 

The e f fe c t  o f  the Coulee-Snoqualmi e/Olymp ia 500-kV l i ne add i t i on on the Po r t land 
sys t em per formance i s  s i m i lar to the o t her plans . Iden t i cal fac i l i t i es are 
requi red in the Po r t land area . Refer to Table 3 10 for further in forma t i on . 

4 .  Port land Area Thermal Overload Requi remen t s :  same as Plan 1 

5 .  Okanogan Valley Pe r forman ce / E f fec t s :  None 
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6 .  Coulee/Ch i e f  Jos eph Area Performance / E f f ec t s :  No t s t ud i ed y e t . 

7 .  Plan 7 Summary 

1994 Add 300 MVAR SVC on Maple Val ley 2 30-kV bus and 
Add 300 MVAR SVC on Keeler 230-kV bus . 
Add 500-kV shun t capac i t or bank a t  Os t rander . 

1996 Replace the exi s t i ng Cou lee-Columbia 2 30-kV l i ne , Co lumb ia-Cov i ng t on 
230-kV l i ne and Columbi a-Olymp ia por t i on o f  the Coulee-Olymp ia 287-kV 
l i n e  t o  a new 500-kV double c i rcu i t  l i n e ; 
Conve r t  rema i n i ng s e c t i on o f  Coulee-Olympia 287 -kV l i ne t o  a 2 30-kV 
Coulee-Co lumb i a  l i ne . 
Add 1 300 MVAR Snoki ng 500/ 2 30-kV t rans former tapping Monroe-Snoqualmi e  
500-kV l ine and u s i ng exi s t ing 500-kV cons t ru c t ed l i ne i n t o  Snoking ; 
Add Snoking-Bothell 2 30-kV l i ne #2 ; 
Add Snoqualmie 500-kV shun t reac t o r ; 
E igh t t ransm i s s ion l ine upgrades t o  h igher opera t i ng t empera t u res ; 
Add se cond Ch i e f  Joe 500 / 230-kV t rans former . 

1 998 Add 500-kV shun t capac i t or bank a t  Keele r .  

2000 Upgrade Keeler SVC to 500 MVAR ; 
Add MSC t o  one exi s t i ng Raver shun t capac i t o r  group ; 
Add second 500-kV shun t capac i t or bank a t  Os t rand e r .  

2001 Rebu i ld Maple Val ley-Lake s i d e  2 30-kV l i ne to 1800 Amps @ -15 degrees 
( co i n c i des wi th  Lake s ide t rans former add i t i on ) ; 
Upgrade Maple Val ley SVC t o  500 MVAR . 

2002 Add 500-kV shun t capa c i t o r  bank at Snoqualm i e ;  
Add second 500-kV s hunt capac i t or bank a t  Pea r l . 

2004 Add second 500-kV shu n t  capac i t or bank a t  Monroe ; 
Add t h i rd 500-kV shun t capac i to r  bank a t  Os t rande r ;  
Add 300 MVAR SVC o n  Snohomish 2 30-kV bus . 

2012  Add Maple Val ley 500/ 230-kV 1800 MVA t rans former #2 . 

8 .  Los s  s av i ngs � f Plan 7 

The loss sav i ngs o f  var i ous op t i ons i s  s ummari zed i n  Table 100 . P lan 7 w i l l  
save 58 . 2  M W  o n  t h e  BPA sys t em and 69 . 4  MW i n  t he Nor t hwes t i n  1 9 9 6  ( compared t o  
t h e  bas e sys t em ) . The loss sav i ngs w i l l  be 54 . 6  MW on the BPA sys t em and 63 . 9  
MW in the Nor t hwes t i n  2004 ( compared t o  the Reac t ive Plan ) . 

H .  Ch i e f  Joseph- Si ckler- Snoqualm i e  Double-C i r cu i t  Line Rebu i ld :  Plan 8 

1 .  Puge t Sound Area Vol t age S t ab i l i ty Performance 

Th i s  plan assumes that a new Ch i e f  Joseph- Si ckler-Snoqualmie 500-kV double 
c i rcu i t  l i ne is bu i l t  repla c i ng the exi s t i ng Ch i e f  Jos eph-Si ckler 500-kV and 
Rocky Reach-Maple Val ley 345-kV l ines . Th i s  new l i ne and the 300 MV4R SVC a t  
Maple Val ley w i l l  s o lve t he vol t age s t abi l i ty problems and have t he requ i red 
reac t ive margins for the c r i t i �al  ou t ages in 199 6 . This  SVC w i l l  need to be 



i ncreased t o  500 MVARs i s  l a t e r  years t o  keep up wi t h  t he expe c t ed l oad growth . 
Au toma t i c  swi t ch i ng o f  one capac i t or group a t  Raver i s  requ i red by abou t 2000 
for the double Coulee-Raver l i ne outage . Als o ,  add i t i onal 500-kV shun t 
capa c i tors  w i l l  be needed a t  Snoqualm i e  and Monroe i n  2002 and 2004 . A 300 MVAR 
SVC i s  needed a t  Snohom i sh i n  2002 t o  s t reng t hen t h i s  p lan for t he double l i ne 
out age . For more d e t a i l  on these add i t i ons , refer t o  Tabl e  310 . 

The vol tage s tab i l i ty per formance for t he Puget  Sound area wi t h  P lan 8 i n  
s erv i ce i s  shown i n  QV- 180 f o r  2004 f o r  t he 3 c r i t i cal ou t ages ( w i t hou t t he 
Snohomi sh SVC ) . 

The exac t t i m i ng o f  t he need for t he Chi e f  Joe- Si ckler por t i on o f  t h i s  p lan has 
n o t  been d e t ermi ned . The 2004 base case wi t h  one Cen t ra i la uni t down would no t 
solve wi t hou t t h i s  r e i n f orcemen t .  A QV curve o f  t h i s  sys t em s howed that  t he 3 
s hun t capac i t or groups a t  Raver were requ i red t o  j us t  t ouch t he knee o f  t he QV 
curve wi t hou t any ou t age . I t  was t her fore assumed t ha t  t h i s  l ine would be 
needed immed i a t e ly .  

2 .  Puge t Sound Area Thermal Overload Requ i remen t s  

I f  t h i s  l i ne i s  added , numerous prob lems are aggrava ted i n  the Nor t h  Sea t t le 
area during w i n t e r  cond i t i ons . These are very s imi lar bu t s l igh t ly worse t han 
the problems i n  P lan 2 s i nce the Maple Val ley 345/2 30-kV t rans former i s  removed . 
I f  the Snoking t rans former i s  added as i n  Plan 2 ,  these i n i t i a l  probl ems are 
rel i eved . Th i s  t rans f ormer w i l l  need to be an 1800 MVA bank i ns t ead o f  1 300 MVA 
as i n  P lan 2 t o  make up for the loss o f  the Maple Valley 345/230-kV t rans former 
( compare cases J04EH 1 6 3  and J04EH 1 68 ) .  

The Maple Val ley 500 / 2 30-kV t rans former w i l l  over load i n  abou t 2006 for loss o f  
the Snoki ng t rans f ormer and Monroe- Snoqu lam i e  l i ne ( J04EH16 7 ) .  A parallel  Maple 
Val l ey 500/ 2 30-kV t rans former w i l l  be needed at t h i s  t i me . Wi t h  these 
add i t i ons , t h i s  p lan should prov i de for fut ure load growth beyond 2010 . 

The loss savi ngs due t o  t he add i t i on o f  t he Snoking p roj e c t  w i l l  be s im i lar t o  
t h a t  o f  P lan 2 .  The l o s s  sav i ngs f o r  P lan 2 a r e  abou t 9 . 0  M W  o n  t he BPA sys t em 
and 1 4 . 3  MW t o tal  for the Nor t hwes t ( compare cases J96249 , J9625 3 , J96258 and 
J96259 ) . These loss savi ngs i ncrease to 10 . 6  MW on the BPA sys t em and 1 7 . 0  MW 
for the Nor thwe s t  in 2000 ( compare cases J002 1 , J002 2 ,  J0025 and J0030 ) . 

A 300 MVAR shun t reac t o r  i s  requi red a t  Snoqualmie t o  provi d e  vol tage cont rol 
on the 500-kV sys t em during l igh t er load p e r i ods . Seven t ransmi s s ion l i nes need 
upgrad i ng t o  h igher condu c t or opera t i ng t emperatures t o  mee t spr i ng and summer 
load i ng cond i t i ons ( Table 201 ) .  

3 .  P o r t land Area Vol tage S t ab i l i ty Performan ce 

The e f fe c t  of the Chi e f  Joseph-Si ckler- Snoqualmie l i ne rebu i ld on t he Por t land 
sys t em performance i s  s i mi lar to a l l  the o t he r  t ransm i s s i on l i ne op t i ons . 
Iden t i cal faci l i t i es are requi red i n  the P o r t land area . Refer t o  Tabl e  3 1 0  for 
furt her i n f orma t i on .  

4 .  P o r t land Area Therma l Over load Requ i remen t s :  same a s  P lan 1 

5 .  Okanogan Val ley Performance/ E f f ec t s :  same as P lan 1 ( Table 201 ) 

6 .  Cou lee/Ch i e f  Joseph Area Perf ormance / E f f ec t s :  same a s  P lan 1 ( Table 201 )  
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7 .  Plan 8 Summary 

1994 Add 300 MVAR SVC on Maple Val ley 2 30-kV bus and 
Add 300 MVAR SVC on Keeler 2 30-kV bus . 
Add 500-kV shun t capaci t o r  bank at Os t rander . 

1996  Rebu i ld the ex i s t i ng Ch i e f  Jos eph- Si ckler 500-kV and Rocky Reach-Maple 
Val ley 345-kV l i nes to form a Ch i e f  Joseph-Si ckler-Snoqualmie 500-kV 
double c i rcu i t  l i ne ; 
Add 1 800 MVA Snoking 500/2 30-kV t rans former tapping Monroe-Snoqualm i e  
500-kV l i ne and u s i ng ex i s t i ng 500-kV cons t ruc t ed l i ne i n t o  Snoking ; 
Add Snoki ng-Bo thell 2 30-kV l i ne #2 ; 
Add Snoqualmi e 500-kV shun t reac t o r ;  
E igh t t ransmi s s ion l i ne upgrades t o  h i gher opera t i ng t emperatures ; 
Add s econd C h i e f  Joe 500 / 2 30-kV t rans former . 

1998 Add 500-kV s hun t capaci t o r  bank a t  Kee ler . 

2000 Upgrade Keeler SVC t o  500 MVAR ; 
Upgrade Maple Val ley SVC t o  500 MVAR ; 
Add MSC t o  one ex i s t i ng Raver s hun t capaci t o r  group ; 
Add s econd 500-kV s hun t capac i t or bank a t  Os t rande r .  

2001 Rebu i ld Maple Valley-Lake s i d e  2 30-kV l i ne to 1800 Amps @ -15 degrees 
( co i n c i des wi th  Lakes ide t rans fo rmer add i t io n ) . 

2002 Add 500-kV shun t capaci t o r  bank a t  Snoqualmi e ;  
Add second 500-kV shun t capac i t or bank a t  Pearl ; 
Add 300 MVAR SVC on Snohomish 2 30-kV bus . 

2004 Add second 500-kV shun t capac i t or bank a t  Monroe ; 
Add t h i rd 500-kV shunt capac i t o r  bank a t  Os t rander . 

2006 Add Map le Val ley 500/2 30-kV 1800 MVA t rans former #2 . 

8 .  Loss sav i ngs o f  Plan 8 

The loss sav i ngs o f  var i ous o p t i ons i s  s ummari zed i n  Table 100 . Plan 8 w i l l  
save 50 . 0  M V  on the BPA sys t em and 60 . 1  MW i n  t he Nor t hwes t i n  1 9 9 6  ( compared t o  
t he base sys t em ) . The loss sav i ngs w i l l  be 49 . 7  MW on the BPA sys t em and 58 . 2  
MW i n  the Nor t hwes t i n  2004 ( compared t o  the Reac t i ve Plan ) . 
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TABLE 100 : LOSS SAVINGS OF FEASIBLE ALTERNATIVES 

( In peak MW ' s ;  top  number is PNW losses , lower number i s  BPA losses ) 

Al t e rna t ive 

Base Sys t em 

Plan 1 
Ch i e f  Joe-Monroe 

Plan 2 
Ch i e f  Joe- Snoqualm i e  
500-kV 

1996 

-0-
-0-
J96243 , J96244 

7 0 . 2  
58 . 0  
J962 6 1 , J96262 

66 . 9  
5 3 . 6  
J96258 , J96259 

P lan 2 7 7 . 7  
Ch i e f  Joe-Snoqualm i e  64 . 3  
7 65-kV l i ne o p  @ 500 J9627 1 ,  J96272  

Plan 2 
Coulee/Ch i e f  Joe
Snoqualm i e  7 65-kV l i ne 

Plan 3 
Ch i e f  J oe-Snoq / Mon 
4-Bun t i ng 

7 3 . 9  
59 . 1  
J9624 1 , J96242 

2000 

- 0-
-0-
J0037 , J0038 

9 1 . 5  
7 3 . 7  
J0035 , J0036 

7 8 . 3  
62 . 2  
J002 2 ,  

90 . 6  
74 . 0  

J002 1 

J004 6 , J0047 

86 . 1  
68 . 2  
J002 3 ,  J0024 

2004 ( 1 )  

N/A 

82 . 0  
67 . 9  
J04 343 

65 . 1  
5 3 . 8  
J04226  

7 6 . 9  
65 . 0  
J04 2 2 7  

1 4 1 . 5  
1 2 2 . 6  
J04228 

7 7 . 1  
63 . 6  
J04 345 

2004 + ( 1 )  

N/A 

82 . 0  
67 . 9  
J04343 

69 . 3  
58 . 0  
J04 347 

1 4 1 . 5  
1 22 . 6  
J04228 

84 . 9  
70 . 4  
J04348 

Plan 3 
Ch i e f  Joe-Snoq/ Mon 
4-Seahawk 

Older J96 s t udies  showed an add i t i onal 6 . 6  MW BPA and 
6 . 9  MW PNW losses are ava i lable i f  4-Seahawk condu c t o r  
i s  used . 

Plan 4 
Han ford- Snoqualm i e  

Plan 5 
S i ckler-Snoqualm i e  

Plan 6 

5 1 . 0  
39 . 9  
J96267 , J96268 

65 . 1 2 
49 . 6  
J96269 , J96270 

2 . 4  

7 1 . 6  
54 . 5  
J0042 , J0043 

7 7 . 7 3 
59 . 5  
J0044 , J0045 

10 . 1 3 
Reac t i ve A l t erna t ive XXX X X X  

J9627 3 ,  J9627 3 loss  J0040 , J004 1 

Plan 7 69 . 4  
Coulee-Olymp ia/Snoq 58 . 2  
500-kV J96289 , J96290 

Plan 8 60 . 1  
Ch i e f  Joe- S i ckler- 50 . 0  
Snoqualmie 500-kV J9629 1 , J96292 

82 . 4  
68 . 2  
J00104 , J00105 

7 3 . 5 
59 . 7  
JOOl:06 , J00 1 07 

74 . 2 ( 2 )  
5 7 . 4  
J04344 

68 . 7  
5 6 . 1  
J04346 

-0-
-0-
J04370 

63 . 9  
54 . 6  
J04508 

58 . 2  
49 . 7  
J04509 

7 8 . 7 ( 2 )  
6 1 . 1  
J04349 

7 3 . 4  
60 . 9  
J04350 

-0-
-0-
J04 370 

67 . 8  
58 . 1  
J04510 

63 . 7  
5 3 . 9  
J04 5 1 1  

( 1 )  Los s  savings for  2004 a r e  referenced aga i ns t loss  o f  Reac t i ve Al t erna t i ve ,  
no t base sys t em wi thou t add i t i ons as i s  t he case for 1 9 9 6  and 2000 . 
( 2 )  2004 base has WNP-1  in opera t i on whi ch inc reases the loss sav i ngs o f  Plan 4 .  
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PUGET SOUND VOLTAGE PLANNING ASSUMPTI ONS 
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RESOURCES 

1 .  The Puge t Sound area hyd ro gene ra t i on will  genera te at med ian wa t e r  f i rm 
peaking levels for wi n t e r  p r i o r  to  January 6 ( reduced gene rat i on on the Skagi t 
River ) .  Snoqualmie Fall s  w i l l  be as sumed frozen wi th  no genera t i on dur i ng 
abnormal cold . 

2 .  The PSP&L combus t i on t urbines w i l l  be gene ra t i ng dur ing abno rmal cold 
exce p t  �h i t ehorn uni t #3  and Shu f fl e t on uni t s  are o f f . 

3 .  The PSP&L combus t i on turb ines are o f f  dur ing normal win t e r  peak l oad . 

4 .  PGE ' s Beaver combu s t i on turbine/ comb ined cy cle plan t i s  o f f . 

5 .  Coulee se rves as a base l oad generator wi t h  4500M� gene ra t i on .  

6 .  Sn ake River proj e c t s  provide peaking genera t i on . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

INTERTIE SCHEDULES 

7 .  BCH t o  PN� s chedule i s  250M� during normal and abno rmal cold . A f t e r  the 
BCH-VVP i n t e r t i e  i s  comple t ed i n  the mid 1 990 ' s ,  the t o t al BCH-PNV s chedule 
w i l l  be 850MV . Phase s h i f t e rs on t he eas tern BCH sys t em w i l l  cause 600MV to  
f l ow d i re c t ly to  the ��p sys t em .  The Nelway phase s h i f t e r  w i l l  be adj us t ed t o  
minimize  inadver t en t  f l ow .  Thi s  assures the Ingledow t o  Cus t e r  powe r flow w i l l  
cons i s ten t ly b e  about 250MV . 

8 .  BCH i s  using two Burrard un i t s as synchronous condensers for no rmal and 
abnormal winter  loads . Zero react ive i s  genera t ed p r i o r  t o  a con t i ngency . 

9 .  PNV-P S� i n t erchange i s  z e ro during abnormal cold i f  Pt�� resources are 
suf f i c i en t  to mee t the load cold wea ther load . 

10 . Pln.l impo r t s  f rom the PSw on the DC i n t er t i e i f  PNV resources are 
insuf f i c ient  to mee t t he as s umed cold weather load . 

1 1 . Pln.l-PS� i n terchange during normal peak i s  l OOOM� DC and 2000M� AC expor t 
t o  PS� in  1 9 96 . Export in  l a t e r  y ears de creases t o  allow PNV resources t o  mee t 
the ass umed normal load . 

1 2 . Transmi s s i on ad d i t i ons to r e t urn the Canad i an En t i t lemen t ( 1 400MV f i rm in  
2003 ) w i l l  be add ressed i n  a s epara te plann ing s t udy . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

SYSTEM DESIGN 

1 3 .  The operat i ng p o i n t  w i l l  be p lanned t o  p r o v i d e  500MVARS s h u n t  r ea c t ive 
marg in f rom the v o l tage i n s tab i l i t y p o i n t . 

1 4 . The n ewly r e v i sed Rel i ab i l i ty C r i t e r i a  i s  appl i ed .  



15 . The sys tem �i ll  be des i gned t o  res t ore full load immed i a t ely follo�ing the 
con t i ngen cy unless a detai led sys t em s t udy sho�s the load cann o t  be fully 
res t ored �i th a 95% vol tage level a t  BPA deli very poin t s . The sys tem � i l l  not 
be des igned to  use the d i re c t  load t r i p  s cheme no� being i n s talled a t  I n t alco 
and Kai s er . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

LOAD LEVEL AS SUMPTIONS 

16 . The CY89 load forecas t s  and po�e r fac t o rs for normal peak are reas onable .  

17 . The peak load level above the PNUCC fore cas t expe r i enced during the 
February 1 989 cold snap i s  the abno rmal cold load level for  plann i ng .  Snohom i sh 
PUD abno rmal cold load for plann i ng i s  s l igh t ly higher due t o  the i r  o�n 1987 
s t udy . Mul t i pl i ers for abnormal cold load for t he four maj or u t i l i t i es are : 
PSP&L 1 1 6% , SCL 1 1 1 % ,  SPD 1 2 3% , TCL 1 2 0% .  The u t i l i t i es repor t that the 
Fe bruary 1989 cond i t i ons reflect  reduced school and bu s i ness loads . The po�er 
factor for abnormal is the s ame as no rmal �ea ther . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 

SYSTEM ADDITION ASSUMPTIONS 

P r i or to  1 9 9 3  

Raver 500kv shun t capac i t ors ( br i ngs t o t al to  952MVARS ) 
Columbia ser i es capac i t or upgrade ( 2400A , 2 2 . 5% )  
Olymp ia-Po r t  Angeles 230kv lo op- i n  a t  She l t on 
She l t on-Po r t  Angeles 230KV loop- i n  a t  Fai rmoun t 
Por t Ange les 1 15kv terminals i n  advance o f  added Da i sho�a load 

( as s umed s chedule : phase 1 - fall 1993 , phas e 2 - fall 1 9 95 ) 
Olymp ia 2 3 0kv shun t capac i t ors ( 2- 1 50MVAR banks , remove old 1 00MVAR bank ) 
Cus t e r-Bell ingham 23 0kv #2  l i n e  
BCH Nel�ay phas e shi f t er 
BCH N i cola-Mer i d i an s e r i es capa c i t o rs ( 50% ) 
BCH Ni cola-Ingledo� ser i es capa c i tors ( 5 0% )  
TCL shun t capac i t ors a t  Sou th�es t ( 1 00MVAR S ) , Pearl ( 60MVP�S ) , Nor t heas t ( 80 )  

and Co�l i t z ( 60MVAR S )  

Pri or t o  1 9 96 

Cowl i t z-Olymp i a  230kv l i n e  
Co�l i t z  Falls I n t egra t i on ( May f i e ld-Mos syrock 2 3 0kv l oop- i n )  
Port Ange les 1 1 5kv shun t capaci t o rs ( Dai sho�a phase 1 ,  2-23 . 7MVAR banks ) 
She l t on 2 3 0kv shun t capac i t ors ( Da i s ho�a phas e 1 ,  1 - 1 1 4 MVAR ban k )  
Fai rmoun t -Port  Angeles 230kv l i ne ( 3 rd l i ne , Da i showa phas e 1 )  
She l t on-Fai rmoun t 230kv l ine ( 3 rd l ine , Da i sho�a phase 2 )  
Olymp i c  Pen insula Reinforcemen t w i th 500kv to  Shelton 
All s t on 5 00/2 30kv t rans former #2  
O s t rander 500kv shun t capaci tors  ( 1- 3 1 2MVAR bank ) 
Keeler 500kv shun t capaci t o rs ( 1 - 3 1 2MVhR bank ) 
BCH Y i ll i s t on-Kelly Lake SOOkv # 3  l i ne wi t h  s e r i es capa c i t o rs 
BCH Ke lly Lake-Cheekye 500kv #2 l i ne vi t h  s e r i e s capa c i t o r s  
BCH I ngledo� s t at i c  var d evi ce ( 1 50MVAP. ) 
BCH-\l\JP i n  t e r t  i e  ( 600!1\J added i mpo r t  assumed for  b o t h  no rmal and abno rmal ) 

P r i o r  t o  2004 

No ass umed a d c i : : c�s 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



TABLE 1 5 1 : LINE AND TRANSFORMER RATINGS 

The new reliab i l i ty c r i t er i a  requ i res that abnormally cold wea ther loads mus t 
be s erved dur i ng mai ngr i d  ou tages u s i ng - 1 5  deg C amb i e n t  equi pment l i mi t s . 
Ma i n  g r i d  ou tages i ncl ude the 500-kV sys t em ,  345-kV sys t em and t he t rans formers 
f rom t hese sys t ems to  the 230-kV grid . Modera t e  cold wea t her loads mus t be 
served dur i ng 230-kV sys t em ou tages us ing a -10 deg C amb i en t . The rat i ngs of 
cri t i cal l i ne s  are as f o l l ows : 

Max 
Oper 

Owner Condc t r  Temp 
Ra t i ng at Amb i e n t  Tempera ture 

-15 c - 10 c -5 c 20 c 35 c 

Bel l i ngham-Sedro 
Berrydale-Talbo t H i l l 
Bo t hell-Sammam i sh 

Bo thell-Snohom i s h  # 1  
Bo thell-Snohom i s h  # 2  

Bo t hel l-Snok i ng 

Broad s t ree t -Mas s achus e t  
Chr i s t opher-Obri en* 
Co t t age Br-Snoqualm i e  
Cov i ng t on-Cre s t on BPA 
Cov i ng t on-Obr i e n  
Cov i ng t on-Tacoma A 
Lake s i d e-Talbot H i l l  # 1  
Lake s i de-Talbo t H i l l  #2  
Monroe Tap-Sedro Tap # 1  
Monroe Tap- Sedro Tap #2  
Mon roe- Snoking Tap 
Snohom i s h-Mur ray 
Snohomish-Murray+ 
Snok i ng-Maple Val l ey 
Tal bo t H i ll-Ob r i en 

BPA 
PSPL 
SCL 
PSPL 
BPA 
BPA 
SCL 
SCL 
BPA 
SCL 
PSPL 
PSPL 
BPA 
PSPL 
BPA 
PSPL 
PSPL 
BPA 
BPA 
BPA 
BPA 
BPA 
SCL 
PSPL 

Drake 60 

Tern 100 
Tern 100 
Drake 90 
Drake 100 
Mal lard 
Mallard 100 
Drake 100 

B i t t e rn 
2 1 0  cu7 
Drake 80 

Drake 80 
Tern 
4/0 cu7 
Drake 70 
Drake 70 
Chukar 70 
Drake 50 
Drake 100 
Mallard 
Tern 

1 1 24 

1 3 63 
1 3 63 
1 308 
1 3 9 1  
1 3 7 7  
1 3 7 7  
1 3 9 1  

1 6 1 6  

1 2 5 2  

1 25 2  

1 1 9 1  
1 1 9 1  
1 94 2  
1049 
1391  

1082 

1333  
1 3 3 3  
1 2 7 5  
1 3 6 1  
1 34 7  
1 3 47 
1 3 6 1  

1 5 6 7  

1 2 1 7  

1 2 1 7  

1 1 53  
1 153  
1879  
100 1 
1 3 6 1  

1037 

1 303 
1 303 
1 2 7 1 
1329  
1345  
1 345 
1 3 2 9  

1 5 1 7  

1 180 

1 180 

1 1 1 3 
1 1 1 3 
1 8 1 3  

9 5 2  
1 3 2 9  

*Es t i ma t ed us i ng 7 5  d e g  C b i t t ern wi th  BPA Assump t i ons 

+Upgraded i n  BPA l i ne sag program 

Tran s f ormers 

S ta t i on 

Cov i ng t on # 1  
Cov i ng t on #2  
Maple Val l ey 
Monroe 
Tacoma 

vol tage 

500 / 2 30 
500 / 2 30 
500/230 
500/ 230 
500 / 2 30 

nomi nal 
ra t ing 
1008 
1008 
1 7 9 2  
1008 
1 3 44 

thermal 
s ummer 
1 107 
1087 
1862 
1 1 7 7  
1429 

emergency 
s ummer 
1 3 1 7  
1 3 1 7  
2 1 36 
1353 
1 6 65 

thermal 
w i n t e r  
1256 
1236  
2089 
1325 
1 6 2 1  

The above emergency ra t ings are bas ed o n  60% load fac t or . 
No t rans former can be loaded above emergency ra t i ng a t  any t i me . 
No t rans f o rmer can be loaded above thermal wi thou t an ou t age . 

7 7 6  

1 1 33 
1 1 33 
1083 
1 15 6  
1 1 7 0  
1 1 70 
1 156  

1 228 

1000 

1000 

907 
907 

1 434 
644 

1 15 6  

emergency 
w i n t e r  
1 5 1 2  
1 5 1 2  
2523  
1512  
1 98 3  

3 5 7  

1 0 1 5  
1 0 1 5  

948 
1035 
1048 
1048 
1035 

1 0 1 1  

847 

847 

728 
7 28 

1 1 39 
357  

1035 



TABLE 1 7 0  

OTHER THERMAL PROBLEMS IN THE PUGET SOUND AREA 

As men t i oned i n  the ma i n  t ex t , there are three problems that exi s t  p r i o r  t o  the 
assumed energ i z a t ion o f  t he CM r e i n forcemen t ( 10-9 6 )  and w i l l  no t nece s sar i ly be 
so lved by t h i s  proj ec t . They are : a b reaker fai lure a t  Rave r ,  the i n t egra t i on 
o f  t he new P SPL l i ne i n t o  Lake Trad i t i on and the Mas sachuse t t s-Broad s t ree t 1 15-
kV l i ne ove r load . 

A breaker fai lure a t  Raver could cause loss o f  the Raver- Snoqualmie and Raver
Tacoma l i nes , wh i ch ,  prior  to the CM add i t i ons , would cause t he Covington 
t rans forme rs t o  overload as shown i n  J96254 . Re info rcement o f  the CM 
t ransmi s s i on would reduce the s everi ty of t h i s  prob lem . I t  i s  assumed that t h i s  
problem i s  corre c t ed by rearrangi ng the bus layou t a t  Raver ( s omehow ) and t h i s  
f i x  w i l l  e l imina t e t h e  problem i n  l a t e r  years . Howeve r ,  t he e f fe c t  o f  each p lan 
on t he exi s t i ng bus layou t i s  analyzed below . 

There are also many l i ne overload problems i n  t he Lake Trad i t i on area that are 
the resul t of poor i n t egra t i on of Puge t ' s  new 230-kV cross moun t a i n  c i rcui t .  
The heavy load i ng o f  the 1 15-kV l i nes i n  t h i s  area are fur ther aggravated by 
external ou tages . The Massachusse t t s-Broad s t reet over load i s  caused by 
through flow wh i ch occurs dur i ng ma i ngr id equ i pmen t ou tages . No t h i ng i s  assumed 
to be added to correc t t hese problems , however the e f fe c t  o f  each CM 
rein forcement p lan i s  analyzed wi t h  respect to these problems below . 

P lan 1 

Th i s  CM l i ne add i t i on allev i a t e s  the breaker fai lure problem at Raver un t i l  
abou t 2004 ( J04 232 ) .  

Term i na t i ng the new CM l i ne at Monroe improves ( bu t  does n o t  correc t )  the 
Mas sachu s se t t s-Broads t re e t  ove r load and Lake Trad i t i on i n t egra t i on prob lems . 

P lan 2 

Th i s  CM l i ne add i t i on w i l l  allev i a t e  the b reaker fai lure problem a t  Raver 
( J96257 ) ,  however , by abou t 2005 the prob lem w i ll reo ccur ( J042 1 6 ) . The 
add i t i on of the second Maple Val ley 500 / 230-kV t rans former ( i n 200 6 )  w i l l  delay 
t h i s  even furthe r .  

Terminat i ng the new CM l i ne a t  Snoqualm i e  aggravates  t he Massachusse t t s 
Broad s t ree t ove rload and Lake Trad i t i on i n t egra t ion problems . 

P lan 3 

Th i s  CM l i ne add i t i on w i l l  allev i a t e  the breaker fai lure problem a t  Raver 
( J96255 ) , however , by abou t 2003 the prob lem wi ll reoccur ( J04207 ) .  The add i t i on 
o f  the Snohomi sh 500 / 2 30-kV t rans forme r ( i n 2010 ) w i l l  delay t h i s  even fur ther . 

Terminat i ng the new CM l i ne at both Monroe and Snoqualmie does no t change the 
Mass achus s e t t s-Broad s t re e t  ove rload and Lake Trad i t i on i n t egra t i on problems 
s i gn i f i can t ly . 

P lan 4 :  same as P lan 2 .  

Plan 5 :  same as P lan 2 .  



Plan 7 

Th i s  CM l i ne add i t i on allev i a t e s  the break er fai l u re p roblem a t  
however ,  by abou t 2002 the problem w i l l  reoccur ( J0449 7 ) .  The 
second Maple Val ley 500/2 30-kV t rans f ormer ( i n 20 1 2 ) w i l l  again 
problem . 

Rave r  ( J96287 ) ,  
add i t i on o f  the 
delay the 

Termina t i ng a new CM l i ne a t  Snoqualm i e  aggravates the Massachusse t t s 
Broad s t ree t overload and Lake Trad i t i on i n t egra t i on problems . 

P lan 8 

Th i s  CM l i ne add i t i on allev i a t es the breaker fai lure p roblem a t  
however , b y  abou t 2003 t h e  problem w i l l  reoccur ( J04498 ) .  The 
second Map le Valley 500/2 30-kV t rans former ( i n 2006 ) w i l l  aga i n  
problem . 

Raver ( J96288 ) , 
add i t i on o f  the 
d e lay t h i s  

Termina t i ng t h e  new C M  l i ne a t  Snoqualm i e  aggrava t e s  t h e  Massachus s e t t s 
Broads t re e t  overload and Lake Trad i t i on i n t egra t i on prob lems . 



TABLE 201 - LINE UPGRADES 

Upgrade Upgrade 
PUGET SOUND AREA LINE BEFORE XMTN PLAN AFTER XMTN PLAN PLAN 

PSP Bel l i ngham- Sedro 230-kV 9 7 0A 1020A s p r i ng all 

PSP B lumae r-Elect ron Heigh t s  1 15 440A 4 7 0A summer a l l  
P S P  Elect ron Hgh t s -Kra i n  Corner Tap 340A 3 60A s ummer all 

( on E l c t  H t s -Yh i te  Rv 1 15 -kV l i n e )  
P S P  S t  Clai r-Yh i t e  River 1 1 5  l i ne 7 20A 7 6 0A summer a l l  
P S P  Obri en-Talbot H i l l  230 l i ne 700A 8 60A summer all 

BPA Cov ingt on-Tacoma A 230 l ine 600A 630A s ummer a l l  
P S P  Maple Val ley-Talbot H i l l  2 3 0  #1&2  1900A summer a l l  
SCL B o t hell-Snohom i s h  2 30 #3 1200A summer p lan 1 

( crea t ed f rom loop i n )  
PSP Beverly Park-H i l ton 1 1 5  600A summe r plan 1 
SCL Maple Valley- Snoki ng 230 950A summe r plan 1 
PSP Lakes ide-Sammam i s h  1 1 5  #1&2  650A summer p lan 1 

OKANOGAN AREA LINES 

BPA Brews t er-Oph i r  Tap 1 15 280A 300A summer all 
3 10A 3 30A s p r i ng a l l  

BPA Oph i r  Tap-Okanogan 1 1 5  250A 270A summer a l l  
280A 300A spr ing a l l  



A96CY89 STUDIES 

I I I I  I I  I I  % LINE LOADING 
J J RATING I l lOODEG I I  OUTAGE I I  250MW lNGLEDOW>CUSTER 

. �OAD I I  I I  RATING I I  I I  
I I  I I  I I I I NO I MONROE J MON-SNOQ J SNOQ 
I I  I I  I I I I PLAN I PLAN I PLAN I PLAN 

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  

I I  
I I  

OBRIEN- I J 552A 
TALBOT H 230 I I 

I I  

I I 
I I  
I I  ( 1015A )  
I I  
I I  

I I NO OUTAGE 
I I RAVER-SNOQ 500 
I I TACOMA 500/230 
I I CHRIS-COVINGTN 230 
I ! CHRIS-OBRIEN 230 

J J NIA I I I 
l i N/A I N/A J 90% 1 92% 
1 1 98% J 11Cl% 1 1 12% 1 1 11% 
1 1 92% 1 102% 1 104% 1 103% 
1 1 100% 1 103% 1 105% 1 106% 

BREWSTER- I l lBOA I J ( 353A) I I DOUGLAS-WELLS 230 I 1 15 1% 1 158% 1 16 1% 1 162% I 
OPHIR T 115  I I  I I I I  I I I I I I 
. . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

OKANOGAN- I J lBOA I J ( 353A) I J DOUGLAS-WELLS 230 I 1 137% 1 144% 1 147% J 148% I 
OPHIR T 1 1 5  I I  I I  I I  I I  I I I I 



A96CY89 STUDIES 

I I I I I I I I % LINE LOADING 
I J RATING I J 100DEG I I OUTAGE I I 1000MW INGLEDOW>CUSTER 

.J.OAD I I  I I RATING I I  I I  
I I I I  I I  I I  NO I MONROE J MON-SNOQ J SNOQ I 
I I  I I  I I I I  PLAN J PLAN ! PLAN I PLAN I 

. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BLUMAER- I J 306A I J ( 587A) I ! RAVER-PAUL 500 I J 94% J 100% J 102% J 103% I 
ELECTHTS 115 I I  I I  I I  I I I I I I . . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
ST CLAIR- I I 552A I ( 1015A) I I  NO OUTAGE I I  I I I I 
WHITE RV 1 15 I I I I ! RAVER-PAUL 500 I I 93% I 98% I 99% I 99% I 

. . . . . . . . . . . . . . .. . . . . .. .. . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .  
I I I I I NO OUTAGE I N/A 1 86% 1 89% I N/A I 
I I I I I RAVER-SNOQ 500 J N/A J 100% J 1 11% J 113% I 

OBRIEN- I I 552A I ( 1015A) I I TACOMA 500/230 J 106% 1 1 18% 1 120% J 120% I 
TALBOT H 230 I I I I I CHRIS-COVINGTN 230 I 99% 1 109% J 1 12% 1 1 11% I 

I I I I I  CHRIS-OBRIEN 230 J 103% J 106% J 108% 1 109% I 
. . . . . . . . . . . . .. . . . .. . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
BREWSTER- I I 180A I ( 353A )  I I DOUGLAS-WELLS 230 I J 148% 1 154% 1 157% 1 158% I 
OPHIR T 115  I I  I I I  I I I I I I 
. . . . . . . . .. . .. . . . . . . . .. .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . . . .  

OKANOGAN- I I 180A I ( 3 5 3A ) I I DOUGLAS-WELLS 230 I ! 134% 1 140% 1 143% 1 144% I 
OPHIR T 115 I I  I I I I  I I  I I I I 

HOLCOMB- I I 420A I I  
NASELLE 115  I I I I 

I I LONGVW-LONGVW T 230 I 1 120% 1 123% 1 125% 
I I I I  I I 

1 125% 
I 



.{LOAD 

I I 
J J RATING 
I I  
I I 
I I  
I I 

I I  
I J 100DEG 
J J RATING 
I I  
I I  
I I  

I I  
J J OUTAGE 
I I  
I I 
I I  
I I  

L--.4�, -z o  '-! 
A96CY89 STUDIES 

I I % LINE LOADING 
I I 2000MW INGLEDOW>CUSTER 
I I  TROJAN OFF 
J j FO PFLOW j FO PFLOW J FO PFLOW J FO PFLOW J 
I I  NO I MONROE I MON -SNOQ I SNOQ 
I I  PLAN I PLAN I PLAN I PLAN A96 CASE # ' S  

BLUMAER- I J 306A I j ( 587A) I J RAVER-PAUL 500 1 1 142 147 J 147 153 J 149 155 J 15 1  155 1 141 , 142, 143 , 144 
ELECTHTS 115 I I I I I I I I  I I I I 

ELECTHTS- I J 306A 
WR KC TP 1 1 5  I I  

ST CLAIR- J J 552A 
WHITE RV 1 1 5  I I  

I I  ( 447A ) 
I I  

I I ( 1015A )  
I I  

I j RAVER-PAUL 500 I J 1 10 1 12 J 1 13 1 1 5  J 1 14 
I j ELECTHTS-WHITE RV 115 J J 97 96 1 100 99 1 102 

J J NO OUTAGE I I  63 I 66 I 67 
I I  RAVER-PAUL 500 1 1 129 134 j 1 37 138 J 13 5  

117  J 11 5  
1 0 0  J 102 

I 67 
140 j 136 

116 I SAME AS ABOVE 
1oo 1 145 , 146, 147, 148 

I 
139 I SAME AS ABOVE 

. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. .. . . . .. . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I I  
I I  

OBRIEN- J J 552A 
TALBOT H 230 I I  

I I  

MAPLE VL- I J 1767A 
TALBOT H 230 I I  

LAKESIDE- I J 552A 
SAMMAMISH 1 15 J J 

I I  

MAPLE VL- I J 890A 
SNOKING 230 I I  

BREWSTER- I J 180A 
OPHIR T 1 1 5  I I 

OKANOGAN- J J 180A 
.R T 115  I I  

I I J J NO OUTAGE I I  90 I 101 I 104 I 104 
I I  J J RAVER-SNOQ 500 J J 1 12 112 J 137 139 J 148 149 J 1 54 153 149, 150 , 15 1 , 152 
I I  ( 1015A )  J J TACOMA 500/230 J J 125 124 J 1 34 135  J 138 139 J 138 139 153 , 1 54 , 1 5 5 , 156 
I I  I J CHRIS-COVINGTN 230 1 1 1 1 4  1 1 5  J 123 127 J 126 127 J 126 130 1 57 , 158 , 159, 160 
I I  I ! CHRIS-OBRIEN 230 I I  I I I 

j ( 3304A) I J MAPLE VL-TALBOT H 230 J I 95 95 J 102 103 J 107 107 J 108 108 I 1 6 1 , 162 , 163 , 164 
I I I I I  I I I I 
. . . . .. . . . .. . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

l t 1015A )  I ! LAKESIDE-SAMMAMISH I I N/A 87 1 114 114  J 106 106 I 97 98 165 , 166, 167 , 168 
I I j MONROE-SNOQ 500 I I 95 95 J 116 1 18 I N/A I N/A I 173 , 13 5 , 134 , 133 
I J J SNOK TP-SNOQUALM 500 I I  N/A I I 100 87 I I 134 

j ( 1035A) I J MONROE-SNOQ 500 
I I I MAPLE VL 500/230 

j ( 353A ) I ! DOUGLAS-WELLS 230 
I I I  

I ( 353A) 
I I 

I J DOUGLAS-WELLS 230 
I I  

I I  N/A 
I I  N/A 

J 106 108 I N/A 
I N/A I N/A 

I N/A 
I N/A 

I SAME AS ABOVE 
I 

1 J 142 138 J 147 142 J 15o  146 J 1 52 148 1 169 , 170 , 17 1 , 172 
I I  I I I I 

1 J 128 13o  J 133 135  J 137 
I I  I I 

139 J 138 
I 

140 I SAME AS ABOVE 
I 

�RLY PK- J J 552A I I I J MONROE-SNOQULAM 500 I I N/A 87 J 107 107 I N/A I N /A 
I 

I SAME AS ABOVE 
IL'l'ON 1 1 5  I I  I I  

BOTHELL- I I  
SNOHOSH 3 230 I I  

I I  
I I  

I I  I I I I 

I J MONROE-SNOQULAM 500 I I N /A 
I I  I I  

J 112 1 1 3  I N /A 
I ( N )  I I N/A 

I 

I 

I SAI1E AS ABOVE 
I 



· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  

AOOCY89 STUDIES 
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  

I I  I I I I I I % LINE LOADING 
I ! RATING 1 J 100DEG I j oUTAGE I I 250�M INGLEDOW>CUSTER 

,iU.OAD I I  I I  RATING I I  I I  
I I  I I  I I  I I  NO J MONROE J MON-SNOQ I SNOQ 
I I  I I  I I  I I  PLAN I PLAN I PLAN I PLAN 

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  

I I  I I  I J NO OUTAGE l i N/A I 
I I  I I  I I RAVER-SNOQ 500 l i N/A I I I 

OBRIEN- I J 5 52A j j ( 10 15A) I ! TACOMA 500/230 I J 10 1% j 110% J 11 5% J 114% 
TALBOT H 230 I I  I I  I I CHRIS-COVINGTN 230 1 1 95% 1 109% 1 107% 1 106% 

I I  I I  I I  CHRIS-QBRIEN 230 1 1 106% 1 110% 1 11 1% 1 112% 
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  

BREWSTER- I I 180A I I ( 353A) I I DOUGLAS-WELLS 230 I 1 152% 1 160% 1 162% 1 163% I 
OPHIR T 1 1 5  I I  I I  I I  I I  I I I I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .  

OKANOGAN- I I 180A I I ( 353A) I J DOUGLAS-WELLS 230 I 1 138% J 146% 1 148% 1 149% I 
OPHIR T 115  I I  I I  I I  I I  I I I I 
. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

HOLCOMB- I J 420A I I I J LONGVW-LONGVW T 230 I J 112% J 116% J 117% J 117% I 
NASELLE 1 15 I I  I I  I I  I I  I I I I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . .  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ht.-%.<. �-�: -�'- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
AOOCY89 STUDIES 

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  

I I I I I I I I % LINE LOADING 
I ! RATING I j 100DEG I ! OUTAGE I I 1000MW INGLEDOW>CUSTER 

. \LOAD I I  ! ! RATING I I  I I  
I I  I I  I I  I I  NO jMONROE j MON-SNOQ j SNOQ I 
I I  I I  I I  I I  PLAN j PLAN ! PLAN I PLAN I 

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  

ST CLAIR- j j 552A I I  ( 1015A) I I  NO OUTAGE I I  I I I I 
WHITE RV 1 1 5  I I  I I  ! ! RAVER-PAUL 500 I I  91% I 97% I 98% I 98% I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . I I I I I j NO OUTAGE I I N/A j 92% j N/A j N/A I 

I I  I I  I I RAVER-SNOQ 500 l i N/A j l01% j 108% j 1 1 1% I 
OBRIEN- I j 552A I j ( 1015A) I ! TACOMA 500/230 I j 108% 1 124% j 122% j 122% I 
TALBOT H 230 I I  I I  I I  CHRIS-COVINGTN 230 1 1 100% j 1 16% j 1 13% j 1 13% I 

I I  I I  I I  CHRIS-OBRIEN 230  1 1 108% j 1 12% j 1 12% j 1 13% I . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

LAKESIDE- I j 552A I I ( 1015A ) j ! LAKESIDE-SAMMAMISH I j N/A j 102% j N/A I N/A 
SAMMAMISH 1 15 1 1 I I  I I MONROE-SNOQ 500 I I  I I I 
. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .  

BREWSTER- I j 180A I j ( 353A) I ! DOUGLAS-WELLS 230 I j 1 50% j 156% j 160% j 161% I 
OPHIR T 1 1 5  I I  I I  I I  I I  I I I I . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
OKANOGAN- I j 1 80A I j ( 353A) I ! DOUGLAS-WELLS 230 I j 136% j 142% j 146% j 147% I 
OPHIR T 1 15 I I  I I  I I  I I  I I I I . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .  

TROJAN- I j 1315A I I ( 1507AJ I ! ALLSTON-KEELER 500 I j 96% j 99% j 100% j 100% 
ST MARYS 230 I I I I I I I I I I I 
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  

TROJAN- I j 13 15A I I ( 1507AJ I ! ALLSTON-KEELER 500 I j 97% j 100% j 101% j 101% 
RIVERGATE 230 1 I I I I I I I I I I 
. . . . . . . .. . . . .. . . . .. .. .. . . . .. . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .  

BOTHELL- I I  
SNOHOMH 3 230 j j 

I I  
I I  

I j MONROE-SNOK TAP 500 I j N /A j 107% j N /A 
I I  I I  I I 

j N /A 
I . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . ..  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.-f.�t . :?� .C:. ?. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
AOOCY89 STUDIES 

· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  

.RLOAD 

I I  
j j RATING 
I I  
I I  
I I  

BLUMAER- I J 305A 
ELECTHTS 115 I I 
· · · · · · · · · · · · · · · · · · · · · · · ! 
ELECTHTS- I J 305A 
WR KC TP 115  I I  

ST CLAIR- I J 55 2A 
WHITE RV 115 I I 

OBRIEN
TALBOT H 230 

I I  
I I  
I J 552A 
I I 
I I  

I I  
I J 100DEG 
j j RATING 

I 
I 

I I  
J j OUTAGE 
I I  
I I  
I I 

I I  
I I  
I I  
I I  NO 
I I  PLAN 

% LINE LOADING 
2000MW INGLEDOW>CUSTER 

TROJAN OFF 
I MONROE I MON-SNOQ I SNOQ 
I PLAN I PLAN I PLAN . . . . . .. . . . . . . .. . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. .. . . .. . . . . .. . . . . . .. . .. .. .. . . . . . . . . . .. . . . . . . . .  

I ( 587A) ! ! RAVER-PAUL 500 I I  138 I 145 I 145 I 147 I 
I I I  I I  I I I I . . . . . . . . . . . . . . .. .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . . . . .  
I ( 447A) I I  RAVER-PAUL 500 I I  109 I 114 I 114 I 115 I 
I I I  ELECTHTS-WHITE RV 115 1 1  98 I 103 I 103 I 102 I . . . . . . . . . . . . . .. . .. . . . . . . . .. .. . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . .. . . 

I ( 1015A) I I  NO OUTAGE I I  52 I 57 I 57 I 57 I 
I ! ! RAVER-PAUL 500 I I  128 I 134 I 134 I 135 I . . . . . . . . .. . . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .  

I I  
I I  
j j ( 1015A) 
I I  
I I  

J J NO OUTAGE 
j j RAVER-SNOQ 500 
I I  TACOMA 500/230 
I j CHRIS-COVINGTN 230 
I ! CHRIS-OBRIEN 230 

I I 93 
I I  111 1 1 128 
I I  118 
I I  115 

108 
138 
142 
131 
117 

108 
149 
143 
131 
120 

108 
153 
143 
131 
121 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
MAPLE VL- I I 17 57A I I P304A ) I I MAPLE VL-TALBOT H 230 J J 97 J 107 J 110 J 110 I 
TALBOT H 230 I I  I I  I I  I I  I I I I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
LAKESIDE- J J 552A I I  ( 1015A )  I I  LAKESIDE-SAMMAMISH I I  93 I 125 I 107 I 99 I 
SA}�ffiMISH 115 I I I I  I J MONROE-SNOK TP 500 I I N/A I 104 I N/A I N/A I 

I I I I  I j SNOK TP-SNOQ 500 I I N/A I 123 I 97 I N/A I . . . . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . 

J I 890A I J ( 1035A) J I MONROE-SNOQ 500 I I N/A I I 
SNOKING 230 I I I I ! ! MAPLE VL 500/230 I I  N/A I I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .  
BREWSTER- I J 180A I J ( 35 3A)  I ! DOUGLAS-WELLS 230 I I 144 I 150  I 153  I 155 I 
OPHIR T 115  I I I I  I I  I I  I I I I 
· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  

1 139 
I 

1 141 
I 

OKANOGAN
OPHIR T 115  

I J 180A j j ( 35 3A)  I ! DOUGLAS-WELLS 230 
I I  I I I I  

I I  131  
I I  

1 135 
I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

RLY PK- I j 5 52A I I  I j SNOK TP-SNOQ 500 I I N/A I 103 I N/A I N/A 
roN 115  I I I I  I I  I I  I I I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
BOTHELL- 1 , 2 , 3 j  I I I I j MONROE-SNOK TP 500 I I N/A I 140 I 100 I N/A 
SNOHOMSH 230 I I I I I I I I I I I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I N/A 
I 

I N/A 
I SNOKING 230 

J J 1048A I I  
I I I I  

I j MCNROE-SNOK TP 500 
I I  

I I  92 
I I  

1 1 1 1  
I . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . 
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A04CYB9 STUDIES 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I I  I I  I I  I I  % LINE LOADING 
I I RATING I I 100DEG I I OUTAGE I I 250MW INGLEDOW>CUSTER 

.RLOAD I I  I I  RATING I I  I I  
I I  I I  I I  I I  NO I MONROE I MON-SNOQ I SNOQ I 
I I  I I  I I  I I  PLAN I PLAN ! PLAN I PLAN I 

. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .. .. . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .  

I I  I I  I I NO OUTAGE l i N/A I I I 
I I  I I  I I RAVER-SNOQ 500 l i N/A I I I I 

OBRIEN- I I 552A I I ( 1015A) I I TACOMA 500/230 I J 95% 1 114% 1 112% 1 1 1 1% I 
TALBOT H 230 I I  I I  I I CHRIS-COVINGTN 230 l i N/A 1 106% 1 104% 1 102% I 

I I  I I  I I  CHRIS-OBRIEN 230 J J 102% 1 107% j 10B% 1 109% I 
. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BREWSTER- I I 1BOA I I  ( 353A) I I  DOUGLAS-WELLS 230 1 1 153% 1 161% 1 164% 1 164% I 
OPHIR T 115  I I  I I  I I  I I  I I I I 
. . .. . . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .  

OKANOGAN- I I 1BOA I I < 353A) I I DOUGLAS-WELLS 230 1 1 139% 1 147% 1 149% 1 150% I 
OPHIR T 1 1 5  I I  I I  I I  I I  I I I I 
. . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . .. .  

HOLCOMB- I I 420A I I I I LONGVW-LONGVW T 230 I 1 1 11% 1 115% 1 116% 1 116% I 
NASELLE 1 15 I I  I I  I I  I I  I I I I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . .. .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  



<�e: ·z_ C' �� 
. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . .. . . . . . . . . . . . .  

A04CY89 STUDIES . . . . . . . . . .. . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . .. . .. . . . . . . . . . .. .. . .. . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I I I I I I I I % LINE LeADING 
I ! RATING I J 100DEG I J OUTAGE I I 1000MW INGLEDOW>CUSTER 

rlLOAD I I  I I RATING I I  I I  
I I  I I  I I  I I  NO J MONROE J MON-SNOQJ SNOQ I 
I I  I I  I I  I I  PLAN J PLAN ! PLAN I PLAN I 

. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . .. .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BLUMAER- J J 3 06A I J ( 587A) I ! RAVER-PAUL 500 I J N/A J 96% J 96% J 97% I 
ELECTHTS 115 I I  I I  I I  I I  I I I I 
. . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

ST CLAIR- J J 552A I I  ( 1015A )  I I  NO OUTAGE I I  I I I I 
WHITE RV 115  I I  I I I ! RAVER-PAUL 500 I 1 91% J 98% J 98% J 98% I 
. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I I  I I  J J NO OUTAGE J J NIA J NIA J 87% J NIA I 
I I  I I I J RAVER-SNOQ 500 I J N!A J N!A J 102% J 104% I 

OBRIEN- I J 552A J J ( 10 15A) I ! TACOMA 500/230 J J 104% J 12 J %  J 12 1% J 120% I 
TALBOT H 230  I I  I I  I I  CHRIS-COVINGTN 230 J J 96% J 1 12% 1 1 1 1% J 1 10% I 

I I  I I  J J CHRIS-QBRIEN 230 J J 105% 108% J 1 1 1% 1 11 1% I 
. . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . .  

BREWSTER- I J 180A I J ( 353A) I J DOUGLAS-WELLS 230  I J 152% 1 59% J 162% J 163% I 
OPHIR T 115  I I  I I  I I  I I  I I I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . .. . .. . .  

OKANOGAN- I J 180A J J ( 353A) I J DOUGLAS-WELLS 230 I J 138% 145% J 147% J 148% I 
OPHIR T 115  I I  I I  I I  I I  I I I 
. . . . . . . . . . . . . . . . . . . . .. .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . .. .. . . . . . . . . .. .. . .  

BOTHELL- I I I I  I J MONROE-SNOK TAP 500 I J NIA 1 13% J N/A J NIA I 
SNOHOMH 3 230 J I I I I I I I I I I 
. . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . .  · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  

HOLCOMB- I J 420A I I  I J LONGVW-LONGVW T 230 I J 120% 124% J 125% 1 125% 
NASELLE 1 15 I I  I I  I I  I I  I I I .. .. .. . . . . . . . .. . . . . . . . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . .  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ��-- -? . .  ��!· · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · · ·  
A04CY89 STUDIES 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . .  

I I  
I I  RATING 

.dLOAD I I  
I I  
I I  

I I  I I  
I I 100DEG I j OUTAGE 
! ! RATING I I  
I I I I I I  I I  

I I  
I I  
I I  
I I  NO 
I I  PLAN 

% LINE LOADING 
2000MW INGLEDOW>CUSTER 

TROJAN OFF 
MONROE I MON-SNOQ I SNOQ 
PLAN I PLAN I PLAN 

. . . .. . . . . . . . . . . . . .. . .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BLUMAER- I I 306A I j ( 587A) I ! RAVER-PAUL 500 I I 132 I 140 I 141  I 142 I 
ELECTHTS 115 I I  I I  I I  I I  I I I I 
. . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

ELECTHTS- I I 3 06A I I ( 447A) I I  RAVER-PAUL 500 I I  108 I 113  I 114 I 114 I 
WR KC TP 115  I I  I I  I I  ELECTHTS-WHITE RV 1 15 1 1 99 I 105 I 105 I 104 I 
. . . . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . 

ST CLAIR- I J 552A I I  ( 1015A) I I  NO OUTAGE 62 I 67 I 67 I 66 I 
WHITE RV 115  I I  I I I I  RAVER-PAUL 500 125 I 132 I 132 I 133 I 
• • .. .. • • • .. • .. .. .. .. .. .. • • .. .. .. .. .. .. • .. .. • .. .. .. .. .. • .. .. .. .. • • • • • .. .. .. • • .. .. • • .. • • • • .. .. .. .. .. . . .. . . ..  0 .. . . . .. . . . .. .. .. .. . .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. . .. .  � . . . . .. .. .. .. .. . . .  .. 

I I  I I  I I NO OUTAGE 87 I 107 105 103 I 
I I  I I  I I  RAVER-SNOQ 500 101 I 132 142 145 I 

OBRIEN- I j 552A I j ( 1015A )  I ! TACOMA 500/230 124 I 142 141 140 I 
TALBOT H 230 I I  I I  I I CHRIS-COVINGTN 230 113  I 129 129 127 I I I  I I  ! ! CHRIS-OBRIEN 230 112  I 115  117 117 I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. . .. .. .. .. . .. .. . . . . . . . .. . . . . . . . 

MAPLE VL- I J 1767A I I  ( 3304A) I I  MAPLE VL-TALBOT H 230 I 90 I 105 I 105 I 105 I 
TALBOT H 230 I I I I I I I I I I I 
. .. . .. . . . . .. . . . .. .. .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . .. . .. . . . . . . .  

BREWSTER- I I 180A I I  ( 353A) I I  DOUGLAS-WELLS 230 I 145 I 151  I 155 I 156 I 
OPHIR T 115 I I  I I I I  I I  I I I I 
. . . . . . . . . . .. . .. . . . . . . . . . . . .. . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .  

OKANOGAN
OPHIR T 1 15 

I j 180A I j ( 353A) I ! DOUGLAS-WELLS 230 
I I  I I  I I  

I I  131  
I I  

1 136 
I 

I 140 
I 

1 142 
I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. .  

COVINGTON- I I 730A I I  I I  COVINGTN-WHITE RV 230 I I  93 I 97 I 99 I 100 
WHITE RV 230 I I I I I I I I I I I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .. . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BOTHELL- 1 , 2 , 3  I I I I I j MONROE-SNOK TP 500 I I N/A I 147 I N/A I N/A l 
SNOHOMSH 230 I I I I I I I I I I I I . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1ELL- I j 1048A I I I j MONROE-SNOK TP 500 I I 108 I 127 I N/A I N/A I 
tNG 23o I I  I I  I I  I I  I I I I 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. AKESIDE- I I 980A I I I I  SNOK TP-SNOQ 500 I I  N/A I 116 I N/A I N/A 
SNOKING 230 I I  I I  I I  I I  I I I 
. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .  



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  '�&. . .  
·�_ (/ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

I I  
I I RATING 

.RLOAD I I  
I I  
I I  
I I  
I I  

BREWSTER- I I 180A 
OPHIR T 115 I I  

I I  
I I 100DEG 
I I  RATING 
I I  
I I  
I I  

I 

I I I  
I OUTAGE I I  
I I I  
I I I  
I I I  
I I I  
I I I  

SPG94CYB9 STUDIES 

% LINE LOADING 
1800MW CUSTER>INGLEDOW 

I I I 
NO I �10NROE I MON-SNOQ I SNOQ 
PLAN I PLAN I PLAN I PLAN 

I I I FO 

I ( 353A )  I DOUGLAS-WELLS 230 1 1 170% 1 182% 1 185% 1 185% 
1 186% I I DOUGLS-SICKLR 5 00/230 1 1 159% 1 185% 1 188% 

PF 

OKANOGAN- I I 180A I ( 353A) I I DOUGLAS-WELLS 230 I 1 156% I 16B% 1 171% 1 17 1% I 
OPHIR T 115 I I I I I DOUGLS-SICKLR 500/230 1 1 147% 1 170% 1 173% 1 172% I 

PF # 

. . . . . . . . . . .. .. . . . . . . . . .. .. . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . .. ..  

HOLCOMB- I I 420A I I LONGVW-LONGVW T 230 I 1 105% 1 1 11% 111% 1 111% I 
NASELLE 115 I I  I I  I I  I I I 

BELLNGHM
SEDRO 230 

I I 660A 
I I  

BELNGM P- I I 387A 
SEDRO 1 1 15  I I 

BEV PK- I I 276A 
GOLDBART 115  I I  

I I I MONROE-SNOK TP 500 I I  
I I I SNOK TP 500 I I  
. . . . .. . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . .  

I I I BELLNGHM-SEDRO 230 I 1 109% 1 105% 
I I I  I I  I 
. . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I I I SNOK TAP-SNOQUALM 500 1 I I 
I I I  SNOK TP 500 I I  I 

1 113 I 
I 106 I SPG94114 

106% 1 115% 
I 

1 103 1 
I 106 I SPG94 114 



. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  &-A� . . . .  ?:-. ( . ! . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

SPG94CY89 STUDIES 

I I  I I  I I  % LINE LOADING 
1 J RATING 1 J 100DEG J J oUTAGE 2000MW INGLEDOW>CUSTER 

.RLOAD I I  I I  RATING I I  
I I  I I I I  NO J MONROE J MON-SNOQ J SNOQ I 
I I  I I  I I  PLAN J PLAN J PLAN I PLAN I 

. . . . . . .. .. .. . . . . . . . . . . . . .. . . . . . . .. .. . . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . .  

BLUMAER- I J 387A I j ( 587A) I J RAVER-PAUL 500 I J 136% J 142% J 144% J 144% I 
ELEC'THTS 115  I I  I I  I I  I I  I I I I 
. . . . . . . . . . . . . . . . . . . . . . .  , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
ELEC'THTS- I J 387A I I ( 447A) I j RAVER-PAUL 500 I j 104% 1 108% 1 109% 1 109% I 
WR KC TP 115  I I  I I  I I ELEC'THTS-WHITE RV 1 15 J j 91% J 95% j 96% j 96% I 

ST CLAIR- I I 552A I I < 1015A) J I NO OUTAGE I I I I I I 
WHITE RV 1 1 5  I I  I I  ! ! RAVER-PAUL 500 J J 1 57% J 162% J 164% 1 164% I . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

I I I I  J I NO OUTAGE J J NIA J 88'\-. 1 90% J NIA I 
I I  I I  I I  RAVER-SNOQ 500 1 1 9 1% J 1 16% 1 125% 1 129% I 

OBRIEN- J J 72 JA I j ( 1015A) I ! TACOMA 500/230 I J 108% J 117% 1 1 19% 1 1 1 9% I 
TALBOT H 230 I I  I I l l cHRIS-coVINGTN 230 J J 100% J 108% j 1 10% J 1 10% 1 

I I  I I  I I  CHRIS-OBRIEN 230 I J 100% J 10 J %  J 103% J 104% I 
. . . . . . . . . . . . . . . . .. .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . .. .. . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

MAPLE VL- J J 890A I I  ( 1035A) I I  MONROE-SNOQ 500 I I  J 102% I I 
SNOKING 230 I I  I I  ! ! MAPLE VL 500/230 I I  I I I 
. .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .  

BREWSTER- J J 180A I j ( 3 53A) I ! DOUGLAS-WELLS 230 I J 156% J 163% J 167% J 169% I 
OPHIR T 115 I I  I I  I I  I I  I I I I 

OfJlliOGAN- I J 180A I j ( 3 53A ) ! ! DOUGLAS-WELLS 230 I J 143% J 149% J 154% J 15 5% I 
OPHIR T 115  I I  I I  I I  I I  I I I I 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

BOTHELL- I I I I I J MONROE-SNOQUALM 500 I I j 12 J%  I I I 
SNOHOMH 3 230 J  I I I I I I I I I I I 

BOTHELL- J J 1015A I I I J MONROE-SNOQUALM 500 I J 74% J 10 1% J 91% I 
sAMI-�ASH 230 I I  I I  I I  I I  I I I - . .. .. . . . . . . . . .. . . . .. . .. . . .. . . . .. .. . . . . . . . . . .. . . . . . . .. .. . . . . .. .. . . . . . . . . . . . . . . . . .. . . . . .. . . . .. . . . . . . . . .. .. . . . . . . . . .. . 

lEJ"L- J J 1048A I I  J J MONROE-SNOK TP 230 J J 103% J 133% I I 
lNG 230 I I I I I j MONROE-SNOQUALM 500 I I 1 126% I I 

. . . .. . . . . . . . .. . . . . . .. . . . . .. . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . 

,At1MA!�SH I I  I I I I  SAMMAMSH 115/230 1 J J 96% J 107% j 106% j 103% I 
115/230 I I  I I  I I  I I  I I I I 
. . . . . . . . .. . . . . . . . . . . . . .. . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . .. . . .  

CHEHALIS- I J 1070A I I I ! PAUL-RAVER 500 I J 97% J 10 J %  J 102% J 103% I 
TACOMA A 230 I I  I I I I I I I I I I 



TABLE 302 

TECHNICALLY FEASIBLE TRANSM I SSION ALTERNATIVES REJECTED FOR ECONOMIC REASONS 

1 .  CHIEF JOE- SNOQUALMIE 765-KV LINE 

Assump t i ons used for 7 65-kV s t udy : 

a .  7 6 5 / 500-kV t rans forme rs w i l l  be 500 MVA/ phase , 10 . 5% impedance . 

b .  Phase shi f t i ng t ransformers w i l l  be on 500-kV send i ng end and have same s i ze 
and impedance as s t ep-up t rans f orme rs . 

c .  7 65-kV t ransmi s s i on l i ne w i l l  be 6-Seahawk , 2 PU , double c i rcui t des ign . 

d .  Plan 2 ,  the Chief  Joe and Snoqualm i e  t e rm i na t i ons , w i l l  be t e s ted t o  
de t ermine t h e  feas i b i l i ty o f  t h i s  vol t age clas s . 

e .  I f  a 765-kV l i ne i s  bu i l t ,  i t  w i l l  i n i t i ally ope rate a t  500-kV un t i l  2004 
and t hen conve r t ed t o  i t s des ign vol t age . 

f .  The 7 65-kV plan w i l l  have same SVC ' s added as t he 500-kV Plan 2 :  a t  Maple 
Val ley and Kee le r .  

Resul t s  o f  7 65-kV s tudy 

a .  Opera t i ng a 7 6 5-kV l i ne a t  500-kV prov i des abou t 50 MVARs add i t i onal reac t i ve 
over a 500-kV l i n e  for the t hree c r i t i cal ou t ages ( compare J04 1 98QV and J04200QV 
in QV- 160 , J04EH7 3QV and J04EH7 6QV in QV- 1 6 1 , and J04EH82QV and J04EH84QV in QV-
1 62 ) .  Upra t i ng t h i s  l i ne t o  7 65-kV opera t i on does n o t  prov i de an apprec iable 
improvemen t due to the add i t i onal impedance o f  the t rans forma t i on at each end 
( compare J96EH26QV and J96EH 1 3 9QV in QV- 164 and J 9 6 1 0QV and J 9 6 1 03QV in QV- 164 . 
Al s o  vol t age con t ro l  for a l l  opera t i ng cond i t i ons i s  much more d i f f i cu l t  t han 
500-kV l i nes . Several swi t ched and f i xed shun t reac t o rs w i l l  be requ i red . 

b .  To make the f i r s t  7 65-kV l i ne a t t rac t ive ( w i thou t a 765-kV g r i d ) , the l i ne 
mus t be force- loaded . Add i ng phase shi f t e r s  t o  the send i ng end would enable 
t he l i ne to be l oaded to a pred e t e rmi ned l eve l . Los s sav i ngs favor abou t 2000 
MY load i ng on each l i ne ( Table 350 ) . Surge Impedance Load i ng ( SI L ) , wi t h  
t e rm i na t i ng t rans f ormer impedance added , i s  a l s o  abou t 2000 MY . 

c .  The vol t age s tabi l i ty performance o f  s everal l i ne l oad i ngs were s t ud i ed . For 
the wo rs t double l i ne ou tage , the perf ormance was b e t t e r  for l ower i n i t ial 
l oad i ngs as shown i n  QV- 1 6 6  ( probably due t o  problems a t  Ch i e f  Joe ) . For the 
s i ngle Coulee-Raver l i ne outage , performance was b e t t e r  for higher pre-ou t age 
f lows as shown i n  QV- 1 6 7 . The s i ngle Ch i e f  Joe- Snoqualmie 7 65-kV l i ne ou t age 
also i s  b e t t e r  for higher pre-ou t age load i ngs , bu t t he d i f f erences are no t as 
great as shown in QV- 1 6 8 . Th i s  makes s ense s i nce one o f  the phase shi f t ed l i nes 
is removed i n  t h i s  cas e . 

d .  2000 MY pre- load i ng o f  the new 7 65-kV l i ne appears t o  be o p t i mal . 

e .  Adj us t i ng the phase shi f t  o f  the new l i ne a f t e r  an ou t age occurs was 
i nves t i ga t ed . QV- 1 6 9  shows the e f f e c t  of increas i ng and decreas i ng t he phase 
shi f t  angle a f t e r  the wor s t  s i ngle l i ne outage o ccurs . From t hese s tud i e s  i t  
appears t o  be bene f i c i a l  t o  dec rease the angle af ter a s i ngle l i ne ou t age 



occurs and d e t r imen tal t o  i ncrease the angle . Adj us t i ng the phase s h i f t  a f t e r  
double l i ne outages was not  i nves t iga ted a t  t h i s  t i me s i nce a phase s h i f t  
adj us tmen t w i l l  not  help for a double 765-kV l i ne outage . 

f .  The rema i n i ng s t ud i es assume that each new l i ne i s  loaded t o  2000 MY p r i o r  
t o  any o u t age and the pre-ou t age phase shi f t  angle i s  h e l d  a f t e r  t he outages 
o ccurs . 

g .  The phas e  shi f t er i mpedance does not  have an appre c i able d i f fe rence i n  the 
perfo rmance ( compare J04EH78QV and J04EH88QV i n  QV- 16 1 . ) .  

h .  Per f o rmance o f  the 7 65-kV l i ne plan wi th  2000 MY load i ng ( as compared t o  the 
500-kV l i ne )  appears t o  be be t t e r  a t  the s t ar t o f  the QV curves for  t he three 
c r i t i cal outages . But as the vol tage d rops t hrough t he QV curve , the 
perfo rmance drops o f f  s harply apparen t ly due t o  vol tage coll apse a t  Chi e f  Joe . 
Th i s  i s  e s pe c ially t rue for  the d ouble Coulee-Raver l i ne ou t age where mos t o f  
t he powe r mus t g o  through Ch i e f  Joe . QV- 160 compares the double l i ne ou tages , 
QV- 1 6 1  t he s i ngle l i ne outages and QV- 162  the Troj an s cram . 

i .  From t he perfo rmance o f  the above , a t  leas t one o f  the 76 5-kV l i nes wi ll need 
to be ext ended to Coulee . 

j .  The pe r fo rmance o f  a Ch i e f  Joe/ Coulee- Snoqualmie 765-kV double c i rcui t l i ne 
i s  shown i n  J04EH 102QV , J04EH103QV and J04EH 105QV i n  QV- 1 6 5 . J04203QV i n  QV- 160 
g i ve s  a good i nd i ca t i on of how t h i s  plan would opera t e  dur i ng t he loss of the 
new double c i r cu i t  l i ne . Th i s  plan has 500 MVAR SVC ' s  a t  Keeler and Maple 
Valley l i ke t he 500-kV plans and is not neces sar i ly o p t i m i z ed . Compa r i ng these 
curves wi t h  those i n  QV- 1 2 1  ( the same plan a t  500-kV ) , i t  is es t i ma t ed t ha t  t h i s  
l i ne add i t i on wou ld las t only abo u t  2 years longe r than a 500-kV double c i rcu i t 
l i ne .  

k .  The loss  sav i ngs o f  t h i s  plan are as fol lows ( w i th  Snoking Re i n forcemen t ) : 
These also i ncluded i n  Tab le 100 . 

Ch i e f  Joe-Snoqualmie 500-kV SDC 
Chi e f  Joe- Snoqualm i e  765-kV SDC opera ted at 500-kV 
Ch i e f  Joe/Coulee-Snoqualmi e  765-kV SDC phase s h i f ted t o  2000 MY 

* 1996 losses compared t o  base sys t em 
+ 2004 losses  compare t o  reac t i ve plan 

1 996* 
66 . 9  
7 7 . 7  

2004+ 
65 . 1  
76 . 9  
141 . 5  

l .  There i s  a bene f i t o f  a 76 5-kV l i ne as part o f  a fu ture 765-kV grid  that i s  
hard t o  evalua t e  a t  t h i s  t i me . 

Conclu s i on 

The add i t i onal expense o f  cons t ru c t i ng the new l i ne to  765-kV does not  appear 
to but j us t i f i ed by the QV performance . There is a s ign i f i can t loss sav i ngs 
though . 



TABLE 302 Con t i nued 

TECHNI CALLY FEASI BLE TRANSMISSION ALTERNATIVE S REJECTED FOR ECONOMIC REASONS 

2 .  COULEE- SNOQUALMI E  DIRECT CURRENT LINE 

A Cou lee-Snoqualmi e  DC l i n e  was mode led for abno rmal cold 2004 sys t em 
cond i t i ons . A 1500MW power s chedule i s  needed wi th  al l l i nes i n  service 
( J04EH60QV , J04EH61QV ) . The base case wi th  one Cen t ra l i a  un i t  down needs one 
SVC at Mapl e  Val ley for the reac t i ve marg i n  ( J04EH6 1QV ) . Normal w i n t e r  
cond i t i ons were no t mode led . 

The pos t t rans i en t  ou tage o f  t he Ch i e f  Jo-Monroe 500kv l i ne needs DC fas t 
ramp i ng t o  3000MW . One SVC a t  Map le Val ley i s  needed t o  prov ide reac t i ve 
marg i n  ( J04EH62QV ) . 

The pos t t rans i en t  Troj an ou t age wi th  one Cen t ralia  uni t down and an SVC a t  
Keeler i s  s l igh t ly less s evere than t h e  Ch i e f  Jo-Monroe ou tage ( J04EH63QV ) . 
Th i s  also needs DC fas t ramp i ng t o  3000MW . 

The es t ima t ed cos t o f  t h i s  p lan i s  3 t i mes the cos t o f  the comparable AC p lan . 

A Ce l i lo-Snoqualmi e  DC l i ne was n o t  s t ud i ed becaus e  the area i n t erchange 
assump t i ons for no rmal w i n t e r  do n o t  al low full use of t he exi s t i ng Ce l i lo DC 
t e rm i nal for s ched u l i ng power t o  Snoqualm i e .  Ano ther Cel i lo t erminal i s  needed 
in add i t i on to longer l i ne leng th ( 290 mi les vs . 1 9 0  m i l e s ) .  Th i s  provides no 
apparen t bene f i t for the i ncreased cos t .  

3 .  HIGH-PHASE-ORDER TRANSMI S SION LINE ( SIX-PHASE , 500-kV+ ) 

Simi lar problems t o  765-kV analys i s  l i s ted above . Re l i ab i l i ty i s  reduced f rom 
s t andard double- c i rcui t l i nes : would need to plan for loss o f  en t i re c i rcu i t 
during abnormally cold weather ( presen t ly j us t  plan for one c i r cu i t  on double
c i rcui t t owers ) .  These requi remen t s  would make t h i s  al t erna t i ve even more 
expen s i ve t han a s i m i lar 765-kV AC th ree-phase al t erna t i ve .  And l i ke the 765-kV 
plan , t here does no t appear t o  be any j us t i f i ca t i on for  add i t i onal cos t .  



TABLE 303 

TRANSMI S SION ALTERNATIVES REJECTED DUE TO POOR TECHNICAL PERFORMANCE 

Al t e rna t i ve 

1 .  Chief Joe-Rave r 500-kV d ouble 
c i rcui t l i ne . 

2 .  Chi e f  Joe-Raver 500-kV d ouble 
ci rcui t and Raver-Snoqualmi e  
500-kV #2  l ines . 

3 .  Coulee-Rave r  500-kV d ouble 
ci rcui t l i ne . 

4 .  Ashe-Snoqualm i e  500-kV double 
c i rcu i t l i ne . 

5 .  Chi e f  Joe-Monroe/ Snoqualmie 
500-kV double c i rcui t ,  add 
Rave r-Snoqualmie #2 and use wi t h  
one exi s t ing Coulee-Raver l i ne 
t o  form Coulee-Snoqualmie 500-kV 
l i ne . 

6 .  Chi e f  Joe-Coulee 500-kV s in
gle c i rcui t l i ne . 

7 .  Mon roe-Raver-Paul 500-kV 
s i ngle c i rcu i t l i ne . 

8 .  Mon roe-Rave r-Olympia 500-kV 
s i ngle ci rcui t l i ne . 

9 .  Naneum Swi t chyard ( t i e  
Coulee-Rave r l i nes , Van t age
Raver and Si ckler-Raver l ines 
t oge ther near El lens burg ) .  

10 . Naneum Swi t chyard and Grand 
Coulee-Naneum 500-kV double 
ci rcui t l i ne . 

1 1 .  Naneum Swi t chyard wi t h  s hun t 
capac i t o r s . 

1 2 .  Naneum Swi t chyard wi th  
series  capaci t o r s  wi thin s t a t ion . 

Commen t s  

Vo l t age S t abi l i ty perfo rmance was 
i n f e r i o r  to nor thern t ermina t i on 
plans , 4 o f  5 ex i s t i ng 500-kV CM 
l i nes already termina ted at Rave r .  

Performance i s  s i m i lar t o  prefe rred 
plans , howeve r ,  4 of 5 exi s t ing 
500-kV CM l i nes already t erminated 
at Rave r . 

Coulee t e rmina t i on d oes not  i mprove 
perfo rmance of the c r i t i cal s i ngle 
l i ne outage , 4 of 5 exi s t i ng 500-kV 
l i nes already t e rmina t ed a t  Raver 

Pe r fo rmance is OK , but no t any 
be t te r  than a Han ford te rmina t i on .  

Ty ing exi s t i ng l i ne i n t o  Snoqualmie 
degrades pe r fo rmance . 

S l igh t i mp rovemen t in pe r f o rmance , 
no t enough to  j us t i fy 30 mi les o f  
l i ne cons t ruc t i on and t ermina t i ons . 

Improvemen t i s  smal l ,  comparable t o  
a 500-kV s hun t capac i t o r  group , n o t  
economi c .  

No t qui t e  as good a t  Monroe-Raver
Paul ( #7 ) .  

Li t t le e f fe c t  on pe r fo rmance for 
abnormally cold wea ther cond i t i ons . 

Li t t le improvemen t in sys t em per
fo rmance when compared to exi s t ing 
s ys t em .  

Cap group i s  e f fe c t i ve add i t i on .  

Shun t caps mo re e f fe c t ive pe r MVAR . 



TABLE 303 Con t i nued 

TRANSMI S SION ALTERNATIVES REJECTED DUE TO POOR TECHNI CAL PERFORMANCE 

1 3 .  Naneum Swi t chyard , Naneum
Snoqualmie 500-kV double c i rcu i t  
l i ne . 

14 . Naneum Swi t chyard , Naneum
Monroe 500-kV double c i rcui t 
l i ne . 

15 . Naneum Sw i t chyard , 500-kV 
s i ngle- c i r cu i t tap l i ne t o  
Han fo rd-Grand Coulee . 

1 6 .  Naneum Sw i t chyard , Naneum
Han ford 500-kV s ingle c i r cu i t  
l i ne . 

1 7 . 500-kV s ingle c i rcui t t ap 
l i ne from Si ckler t o  exi s t i ng 
Grand Coulee-Han ford 500-kV l i ne . 

1 8 .  S i ckler-Monroe 500-kV double 
c i rcui t l ine . 

1 9 .  S i ckler-Monroe 500-kV double 
c i rcui t l i ne ,  500-kV s i ngle 
c i r cu i t  t ap l i ne f rom S i ckler t o  
exi s t i ng Grand Coulee-Han ford 
500-kV l i ne . 

20 . Si ckler-Snoqualmi e  500-kV 
double c i rcui t l i ne . 

2 1 . John Day-Paul 500-kV double 
c i r cu i t  l i ne . 

2 2 . John Day-Alls t on 500-kV 
double c i rcu i t  l i ne . 

23 . John Day-Alls t on 500-kV 
Rave r-Olymp i a  500-kV s i ngle 
c i rcui t l i ne . 

24 . Lower Monume n t al-Han ford 
70% Ser i e s  Compens a t i on - 1 3 6  
MVAR . 

Performance improves somewha t over 
exi s t i ng sys t em ,  bu t o ther 
a l t erna t i ves perform much be t t er . 

Performance improves somewha t over 
exi s t i ng sys t em ,  bu t o ther 
a l t erna t i ves per form much be t te r . 

Li t t le i mprovement i n  sys t em per
formance when compa red to exi s t i ng 
sys t em .  

Li t t le improvemen t i n  sys t em per
formance when compared to  exi s t ing 
sys t em .  

Li t t le i mprovemen t i n  sys t em per
formance when compared t o  ex i s t ing 
sys t em .  

Per formance improves s omewha t over 
exi s t i ng sys t em , bu t o ther 
a l t e rna t i ves per form much be t t e r .  

No t enough i mprovement f o r  Coulee
Raver outage . 

Pe r formance improves s omewha t over 
ex i s t i ng sys t em ,  bu t o ther 
a l t erna t ives per form much be t t er . 

Li t t le improveme n t  i n  sys t em per
formance when compared to exi s t ing 
sys tem . 

Li t t l e  improvement in  sys t em per
formance when compared to exi s t i ng 
sys t em .  

Be t t e r  t han #22 bu t s t i l l  med i ocre . 

These add i t i ons are ineffec t i ve i n  
correct i ng t h e  problem . 



TABLE 303 Con t i nued 

TRANSMI SSION ALTERNATIVES REJECTED DUE TO POOR TECHNI CAL PERFORMANCE 

25 . Rave r-Snoqualmi e 500-kV 
s i ngle c i rcu i t  l i ne ,  Snoqualmie 
swi t chyard . 

26 . Rave r- Snoqualm i e  500-kV 
s i ngle c i rcu i t l i ne , Raver
Cov i ng t on 500-kV s i ngle c i rcu i t  
l i ne . 

2 7 . Raver-Snoqualm i e ,  Raver
Cov i ng t on and Raver-Tacoma 
500-kV s i ngle c i rcu i t l i nes . 

28 . Cov i ng t on-Maple Val ley 500-
kV s i ngle c i rcu i t l i ne , 
Cov i ng t on and Mapl e  Val ley 
swi t chyard s . 

Surpr i s i ngly e f f ec t ive , bu t n o t  
nearly enough t o  cor rec t problem . 
Th i s  w i l l  be i nves t i ga t ed i n  conj 
unc t i on wi t h  CM al t erna t ives . 

S i mi lar t o  #25 . 

Simi lar t o  #25 . 

Mos t e f fec t ive o f  wes t s i de l i ne 
cons t ruc t i on , but  s t i ll not  enough 
to correc t problem . Th i s  wi l l  be 
i nves t iga t ed in conj unc t i on wi th  
CM al t erna t i ves . 



TABLE 3 1 0  

INVESTIGATIONS OF Q V  PERFORMANCE FOR TRANSMI SSION LINE ALTERNATIVE S 

The general deve lopment o f  t he t ransm i s s ion l i ne op t i ons i s  de tai led i n  t h i s  
t able . Mos t o f  t h i s  developmen t was done o n  Plans 2 and 3 .  Th i s  d i scus s i on 
covers many o f  the o p t ions and r e f i nemen t s  t ha t  we re i nves t ig a t ed i n  t h i s  s t udy . 

1 996 QV PERFORMANCE 

Wi t h  a new Ch i e f  Joe-Snoqualm i e / Monroe or Ch i e f  Joe-Snoqualmie l i ne added , the 
three c r i t i cal ou t ages for t he Puge t Sound area are 1 )  loss o f  one Coulee-Raver 
500-kV l i ne dur i ng abno rma l ly cold wea ther , 2 )  loss of Troj an wi th  one Cen t ral i a  
un i t  previ ous ly ou t -of-serv i ce , also dur i ng abnorma l ly cold wea t her and 3 )  los s 
o f  bo t h  Cou lee-Raver 5 00-kV l i nes dur i ng no rmal w i n t e r  peak loads . 

The new l i ne wi t h  t he LDC ' s proposed i n  t he as sump t i ons and the Snaking 
Re i n f orcemen t proj e c t  do not provide  the necessary reac t i ve margi ns in e i t her 
the Puge t Sound or Po r t land areas wi thou t SVC ' s .  A 300 MVAR SVC i s  requ i red on 
the Keeler 23 0-kV bus to provide the necessary reac t i ve margins  i n  the Por t land 
area for the Troj an sc ram . The QV performance of t hese add i t i ons are shown i n  
t h e  a t t ached QV- 1 3 1 . The requi red 5 0 0  MVAR on- l i ne marg i n  cannot be o b t a i ned 
wi thout swi t ch i ng the exi s t i ng shun t capac i t ors  at Raver or add i ng add i t i onal 
h igh-s peed reac t i ve . A 300 MVAR SVC i s  therefore requi red on the Map le Valley 
230-kV bus t o  prov i de t h i s  marg i n . The pe rf ormance o f  these add i t i ons i s  shown 
in QV- 1 3 2 , wh i ch has the requ i red margins wi thout swi t c h i ng capac i t ors  a f t er the 
outage . 

Add i t i ons o f  s e r i es compensa t i on were s t ud i ed i n  1 996 as an a l t erna t i ve t o  SVC 
add i t i ons . As shown i n  QV1 35 ( Normal w i n t e r  ou tages ) and QV- 1 3 6  ( abnormal cold 
wea ther ou t ages ) ,  the add i t i on of SVC ' s is much more e f f e c t ive at t h i s  t i me .  
However , once these SVC ' s are added , the add i t i on o f  ser i es camp becomes much 
mo re e f f ec t ive ( QV- 1 3 7 ) .  Series capaci t or add i t i ons may be more appropr i a t e  
rather than t h e  i ncreases i n  SVC s i ze due to  perf ormance and l o s s  savi ngs . Th i s  
w i l l  b e  d i s cussed lat er . 

2000 QV PERFORMANCE - SOLVING PROBLEMS IN THE PORTLAND AREA 

W i t h  P lan 3 ,  t he QV-ou tages for 2000 ( QV- 2 2 0 )  were compared wi th  1 9 9 6  ( QV- 1 32 ) .  
The l i ne ou t ages are marg i nal i n  2000 , bu t s i nce add i t i onal cap groups are 
ava i lable a t  Raver dur i ng these ou t ages , that group can be swi t ched 
au toma t i ca l ly ( MSC)  af t er the outage i n  conj unc t i on wi t h  t he Maple Va l ley SVC . 
The Troj an Sc ram outage , however , has j us t  a 5 00 MVAR marg i n  i n  2000 , and the 
base sys t em already has all three caps groups ene rg i z e d . There fore , sy s t em 
reinf orcemen t w i l l  be needed by 10-2000 in the Po r t land area . Inc reas i ng the 
SVC at Keeler t o  5 00 MVAR w i l l  prov i de enough suppo r t  for t h i s  ou tage through 
2004 , as shown i n  s t udy QV- 2 2 1  and w i l l  be assumed as the long range suppo r t  for 
t h i s  i n i t ial p lann i ng proces s .  O t her op t i ons exi s t ,  wh i ch inc lude : 

1 .  300 MVAR SVC a t  Os t rander 

Th i s  is abou t equal ly e f f e c t ive per MVAR as Keeler ( QV-222 ) and wou ld provide  
add i t i onal r e l i ab i l i ty due  t o  t he d i f ferent loca t i on .  Also  MSC swi t c h i ng a 300 
MVAR capac i t or group at Os t rander was nearly as e f f e c t ive as the SVC ( QV-240 ) . 



2 .  Series  compens t a t i on on Ashe-Ma r i on and Big Eddy-Os t rander l i nes 

Ashe-Ma r i on compensa t ion d i dn ' t s eem t o  help much ( compare QV- 2 1 5  wi th  QV-223 ) 
but the B i g  Eddy-Os t rand e r  l i ne , wh i ch i s  heav i ly loaded dur i ng these 
cond i t i ons , seems t o  help as much as a 300 MVAR SVC at  O s t rander ( QV-2 1 6 ) . 
Becaus e t h i s  i s  an old l i ne w i th s mall cond uc t o r , con t i nuous s e r i e s  compensat ion 
i s  probably no t des i rable , however , swi t ch i ng the comp a f t e r  outages i s  ac tually 
be t t er  ( QV-24 1 ) .  

3 .  Tap l i nes f rom B i g  Eddy t o  the Hanford-Os t rander and the Ashe-Ma r i on 

These t ap l i nes we re s t u d i ed to  reli eve the bo t t leneck be tween B ig Eddy and 
Os t rander . These were no t very e f fec t i ve as shown in QV-2 1 8 . 

2004 QV PERFORMANCE - SOLVING PROBLEMS IN PUGET SOUND AREA 

A f t e r  the Por t land reac t i ve problems are s o lved ( by i n c reas i ng the SVC a t  
Keeler t o  500 MVAR ) , the Puge t Sound area agai n  expe r i ences prob lems . QV-223 
shows the 2004 sys t em wi th  only a 300 MVAR SVC at  Maple Val ley . The double 
Coulee-Rave r l i ne outage does no t have s u f f i c ient  margi n  i n  these cases . To 
mee t  the reac t i ve ma rgi ns for t h i s  cr i t i cal double l i ne outage , t he opera t i ng 
vo l t age a t  Raver mus t be nearly 550-kV or the exi s t i ng 500-kV shun t capaci tors 
a t  Raver mus t be au t oma t i cally swi t ched wi t h  the outage . As d i s cussed below ,  t o  
ma i n t a i n  reac t i ve margins a t  Monroe and prevent  overvo l t ages a t  Raver , MSC a t  
Raver i s  favo red . 

Compa r i ng QV- 2 2 3  wi t h  QV-220 , the c r i t i cal s i ngle l i ne outage wi l l  not  have t he 
requi red 500 MVAR marg i n  ( even wi t h  MSC a t  Rave r )  i n  2003 . Support  w i l l  be 
needed by 1 0-2002 . Inc reas i ng the SVC a t  Maple Val ley wi l l  correct  the sys t em 
through 2004 as shown i n  QV-221  and w i l l  be the as sumed long range plan . Again 
o t her op t i ons ex i s t : 

1 .  An add i t i onal 300MVAR SVC at  Snohomi s h  

A n  addi t i onal SVC in  the Nor t h  Puge t Sound area ( as opposed t o  i nc reas i ng the 
s i ze of the Maple Va lley SVC ) would provide some addi t i onal rel i ab i l i ty by 
s epara t i ng the fac i l i t i es .  Thi s  also more e f fe c t ive for the CM plans that have 
l i nes t erminated sou t h  of Monroe . 

2 .  Ser i es compensa t i on o f  the new l i ne 

Compens a t ion o f  the new l i nes was i nves t iga t ed as a s econd phase reinforcemen t 
( as an a l t e rna t i ve t o  the SVC increases a t  Maple Valley ) . Previ ous loss sav i ngs 
s t udies  i nd i ca t ed that t he o p t i mal compens a t i on level for t he f u t ure sys t em wi t h  
a new 4-bun t ing condu c t o r  l i ne i n t o  t he Snoqualmie/Monroe area would be 35% on 
the new l i ne and 40% t o t a l  on t he Coulee-Raver l i nes . S i nce these J96 s tudies 
showed only abou t a 2 MV loss sav i ngs for all t h i s  compens a t i on and due t o  the 
need for s ome var i able rea c t i ve supply in  the load area , SVC ' s we re sele c t ed as 
the bes t r e i nforcemen t i n i t ially .  However , once SVC ' s are ins t al led in the load 
area , s e r i e s  comp becomes more at t rac t i ve . 

As no ted earl i e r ,  the J04 cases con tain  an e r ror i n  the Coulee-Raver series  
compensa t i on .  45% comp was i nadver tan t ly us ed i ns t ead o f  the planned 2 2 . 5% .  
Th i s  error resul t s  i n  s l i gh t ly over-op t im i s t i c  QV curves . A s  shown i n  QV-2 30 , 
the EH w i n t e r  QV curves for Plan 3 wi th  the corrected i mpedances have about  150 
MVARs less margin . Vi th the lowe r compensa t i on leve l s , mo re shun t reac t ive can 
be on in the base . The double l i ne outage shows the large s t  d i f ference , 



o bv i ously s i nce a larger amou n t  o f  series  reac t i ve i s  los t wi th  these outages . 
All three curves for  Plan 3 ( w i th  the corre c t  compensa t i on level ) s t i ll have the 
requi red 500 MVAR marg i n . 

I f  35% compensa t i on i s  added on the new c i rcui t s ,  the c r i t i cal ou t ages change . 
The wo rs t s i ngle l i ne ou t age becomes the new Chi e f  J oe-Monroe c i rcui t and the 
wors t d ouble l i ne outage be comes loss o f  the new double c i rcui t l i ne ( QV-2 3 1  and 
QV-232 ) .  

I f  the compensa t i on i s  added i n  l i eu o f  the 200 MVAR add i t i ons t o  t he SVC ' s  a t  
Maple Valley and Keeler , performance i s  improved f o r  the l i ne ou t ages a s  shown 
i n  QV-2 33 . For the s i ngle and double l i ne outages , t he knees o f  the QV curves 
move to the l e f t by abou t 125 to 250 MVARs . The Troj an s cram , however ,  appears 
to ge t worse i f  the s e r i es comp is added ( compare J04EH 19 6QV and J04EH 1 6 1 QV) . 
In fact  t he curve for the s e r i es comp case ( J04EH196 ) w i l l  n o t  s o lve below 1 . 05 
pu vol t age . The reason for  t h i s  appears t o  be that the Keeler SVC i s  h i t t i ng 
the c e i l i ng and the sys t em collapses i n  the Port land area ( no t e  that  the 
J04EH 196 curve s ta r t s  to s olve be t te r  than 161 at Raver bu t d rops off sharply 
below 1 . 08 pu vol t age ) . Al t hough s e r i e s  comp improves the Puge t Sound area l i ne 
outages , s e para t e  r e i n f orcemen t ,  such as the Keeler SVC i ncrease o r  o t hers 
men t i oned above , wi l l  also be needed i n  the Port land area . O t herw i se t h i s  
o p t i on looks a t t rac t i ve ,  espec i al ly s in ce t h e  s e r i e s  comp should "grow" wi th  t he 
load , that  i s ,  i t  w i ll prov i de i n c reas i ng MVARs to  the sys tem as the l ine 
load i ngs i nc rease . Ser i es compens a t i on ,  as a s e cond phase r e i n fo rcemen t to t he 
t ransmi s s i on l ine o p t i ons , should be s tudied f u r t he r .  

3 .  Me chan i cally Swi t ched Capac i t ors a t  Grand Coulee 

A general observa t i on f rom the QV curves o f  the t ransm i s s i on l i ne o p t i ons i s  
that the knees t end t o  c o i n c i de wi t h  t he Coulee gene ra tors  reachi ng Qmax . 
Curves were run wi th  an i n f i n i t e  VAR source a t  Coulee as a compa r i s on ( QV-234 ) .  
These cases were run on Plan 3 wi th  35% compens a t i o n .  Included o n  t h i s  curve i s  
t he uns cheduled reac t ive requi red a t  Coulee t o  hold the pre- faul t vol t age . 
These numbers s how tha t i n i t ially i t  doesn ' t  t ake much reac t i ve t o  make a 
s i gn i f i can t d i f fe rence a t  Rave r .  However , large r reac t i ve add i t i ons a t  the 
source have a d i m i n i s h i ng e f fe c t  at the rece i v i ng end . Limi ted reac t i ve 
add i t i ons may be bene f i c i a l . Due t o  the large number o f  machi nes a t  Coulee t o  
prov i de VAR regula t i on ,  shun t capac i t o r  add i t i ons a t  Coulee are a l l  t h a t  i s  
needed t o  prov i de t h i s  bene f i t .  

Curves QV-235 and QV-236 show the add i t i on o f  a 300 MVAR M SC a t  Coulee for  the 
double and s i ngle l i ne outages res pe c t i vely . These curves show that a 300 MVAR 
shun t capac i t o r  add i t i on a t  Coulee prov i des abou t 200 MVARs a t  Raver . I n  o t her 
wo rds , a 300 MVAR MSC a t  Coulee is equ i valen t t o  a 200 MVAR SVC i n  Puge t Sound . 
These capac i tors  can e i ther be energ i zed p r i o r  t o  outage o r  mechan i cally 
swi t ched af t e r  ou t ages occu r .  

S i mi lar s tudies  were run i n  J96 wi thou t any sys t em rein forceme n t  beyond LDC ' s  a t  
Paul , Coulee , John Day , Dal les and Bonnevi l le and t h e  300 MVAR SVC ' s a t  Maple 
Valley and Keeler ( QV-237 ) .  Th i s  add i t i on i s  no t qui t e  as e f fe c t i ve at mov i ng 
t he curves t o  the le f t  b u t  i t  does drop the knees cons i de rably . Apparen t ly wi th  
the reduced sys tem i mpedance f rom the l i ne add i t i ons , suppor t ing the send i ng end 
of the t ransmi s s i on l i nes becomes more e f fe c t i ve . 

MSC ' s a t  Coulee ( and o t her genera t �ng plan t s  such as Chi e f  J oe )  should be 
i nves t igated in more de t ai l .  



DOUBLE LINE OUTAGE 

To o b t a i n  adequa t e  reac t i ve ma rgins at Raver for the double Coulee-Raver l i ne 
outage , a l l  three capac i t o r  groups are requ i red on l i ne or MSC swi t ched a f ter 
the ou tage . I f  the capa c i t ors are on l i ne p r i o r  t o  the ou t age , overvo l t ages 
may ex i s t  on t he sys t em ( J04440 ) and adequat e marg ins migh t no t exi s t  at 
Monroe , s i nce hav i ng all 3 cap groups on a t  Raver d o  no t al low any capac i t ors on 
at Monroe . As an example , refer to QV-225 wh i ch s hows no marg i n  a t  Monroe for 
the double Coulee-Raver l i ne ou tage . QV-226 s hows the performance a t  Raver for 
the d oubl e Coul ee-Raver l i ne ou tage wi th  one , two and t hree cap groups on at 
Raver p r i o r  to  the ou t age . 

Ano ther op t i on t o  improve the double l i ne ou tage performance would be t o  develop 
the Naneum swi t chyard , as i n  Plan 5 .  The swi t chyard d evelopmen t may also have 
s ome loss sav i ngs bene f i t s . Ser i es comp on the new l i nes would also improve the 
double l i ne ou tage . 

LDC AT CHIEF JOE 

W i t h  new c i r cu i t s  t erm i n a t ed a t  Ch i e f  Joe , the add i t i onal charg i ng curren t 
reduces the reac t i ve ou tput  o f  t he genera t ors a t  that dam . The add i t i on o f  an 
LDC a t  Ch i e f  Joe t o  con t rol the 500-kV bus , however , does no t help much i n  
add i t i on t o  t h e  o t her LDC ' s p rev i ou s ly propos ed . Re fer t o  QV- 1 30 . The 
add i t i on of s hun t capa c i t o rs at Ch i e f  Joe could make an LDC there bene f i c i al . 

LINE DESIGN 

As men t i oned in the as s ump t i ons , a 2 . 0  p . u .  l i ne des ign was used in these 
s t ud i es due t o  poor expe r i ence on l i nes o f  the 1 . 7  des ign . Recen t i n forma t ion 
i nd i ca t es tha t the poor expe r i ence is due t o  60hz wi ths t and and that a 1 . 7  p . u .  
des ign would per form more favorably i f  add i t i onal bel l s  were added i n  place o f  
s pacers on t h e  ex i s t i ng tower des igns . QV-250 compares the ou tage performance 
of t he two des igns for the s i ngle and double Coul ee-Raver l i ne outages . As can 
be s een , the 1 . 7  p . u .  des ign i s  abou t 25-50 MVARs be t t er that the 2 . 0  des ign . 
I f  a 1 . 7  p . u . l i ne des ign i s  used , the sys tem performan ce would be s l igh t ly 
be t t e r  than shown i n  t h i s  s t udy . 

SHUNT REACTIVE ADDITIONS 

To ma i n t a i n  adequa t e  vol tages on the sys t em throughout t he s t udy per i od , i t  i s  
assumed t h a t  shun t capaci tors  w i l l  b e  added o n  the 500-kV sys t em .  In  real i ty ,  
s ome capaci tors w i l l  be needed on the lower vol tage sys t ems t o  mai n t a i n  vol tages 
for outages on these sys t ems . However ,  the ass ump t i on of 500-kV capac i t or 
add i t i ons will prov ide an app rox ima t i on o f  the t o t al s hun t compens a t i on 
requ i r ed . 

By the year 2000 , add i t i onal shunt capaci t o r  groups w i l l  be needed a t  Keeler and 
Os t rande r  ( re f e r  to case JOOEH1 7 ) . Going ou t to 2004 , a s e cond capaci t o r  group 
is needed at Pearl and a t h i rd is need ed at Os t rander ( refer to cas e J04EH160 ) .  
Because o f  the t ransm i s s i on l i ne add i t i on i n t o  t he Puget  Sound area , add i t i onal 
capaci t or s  w i l l  no t be requ i red un t i l  2002 . One capac i t or group i s  needed at 
Snoqual m i e  by 2002 and a s e cond capac i t or group at Monroe is needed by 2004 . 
The following s hunt compensat i on plan i s  as sumed as a s t ar t i ng p o i n t  for the 
Transmi s s i on l i ne o p t i ons : 

1998 Add 500-kV s hun t capaci t o r  bank at Keeler . 



2000 Add second 500-kV shun t capac i t or bank at Os t rander . 

2002 Add 500-kV shun t capac i t or bank a t  Snoqualmi e ;  
Add se cond 500-kV shunt capac i t or bank at Pearl ; 

2004 Add s e cond 500-kV shun t capac i t or bank a t  Monroe ; 
Add t h i rd 500-kV shun t capaci tor bank at O s t rander . 





PF CASES 





P owe r f l ow C a s e s  f o r  North S e a t t l e  Studies  

BASE S  PLAN 1 PLAN 2 PLAN 3 REACT IVE PLAN PLAN 7 & 8 

J 9 6 1 2 2  J 9 6 1 7 1  J 9 6 1 7 2  J 9 6 1 4 4  A9 3 1 6 0  J 9 6 2 8 7  

J 9 6 1 5 2  J 9 6 2 3 5  J 9 6 2 3 4  J 9 6 2 4 1  A 9 3 1 9 4  J 9 6 2 8 8  

J 9 6 2 4 3  J 9 6 2 4 8  J 9 6 2 3 6  J 9 6 2 5 0  SPG9 4 1 1 6  J 9 6EH 5 8 2  

J 9 6 2 5 4  J 9 6 2 6 1  J 9 6 2 3 9  J 9 6 2 5 1  A 9 6 1 7 0  J O OEH 1 7  

J 0 0 0 8  J 9 6 2 6 2  J 9 6 2 4 9  J 9 6 2 5 5  A9 6 1 7 4  

J O OEH l l  J96EH502  J96253  J 9 6 2 6 0  A9 6 1 7 5  J 0 4 4 9 7 

J'l "2.44 J 9 6EH 5 5 4  J 9 6 2 5 7  J 9 6EH 2 0 6  J 9 6 2 7 3  J 0 4 4 9 8  

J 9 6EH 5 5 5  J 9 6 2 5 9  J 9 6EH2 5 1  J 9 6 2 7 9  J04EH 1 6 0  

J 9 6EH 5 6 5  J96EH503  J96EH252 J 9 6 2 8 0  J 0 4EH1 6 2  

J 9 6EH5 6 6  J 9 6EH 5 5 3  J96EH 3 1 5  J 0 0 4 9  J 0 4EH 1 6 3  

J96EH568  J 9 6M216 J96EH3 28  J 0 4EH22 J 0 4E H 1 6 5  

J 9 6M2 1 5  J 9 6M219 J 9 6Ml 4 6  J04EH25 J 0 4E H 1 6 6  

J 9 6M21 7 J 9 6M220 J 9 6Ml 4 7  J0 4EH3 4 J 0 4EH 1 6 7  

J 9 6M2 18  J 0 0 1 7  J 9 6Ml 4 8  J04EH 1 68 

J 9 6M221 J 0 0 1 8  J 0 0 2 3  J04EH183  

J 9 6M22 6  J 0 0 2 1  J 0 0 2 4  
J 9 6M22 7  J 0 0 2 2  J 0 0 2 7  

J 0 0 3 5  J 0 0 2 5  J 0 0 2 8  
J 0 0 3 6  J 0 0 3 0  JO OEH3 4 
J 0 0 3 7 JO OEH 2 5  J O O E H 3 5  
J 0 0 3 8  JO OEH26 J O O EH3 9 
JO OEH28 J O OEH27  J 0 4 1 6 5  

J O OEH29 J 0 4 1 9 7  J 0 4 2 0 7  
J O OEH3 0 J 0 4 2 1 6  J 0 4EH26 

J O OEH 3 1  J04EH94 J04EH42 
J O OEH 3 2  J 0 4EH 9 7  J04EH 1 1 0  

J O OEH 1 1 2  J 0 4 4 4 0  

J O OEH113  
J 0 4 1 9 6  
J 0 4 2 3 2  
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BASED ON J961 22 
PLAN 1 - CJ-MON ADDED 
ADO SNOK ING AND COV-BER 230 



I NGLE DO� 
531 -48 

240 -56 

BEL P "' , 1 1 5  -58 " ' 

1 4 7 ( 5 7 )  
230 -61 

WH I D  
1 16 -68 

s:po R-

co J  

H I L TON c!r 1�_
l 
_ 

1 1 3  -62 

228 ( 83 )  

238 -52 TACOMA 
54'1 -'17 ( 1 1 5 ) 1 1 5  

PLOTTED 19-APR-90 A T  1 4 :  57: 32 H()(M\S 

OL Y 
542 

L OSSES BPA= 636 . 60 
PNW= 976 . 02 

SYSTEM= 3603 . 23 

NSE A TTLE 

J96235 4 / 1 9/ 9 0  P F  4 . 020 
C Y89 ALH-MJL 
BASED ON J96 1 7 1  Plo..N· i. C::.J- "') 
� .i'AilSOJIIJ Itlr DWT 
C H I EF JO-SN9HO M I SH 345KV DOUBLE CKT 



CLJSTER 
2 4 0  -35 

LOSSES 

2 4 0  - 37 
BELHM 

BPA= 6 0 1 . 89 
PNW= 936 . 07 

SYSTEM= 3556 . 0 1  

238 - 4 0  
SHEL TON 
542 -37 

204 ! - 1 0 )  

BOTHELL 
235 -37 

1 2 )  239 -38 
OLYMP I A  
542 -36 

629 ! - '1 3 )  

R - PLOTTED 9-tiAY-90 A T  1 2 : q o : 01 HOlliS 

235 - 4 0  
SEDRO 

1 7 3 ( 3 )  

C J O  

2 1 5 ! 3 P  

360 - 1 5  
ROCKY R 
240 - 1 3  

7 09 ( -79)  

PUGET 

J96248 
CY89 MJL 
3 :;  "M :' "' 

!v' ·.: 
.·• / 

S I CKLER 
541 - 1 7  

PF 4 . 02 0  

,. 

I (}) � 



CUSTER 
240 -35 

LI)SSES 
BPA= 590 . 89 
PNW= 924 . 69 

SYSTEM= 35'15 . 42 

0� ) 
BROA��-
1 18 -41 R 

( �0 ) /�/ 
" �....,Sf )J " I  

292( 

H I GHL 
238 -36 

239 -39 
SHE L TON 
542 -36 

205( -9 ) 
( 2 ) 239 -37 

OLYMP I A  
542 -35 

626 C -44l 

S : P Q  R- PLOTlW 22-MAY-90 Al 1 5 : 37 ! 1 8  HOI.JlS 

235 -37 
SEORO 

33'1 ( 4 )  
SNOK 

2�er 235 -3'1 
"i(J) 

156 (  21 l  

� 
0� ) '--t----------<� 232 -36 

SAMMAMSH :; 

C HEHAL I S  
238 -34  

359 - 1'1  
ROCKY R 
240 -12 

) 

7()3 ( -57 ) 

PUGET 

II) 

<T Ct) 
t<l "' 
Ct) 

S I CKLER 
542 -1 7  

;;: 
(\J .... 
I 

.... 
t<l (X) 

196261 5122190 PF 4 . 020 
CY89 MJL 
BASED ON 196 1 52 
PLAN 1 C1-M ADDED 
SNOHOM I SH 500/230  TX ADDED 



CUSTER 240 -48 

Ll)SSES 
BPA= 6 1 2 . 4 2 
PNW= 936 . 1 3 

SYSTEM= 356 1 . 49 

u� ) 
BROA�A... . 

1 L8 -55 )i.l_ 
oo ) 1�<21 " �Sf � ,:Y; 

3 L3 <  

H IGHL 
238 -49 

238 - 5 1 
SHELTON 
542 -49 

203 ( -9 )  

( � 08 
� 08 

( 2 )  239 -50 
OLYMP IA  
542 -47 

631 ( -43) 

s : P Q  R - PLOTTED 22-tiAY-90 A T  1 5 : 40 : 4 1 HOUI S  

235 -50 
SEORO 

1 76 ( 9) 
238 -48 
CHR ISTOP 

360 -26 
ROCKY R 
240 -24 Q) ,... 

I() 
"" 1'- 00 

-< 
I 

SI CKLER 
54 1 -29 

-< 
00 
_... 

I 
0> 
(>I 

) -
-< � (\J  0 00 .... -0 I() (\J 

656 ( -72)  

J96262 PF 4 . 020 
CY89 MJL 
BASED ON 196 1 22 
PLAN 1 CJ-M ADDEO 
SNOHOMISH 500/230 TX ADDED 



1 19 -60 

( 83 ) BOTH 233 -56 
83 � 80 < -8 >  

I c > 
;:;} � I \ "-

( . .....�'--- f �v ,, .,., ) � C\; - \ .,., ::; � 6 \l'e> \ � rv1 1 � I ' -;:;. 
*"--'- I I \--' \ 

SHOR � I.___ I \ �� 
1 1 1 -63 X 1 ,� ' 2 \ 

( �o ) g'ft \66;_ 1 ��s) \ 
.§' \ '6-1 \ \ \ I ""' NORTH ' \ 

CANAL 0- .,- \.\/ \ � 1 "?>1 l�)t 1 1 7  -63 /sr \ 
1 1 7  -63 < 

V I EWL � ' J) ( \ 1 16 -63 \ " ' �� 
( 73 ) \� ( 30 ) �� � ... � 29 _7 1 < 1 � - - _; 1 1 7 -63 73 �r ( 29 ) 0 "PUNIV 

BROAD 
� - - ·>-

1 1 7 -62 ..!._49( 0 238 -55 -....: J EASTP INE 

LOSSES 
BPA= 682 . 78 
PNW= 1 0 58 . 62 

SYSTEM= 3645 . 13 

543 -47 
TACOMA 

( 164 164 
239 -54 
OLYMPIA  
543 -5 1  

S : PO R- PLOT TED 1 3-APR-90 AT 08! 31 : 40 HOlliS 

t-( �� ) 

236 -54 
SED T 

239 -52 
MAPLE VL 
356 -50 

358 -29 
ROCKY R 
240 -27 

606 ( -3'1 )  

SEATTLE AREA 

S ICKLER 
540 -31 

(\j 0 .... II) 
I I<) 

J96EH502 4/1 2/90 PF 4 . 020 
CY89 MJL 
BASED ON J96EH1 58 
PLAN 1 - CJ-M ADDED 
COV INGTON-BERRYDALE 230 ADDED 

..... 
0 
I 0> 0 



239 -55 

I NGLEDOJ.J 
529 -48 

621 40 )  

23 1 -59 
1 1 B -60 

MAR PT 
4 5 ( -4 ) - - -c::::- -'(;,\ ( 2 )  

--111 :=; L - �(�J � I\)  I �  
Q) 

J.JHI D  
1 1 5 -64 

�y 1 16 
'-:51 

H I L TON ��- 1� 
1 1 3 -65 

1 1 7 -60 
1 73 ( 82 ) , .. ( ) 

237 -56 TACOMA 
T 535 -49 I I(  1 1 3  ) 1 1 3 

PLOTTED 17-APR-90 AT 1 5 : 37 : 04 t«>L.ffS 

I ::' ,-;_ 4 
1 g o "  T 

LOSSES BPA= 7 06 . 74 
PNJ.J= 1 093 . 25 

SYSTEM= 3679 . 53 

* 1 1 4  -66 
� r-€> coTAGEBR 
I _; :.f � j.. �A� , _ . -

A"j 1 1 5 -6 1 
___. .B sNOQ 

NSEA T TLE 

J96EHS54 4 / 1 7/90 PF 4 . 020 
CY89 NJL -MIH 
BASED ON J96EHS02 
MAPLE VL 5 0 0/230-KV TX OUT 

,_ 
1\) 0 



LOSSES 

CUSTER 
2'10 -48 

BPA= 695 . 92 
PNW= 1 072 . 35 

SYSTEM= 3657 . 03 

( H ) �  
BROAD �-

1 1 7  -64 � 
".' I ;:. rvSf ::; ; 
383 ( 

HIGHL 
238 -56 

236 -56 
OBR IEN 

239 -57 
SHELTON 
543 -54 

MURRAY 
232 -56 

s : PQ R- PLOTTED 17-APR-90 AT 1 5 : � 7 : 45 t«ll.A\5 

SNOK 
233 -57 

304 l l43 l  
( 2) 

WHI TE RV 
237 -54 

1 $ 17_ (3.'/'# i  1 · '  

o.L .  

358 -30 
ROCKY R 
240 -28 

550 ( -66) 

co 
I 

co 
,.... (\j 
... 0) 

(X) 
I 

(J) 
(J) 
0) 

S ICKLER 
538 -32 

J96EH555 4 / 1 7/90 PF 4 . 020  
CY89 MJL-MIH 
BASED ON J96EH502 
MONROE-SNOOUALM 500-KV L INE OUT 

r �  



LOSSES 

CUSTER 
239 -51 

BPA= 6 8 7 . 82 
PNW= 1 06 7 .  1 6  

SYSTEM= 3654 . 1 4 

H I GHL 
237 -55 

5 3 0  -48 
CUS TER 

239 -53 
BELHM 

BOTHELL 
232 - 58 

r------ 235 ( 8 )  

234 -56 
SEDRO 

23-:;7 ":_";5 3:;----

239 - 56 
SHE LTON 
5 4 3  -53 

I 

5 4 1  -48 
TACOMA 

( 16� 1 64 
2 0 5 ( -25 ) 

1 2 )  239 -54 

CHR I S TOP 

·� 74 1 ( - 4 7 )  1\ 

8 1 3 ( 4 )  

358 -3 0 
ROC�. Y R 24 0 -28 

6 03 ( :.66 ) 

- '�6 

() 
S I C K L E R  53<� -32  

N 
·- � � If) I (J) ;;:; I 

<'J •:0 ,._ <"\J uo 
<"\J 

PUG E T  SOUND 2 3 0 - K V  
J96E H 5 6 5  
C Y89 MJL 

5 / 1 5 / 9 0  PF 4 . 0 2 0  

BAS E D  O N  J96EH 5 0 2  
SNOK I N G  5 0 0 1 2 3 0  TX  OU l � ... ����-

�
-�-�-

M

-
�

-
�

-
�-J

�� 
.._ ____ __ 

S:;PO�R-=---;;;PL-;;-OT;-;T�ED:;-;-;15�-N;;:A�Y-:-;;9:;:-0 -:-A-;-::1 09;:::�31;::;;50;-HO=:UR::;:S-------==---------L---------------

Ul 

N -



CUSTER 
239 -49 

LOSSE S 
BPA= 665 . 0 5 
PNW= 1 036 . 32 

SYSTEM= 3623 . 08 

( n ) 
BROA�� 

1 1 8 - 59 

( �9 ) ;<><:o.'l 
� coS/ �I 

359 ( �6 )  

H I GHL 
238 -52 

2 4 0  -54 
SHE LTON 
5 4 1  -51  

3 3 [ ( - 1 )  

321 ( - 39 )  5 3 5  -44 SNOH TAP 1 53 6 ( 5 3 2 )  

235 - 52 0 

MURRAY 
234 - 5 1  

SNOH 
238 -48 

?.:: ( �07 ) 

BOTHE LL 
235 -51 

�/-, ;.. \ __ /Q) 

( 16 0 !60 
C J O  

-46 
293 C 5 0 l  237 l 39 l 

SNOK 
21or 23'\ - 5 2  � eoJ ( 6 ! ) 6 ! 

6 1  ( - 1 1 ) 

239 ( 3 )  
( 3 ) 

,<b 6' 
'::.. _.:. 

-' 

2 3 0  -53 
SAMMAMSH 

( 1 1'33 762 
595 ( - 50 )  

-T 
"' 
-
-< 
<0 0 co 0J 

I' 
{),) = 
r� 

C) 

) 
S I C K L E R  53f; - 3 0  

0 
\\j -� 

I � - (\J ·T ---
0 
If) C\J 

PUG E T  SOUND 2 3 0 -K V  
J96EH566 
C Y89 M J L  

M I H  t�· ,. �- ,  
5 / 1 5 / 9 0  P F  4 . 0 2 0  

CHEHAL I S  r 

,, r' 

238 -49 I :_ / : f-, 

s ·:.�POORR-=--PtPL:0ofinwED�l5�-�11��Y-�9�0���T�I�4 :��6�:�48�HO�
l-'l
�S�========�------���- -�- �- ·�-�--�-�--t,;-_·: -_- 1---� -- �-�,:_ �_ .. 't! 

� ,. . 

( 2 )  239 - 52 
OLYMP I A  
542 -49 



CUSTER 
239 - 4 9  

LOSSES 

8PA= 6 7 1 . 26 
PN�= 1 0 4 0 . '1 5 

SYSTEM= 3626 . 7 7 

( H ) 
BROA�"'--

1 1 7 -so R 

H IGHL 238 - 53 

239 -54 

SHE L TON 
543 - 5 1  

O L  

737 ( -4 7 )  

323 ! -23 ) 

BOTHELL 
2 3 3  - 5 3  

542 -46 

TACOMA 

239 - 52 

OL Y MP I A  
5 4 3  - s o  

S:PQ R - PLOTTED 1 5-HAY-90 AT 1 5 : 09 : 25 �S 

T A C  
237 

326 ! 5 )  

5 3 7  - 4 4  SNOH TAP 1 4 54 ! 4 4 6 )  

! 94 < 83 ) 
�-l ( ! 6 0  ) ! 6 0  

C J O  

0) 
8 1  ( - 1 4 ) 

259 ( 2 1 )  

54 1 - 4 3  

2 4 0  - 't 7  �1CJ�JROE 

7 2 2 < ! 4 1 ) � - ��-�--����� 
( 5n )/*  

304 ( 48 )  
(j) (\J Ln 

TAC A 
237 - 5 2  

,., ,-. 
{ )  

S I C KL U< s-,�,: <• o  

_, ) 
f• 

,,-. 
(\J 

PUGE T SOUND 2 3 0  K V  ,----------- ----- -- - - - - --- -
J96E H 5 6 8  
C Y 89 MJL 

5/ l �/ 9 0  
BASED ON J96EH5b� 

SNOHOM I S H - B O f H E L L  ,• 3 0 I I L I T  

'1 . 0 2 0  



2 4 0  - 53 

BEL 
1 1 5  

WHI D  
1 16 -63 

INGLE DOl-l 
531 -46 

31 l 1il:_... 
LAKE SO � - - lV 
1 1 5 -59 

238 -51 TACOMA 

1 1 7  
269( 1 06 )  

( ) 

T 544 .:.'16 / ,( 1 1 4  ) 1 1 4  

S :PQ R-

OLY 
541  

� 
<fJ r 

LOSSES BPA= 593 . 33 
PNI-l= 924 . 23 

SYSTEM= 35 1 9 . 29 

� 230 -56 _, SAM 
* 1 14 -60 � r"'€> COT AGEBR 

NSEATTLE 

J96M2 1 5  4 / 1 2/90 PF 4 . 020 
CY89 MJL 
BASED ON J96H 1 2 1  
PLAN 1 - CJ-M ADDED 
COVINGTON-BERRYDALE 230  ADDED 
NO SNOK ING TX 



INGLEDO� 531 -47 

1 17 -53 
PORT WY 240 - 5 1  

1 62 t) 7 J  

BEL P ; 
1 1 5  - 56 ::: 

' 

1 06 ( 4 5 >  

23 1  -sa 
0) 
.;r, 1 18 -59 
"' MAR PT 0 82( -9 ) 

- - -c:;::- -';\ < 2 >  

r1:: L - .!_7£.;.9 >_ �, :j  
'-<!> 

WHI D  
1 16 -64 

ARL ':::<f> 

S :PQ R-

c;;y 1 15 
'-
� I  

HILTON c¥�- 12 1 1 3  -61 

(� .\ , 

1 1 7 
262 (  1 12 )  

( ) 

238 -52 TACOMA 543 -47 ( 1 1 4  ) 1 1 4  

PLOTTED 13-APR-90 AT 12: 01 : 45 f()(JIS 

OLY 541 

LOSSES BPA= 602 . 80 
PNW= 94 0 . 57 

SYSTEM= 3536 . 7 3  

NSEA TTLE 

J96H2 1 7  4/ 13/90 PF 4 . 020 
CY89 HJL-ALH 
BASED ON J96H2 1 S  
SNOK ING TP 230KV BUS OUT 

- !-"' 

-
1\) V1 
J> 
(>.I 



230 

INGLEDOW 
529 -47 

BEL P � 
1 1 5 -57 ,---- , 

1 0 1  (it9) 

227 -60 

6 
WH IO 
1 15 -66 ;:r 

BEV PK 2t / 
1 1 3  -63 "tfr �r 1 16 

I 
i;; J 

HI LTON �2 1.!1::� 
1 1 3  -63 

l'2 \S'2!
LAKESO <.+- - - tV  
1 1 5  -6 1  "( 

1 17 
26 1 (  1 1 5)  

2 3 8  -52 TACOMA 
T 543 -47 1 1( 1 1 4 ) 1 1 4 

S:PQ R- PLOTTED 13-APR-90 AT 1 2 ! 05 ! 35 �S 

OLY 
54 1 

239 -54  BELHM t----- ( 1 7 4 ) � 1 74 
�r 231  - 59 6'o SEDRO 

LOSSES BPA= 602 . 43 
PNW= 94 1 . 05 

SYSTEM= 3536 . 80 

� -������ 

NSEATTLE 

J96M2 1 8  4/ 1 3/90 PF 4 . 020 
CY89 MJL-ALH 
BASED ON J96M2 1 5  
MONROE TAP 230KV BUS OUT 
SEDRO TAP 230KV BUS OUT 
! _... , ' / .l. c -"7 • 1--\ 

,_ 1\) V1 
J> 
V1 



2 4 0  - 7  

I NGLEDO� 
529 - 1  

1 1 7 -7 
PORT WY 239 -4 

1 56 f) 7 > CUSTER ' � 239 - 4  ."--- �( -2 ) 1 1 6 -8 -;_ t9\ S� - -::::: �"' ARCO ·� � -
BELHM �'0 _.. 

BEL P � ,  1 1 5  -8 1  \49\ 
1 1 5 -9 , , 7F -6 l 

"'-- _ .....:. -" 1 9 1 ( 9 )  
1 07 ( '17 )  

230 - 1 0  
1 1 8 - 12 
MAR PT 

80 ( -9 )  - - --c:::- -';\ ( 2 ) ;:j� L - !_8!.;.9>_ �l j 
<i> 

j.jH I O  
1 1 5 - 1 6  

6'2 (65� 
L AKESD <t - - � 
1 1 5  - 1 3  

\� 
r\C1}.. �\� 

1 17 
279( 1 06 )  

/ 
2 3 1  

1 1 6 
LAK 

H 0 0 l 48 l 

238 -5 TACOMA 
T 544 o I I(  1 1 '1  ) 1 1 '1  

s : Po R - PLOTTED 13-APR-90 A T  1 0 : 55 : 5'1 H0'-'15 

OLY 54 1 

/ 

-3 

LOSSES BPA= 592 . 92 
PN�-j= 920 . 70 

SYSTEM= 3505 . 43 

NSE ATTLE 

J96M22 1  4 / 1 3/90 PF 4 . 0 2 0  
C Y 89 MJL 
BASED ON J96M 1 2 1 
NORMAL SKAG I T  GENERAT I ON 
PLAN 1 - C J -N ADDED 
C OV I NGTON-BERRYDALE 2 3 0  ADDED 
NO SNOK ING TX 



I NGLEDOW 
53 0  - 1  

2 � 0  - 7  

1 1 7 -7 
PORT WY 240  -5 

1 57 (� 7 l 

BEL p � 
1 1 5 - 1 0  ::: ' 

' 
1 07 C 4S l  

230 - 1 1  
co 
q; 1 1 8 - 1 3  
CD MAR PT 0 8 1 ( -8 )  

';I- - �) -
�� L 1 8 ( -9)  - - - -
� ... 1 :::! 
<!> 

WH I D  
1 1 5 - 1 7 

/iJ 
H I L TON ��- 1� _ _ _  _ 

1 1 4  - 1 3  

s : Po R-

1 1 1 5  8 1 ) 

'28( 76:...
LAKESD r.+- - - � 
1 1 5 - 1 4  "\' \ol � r\ r 

�� 

2 7 3 (  1 12 )  

_./ 
23 1 

1 1 6 
LAK 

238 -6 TACOMA 
S't3 - 1  

OLY 
5'l2 ( 1 1 4 ) 1 1 4  

PLOTTED 13-APR-90 AT 1 5 : 48 : 38 �5 

) 

-4 

LOSSES BPA= 598 . 64 
PNW= 932 . 46 

S YSTEM= 3 5 1 6 . 93 

NSEAT TLE 

J96M226 4 / 1 3/90 PF 4 . 020 
CY89 MJL-ALH 
BASED ON J96M22 1  
SNOK I NG TAP 230KV BUS OUT 

f J (') ( N o i  t' ' I ; :t .� ': • (� (/ ,' 

c r. r 



I NGLEDO� 
529 - 1  

-.;;o---.....::2!.1 �l (_! -212) ( 66 ) m-) -----.-.-66 ��-----£> l 
INTALCO � 

238 - 8  

B E L  P 
1 1 5 - 1 1  

1 1 7  -8 
PORT j,.jy 239 - 5  

1 69 () 7 l  

1 02 ( 48 ) 

<±> 

227 - 1 3  
1 18 - 1 5  

WH I D  
1 1 5 - 19  

;;:y 

236 -·� - , : \ �, 

�I 
HILTON �1 0�� 
1 1 3  - 1 5  

11'2( 711� 
LAKE SO <.+- - - rV 
1 1 5  - 1 4  '-\' 

/ 
231 

s :Pa R -

\'-" 
� r\ r �� 

272< 1 08 )  

238 -6 TACOMA 
544 - 1  ( 1 1 '1 ) 1 1 4 

( ) 

PLOTTED 13-APR-90 AT IS:  50! 1 2  HOUIS 

OLY 
54 1 

1 16 
LAK 

-4 

LOSSES BPA= 598 . 79 
PNW= 929 . 93 

SYSTEM= 35 1 '1 . 86 

NSE A T TLE 

J96M227 4 / 1 3/ 9 0  P F  4 . 0 2 0  
CY89 MJL-ALH 
BASED ON J96M22 1 

MONROE TAP 230KV BUS OUT 
SEDRO TAP 230KV BUS OUT .. , IV� ,. �.,;' ��- � :..:. ; ;':' ;, / 



2'1 0 - '1 5  2 3 5  -'16 

CUSTER 
2'1 0 -'13 

LOSSES 
BPA= 655 . 37 
PNW= 1 0 0 1 . 6'1 

SYSTEM= 357 5 . 86 

0� )  
BROA��-

1 18 -'19 � ( so ) "i- I 0 }'J/ � �'/' 
279( 

H I GHL 
238 -44 

( 164 164 

( 412 4 12 

BOTHELL 
238 -4 1 

2 08 (  -6 ) 
239 -'!7 
SHELTON � 

5'13 -44 
< 2 l  

660 ( -26 ) 

239 -46 
OLYMP I A  
5 4 3  -'13 

s : P a  R - PLOTTED 23-M�Y-90 � T  07 : 52 :29 HOI..IlS 

SE DRO 

7 18 ( 9 4 )  

5 4 7  -37 

359 -22 
ROCKY R 
240 -20 

687 ( -48 )  

-38 

ll) 
(\1 

00 (\1 I 
� 00 

� 
.... 
N 
.... 
I 

ll) 00 .... 

S ICKLER 
540 -2'1 

(\1 (1) 
.... 
I 

a; �  
<D ,.., 
(\1 

J0035 PF 4 . 020 
C Y89 MJL 
BASED ON J0008 
PLAN 1 CJ-M ADDED 
SNOHOM I SH AND SNO K I NG T X  ADDED 



CUSTER 
240 -46 

LOSSES 
BPA= 6 7 5 . 39 
PNW= 1 0 0 5 . 6 1  

SYSTEM= 358 1 .80  

( j �  ) 
BROA�"" � 

1 18 -s2 R 
( so ) '-:><>;-I 

0 <!/ \. t:::,'-!1 '>.! " I  
296( 

H I GHL 
238 -46 

239 -49 
SHELTON 
543 -46 

( 4 1 3  4 1 3  

S :PQ R- PLOTTED 22-HAY-90 AT 1 6 : �7 : 13 �S 

235 -48 SEDRO 

802 ( 77 l 
546 -39 

360 -23 
ROCKY R 
240 -21 

63'1 ( - 58 ) 

00 q-1 
Ll) q-0> 

S I CKLER 
539 -26 

10036 PF 4 .  020 
C Y89 MJL 
BASED ON 1 0 0 08 
PLAN 1 C J-M ADDED 
SNOHO M I SH AND SNOK I NG TX ADDED 

I 
0> 
I\) 



253 ( - 1 97 )  
I NGLEDOW 2 1 
529 -43 

CUSTER 
238 - 4 7  

LOSSES 
BPA= 827 . 49 
PNW= 1 226 . 34 

SYSTEM= 3876 . 06 

( g ) 
BROA�� 

I l 7 - 6 0 !.- � 
us ) '/'-�/ � :to/ 

1 '166( 

H I GHL 
236 -51 

530 -43  
CUSTER 

MURRAY 
229 -54 

238 -49 
BELHM 23 1 - 52 

SEDRO 

( §j )  �·��������----�--� 

239 -51 
SHE LTON 
543 -48 

( 1 64 1 64 
2 0 7 < -36 } 

� ( 2 )  239 -49 I 
CHEHA L I S  
238 -46 � ... ��-.�-�-�_1_M_�_!6A_-J�'� � 788 ! -6 8 )  1( _______ _, 

S:PO R - PLOTTED 1 5-MAY-90 AT 08: 04 : 29 HOlllS 

8 7 9 f § l ) 

5 5 < - 1 0 )  

232 < S l l  
( 3 ) 

543 -39 

358 -24 
ROCKY R 
239 -22 

553 ( - 53 ) 

<0 ..... 
I 

J O OE H 28 51 1 5/ 9 0  
C Y89 M J L  
BASED O N  J O OE H I I 
PLAN I ADDED 
SNOK I N G  TX OUT 

S I C KLER 
536 -26 

PF 

(\J GO I -
� ru  ll) � ,..., 
<D ("\) 

4 . 0 2 0  



CUSTER 
239 -46 

LOSSES 
8PA= 8 0 1 . 3 1 
PN�= 1 1 9 1 . 49 

SYSTEM= 384 1 . 27 

( H ) 
BROA�"'-

1 1 7 -55 R 
( �9 ) /rf'! 
" �Sf )1 -... I 

371 ( � 7 )  

H I GHL 
237 -48 

240 -49 
SHELTON 
543 -46 � 

( 4 06 ) 4 06 

S : PQ R- PLOTTED 16-HAY-90 AT 1 1 : 16: 35 HOI..RS 

365( 1 1 ) 

357 1 -5 )  

235 -48 

1688 1 3 0 0 )  

( ! 6 0  !60  
C JO 

223( 39) 

359 -23 
ROCKY R 
240 -20 

5'1 0 ( -98)  

(\j r-I :q: <J) tt> 

-
.... 
Vi 
()() Ol 

V1 1\) 

S ICKLER 
534 -24 

-
... 0 .... ;; I .,. a; I � (\j  r<> <O �  <0 Ol II) (\j 

JOOEH29 PF 4 . 0 2 0  
CY89 MJL 
BASED ON JOOEH1 1 
PLAN 1 ADDED CJ-M 
SNOHOMISH 5 0 0/230 TX ADDED TAPPI NG 



CUSTER 238 -51 

LOSSES 
BPA= 829 . 35 
PNW= 1225 . 96 

SYSTEM= 3880 . 7 3  

H IGHL 
236 -5 1 

24 0 -51 
SHELTON 
543 -48 

MURRAY 229 

239 -49 
OLYMP IA 
542 -46 

787 ( -77 ) 

s:Pa R - PLOTTED IS-M�Y-90 �T 1 3 : 4 3 : 36  HOLliS 

759( 37 l 

1 09 (63 )  

1 SNOK 
1or 231 -54 

'oo; 

CHEHAL I S  
238 -46 

315( 7 l l  

358 -24 
ROCKY R 
240 -22 

JOOEH30 
CY89 MJL 

) 
-42 

0> (D I 
0> 1/) <D 

S I CKLER 
531  -26 

co II) 

PUGET SOUND 230-KV 

5/1 6/90 PF 4 . 020 

BASED ON JOOEH29 
MONROE-SNOHOM ISH-CUSTER 5 0 0  OUT 



CUSTER 
239 -45 

LOSSES 
BPA= 799 . 96 
PNW= 1 1 9 0 . 25 

SYSTEM= 3839 . 4 0  

( H ) 
BROA��-

1 1 7 -55 R 
( �9 ) ��/ '\ '?Sf � .!:;; 

370( 5 )  

H I GHL 
237 -48 

240 -49 
SHEL TON 
543 -46 

239 -47 234 -48 
BELHM SEDRO 

320 l 9S l  
l 2) 

S :PQ R- PLOTT EO 22-NAY-90 AT 09: 1 1 : 20 HOl.tlS 

358 -22 
ROCKY R 
239 -20 <X> (\J I 

S I CKLER 
535 -24 

) 
-40 

IJ') <X> <» ro 
<X> I 
0 
<r 
CD 

<X> t<) I 
� 
IJ') -
<» IJ') (\J 

JOOEH3 1  5/2 1 /90 PF 4 . 020 
CY89 MJL 
BASED ON J OOEH1 1 
CJ-HONROE ADDED PLAN 1 
MONROE-SNOHOMISH 500  AND 



CUSTER 
238 -47 

LOSSES 
BPA= 826 . 1 8  
PNW= 1 222 . 8 1  

SYSTEM= 3872 . 1 9  

0� ) 
BROA�"'--

1 17 -59 )i.(.._ 
us ) �,;;)"/ 
' �Sf )t <0'1 

445 ( � 5 )  

H I GHL 
236 -51  

239 -51 
SHELTON 
543 -48 � 

BOTHELL 
232 -53 

S:PO R- PLOTTW 22-HAY-90 �T 09 : 1 2 : 23 f«>>A\5 

232 -53 
SEDRO 

883 ( -9 )  

SOUND 23 0-KV 

JOOEH32 5/2 1/90 PF 4 . 020  
CY89 MJL 
BASED ON JOOEH3 1 
SNOHOMISH 500/230 TX OUT 



CUSTER 
239 -44 

LOSSES 
BPA= 792 . 20 
PN�= 1 1 77 . 1 7 

SYSTEM= 3826 . 2 1 

( H ) 
BROA�� -
1 18 -53 � 

H I GHL 
238 -47 

240 -48 
SHELTON 
543 -45 � 

( 164 164 
2 1 0 ( -43 )  

( 2 )  239 -46 
OLYMP IA 
542 -43 

779 ( -76 ) 

S : PO R - PLOTTED 4-JUN-90 AT 0 7 : 46 : 44 HOUlS 

235 -46 
SEDRO 

CHEHAL IS  
238 -43 

9 1 9 ( 163 ) 

542 -39 

359 -22 
ROCKY R 
240 - 19 

530( -Sl l 
PUGET 

S ICKLER 
534 -24 

JOOEH 1 1 2 6/ 1 /9 0  PF 4 . 0 20  
CY89 MJL 
BASED ON J O OEH1 1 
PLAN 1 - CJ-M I N  
SNOK I NG AND SNOHOM I SH 5 0 0/230 



LOSSES 

CUSTER 
239 -45 

BPA= 803 . 79 
PNW= 1 1 90 . 4 1  

SYSTEM= 3839 . 37 

( 73 I 73 ; 
BROA�"' -

1 18 -ss R 

HIGHL 
237 -48 

239 -47 234 -49 
SEDRO 

MURRAY 
232 

BOTHELL 
236 -47 

2 I!  i 5>  

299 1 48 )  
237 -46 
CHR I S  TOP 

( 1 6 �  1 6�  
209( - 4 3 )  2 � 0  - 49  

SHEL TON 
543 -46 � 

C 2 l  

781 ( -77 )  

s:PO R- PLOTTED �-JUN-90 AT 0 7 : 4 7 : 23 HOURS 

787 ( 37 )  

>-
<0 

1237 1 272 ) 0 

539 -39 

I<) 0 -"---+---------4 230 -49 I 
SANMAMSH m "' (\J 

CHEHAL IS  
238 -44 

359 -22 
ROCKY R 
240 -20 S ICKLER 

534 -24 

"' t0 
I � (\J  

JOOEH 1 1 3  6/ 1 /90  PF 4 . 020  
CY89 MJL 
BASED ON J O OEH 1 12  
SNOHOM ISH 5 0 0/230 TX  OUT 



CUSTER 
2'10 -51 

LOSSES 
BPA= 
PNW= 

SYSTEM= 

655 . 85 
1 0 0 3 . 7'1 
360 0 . 7 1  

( n ) 
BROA�"' � 
1 18 -57 )U__ 

( �0 )  j'l 
" ")Sf � !:;>; 

350<016 ) 

H IGHL 
238 -51  

MURRAY 
23 1 

( 164 
164 

205 ( - 1 8 )  
238 -52 
SHEL TON � 

543 -49 
( 2 )  

707 ! -22 ) 

239 -51 
OLYMP I A  
5 4 3  -48 

S:PQ R - PLOTTED 5-JUN-90 AT 09: 51 : 55 tllLRS 

232 -55 
SEDRO 

928! 9 !  

2'12 -'15 
GORGE 

CHEHAL IS  
238 -47 

3 1 (  -6 ) 

209( -3 )  
( ) 

1 1 89( 23'1 ) 

536 -'13 

359 -27 
ROCKY R 
2'10 -25 

64 0 ( -86 ) 

J04 196 
CY89 MJL 

..... 0 

4/20/90 

BASED ON J04CY89 
PLAN 1 CJ-HON ADDED 

SNOQUALM I E .  SNOK ING ,  

S I CK L E R  
538 -29 

II) 0 
(\J 

I (/1 I\) 

� (\J  
o -
(\J C> 
t<) 

PF 4 . 020 

COV-BER ADDED 



265( -57 )  
INGLEDOW l 

527 -52 
CUSTER 

527 -52 24 0 -58 

CUSTER 
240 -56 

LOSSES  
BPA= 674 . 96 
PNW= 1 03 0 . 09 

SYSTEM= 363 1 . 34 

( H ) 
BROA��-

1 18 -s 1 R 
oo 
� 

H I GHL 
237 -55 

239 -54 00 
SHELTON 
539 -51  

l.J�oJ 
1 1 8 

s : Po R- PLOTTED 1-JUN-90 �T 1 6 : 1 0 : 1 0  HOl.flS 

233 -58 
SEDRO 

26 7 ( -22 J 

CHEHAL I S  
238 -49 

786 ( 1 37 ) 

528 -49 

358 -29 
ROCKY R 
240 -27 

( I 1 07 383 
909( -138 ) 

0 
m 10 

S I CKLER 
535 -31 

<0 (IJ (IJ � (IJ  (IJ .... 
Ll) (IJ 

104232 6/ 1 /90 PF 4 . 020 
CY89 M1L-ALH 
BASED ON 104 1 96 
C1-M PLAN 1 ADDED 
SNOHOM ISH AND SNOK ING 500/230 



PF - PLAN 2 





CUSTER 
240 - 5 1  

LOSSES 
BPA= 6 1 7 . 88 
PNW= 9 4 ! . 4 1  

SYSTEM= 3567 . 47 

240 -51 
SHELTON 
542 -49 

241 -53 235 -54 
BELHM SEDRO 

HURRAY 
233 -52 

SNOH 
238 -49 

?� ( �OS ) �OS 

PLOTTED 5-JUN-90 AT ! O : q2 : 50 tOA\5 

779 < 1 0 3 )  

242 -44 
GORGE 

898< 1 1 9 )  

546 -44 

359 -27 
ROCKY R 
240 -25 <0 .... I 

co 0 II) 

S I CKLER 
542 -29 

VANT 
68 1 ( -40)  545 -28 

PUGE T SOUND 230-KV 

J96 1 7 2  2/28/90 PF 4 . 020 
C Y 89 ALH-HJL 
BASED ON J96 1 22 
PLAN 2 - CJ-SNOO ADDED 
ADD SNO K I NG �ND COV-BER 230 

I 
C1> 1\) 



I NGLEDOW 
531 -53 

240 -60 

BEL p "' ' 1 1 5 -62 ' ' 
' 

1 4 8 ( 58) 

230 -65 
0> 

1 1 8 -67 

6 
WH I D  
1 1 6 -7 1  

1 1 3 

1 16 � £A 
H I L TON c!r 3�_> _ 

1 1 3 -65 

1 16 
2 1 9 ( 82 ) 

238 -52 TACOMA 
5'14 -47 ( 1 1 5  ) 

1 1 5  

TALBOT 240 
1 1 6 -56 

O L Y  
542 

S : PQ R - PLOTTED 19-APR-90 AT 1 4 : 55 : 4 7  �5 

) 

LOSSES BPA= 636 . 84 
PNW= 985 . 35 

SYSTEM= 3 6 1 5 . 57 

NSEA T TLE 

J96234 4 / 1 9/90 PF 4 . 020 
CY89 ALH-NJL 
BASED ON J96 1 72 p : . •'-· � (. 7- .�� 
SlaliiiiiMG ��.J-·1111 
C H I E F  JO-SNOHOH ISH 3 4 5KV DOUBLE CKT 



INGLE DOW 
531  -52 

239 - 59 

BEL P "' -... 1 1 5  -62 ' ' 
1 48 ( 57 )  

229 -64 
1 1 8 -67 

MAR PT 
122 ! - 1 4 ) - - --=::::- -�� ( 2 ) 

�� L - �!_;J2_!__ 
� � �  
<!> 

WH I D  
1 1 6 -70 

.....----._;,:26�1..!_( -272) ( 66 ) �2i)) -----� 66 -------} 
I NTALCO 
235 -57 

� 
H I LTON &2�_> _ 
1 1 3 -64 

40 ( -S� 
L AKESD � - "-"""(2\ 
1 1 5  -61 

238 -52 TACOMA 

\ '-"  � .--� r 
�(� 

1 1 6 -56 
2 1'1 ( 83 )  

( ) 

L( m l s" -46 

TALBOT 240 
1 1 6 -56 

OLY 
5'12 

PLOTTED 25-�PR-90 AT 1 0 : 48 : 37 HOLflS 

11 1 3 tr) 

LOSSES BPA= 634 . 4 1 
PNW= 98 1 . 8 1  

S YSTEM= 3 6 ! 1 . 08 

C . JO 

ltJS ..,_ A 24 0 -55 ' MONROE 
874 ( 2 ) 1 1  

NSE AT TL E  

196236 4/25/90 PF 4 . 0 2 0  
CY89 MJL 
BASED ON 196 1 72 
PLAN 2 CJ-S H/0 SNOK I NG TX 
MAPLE VALL E Y - SNOK I NG 2 3 0  #2 ADDED 
BOTH C H I EF JOE-SNOHOMI SH 3'15  OUT 



LOSSES 

CUSTER 
239 - 52 

BPA= 6 2 7 . 4 5  
PNW= 957 . 25 

SYSTt:M= 358 3 . 95 

H I GHL 
238 - 5 1  

5 3 0  -49 
CUSTER 

240 -54 
BELHM 234 -56 

SEORO 242 -48 "''b , 
GORGE p.:"�.._,;_ ____ -;3;,.;9�<_-_7 _l ---�.----' 

238( 90 ) 
( 2) 

WH I TE RV 
237 

2 17 ( 5 )  

3 5 9  -28 
ROCKY R 
240 -25 

69 1 ( -86 1 

196239 
C YS9 MJL 
� IJ r_. ; · ""• '.• /• 

f.� . ,  r_ 

00 II) 
S I CKLER 
54 0 -30 

lt) 
� 
_.. 
I 

r-11) 
r-

5/ S/90 PF 

0 
co 
_.. 

� (\J  ll) r<) (\J (\J 

4 . 0 2 0  



CUSTER 
2 )9 -38 

LOSSES 

531 -35 
CUSTER 

MURRAY 
233 - 4 1  

240  -4 1 
BELHM 

BFA= 6 0 1 . 3 1  
PNW= 9 3 7 . 2 1  

SYSTEM= 3558 . 84 

( n ) 
BROA�� -

1 18 - '14 .R__ 
( 80 ) '><i;'/ 0 0..:( " <>:>�' )J -... I 

380( 

H I GHL 
23:� -37 

239 - 39 
SHE L TON 
542 -37 

203 ( -8 )  

( 4 02 4 02 

( 2 ) 239 -38 
OLYMP I A  
542 -36 

631 ( -44 ) 

S:PQ R- PLOTTED 9-MAY-90 AT 1 2 : � 1 :  45 t()l.fiS 

234 -42 
SE DRO 

354 -36 
1 44 <  1 1 l SNOH 

� 

( 1 59 1 59 
C J O  

167 l34 )  

54 1 -30 

( �i ) '--t--------1RS 23 1 -40  
SAHMAMSH 

\ .J> 
359 - 1 5  
ROCKY R 
240  - 1 3  

738 ( -55 )  

1962 49 
CY89 HJL 
e ;  � · I 

- .... 

-30 

Ll) Ol 
<T I<) (\J 

5/ 9/90 

,..._ (\J 
--< 
I 

rrr-

S I CKLER 
542 - 1 7  

r-(\J (\J 

I 0> (>I 

� (\J  
U) �  
r-
-< 
(\J 

PF 4 . 020 



CUSTER 
2)9 -52 

LOSSES 
BPA= 
PN�= 

SYST£M= 

6 28 . 7 1  
958 . 63 

3585 . 56 

H it HL 
238 - 5 1  

'l6 < 39 l  
SNOK 

S-sr6 234 -54 2; 
238 - 5 1  9 J  E A ST P I NE 

k-( �7 ) 

0� ) �·��������----��� 

S :PQ R-

\ "' 
,_.. 

5"1 0 -44 

360 -28 
ROCKY R 
240 -26 

) 

69 1 ( -7 5 )  

19625 3  
CY89 MJL 
'P ? · ' • z... 

ll) S IC KLER 
541 -30 

;;:; � C> 
r<l (\J _. � 

I (1) _. 
� � (\J  ll) ,.._ m � 

(\1 (\1 (\J 

SOUND 2 3 0 -KV 

5/ 9/90 PF 4 . 02 0  
E' c ',, �-/ J q "" 1 2  "2 



CUSTER 
24 0 -55 

LOSSE S 
BPA= 643 . 79 
PNW= 9 7 6 . 93 

SYSTEM= 3 6 06 . 1 5  

0� ) 
BROA�"' � 

1 1s - 6 1  R 
oo ) ;o,;;; 
\_ �s; ':>< �/ 394 ( L )  

238 - 53 
SHELTON 
542 - 5 1  

MURRAY 
233 

s :ra R- PLOTTED 1 1 -MY-90 �T ! 5 : 39 : 29 HOURS 

39 ( - 1 9 )  
SNOK 81r 235 -56 Bo; 

( 1 58 
1 58 

C J O  

t SS (  1 3 l  
5 3 1  - 4 7  � Ol � � 

'----t---------<� 232 -56 
SAMMAMSH 

359 -29 
ROCK Y  R 
240 -27 

( 390 390 
87 2 ( - 52 ) 

S ICKLER 
539 - 3 1  

PUGET SOUND 2 3 0 -KV 
J96257 5 / 1 1 /90 PF 4 . 02 0  
C Y89 M J L - ALH 
BASED ON 196239 
PLAN 2 

1\) 
0 

CHEHAL I S  
238 - 4 9  RAVER - SNOQUAL M I E  5 0 0KV L I NE OUT 



253{ -21 1 ) 532 -48 
CUSTER 

INGLEDO� J 

530 -48 

CUSTER 
240 -5 1  

LOSSES 

MURRAY 
234 -52 

240 -53 
BELHM 

BPA= 6 1 7 . 87 
PN�= 9 4 0 . 97 

SYSTEM= 356 7 . 82 

SNOH 
238 -49 

/ 

H I GHL 
238 -49 

239 -51 
SHEL TON 
542 -48 

( � 07 ) ;;:; � 387 OJ (\J 1\; �  

202 ( -9 )  

BOTHELL 
237 -49 

( 2 )  239 -49 
OLYMP I A  
542 -47 

632 1 -44 )  

(\J 

s :Pa R- PLOTTED 1 �-MAY-90 AT 09:29: l l  HOU<S 

235 -54 
SEDRO 242 -44 "'Cb , 

GORGE �
'
�,�

�
----------�29

_
,
_
-
_
6
_
1
--

----��--' 

207 ( - 1 3 1 

( 3 1  

894 ( 3 0 )  

542 -44 

360 -27 
ROCKY R 
240  -25 -

0 
U) 
a; -0 ,._ U) N ..... 

I 
;;; 

S I CKLER 
54 1 -29 

-
"" ..... 
(\j I 

-.J <.n 
I 0> f\) 

lJ) !<) -,._ 

CHEHAL I S  
238 -47 

,..., 
-42 (\J (\J 

679 ( - 58 1  

196259 PF 4 . 020  
CY89 MJL 
BASED ON 1961 22 
PLAN 2 � I TH SNO K I NG TX 
LO� SKAG I T  GEN 



1 1 9 -61 ( 83 ) BOTH 234 
2'12 -53 
D I ABLO 232 -59 236 -56 

SED T 83 � 27 ( -8 )  

I < l 
-;::� MURRAY 
� 1\\ (!> \) ..-�::r----;;..-� 

;;, � I \ "-
( · H J cif�· / �r ' <P  . " "  . � co \\''-" \ -"-._ cv1 I 0> /  \ �  

*'---�. I I \--' 
SHOR � J.... I 1 1 1  -64 X ) , \ 

\ ( 30 ) (Or! �� 1 � 'J' \ 0 '- , ____ "- }  � \� "- \ \ \ I -' NORTH \ \J S\� \5)1 1 1 7 -64 .5' \ 66> 
r -

, r, \ r 
C ANAL V I EWL '\" (=)_.� d'J' 

1 1 7 -64\ I I  7 -64 \ '\-, \ ( �� ) _,� 

( 73 ) ,.., 
( 30 ) �� 

73 � ( 29 ) 0 IJ7 UN I V  ��� 2 9  _IO U �  _ _  _} 1 1 7 -64 
BROAD ,- - - >-

1 18 -63 1.- 18'1( "'-;;-I ._ �3> 
-,y �I 1 463 ( 9 )  

LOSSES 
BPA= 681 . 1 8 
PNW= 1 06 1 . 94 

SYSTEM= 3650 . 24 

( 1 6 4  ) 
1 6� 

239 -53 
OL YMP I A  II) 
543 -50 �r<IP __ .....,�._, 

S : PQ R- PLOTTED 12-APR-90 AT 16: 00 : 16 H)UIS 

( 428 428 
239 - 52 
MAPLE VL 
357 -50 

359 -29 
ROCKY R 
240 -27 

636 ( - 18) 

SEATTLE AREA 

S I CKLER 
540 -31 

J96EH503 4 / 1 2/90 PF 4 . 02 0  
C Y 8 9  MJL 
BASED ON J96E H I 58 
PLAN 2 - CJ-S ADDED 
COV I NGTON-BERRYDALE 230 ADDED 

I .t> 0> 



LOSSES 

CUSTER 
240 -57 

BPA= 705 . 03 
PN�= 1 1 25 . 57 

SYSTEM= 37 1 4 . 98 

239 -59 
SHELTON 
5'13 -56 

MURRAY 
222 -69 

S:PO R- PLOTTED 1 7-APR-90 AT 16: 16: 1 5  HOLflS 

SNOK 
2,> 22'1 -68 

r, lo 1.) 

45( 13 l 

'---�------------�i 22 1 -68 
SAHMAMSH 

CHEHAL IS  
238 -54 

533 -so 

358 -33 
ROCKY R 
239 -31 (\j co 

SICKLER 
535 -35 

J96EH553 'l/ 1 7/90 PF '1 . 020 
CY89 MJL-MIH 
BASED ON J96EH503 
MONROE 500/230-KV TX OUT 
f-; ' r, v- {_ ( 



I NGLE DO� 
530 -so ( 67 ) ) 

67 ---J 

240 - 56 

BEL P .:::- '-
1 1 5 -59 " '-

6 

1 0 7 (  47J 

230 -59 
1 1 8  -6 1 

�H I D  
1 1 5  -65 

" 

I NTALCO 
237 -55 

;{;I 
A. 2 ( 7 )  H I LTON � --=::- _ _ _  _ 1 1 3 -61 

1 1 7 
262 ( 1 2 1 l 

1 1 39 6 3 )  

238 - 5 1  TACOMA 
T s�t2 -46 I I(  1 1 4  ) 

1 1 4  

S:PQ R - PLOTTED 1 3-APR-90 AT 08 : 4 7 : 50 HOlliS 

OLY 
54 1 

/ 

LOSSES BPA= 59 ! . 68 
PN�= 927 . 46 

SYSTEM= 3524 . 38 

NSEATTLE 

J96M2 16 4/ 1 2/90 PF 4 . 020 
CY89 MJL 
BASED ON J96H 1 2 l  
PLAN 2 - CJ-5 ADDED 
COV INGTON-BERRYDALE 230 ADDED 
NO SNOK ING T X  



INGLE DOW 
530 -s o  

2 4  0 - St. �f 'b I 

BEL P � , 
1 1 5 -59 ' '-

1 07( 49) 

231 -60 
I<) 

1 18 -6 1 

WHID 
1 1 5  -66 

' 

zst -SS_!
LAKESD � - �(2l 
1 1 5  -61 "'( '-1 

\ �  ($1 

1 1 7  
256< 1 05 )  

( ) 

238 -5 1 TACOMA 

T 5'14 -'16 ( 1 14  ) 1 1 4  

S!PO R- PLOTTED 13-APR-90 AT 12: 02 : 58  tllUIS 

OLY 
54 1 

) 

LOSSES BPA= 596 . 69 
PNW= 938 . 04 

SYSTEM= 3535 . 4 0  

ROSS 

C .JO 

NSEA TTLE 

J96H2 1 9  4/ 1 3/90 PF 4 . 02 0  
CY89 HJL-ALH 
BASED ON J96H216  
SNOK ING TP  230KV BUS OUT 



230 

I NGLEDO� 
529 -51 

1 1 7 -57 
PORT WY 23� -5'1  

I G I' 1) S J  

BEL P ;- , 
1 1 5 -60 ' " 

' 

1 0 1 (  '18 ) 

227 -62 

WHID  
1 15 -68 

S !PQ R-

H I L TON �2�
_
l
_ 1 1 3  -6'1 

, . .  , .  � i .·. 

1 1 7 
255 ! 1 1 0 )  

238 -51  TACOMA 
5'13 -'16 ( I H  ) I !'I 

PLOTTED 13-APR-90 AT 1 2 !  04! IS ffXA\S 

OLY 
54 1 

LOSSES BPA= 597 . 91 
PNW= 939 . 56 

SYSTEM= 3537 . 75 

NSEATTLE 

J96M220 4 / 1 3/90 PF 4 . 020  
CY89 MJL-ALH 
BASED ON J96M2 1 6  
MONROE TAP 230KV BUS OUT 
SEDRO TAP 230KV BUS OUT 



2 7'1 1 -239) 
I NGLEDOW 2 > 
5 3 0  - 5 1  

CUSTER 
24 0 -55 

LOSSES 
BPA= 
PNW= 

SYSTEM= 

7 05 . 24 
1 065 . 5 1 
36H . 1 7 

( B ) � 
BROAD �-

1 1 8 -62t- � 
i'l :---

rB>Y 
1 � 7 8 (  

H I GHL 
23:0 -53 

532 - 5 1  
CUSTER 

MURRAY 
232 -61  

( 164 ) 1 64 
2 0 1 < - 1 2 )  

2 4 0  -58 
BELHM 

238 - ')3 
SHELTllN 
543 -so 

( 2 )  239 - 5 1  
OLYMP I A  
5 4 3  -�9 

683 ( -24 ) 

S : PO R- PLOTTED 25-APR-90 AT 1 4 : 40 : 26 HOURS 

233 - 6 1  
SEDRO 2�2 - 5 �  ,.co , 

GORGE �
>
�0�--------�2·6�< -�5�)------��_/ 

.to r, 
&>./) 

WH I TE RV 
2 3 8  -so  

O.L. .  / 1 13 R.. 

1 73 < 26 ) 

� 
( �t ) 

359 -27 
ROCKY R 
2 4 0  -25 

C1> � ...... I 
;;:; � lj) 

...... 
<>J 

o; � If) 
;;; 
(\J ...... 
I 

I ..,. Vl 

S ICKLER 
5 3 8  -29 

-
� � ...... ) (0 (S> _.'_ N  

,.._ � � 
(\J 

- � 4  
If) (\J 

656< -56)  

PUGET SOUND 23 0-KV 

1 0 0 1 7  4/25/90 PF 4 . 020  
CY89  MJL  
BASE D ON  10008  
PLAN 2 C1-SNOO ADDED 
BOTH CJ-SNOH 3 4 5  OUT t'\ v - • ' �, ":\ ':) 



27Sc _ 1 191 

It-«;LEDOW J 
528 -51 

LOSSES 

CUSTER 
2<4 1 -ss 

BPA= 702 . 24 
PNW: 1 065 . 1 5  

SYSTE11= 364 7 . 4 1  

( H ) 
BROA� 
1 18 _gl �)t_ 

�/ :-�v 
., 

490( 

H IGH.. 
238 -52 

238 -53 
5t£LTON 
543 -so 

233 -61 
SEDRO 

31 1 C -81 1 145(30) 

257( 125) 
t 2> 

SN)K 
234 -57 

358 -27 
ROCKY R 
239 -24 

Q --I 

� 
Q) 

II! 
� 
N Q) Q) 

I CKLER 
535 -29 

-
.... 0 
I 0> � ; I 

0> .... � .... -
II) (\1 

J 0 0 1 8  4125190 PF 4 . 020 

CY89 11JL 
BASED ON J O O OS 
PLAN 2 CJ -SNOO. 11V-SNOKING 230 #2 AN 

11V 50 01230 TX 12 ADDED 



CUSTER 
240 -50 

LOSSES 
BPA= 687 . 8 l  
PNI--J= 1 020 . 79 

SYSTEM= 3599 . 2 1  

0� )  
BROA�� 

1 18 --54 

( 80 ) Gi:' / 0 , o  

� ,.._.,..:; � 366( 8 )  

MASS < > 
1 18 -54 ..._--. "t-eo 

238 -48 "y 
SOUTH 

( :� ) ' 

H I GHL 
23() -47 

238 -46 
TACOMA ( 1 1 5  ) 1 1 5 

- -) 

238 -49 
SHELTON 
543 -47 

532 -47 
CUSTER 

240 -52 
BELHH 234 -53 

SEDRO 

MURRAY 

( 405 405 

284 ( 47 1  

Z66< t t5 l  
( 2) 

WHITE  RV 
238 -46 

S:PQ R- PLOTTED 8-tiA Y-90 AT II : 00 : 02 HOI.fiS 

"'co ' 
"'\!\X 28( - 5 ) 

I 
956 < 89 )  

0> 

544 -42 

II) 
0> I 

233 -49 
SAHMAMSH 

�"'\ ..._co 
"='"" "y 

I '::! 

-46 
-43 

360 -24 
ROCKY R 
240 -22 S I CKLER 

CD 539 -26 
r<> C> (D CD 

-< ru 

) I o:> 
-

II) I 
C> 1'- II) �  

r<> r<> ru 

664 < -65) 

J0021  
CY89 MJL 

Pi a.-. z. 

SOUND 230-KV 

51 8/90 PF 4 . 020 
B t:� ye � {HI., J t; O fJ� 

C- J - $ v- � f.<. / !. • . . "> "" () I[  



236 ( -278 ) 
INGLEDOI--l J 

5 3 0  -4'1 

CUSTER 
240 -48 

LOSSES 
BPA= 665 . 90 
PNW= 1 0 1 2 . 92 

SYSTEM= 3587 . 94 

532 -44 
CUSTER 

MURRAY 
233 

2'10 - 5 0  
BELHH 

1 85 < 24 ) 
239 -44 
CHR I STOP 

234 -so 
SEDRO 

WHITE  RV 
238 -44 

! 2 ( -8 )  

S03 t - 17 l  
( ) 

841 l ! J 2 )  

545 - 4  0 

359 -22 
ROCKY R 
240 -20 

7 16( -47 ) 

(\J 
<D t-"'" 

1 0 022 5 / 1 1 /90  
CY89 MJL 
BASED ON 1 0 0 08 
PLAN 2 W I TH SNOK I NG 
NORMAL SKAG I T  GEN 

S I CKLER 
54 !  -25 

� 
<1" 
N ..... ..... I 
:; N 
t<> � N  t- ro �  ro N (\J 

PF 4 . 020 



CUSTER 
239 -48 

LOSSES 
BPA= 675 . 20 
PNW= 1 026 . 75 

SYSTEM= 3602 . 1 0  

H I GHL 
238 -46 

238 -48 
SHELTON 
543 -46 

S32 -4S 
CUSTER 

240 -so 
BELHN 233 -52 

SEDRO 

C J O  

179 ( 46 ) 

S46 -39 

� 
( �l ) �-;--------------� 230 -so 

SANNANSH 

3S9 -23 
ROCKY R 
240 -2 1  

72S l -S5l 

S ICKLER 
540  -25 

PUGET SOUND 230-KV 

J0025 5/ 1 1 /9 0  P F  4 . 020  
CY89  MJL 
BASED ON J 0 0 08 
PLAN 2 W/0 SNOK I NG 
NORMAL SKAG I T  GEN 



2S3i -2J2J 

J NGLEDOW ) 

529 -47 

CUSTER  
239 -51  

LOSSES 
BPA= 699 . 63 
PNW= 1 04 0 . 97 

SYSTEM= 36 1 9 . 1 3 

53 1  -48 
CUSTER 

MURRAY 
232 

239 -54 
BELHM 233 -56 

SEDRO 242 -48 
GORGE 

359 -25 
ROCKY R 
240 -23 

) 

677 ( -76 >  

-4 1 

PUGET 

0J � 
ill 
(\J '¢ 

5/ 9/90 

· ,  , I 

0J ..... 
I 

;;; 0 ,... 

I 0> 

S I CKLER 
539 -28 

;; 
r-. ..... 
� (\J  ..... -
I') I') (\J 

PF 4 . 020  

·. · 



LOSSES 

CUSTER 
239 -52 

BPA= 856 . 38 
PN�= 1268 . 52 

SYSTEM= 392 1 . 33 

H IGHL 
234 -58 

239 -53 
SHELTON 
542 -so 

530 -49 
CUSTER 

MURRAY 
229 -59 

238 -55 
BELHM 

SNOH 
233 -57 

BOTHELL 
231  -59 

232 -58 
SEDRO 

SNOK 
1'1 231  -59 

'iir lo /.) 

( 7 5'1 ) __/'l 7 5'1 � 

l S I?.. M V A  � 
ISH .. (E 12.) � 

'--t--------..d 226 -60 
SAMMAMSH 

CHEHAL IS 
238 -48 

357 -27 
ROCKY R 
240 -25 

) 
-44 

<D .... <D 
1'- N 

I 
.... 
(J> IJ) 

S I CKLER 
531 -28 

J O OEH25 4/25/90  PF  4 . 02 0  
CY89 MJL 
BASED ON J OOEH1 1 
PLAN 2 CJ-SNOO ADDED 
MV-SNOK I NG 230 #2 ADDED 



LOSSES 

CUSTER 
240 -so 

Bf-A= 8 1 3 . 20 
PNW= 1 2 1 3 . 97 

SYSTEM= 3866 . 37 

( H ) .  � 
BROAD 

K.
__ 

1 1 7 - 58 � 

529 -46 
CUSTER 

MURRAY 
228 -55 

240 -52 
BELHH 

238 (  7) 
236 -47 
CHR ISTOP 

2 3 1  -55 
SEDRO 

300 ( 88 ) 
( 2) 

lAC 
235 

1 394 ( 4 03) 

536 -42 

358 -24 
ROCKY R 
239 -21  

) 
- 4 0 

"' ..., 
<0 <r <0 ..., 0 --< 

I 
1/) 
m 1/) 

S ICKLER 
533 -25 

0 ..., I 
m � 
--< 
1/) (\j 



CUSTER 
239 - 56 

LOSSES 
BPA= 826 . 2 1  
PNW= 1 2'l 1 . 05 

SYSTEM= 3898 . 32 

H I GHL 
236 -51  

239 -58 
BELHM 

MURRAY 

( 390 390 

( 164 164 
206< -33)  

239 -50 
SHE LTON 
543 -47 

( 2 )  239 -49 
OLYMP I A  
542 -46 

792 ( -7 1 ) 

S : PQ R- PLOTTED 1�-NAY-90 AT 0 8 : 23 : 0 1  HOI.I\5 

232 -60 
SEDRO 

3'l6 -5'l 
200 C 165 l SNOH 

C 2 l  SNOK 
.Jer, 229 -58 

ss) 

CHEHAL I S  
238 -45 

�'b ' >.._� 

( 1 6 1  ! 6 1 
C JO  

'l2 ( -8 l  

220 ( 52) 

227 -57 
SAMMAMSH 

359 -25 
ROCKY R 
240 -23 -

" 00 
10 o; ,_ 

10 
� 
I 

<J> 

U1 <J:> 

S I CKLER 
535 -27 

� 
CD _, 

I 
(\J oo -l/) _, 

._,. (\J 

6 16 ( -33 1 

PUGET 

J O OEH27 5/14/90  PF 4 . 020  
CY89  MJL 
BASED ON J O OEH1 1 
PLAN 2 ADDED 
SNOK I NG TX OUT 



CUSTER 
238 -55 

LOSSES 
BPA= 662 . 58 
PN�= 1 0 1 3 . 55 

SYSTEM= 36 1 3 . 1 3  

H I GHL 
238 -51  

238 -53 
SHELTON 
542 -so 

7 1 0 < -2 1 1  

538 -44 
TACOMA 

239 -51  
OLYMP I A  
543 -48 

S:PQ R- PLOTTED 5-JUN-90 AT 09:53 : 2� ti)UlS 

231 -58 
SEORO 

�HI TE RV 
237 -49 

877 ( 42 1  

359 -28 
ROCKY R 
240 -25 

) 
-43 

I() 
0> I 
N (1) "' 

S I CKLER 
538 -30 

0 
(X) .... 

I 

1 04 1 97 4/20/90 PF 4 . 02 0  
CY89 MJL 
BASED ON J04CY89 
PLAN 2 CJ-SNOQ ADDED 

I 
0> 
04 

SNOQUALM I E ,  SNOK I NG ,  COV-BER ADDED 



CUSTER 
2 3 8  - 6 0  

LOSSES 
BPA= 687 . 43 
PNW= 1 046 . 72 

SYSTEM= 3650 . 9 1  

( H ) 
BROA�"" -

1 18 -63 R 
( �0 ) ;6'/ 
" "Sf )t �/ 

395 < !1 5 )  

H I GHL 
237 -56 

MURRAY 26's 
231 - 6 1  's I_; 

SNOH 
236 - 5 7  

? ( 399 ) 399 

BOTHELL 
236 -57 

2 3 1  -63 
SEDRO 242 - 5 2  "'co , 

GORGE �v�0�--------�2�8<�-�6�l------�.-_/ 
206 < -6 ) 

9 5 4 ( 284 ) 

522 -52 

3 58 -30 
ROCKY R 
239 -27 

0> <D .... 
I 

<D 00 ,..., 

S I CKLER 
533 -32 

<T (\J (\J � (\J  q- C> IJ') (\J 

0� ) ������&E��----��� VANT 
5 4 0  -28 909 ( -86) 

239 -54 
SHELTON 
539 -5 1  

( 1 63 163  
1 7 0 ( - 3 5 )  

( 2 )  238 -53 
OLYMP I A  
5 4 0  -50 

S:PQ R- PLOTTED 1 1 -11AY-90 AT ! 5 : 4 1 : 49 HOIJIS 

CHEHAL I S  
238 - s o  

PUGET SOUND 230-KV 

J 04 2 1 6  5/ 1 1 /90 PF 4 . 0 2 0  
CY89 MJL-ALH 
BASED  ON 1 0 4 1 97 

PLAN 2 

RAVER 



CUSTER 
238 -55 

MURRAY 
LOSSES 230 -57 

BPA= 882 . 52 
PNI-l= 1 298 . 27 

SYSTEM= 3946 . 33 

( H ) �  
BROAD �-

1 18 -61 � 

239 -53 
SHELTON 
542 -so 

238 -57 
BELHM 

PLOTTED 27-APR-90 AT 09:31 : 35 t«lUUS 

232 -58 
SEDRO 

I N .... ....,. 359 -27 
ROCKY R 
240 -25 t:. 

o; (\1 ;;; 
(j) I 

S ICKLER 
534 -29 

� .... 
<T ... 

VI ..... 

) ;; 
CD � (\J  
<T 1'- �  

-44 � 
I<) 

620 ( -681 

J04EH94 4/27/90 PF 4 . 020 
C Y89 MJL 
BASED ON J04EH69 
PLAN 2 - CJ-S ADDED 
SNOK ING TX ADDED 



( 288( -29J 
INGLEDOW l 
526 -59 

LOSSES 

CUSTER 
239 -62 

BPA= 902 . 1 3  
PNW= 1 350 . 88 

SYSTEM= 4005 . 52 

239 -56 
SHELTON 
54 1 - � 3  

238 -64 
BELHM 

536 -47 
TACOMA 

S!PO R - PLOTTED 27-APR-90 AT 1 5 ! 26 ! 3 1  HOI.JIS 

230 -66 
SEDRO 

CHEHAL IS  
238 -5 1  

359 -30 
ROCKY R 
240 -28 

) 

666( -69) 

0i <D 
r:: ..... 
Ll) 

-'16 

SICKLER 
532 -32 

;;; 
(\j <» ..... 
I Ll) ..... 01 I 

0 «; �  .... r-0 I<) 

PUGET SOUND 230-KV 

J04EH97 4/27/90 PF 4 . 020 
CY89 MJL 
BASED ON J04EH94 
SNOKING 500/230 TX AND L INE OUT 



PF - PLAN 3 





CUSTER 
240 -49 

LOSSES 
BPA= 6 1 2 . 07 
PNW= 932 . 83 

SYSTEM= 3558 . 1 2 

0� ) 
BROA�"-.-

1 18 -54 � 

HI GHL 
238 -48 

238 -51 
SHEL TON 
542 -48 

SNOH 
238 -47 

/ ( 4 06 ) � 4 06 

BOTHELL 
237 -47 

544 -42 
TACOMA 

PLOTTED S-JUH-90 AT 0 8 : 58 ! 07 tiOIAIS 

235 -52 
SEDRO 

266( 84 ) 
( 2\ 

WH I TE RV 
238 -47 

TAC 
238 

CHEHAL I S  
238 -46 

BO l C 1 1 2 l  

982( 126 )  

546 -42 

I ':! 
359 -26 
ROCKY R 
240 -24 t<) I 

r-.. r-.. Ill 

) 
-41 

675 < -42\ 

o; (\J --< 
I 

q: ll) r-.. 

S I CKLER 
542 -29 

(\J t<) (\J I 

I 
0> I\) 

(\J �  t<) (\J (\J 

PF 4 . 020 



LOSSES 

CUSTER 
240 -49 

BPA= 6 1 1 . 96 
PNW= 933 . 4 3  

SYSTEM= 3558 . 38 

0� ) 
BROA��-

1 19 -s4 R 
uo ) _i>;;-; 
'\. �'-;/ )t --. 1 

S : PO R-

328( 

H I GHL 
23<' -48 

53 1  -46 
CUSTER 

MURRAY 
235 -5 1  

240  -5 1  
BELHM 235 -52 

SE DRO 30 ( -6 ) 

208 ( - t9l 

978 < 32 )  

543 -42 

360 -26 
ROCKY R 
240 -24 

673( -57 ) 

-42 

PUGET 

co "' 
_. 
co Lf) 

J9624 1 5/ 8/90 
C Y89 MJL 
;_ , ._.. . 

.• ') 
... .. .,..... . 

• 
� . ' , <' l ,� ·. " .. 

S ICKLER 
541 -29 

PF 

'/• 

<T .... 
(\J I -_ (\J  
(\J -1') (\j (\J 

4 . 020 



HIGHL 
238 -37 

239 -39 
SHELTON 
542 -36 

203 < -S l  
( 2 ) 239 -37 

OLYMP I A  
542 -35 

629 1 -44 ) 

PLOTTED 9-MAY-90 AT 1 2 : 4 3 : ! 3  HOUlS 

359 - 14  
ROCKY R 
240 - 1 2  

733 < -57 ) 

PUGET  

,._ 0 

c:o 0) (\J 

J96250 
CY89 HJL 
B o � ; 

51 9/90 

't . ·  r . .• ,._ 

\ .::; I 
...... v 

,..J : 

S I CKLER 
5'12 - 1 7  

� (\J 
.... t<) 
I (\J (\J 

(\J I 
c:o (\J -,._ c:o 

.... 
(\J 

PF 4 . 020 



CUSTER 2�9 -so 

LOSSES 
BPA= 624 . 66 
PNW= 95 1 . 89 

SYSTE M= 3576 . 50 

HlGHL 
238 -so 

238 -52 
SHELTON 
542 -49 

s :Pa R -

200 ( 5 )  
238 -48 
CHR IS TOP 

6 0 l 3 7 l  

?' SNOK 
2r8 235 -52 

".1; 
541  -42 

<T '---t--------4 232 -53 <;'! 
SAMMAMSH m 

CHEHAL IS 
238 -47 

360 -27 
ROCKY R 
240 -25 

) 

685 ( -76 ) 

J96251 
CY89 HJL 

.... 

;: S ICKLER 
C\1 54 1 -30 ..... 
;;; � 0 <T .... (\J .... 

I Ol .... <D I 
ll) <T �  ,.._ I<) (\J (\J 

SOUND 230-KV 

5/ 9/90 PF 4 . 020 

(3 p � J ("V'\ J '1 G  i ""Z -L 
? \ 0--Y' 3 tJ o .s II'· 0 "-�: ... "a 

.. :+ 



CUSTER 
239 -52 

LOSSES 
BPA= 6 29 . 6 1  
PNW= 954 . 77 

SYSTEM= 3582 . 20 

( �: ) 
BROA�"'-

1 18 -ss R 

H I GHL 
238 - 5 1  

238 -52 
SHELTON 
542 -49 

MURRAY 
234 -54 

240 -54 
BELHM 

BOTHELL 
237 - 5 1  

234  - 5 5  
SEDRO 

TAC 
237 

3 1 ( -6 ) 
209 ( - 1 0 ) 

( ) 
238 -49 MONROE 

58 7 < -86 ) 

9 3 5 ( 33 )  

535 -46 

359 -28 
ROCKY R 
240  -26 

872 ( -39 ! 

-42 

-
0 0 
CD 

S I CKLER 
54 ! -30 

PUGE T SOUND 230-KV 

0 CD 
I IX) 



CUSTER 
240 -53 

LOSSES 
BPA= 63 1 . 95 
PN�= 973 . 46 

SYSTEM= 3601 . 94 

( H ) 
BROA�"' � t ts -s2�.- R 

( �0 ) :---")'; 
' o_,'J )J �/ 1 460( 

239 -54 
SHELTON 
542 -51 

967 ( 1 02 )  

24 1 - 56 235 -60 
SEDRO 

229 < 13 )  
239 -51 
CHR ISTOP 

96C - 7 1 l  
SNOK 

2�r, 234 -58 Bo; 

CHEHAL I S  
238 -49 

S : PQ R - PLOTTED IEH1AY-90 AT IS:  1 5 : 33 �S 

359 -29 
ROCKY R 
240 -27 

668 ( -2 l l  

lll .... 
S ICKLER 
541 -31 

196260 5/ 1 6/90 PF 4 . 020 
CY89 MJL 
BASED ON J96 1 4 4  
BOTH CJ-SNOHOMISH 3 4 5  OUT 



I NGLEDOI-I 
530 -'17 

24 0 -52 

1 1 8  - 55 
MAR PT 

4 0 { -7 )  

�- - �,. ;l'! L - _gc�> -
- 1'\)  I �  
6 

I-IHID 
1 1 5  -60 

.... :J 

....,... ___ c2Sl ( _30� > 
( 67 ) TF)) -------� 67 � 

INTALCO 
238 -51 

HILTON �J!_-J� 
_ - _ - -

1 1 3  -58 

( 1 1 4  ) 1 1 4  

ao��t7S!,_ 
LAKESO ct" - - � 
1 1 5 -58 

\� 
r\� �\'Ca �, ..... 

LOSSES BPA= 662 . 51 
PNI-I= 1 03 1 . 1 7 

SYSTEM= 36 1 8 . 1 8 

J96EH206 1 /23/90 PF 4 . 02 0  
CY89 MJL 
BASED ON J96EH 1 8 1  
PLAN 3 CJ-5/M 
SNOK ING S 0 0/23 0KV TX ADDED 
ONE BOTHELL-SNOK I NG-MAPLE VL 230�V L NE 



LOSSES 
BPA= 681 . '1 5  
PNW= 1 062 . 7 0  

SYSTEM= 365 0 . 87 

( 1 64 1 64 
239 -54 
OLYMP I A  
539 -51  

S:PQ R- I'LOTTED 2"-JAII-N AT 13aS: It HOURI 

27 0( LS1 ) 
( 2) 

237 -53 
SED T 

358 -30 
ROCKY R 
2'10 -28 

-
,._ N ..... 
I 

I'") I'") <D 

S ICKLER 
539 -32 

0 
(0 ... 

I ... -
C> ,.., N 

J96EH251 1/24/90 PF 4 . 020 
CY89 MAS-MJL 
BASED ON J96EH206 
MAPLE VL 500/230KV TX OUT 



,j 
,.� __ 1 

LOSSES 
BPA= 669 . 31 
PNW: 1 0H . 51 

SYSTEM= 3634 . 1 7 

S:I'Q 11-

239 -52 
OL Y11P IA 
539 -so 

242 -so 
D I ABLO 232 -57 236 -55 

MURRAY SED T 
st� lZ� )��----� 

359 -29 
ROCKY R 
2'10 -26 

) 
-45 

SEATTLE AREA 

-
0 --
I 

CD II) I&) 

S I CKLER 
540 -31 

(\J <0 .... 
I 

-.... (\J 

J96£H252 1 /24/90 PF 4 . 020 
CY89 MAS-MJL 
BASED ON J96EH206 
MONROE S00/230KV TX OUT 



LOSSES 
BPA= 677 . 4 3  
PNW= 1 05" . 59 

SYSTEM= 36" 1 . 25 
239 -53 
OLYMP I A  
539 -so  

S:PQ R- PLOTTED 2-fE�-91 ... 1 07 : SS:23 HOlJIIi 

236 -ss  
SED T 

359 -29 
ROCKY R 
240 -27 

AREA 

S ICKLER 
540 -31 

I ... '0 

J96EH3 1 5  PF 4 . 020 
CY89 MJL 
BASED ON J96EH1 58 
CHIEF JOE-SNOO/MON ADDED 
COV IN6TON-BERRYOALE 230 ADDED 



I NGLEDO� 
530 -49 

239 - 56 

""� \ r ;...> c;,-f 
_., '-; � G; -

BEL P " , 
l l6 -58 " ' 

" 

631 47> 

231 -60 
1 1 8  -61 
MAR P T  

.li5 C -8 1 <;;1- - �� -
;l� L _ !C� I -
- 1\)  I �  
<!> 

�HlD 
1 1 5  -65 

�� ..... 01 
HlLTON ��1.!!._ _ _ _ _  _ 

1 13 -65 

167 1 1351 

237 -55 TACOMA 5'1'1 -'18 
( u3 ) 1 1 3  

PLOTTED 2-f'EB-81 AT 1S: 10: 111 ICliJII 

LOSSES BPA= 703 . 45 
PN�= 1 09 0 . 94 

SYSTEM= 3677 . '18 

* 1 1 11  -66 
o {"E) COT AGEBR � ?71 A_ �_.,, , . .. _ ,  

..... f "" __. ;: I \ I "'- � . .. 
1 15 -61 

/ SNOQ 

J96EH328 2/ 2/90 PF 4 . 020 
CY89 MAS-MJL 
BASED ON J96EH3 1 5  
MAPLE VL 500/230 T X  OUT 



INGLEDOI.J 
529 -'18 

239 -5'1 
,.,.p ..... ,... f � t-

BEL P -\:' ..._ 1 1 5  -56 
1 1 5  -57 -,_ ..._ 7Sl -7 )_ 

1 06( '15 )  

- - ..-.! '- 191 ( S l  

<!> 
I-IHIO 
1 1 5  -64 

S:PQ R-

'-

;;I 

,J_ 4 ( -1 2 )  HILTON 1..7:::::- _ _ _ _ _  _ 

1 1 3  -60 

1 1 23 45 )  

20lS9:,_ 
LAKESO ct - - rV  · 
1 1 5  -59 \� ,...�-;... �\� �, ..... 

\ 

1 1 7  
267 ( 129) 

237 - 5 1  TACOMA 
540 -45 ( 1 1 4  ) 1 1 4  

LOSSES BPA= 589 . 7 1  
PNI.J= 922 . 00 

SYSTEM= 3518 . 80 

NSEATTLE 

J96Ml'16  21 6190 PF 4 . 020 
CY89 ALH-MJL 
BASED ON J96Ml2 1  
ADD CHIEF JOE-SNOQUALMIE/MONRO£ 
ADO COV!NGTON-BERRYDALE 



240 -54 

INGLEDOI-l 
530 -'18 

'- 4!1!Y> 1 17 -56 zo�S.!,. - - �a> ARCO 
- -

BELHM l§ 
BEL P "' , 1 1 5  - 56 1 \.4S{A) 
1 1 5  -57 , , 7Sl- 16l 

1 06( 46) 

231 -58 

<!> 
1-!HID 
1 16 -611 

- - -' 1931 S J  

�y �I 

,... \ 
"" �  2'1 1 -5'1 "" BELHM 

�-��--- ( m )  

HILTON ���� _ _ _ _ _ 

1 13 -61 

260 1 1 051 

238 -51 TACOMA 
511'+ -116 ( 1 1 4  ) 1 1 4  

I'LOTTED &-f"EI-N 111 I J : o7 : 01 IO..ft$ 

LOSSES BPA= 595 . 8 1  
PNW= 934 . 54 

SYSTEM= 3530 . 64 

J96M 1 4 7  2/ 6/90 PF 4 . 020 
CY89 ALH-MJL 
BASED ON J96H146 
SNOKING TAP 230KV BUS OUT 

... ·� 



239 - 56 

INGLEDOI-J 
529 -'18 

lll -SS� 
LAKESD � - :7(2) 
1 1 5 -60 � 

't r\ r 
�� 

259( 1 1  0 )  

238 - 5 1  TACOMA 
51t3 -ItS ( 1 1 4  ) 1 1 4  

PlOTTED 6-rU-91 AT 1 3 ! 09! 18 H:ll.IIS 

LOSSES BPA= 596 . 44 
PNW= 935 . 29 

SYSTEM= 3 5 32 . 05 

NSEATTLE 

J96M 1 4 8  2/ 6/90 PF 4 . 020 
CY89 ALH-MJL 
BASED ON J96H 1 4 6  
MONROE TAP 230KV BUS OUT 
SEDRO TAP 230KV BUS OUT 



248 ( -252) 
I NGLE DOj.j ) 
530 -44 

CUSTER 
239 -48 

LOSSES 
SPA= 68 1 . 53 

PNW= 1 0 1 2 . 36 
SYSTEM= 3 588 . 91 

( �: ) ' 

BROAD
'),.� 

1 18 -- 53 

( �0 ) :<>"' / 
� 0-::/ � 346 ( 7 J  

MASS c J "'' 
1 1 8 -53 "'-" 

" 
238 -47 " 
SOUTH 

( :� ) � 
OE LR 
238 -47 

H I GHL 
23-1 -47 

07 ) ----) 
DUWAM 
2:�9 -46 

238 -46 
OBR I EN 

238 -45 ( 1 1 4  ) T ACOMA 
1 1 4  --) 

532 -44 
CUSTER 

24 0 -so 
BELHM 234 -51 

SEDRO 

MURRAY 

1 86 ( [ 9 )  

27 4 < t tS l 

( 2 l  

0� ) �����--���----��� 

S:PO R-

1 05 1 ( 1 79 )  

543 - 4 0  

360 -24 
ROCKY R 
240 -22 

658 ( -72 )  

10023 
C Y89 MJL 
E c :;.c:-J. !')'/ 
P' � ' ·� 

S IC K L E R  
539 -26 

5/ 8/90 PF 

I 0> 



CUSTER 
239 -45 

LOSSES 
BPA= 66 0 . 27 
PNI-J= 1 0 0 5 . 67 

SYSTEM= 3579 . 80 

HIGHL 
238 -45 

532 -42 
CUSTER 

MURRAY 
232 

238 -47 (\J_<O---=..:.::;..��-� 
SHELTON 
543 -45 

240 -47 
BELHM 

S:PQ R- PLOTTED 1�-IIAY-90 AT 0 7 : 52 : 43 HC>UIS 

234 -48 
SEDRO 

932 ( 202 ) 

544 -38 

359 -22 
ROCKY R 
240 -20 

7 1 0 ( -55) 

"' <T 
(\j lf") lll 

J 0 024 5/ 1 1 /90  
CY89 MJL 
BASED ON J 0 0 08 
PLAN 3 W I TH SNOK ING 
NORMAL SKAG I T  GEN 

S I CKLER 
541 -24 

� -
(\J 
--< (\J 
I C> 

;;::; (\J I 
I<) w �  ..... <X> (\J (\J 

PF 4 . 020 



CUSTER 
239 -46 

LOSSES 
BPA= 671  . 1 1  
PNW= 1 020 . 1 6 

SYSTEM= 3594 . 08 

( H ) 
BROA�� 

1 18 -53 

( �9 � 

H I GHL 
238 -46 

239 -48 
SHELTON 
543 -45 

532 -42 
CUSTER 

240 -48 
BELHM 

MURRAY 
232 -49 

( q O I  q o J  

BOTHELL 
234 -47  

239 -46 
OLYMP I A  
543 -44 

667 ( -25 )  

S : PQ R- PLOTTED 1 �-HAY-90 AT 0 7 : 51 : 56  HOlliS 

233 -50 
SEDRO '\q, ' 

" ,-.,'=' 

C J O  

1 55 ( 7 ) 206 ( 43) 

SNOK 1s;r 234 -47 � S.JJ Ot ) 

1 ( - l )  
5 1 6( 9 ) 
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SAMMAMSH 
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ROCKY R 
240 -21 

o; ,.._ 

C> 
l\J 
_, 
I 

S I CKLER 
540 -25 

co 0> 
_, 

I 0> 1\) 

) ({) ...., ,.._ 
� l\J  

-38 

723 < -SS l 

C> -0> l\J (\J 

1 0 027 5/ 1 1 /90  PF  4 . 020  
CY89  M1L 
BASED ON 1 0 0 08 
PLAN 3 W/0 SNOK I NG 
NORMAL SKAG I T  GEN 



( 248 ( -24 1 ) 
INGLEOOW 2 >  
529 - 4 5  

CuSTER 
239 -49 
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BPA= 695 . 78 
PNW= 1 0 32 . 98 

SYSTEM= 36 1 0 . 1 9 

H I GHL 
238 -49 

531  -45 
CUSTER 

( 1 64 164 

239 -5 1  
BELHM 

203 ( -7 )  
( 2 ) 239 -48 

OLYMP I A  
543 -46 

233 -54 
SEDRO 242 -46 ""'b , 

GORGE �
'
���--------�4�3�< -�S�l------��_/ 

( 1 59 1 59 
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�"' �._/> PAUL 
CHEHAL IS ":l<:>"' 543 _45 

22 1 < 12 )  
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) 
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CY89 MJL 
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-.� -�4-:, 
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.J .--, ., '.,.) .... 
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;; .... .... <D I <D -;;:; 0 � (\J  
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" c  
238 -45 \ 1.. P f o  -674 ( -23 )  

238 - s o  I SHEL TON 
47 

�PL�O�TT�ED�9�-M�A�Y-�9�0�A�T�I�4:�3s�:�SS�����S=-----�==========--------------Lll���S�k�a�·L'�-=--�----------�-��'--J s : po R-
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239 -47 
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BPA= 799 . 20 
PNW= 1 1 88 . 98 

SYSTEM= 3839 . 59 

MURRAY 
232 

( 4 02 ) 4 02 

234 -49 
SEDRO 

� 
( �g ) "----+---------4� 22a -so 

SAMMAMSH 

H IGHL 
237 -48 

0� ) �·����--4X��------��� 

24 0 -48 
SHELTON 
543 -45 

( 2 ) 239 -47 
OLYMP I A  
542 -44 
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S : PQ R - PLOTTED 22-11AY-90 AT 1 1 : 20 : 09 HOlliS 

358 -22 
ROCKY R 
239 -20 

) 

564 ( -88) 

-39 

ll) 0 .... 
I 

I') 00 ll) 

S I CKLER 535 -24 

,._ ,._ 
I 

<D o II) (\J 

SOUND 230-KV 

JOOEH34 S/22/90 PF 4 . 020 
CY89 MJL 
BASED ON JOOEHl l 
PLAN 3 CJ-SNOO ADDED 
SNOHOM ISH TX AND MONROE-
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238 -48 
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SYSTEM= 3869 . 63 
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543 -47 
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11) 0 0 <D 0 -

I 
(\J 

S I CKLER 
533 -26 

<f" -
I 

........-

) � O> �  -
V) C\1 

JO OEH35 PF 4 . 020 
CY89 MJL 
BASED ON JOOEHJir3 ct 
SNOHOMISH 500/230 TX OUT 
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BROA��-
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H IGHL 
237 - s o  
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543 -47 � 
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230 < 53 )  
( ) 

358 -24 
ROCKY R 
239 -22 .... .... .... 

<D 0> IJ'l 

S I CKLER 
536 -26 

;:;; N 0> .... 
I (\J .... ;; I 

0 «> �  «> I<) IJ'l 
(\J 

SOUND 230-KV 

JOOEH39 5/22/90 PF 4 . 020 
CY89 MJL 
BASED ON JOOEHI!t 3C. 
SNOK ING 50 0/230 TX  OUT 
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� )  � I \ '- -.... 
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'i� I I \� \ ..o \ 
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1 1 8  -57 v �- - � � 

!\ I \ \ \--' 
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- � �r �2\ 

o � , ,.. ' "'; """"'f' "L "' \'-!) '\ \ � \ I NORTH \ NO EA 

CANAL 0- "' \.\ '2 \ � "<: I  .._st�l, 1 1 8  -57 "'"'r \ 1 1 7  -56 �.9 
1 18 _57 1 VIEWL ' 0.1 ( ) 

� 
\ 1 1 7 -57 , , 2� 

( 73 ) \ � ( 30 ) �� 
73 r ( 30 ) o 'PUN I V  ��� 30 _40( 1� - - _} 1 18 -57 

BROAD ,-- - - :::--

1 18 -57 !._2ec � 238 -so 
�/ ....._ 2J EASTPI NE 

;o o.O..:f r-( 57 ) 
�/ 0 

366( 3 l  
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BPA= 651 . OS 

PNW= 997 . 54 
SYSTEM= 3594 . 66 
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TACOMA 

239 -so 
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S :PQ R- PLOTTED 1 1-APR-eO AT 16: 01 : 22 t«ll..IS 

269t96l 
( 2) 

<D C1) 
I -1 
� 

24 0 -48 
MAPLE VL 
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360 -27 
ROCKY R 
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240 -47 cov ( 420 ) 205 
'S r 201J 545 

660 ( -4 ) 

� 
0 
<t ... I 
0 
a> If) 

S ICKLER 
540 -29 

en If) ""' � N 
<D --0 a> N 

VANT 
542 -26 

J04 1 65 4/ 1 1 /90  PF  4 . 020  
CY89 MJL 
BASED ON J0475 
PLAN 3 - CJ-S/M ADDEO 



527 -53 
CUSTER 

239 -58 
BELHH 232 -60 

SEDRO 242 -SO 
GORGE 30 ( -6)  

CUSTER 
240 -56 

208( -6 )  

MURRAY 
LOSSES 231 - 58 

BPA= 673 . 86 
PNW= 1 027 . 04 

SYSTEM= 3627 . S5 

( H ) -
BROA>"'--

1 18 -61 R 
( ao ) eo"'' I 0 \1 � �/ 

374<!15 ) 

1 042( 225 ) 

531 -49 

359 -29 
ROCKY R 
240 -26 

9 l2C 7 0 )  

PUGET 

(1;) 
C> 
(\J 
I 

<r 00 10 

S I CKLER 
540 -31 

10 (\J II) � (\J  C> �  C> II) (\J 



498 ( 88 1  

SNOH 
236 -51 

( 2 )  

326 ! -2 1  
SATSOP 
542 -49 

540 -48 
ALST 

( 3057 ) PEARL 
534 -46 

INTERTI E  SCHEDULE 
AC= 4 0 0 . 

DC= 4 0 0 .  

CANADA TO  PNtJ 
C BCH 6. WKOOT I 
5 1=  850 .  
A I=  8 5 0 . 

532 -49 
CUST 

536 -42 
MARION 

239 -46 
TROJ 

,., .... 
(X) 5"16 -43 � SNOO 

991 ( 8) 

1 007 ( 26 ) 

ACTUAL 
AC= 76 . 

DC= 4 0 0 .  

LOSSES 

MONT TO PN� 
51=  1250 .  
A I =  968 . 

BPA= 652 . 46 

PNI-l= 1 0 0 0 . 63 

SYSTEM= 3599 . 22 

IDAHO TO PN� 
51=  7 0 0 .  
A I=  658 . 

545 -30 
CHIEF JO 

GRIZZLY 

SOOBUSNORTHI-lEST 

J04440  7 /26/90 

CY89 MJL 
BASED ON J 0475 
PLAN 3 CJ-S/M 
C-R COMP CORRECTED 

PF "1 . 02 0  

545 -25 
COULEE 



CUSTER 
239 -52 

LOSSES 
BPA= 874 . 44 
PNW= 1 286 . 28 

SYSTEM= 393 1 . 4 0 

( H ) 
BROA�"'- -

1 18 -60 � ( 80 ) </;'""/ 0 \j  � �� 
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H I GHL 
238 -52 

239 -53 
SHELTON 
542 -49 

539 -44 
TACOMA 

PLOTTED 5-JUN-90 AT 08:56 : 45 t«lU\5 
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SEDRO 

23'1 ( 8 )  
238 -so 
CHR ISTOP 

327 <  L46 l 
( 2) 

808 (  3 7 )  

242 -47 
GORGE ,.,co > 

CHEHAL IS  
238 -48 

30< -6> 

1 326 ( 3 1 4 >  

540 -45 

359 -27 
ROCKY R 
240 -24 ,._ S I CKLER 

II) 534 -29 
(\1 01 
� a; -

0> (\J 
I ,._ ) ;:;:; -

I 
Ll) 
<t" II) �  

,._ 
-43 

-
I<) 

6 13 < -54 )  

SOUND 230-KV 

J04EH26 2/ 5/90 PF 4 . 020 
CY89 MJL 
BASED ON J04EHCY89 
PLAN 3 - CJ-SNOQ/MON ADDED 
SNOK ING 500/230 TX ADDED 
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1 1 7 -57 
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238 - 57 1 56 C,20J 
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-
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' 
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�� L _ !l_:,il _ 
- "' I �  
6 
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2931 l lt ll l  
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Pt.OTTE.D 1�E8-W 1\T 12: 1 1 :48 10..115 
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PNI-J= 1 329 . 52 

SYSTEM= 397 5 . 9 1  

* 1 1'1 -6'1 ;t r "'€) COT AGEBR 
I 

� 1 1 5  -57 
,......

"1 SNOQ ( 7� 1  ) 74 1  

NSEAT TLE AREA 

J O'IEH42 2/ 7/90 PF '1 . 020 
CY89 ALH-MJL 
BASED ON J 04EH26 
SNOK I NG 5 0 0KV BUS OUT 
SNOK TAP SOOKV BUS OUT 
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SYSTEM= 3966 . 23 
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H IGHL 
238 -55 

239 -55 
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MURRAY 
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( 398 ) 0 398 
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C J O  � q, 

tV 

50 ( -9 1 
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240 -26 

) 
... 0 .... I 
(() ... ... 

S ICKLER 
531 -30 

J04EH 1 1 0  PF 4 . 020 
CY89 MJL 
BASED ON J04EH26 
MONROE-SNOHOMISH  500  ADDED OP 8 230 
SNOK ING TX OUT 





PF - REACTIVE PLAN 





LOSSES 

118 -so I 
ORENCO I �.!... 
� - r esc23l L - � --

1 I 
I I I 
I 
I 
I 
I 
l 

BPA= 1001 .33 
PNW= 1302,89 

SYSTEII= '1308 .85 

r. -

,. _.,  

<- !!<.;;F• - - - - - - - - - u-
"' ..., ��� ";",� 

,. , '" ... - -.!!! !.! - """ "' ' """"" ..,__ .., ....... '" I .. AI """' � -
- - -

.... 
"' 

.... '" _., 

- .if'l!. ':,.fl$. 
- - �( 

-...,. r6'J 

- �JJ 

' 
118 -48 .... _ 

"9- ..,, """""" 
-

- "' ... 

"""" � - 4''"'' 
,,_, 

-
"'"""'" 

"' ... .. """'' - - .... - - - - - - - - "' 

1 118 -47 K 

rill J;.. 237 -+4 i 231 -'�'� � � � RVRGT � 
HN ,.� 8 -48 

28l 

ill • '" .... • ,., ' '" " 
'" 

- - -

I ,., � 117 -47 (;. CDLU" 

<13�) _ _ -&- _ - - - _,_ 

I 
' "'"" - .., q r - - - - cw.• 

J/ I� \ (U , ) �"" ,.,( ' ) L II''.:'" I� 
"' _, 

� no ' f �
- - ' ��"' ' 1): I m _, 

\ �� -49 \ f' ;1- PORTSHTH ,�� I �KNOTT I 118 -so at.DO� 
I ,_ IH .... -:• I I ""'""' 

� ' 

, ../ ' U5 _, { '" -50 ""' .j, 
"'" ' I ' 

.__ - 1 l 0SC21J STA E , '17C1� - - ._... 
r .:ciJ \ ' -.. 1• 

-
-

- - - - -
- - - - � ,_.,.. -

_ .., 

' UO -50 
� .. � m -R 

-'>UY -50 I ' 

. -21l _ - ../ PENNWALT 
/ I •  A1L

18B -SO '\ AL.DERCRT ::>n( -23) •l'\''
- ltUSV � ' 117 -52 

� 7 / .. � /6 � , \•;.;;?" \ .... 

'.!!\!'� 
- - -

' 
'" 

"""""
'

-

"" 

.. 

"' 

- -

..... 

- -
( 11 IIO�l../ le 118 -Sl �� b-1 1 

TABOR I \� '\ 11 .1i!r ..- I � ..!� 111 -52 
� ..., 1 

T 0 -f 'Y I " ' 

"' ..., 
- .. 11.... 

I Ol ' UO -5> uo _, 1 .o> 

st ""' 1 - - UO _, -'!::!�' .;, 1 ;#. ...,. I ""'"""" 
_ ·� _ � _ - � 

, _§ 
.. � - R r "" • 

"' ' - -"'-B! L ..,. - - - -
I , .r 

-
1 I BVTN 1 us -52 1� ff - 1 

I 111 -52 I 
p 

L 
�' I � I '" _., �::. .!_Oj£1 -&- ..J 

- - -
- -� 

-

I m .... ,,, ,.,_ """" I" LI""'" 

- - • 

1 � ,. , ... 1: .' _ _  � 10 <«m "' _, 
_ ·�� - - - - -

L - � - - - .,.. .._ J� -...._ - -
L - ' • - I 11 10 _, �}-:::_ - - ""' " - - -;-.�, ""' UO .., 

I I I W PRT 
I/ 118 -52 '-.. ' -.::- �..,.,.. 

/ • �C:_l� _ -f5 SEUJ() , , �� �(�\'- -
� 118 -52 ":I I 

- - ' RVRVW TP ' �  ) 

� 
6� r' 

'-1 
t• 

-
IR! 

rfiiJ.' ,._ FMNJAY 
IL"'L Iii 

"""""f. 'I ,,, "" ' � ,,, _., 

uo'=•< - - ' ' ' ' -, _, m _,�L I� ;:_ •Jo!!.:, ,., _,. 
9£RWCXD 

-& ROSE"ONT 

1i,.t 11CL8 8 c:l DMSR ' '-.. - 11a  -s2 n<�)- _ - - .-::it ue -s1 
'�9) 

CANEt1/IH - - -
,. ,. 

-
--

...... � - ,. - - .,. 85JlL \... -

238 
A811110 
CYB8 BLC 
BASED ON A83158 DliT AGE OF AL1.S1'aii-K££L 500 LINE 



l 18 -78 I ORENCO I 8�!2 � - r 19125> L - � --
1 
I 
I 

I 
I 
l 

SWIFT ,., _,, 

"' _, 

� - - -
"" . ""'"

' 

'r- !'!!;;.�' - - - - - -
"' _, r- �!,!_ "" 

155 )' 
"' _

, -- - J!''� - - �" "' ' "'""" --- "� 
m I BIFTIJI � 

- - -$. "' _, 

-· �1) - - �'lb ' �  
- - � ( 0  

""-'"o 
- ,.!_ 

,J 
118 -H 

-

'&- �52._ _j!l-ll CAPEJ-O{N z"3H.l 
117 -75 
BONNVILE 

�I iA 

CAIIASTAP EV - -
-e- - - - _. -

118 -73 
ANSCLK 

1 18 -73 

I ' ? �117 -73 I !.  116 -16 \5 \ ( � .).(! )) ' ' �9127l - � � COLUPI 
SSC l - - _8�29..!.::- - - -ll l�- � ,'�!'; -'<';:- ( 7 ) '- �l-1l.J - - - - �- - - -e-�HRBTN \ ''7' / r_ - ' ...J:!I3G.l o - 1 -;_ I CULLY \ 111 -78 \ � - PORT .......... � _,. 1 •  I 118 -16 1 \J ; ;:,ru n \. ,,. 1-::. '- _/ ""'/ 117 -16 ,� -KNOTI / 118 -77 GLDOVR 117 -79 

'e<- :::._ _/ _ _ l DSClOI 115
51
-7! E { •31 1n I 118 -17 �0115) ..1.. HOLLYf.O) � ,  / � - - n ' ., ·� - - -=1- -t:J  / -22) _/ 1 18 -78 - - - 1V -=- .... 

1� \ ..... ' 
l!..!..:,... - - PENNWAL T / ALB � 'iJ. 116 -78 r \ ' Br./ 

>�1 19� _ _ -:y / I U\ 116 -17 J,_ ALDERCRT t:>l-29 ) \�) -tl111 -78 \ ' .._OJ 
- - -

/ i,l HOLLIIDAY QY-. fU ----15-'- """\ 6� - RUSY � ( 11 M(l)_/ Y:. 118 -77 �� / qr \ ..... 118 -18 
11 XT -7 - I � 7 .... �/ TABOR \ � ' -... HOGAN - ""liiLBRG T 

I ,_; _..._.!� 118 -78 I 
\ �  ' 

- 115 -79 "' ..,/ I \.""' \ _3� � l 118 -16 117 -77 " / � 
� r Qo1Y l"' � HARSH I EASTPORT 59137, \ .... � _, 

/ \ BYTN I 115 -79 � le� ' '18131 l L ..b.... - - - - - -c::- - -t - - -... -y-" 118 -79 - ;;;r -- - - -<!- ......- ..... ..,:; / 1 I � �I I \ ' I 1 17 -78 .._-..}/ h� 1 1 15 -79 �� !!�l-e- __l L � ,� 1 URBAN I� LINCOLN - - - - -� 851-1) N;g 115 -79 - - -
L - - L - - -- � - -1- - - -... � 23122l 

'18130l 
/ 1 ' us -79 ...... ...... /... r --...._ - - - - - - -=>-/ \ I W PRT //  - - - � :::: - - TIH: 116 -79 SHERWODB / ... 18<-7) // 118 -79 '-. ...... -�8� � l iB -78 A _ - ::: -- - -f5 SEU.Kl '

, 

\t! 
,(!.Z'- - ._, RVRYW TP , s,.r. )""./ 1_... � I 115 -79 �J 1 �' .1) 118 '-/ �, � 4f;; �' 

.- �  FNWJAY .._ �117 -78 CLKMS � '\ t\'�-\""· _.. �J 1 19 -77 

239 -73 
TROUT 
52� -12 

..... �'-!!) ..... ( i3b' 
..... _ 

us -7 
OOE C 

.._ --& ROSEIIONT 116 -78�- \� :- 1..!JL...""" 120 -78 ' ;t _.. _M HCLG B 6 OAKGR " � 117 -78 116) - - - -::r 118 -77 .... �) CAHEI1IIH ! -.... - -- ... ... - - � - � - -- -
'- -LOSSES 

BPA= 1 0�6 .80 
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(� \ 
.:;�JEFF 

LOSSES 
BPA= 958.92 
PNW= 1393.88 SYSTEM= 4043 . 08 

"'1 �66 -19 �J !;: <o.fl 
( 

166 - 1 7  
60SHEN 
347 -IS 





PF - PLANS 7 + 8 





CUSTER 
239 -57 

LOSSES 
BPA= 635 • .q2 
PNW= 968 . 5 0  

SYSTEH= 3598 . 50 

o: ) 
BROA� 

1 18 -�1
·
� 

HIGHL 
238 -54 

239 -51  
SHELTON 
5�3 -�8 

PlOTTED 8-AUJ-91 AT 14 :53:2'0 10.115 

236 -60 
SEORO 

722 ( 1 1 1) 

t 2l 

7�2C38l 

-
Cll 

7�8( 1 35 ) 
(II 

5� 1 -51 

N ... 
I 

;;; 0 .. 

N ,., I 
,., N co 

!� 8/ 8/90 PF � . 02 0  
CY89 MJL 
BASED ON J9828.q 
RAVER-SNOQUAL H I E  OUT 
TACOHA 500/230 TX OUT 



CUSTER 
21t 0 -55 

LOSSES 
BPA= 651 . 3 1  
PNW= 985 . 2 1  

SYST£11= 36 1�t . DS 

2110 -55 
SHEL T ON 
51t l -52 

S:PO R- PLOTTED 1-AUCJ-It AT 14:52:00 1GJ15 

235 -58 
SEDRO 

738< t 1Sl 

t 2l 

773( 39) 

51t 1 -�t8 

N 01 I 
,., 
Ol Ol 

SNOOLI1 
5�t0 -�t6 

21t0 -53 
11APLE YL 

ROCKY R 
239 -25 

) 

(.Jl -
(.Jl --

' 
1\) � .... 

� 8/ 6/90 PF �t . 02 0  
CY89 MJL 
BASED ON J96285 
RAYER-SNOOUAL11 [ E  OUT 
TAC011A 500/230 TX OUT 



I NG 
531 -5 1 

395 ( 1 03 1  

SNOH 
237 -53 

43 1 C  5 l  
SATSOP 
543 -48 

543 -47 
ALST 

! 2 l  

( �62 ) PEARL 
539 -44 

INTERTIE SCHEDULE 
AC= 0 .  
DC= 0 .  

CANADA TO PNW 
C BCH � WKOOT l  
S I =  850 . 
A I =  8 5 0 .  

533 - 5 1  
CUST 

545 -4 1 
MAR ION 

24 0 -46 
TROJ 

1 0 10 ( -54) 

1 0 35( -32 ) 

ACTUAL 
AC= -37 0 .  
DC= 0 .  

LOSSES 

MONT TO PNW 
S I =  1 3 1 0 .  
A I =  994 . 

BPA= 662 . 53 
PNW= 1 034 . 6 1  

SYSTEM= 3623 . 36 
IDAHO TO PNW 

S I =  7 0 0 . 
A I =  646 . 

546 -28 
CH IEF JO 

GR IZZLY 

SO OBUSNORTH�EST 

J96EH582 7124/90 PF 4 . 020  
CY89 MJL 
BASED ON J96EH 1 58 
PLAN 7 230/287 REBU I LD 
GC-OLY AND GC-SNOQ 5 0 0  ADDED 
SNOK ING TX ADDED 

548 -27 
COULEE 

I -
N C1> 



S33 C 104 l 

SNOH 
237 -so 

C 2 l  

349 l 22 l  
SATSOP 
S4 1 -so 

S41 -46 
ALST 

KEELER 

( 362 
362 ) 

INTERT I E  SCHEDULE 
AC= -87 0 .  
DC= - 1200 . 

CANADA TO PNW 
C BCH 6. 1-JKOOT l 
5 1 =  8SO .  
A I =  8 5 0 .  

531 -47 
CUST 

2't 0 -45 
TROJ 

MCL 
528 -38 

1 146 ( -94 ) 

S34 -35 
MAR I ON 

(\J 543 -42 � SNOO 

) 

l lS7 C 64 )  

l204 l 64 ) 

ACTUAL 
AC= - 1 137 . 
DC= - 1200 . 

LOSSES 

MONT TO PNW 
51=  1 3 1 0 .  
A I =  1 042 .  

BPA= 829 . 94 
PNW= 1 227 . 1 5 

SYSTEM= 3865 . 93 
IDAHO TO PNW 

S I =  630 .  
A I =  63 1 . 

m -.1 
V1 

544 -28 
CHIEF JO 

GRIZZLY 

50 0BUSNORTHWEST 

J OOEH 1 7  8 /  7190 
CY89 MJL 
BASED ON JOOEH 1 1 
PLAN 3 CJ-5/H 
CENTRAL IA UNI T  DOWN 

PF 4 . 020  

S48 -23 
COULEE 



CUSTER 
240 -64 

LOSSES 
BPA= 694 . 95 
PNW= 1 063 . 80 

SYSTEM= 367 3 . 69 

0� ) 
BROA�"'--

1 18 -67 R ( 80 ) <orO'/ 0 \( � �"/ 
404 (  5 )  

239 -54 
SHELTON 
543 -so 

MURRAY 
23 1 

s:Po R - PLOTTED 6-AUG-90 A T  1 5 : 36: il t«:ll.RS 

232 -67 
SEDRO 

824 ( -347 ) 

3 1 ( -6 ) 

209< -8 )  

(!) t<) {\J I 
ll) 0 
(!) 

S ICKLER 
535 -32 

104497 PF 4 . 020 
CY89 M1L 
BASED ON 104438 
TACOMA 500/230 TX OUT 
RAVER-SNOQUALMIE 500  OUT 



CUSTER 
240 -60 

LOSSES 
BPA= 689 . 66 
PNW= 1 049 . 85 

SYSTEM= 3655 . 32 

o: ) 
BROA� 
1 18 -�4 -� 

239 -55 
SHEL TON 
543 -52 

BOTHELL 
237 -57 

S:PO R- PlOTTED 8-AU0-90 AT 14:50:38 ICIITI5 

232 -63 
SEORO 

8581 -240 ) 

1 005 1 26 1 1 
515 -52 

24 0 -55 
MAPLE VL 

ROCKY R 
237 -27 

0 
0) -
� -
C\1 C\1 I � 
o; I -... - -,.. ,.. C\1 

J 04498 8/ 6/90 PF 4 . 02 0  
CY89 MJL 
BASED ON J 04'19'1 
RAVER-SNOQUALM I E  OUT 
TACOMA 500/230 TX OUT 



I NG 
530 -56 

586 1 1 5 1 ) 

SNOH 
236 -59 

1 2 )  

362 1 27 )  
SATSOP 
534 -58 

536 -55 
ALST 

( 359 ) 359 

I NTERT IE SCHEDULE 
AC= -73 0 .  
DC= - ! 84 0 .  

CANADA T O  PN� 
I BCH & 1-lKOOT l 
5 1=  85 0 .  
I. I =  C' �  0 .  

531 -56 
CUST 

1264 1 -298) 

535 -42 
MAR lON 

ACTUAL 
AC= - 8 1 5 .  
DC= -2 0 13 .  

MONT TO PNW 
S I=  1 3 0 0 .  
f, I =  1 0 1 1 .  

1?62< 79)  

1 2721 S5 l 

LOSSES 
BPA= 1 0S2 . 34 
PNI-J= 1 4 78 . 35 

SYSTEM= 4 1 33 . 36 
I DAHO TO PN>l 

Sl = 480 .  
A] : 5 1 2 .  

542 -36 
CHIEF JO 

GRIZZLY 

SO OBUSNORTH�EST 

J 04EH 160  7 126/90 
CYB9 MJL 
BASED ON J04EH7 0 
PLAN 3 CJ-S/M 
C-R COMP CORRECTED 

PF 4 . 020  

548 -3 1  
COULEE 

7 -... 
0 -



66 . 3  -75 
SAPPHO 

SAPPHO 
1 1 2 -74 

rt; r ": 1 5  �, ( ' '\. ---=-2�3 .... 7 

.e:

-
-
53

Q 

;;; ,,� 
VL :::fP j'W ' � I IJ  _ , , ..,. 

(Of � I  ( 
.,.L - ,��>��>� 

\ CNT I MNT EL \ 
N 

\ I �� 
1 1 7  -58 1 .l� �EYER ... ,.¢:> -���"':>" ;,; -lf: I ','11)0� 5 EL iil' ( � SATSOP 

..._'ll .... /9( { \.s� T 
COSMOPLS <)it-;: 
1 1 7  - 58 l ,s:.. 

( 33 ) T �:;. 33 ,--
RAYMND Q"> 
1 1 7  - 59 1 
( �� ) T 

24 0 - 5 1  
SATSOP 
5 4 0  -48 

LOSSES 
BPA= 
PN�= 

SYSTEM= 

885 . 83 
1 3 06 . 34 
3954 . 6 0  

2 "1 0  -53 
SHELT 
5"11 -49 

tS�)- \ - (X) 

f\) V\  - 0  

CHEHAL IS 237 -49 

S : PO R- , PLOTTED 27-JUL-90 AT 1 5 : 37 : "12 HOURS 

542 -46 
ALLST 

TAC B 
236 - 54 

OLYMPIA  AREA 
J 04EH162 7/27/90 PF 4 . 020 

CY89 MJL-ALH 
BASED ON JO"'EH154 
PLAN 7 
OLYMPIA  S 0 0/230KV TXF OUT 



238 -59 233 -60 
BELHM SEDRO 

CUSTER 
238 -56 

MURRAY 
LOSSES 231 

BPA= 885 . 83 
PNj..,i= 1 3 06 . 34 

SYSTEM= 3954 . 60 

HI GHL 
238 -55 

237 -54 
OBRIEN 

240 -53 
SHELTON 
541 -49 

536 -47 
TACOMA 

( 1 62 
1 6 2  

8 1 C  SOl 
( 2 )  237 -54 

OLYMPIA  
543  -47 

1 17 1 ( 83 )  

3 1 3 ( 1 2 1 ) 
( 2 )  

776 C S7 l  

1206 C 385l  

539 -49 

;:. SI CKLER 
LO 530 -29 
;;:; <T ;;; ,... 0 o; -

I ---- � (\J  Q) <D .., -<T 
-46 

-
"' 

183 ( -91 ) 

PUGET 

J04EH162 7127190 PF 4 . 020 
CY89 HJL-ALH 
BASED ON J04EH1 54 
PLAN 7 
OLYMP IA  500/230 TX OUT 



CUSTER 
238 -57 

LOSSES 
BPA= 898 . 26 
PN�= 1 325 . 40 

SYSTEM= 3974 . 45 

HI GHL 
236 -59 

( H ) 

235 -58 
OBR IEN 

239 -S"t 
SHELTON 
543 -so 

R- PLOTTED 27-JUL-90 AT 1 5 : 39 :  

232 -61 
SEORO 

801 ( 45 )  

3 15 ( -98 ) 

-
� S ICKLER 
N 529 -30 
I 

II) N -
I 

r-11) 
<D 

J04EH1 63 7/27/90 PF 4 . 020 
CY89 MJL-ALH 
BASED ON J04EH154 
PLAN 7 
MAPLE VL S0 0/230KV TXF OUT 



CUSTER 
238 -57 

LOSSES 
BPA= 886 . 87 
PNH= 1 3 06 . 73 

SYSTEM= 3955 . 61 

( n )  
BROA�"'--

1 18 -64 )i.(... 
( 80 ) <oQ;/ O S/  � �"'; 

'1 1 3 (  2 )  

Hl GHL 
238 -56 

238 -59 232 -60 
SEORO 

780 ( 4 3 1  

242 -51  
GORGE 3 0 ( -6 )  

208 ( -9 )  

1 258 ( 379) 

538 -49 

-
;;:; SICKLER 
- 530 -29 
(ij -0 
(\J -

(\J -

-
VI 0 

� "'  o -
r-0 
I<) 

SOUND 230-KV 

J04EH165 7127190 PF 4 . 020  
CY89 MJL-ALH 
BASED ON J04EH1 54 
PLAN 7 
COVI NGTON 50 0/23 0KV TXF OUT 



CUSTER 
239 -62 

LOSSES 
BPA= 899 . 67 
PNW= 1 345 . 1 2  

SYSTEM= 3997 . 04 

237 -57 
OBRI EN 

530 -48 
TACOMA 

230 -65 
SEDRO 

238 -58 
EASTP INE 

0� ) 

WHI TE RV 
236 -54 

806 < 98 )  

iii S ICKLER - 529 -31 t<'l 
;;; U") iii -- fJ) I (\j II) 

0 I 
- � N  
(D t<'l --0 ,..., 

J04EH166  7127190 PF 4 . 020 
CY89 MJL-ALH 
BASED ON J04EH1 54 
PLAN 7 
SNOK ING 5 0 0/230KV TXF OUT 



CUSTER 
239 -66 

LOSSES 
BPA= 948 . 87 
PNI-J= 1 4 06 . 96 

SYSTEM= 4063 . 26 

01 ) 
BROA�"'--

1 16 -74.._ R 
( 78 )' §'I 32 :/ P:�'/1 �I 1 51 0 ( 

H IGHL 
234 -64 

239 -63 
SHELTON 517 -59 

8 19 ( -63)  

239 -61 
OLYMP I A  5 1 6  -58 

229 -70 
SEORO 

S : PQ R- PLOT T E D  27-JUL - 9 0  AT 1 5 : 5 0 : 08 HOJRS 

815 ( -64 ) 

ROCKY R 
234 -29 

5'13( -59 )  

S ICKLER 
525 -35 

PUGET SOUND 230-KV 

J 04EH 1 67 7127190 PF 4 . 020  
CY89 HJL-ALH 
BASED ON J04EH1 56 
PLAN 8 
SNOK I NG 50 0/23 0KV TXF OUT 



CUSTER 
238 -63 

LOSSES 
BPA= 951 . 5 1 
PNW= 1 4 0 1 . 95 

SYSTEM= 4055 . 88 ( 396 ) 
396 

23 1 -67 
SEDRO 

802 ! -204 ) 

( �� ) 
BROA�A..___ 

l l7 -74 � 
BOTHELL �-���-�=====��= 
236 -64 

( 78 ) q,..::: I � �  � "� 334 ! 

H l GHL 
232 -67 

238 -63 
SHELTON 5 1 6  -60 

( 2 )  239 -62 
OLYMPI A  5 1 6  -58 836 ! -44 ) 

s : Po R- PLOT TED 27-JUL-90 AT 1 5 : �2 : 1 &  HOURS 

234 -66 ( 343 ) MAPLE VL 343 

444 1 1 16 )  

ROCKY R 
234 -28 

586( - 17 )  

J 04EH 168 7127190 PF 4 . 020 
CY89 HJL-ALH 
BASED O N  J 04EH! S6 
PLAN 8 
MAPLE VL 50 0/230KV  TXF OUT 



CUSTER 
238 -58 

LOSSES 
BPA= 904 . 68 
PNW= 1 327 . 37 

. SYSTEM= 3977 . 1 7 

235 -57 
OBR IEN 

238 -55 
SHELTON ;; 
542 -51 � 

()) 

MURRAY 

PLOTTED 6-AUG-90 AT 1 5 : 33 : 52 HOl.fiS 

781 ! 1 5 1  

1273! 362 1 

535 -51 

If) (\I I 

SICKLER 
529 -30 

SOUND 230-KV 

J04EHl 83 8/ 6/90 PF 4 . 020 
CY89 MJL 
BASED ON J04EH 1 54 
TACOMA 500/230 TX OUT 
PLAN 7 

-
VI 1\) 





Attachment 2 





BPA F 1325.01 (01-89) 
U.S. DEPARTMENT OF ENERGY - BONNEVILLE POWER ADMINISTRATION 

(PreviollsJy BPA !!00) 

. r10M 

OCT 1 2  !Bl 
: Ma rv Lan dauer , El ectri c a l  E ngi n ee r  

P roj e c t  Stu di es Sec ti o n  - E OFB f'I101V" 
�morandum 

surue�: New Cross Mounta i n Tra nsmi s s i on L i ne Al terna ti ve 

TO : Denn i s P orter , Ass i stant D i rec to r 
Di vi s i on o f  System Pl a nn i n g - E O  

1.---A_TI_A_C_/-l_M_E:_N_T_L.___,l 
I have rece ntl y b ee n  stu qy i n g  a new c ross mounta i n  tra nsmi s s i on l i n e 
al ternati ve for the P uget So und Area El ectri c Rel i ab i l i ty P roj ect th at s hows 
some p rom i s e .  Thi s al terna ti ve cons i sts of reb ui l di n g  the doubl e - c i rcu i t 
Ch i ef J oe-Sno homi sh 345-kV L i ne to s i ng l e-c i rc u i t 5 00-kV , usi ng a s  mu c h  o f  the 
exi sti n g  tower s tructures a n d  conductor as pos s i bl e .  The n ew l i ne� wo u l d be 
l ooped i nto Mo n roe a nd termi nated at Sno homi sh wi th a n ew 500/230-kV 
autotra ns former . New 5 00-kV swi tchi n g  s tati o ns wo ul d be a dd e d  a t  Col umb i a  and 
Mad R i ver (my name fo r a n ew s ta ti o n  a l ong the Stevens Pass corri dor ) ,  wi th a 
new s i ng l e c i rcui t 500-kV l i ne connec ti n g  th e s e  new stati ons to th e exi sti n g  
S i ck l er swi tchyard . Re fer to Attachment A .  

Onl y 2004 s tu di es o f  th i s  pl a n  h ave been run a n d  these a re not compl ete . 
A step pl a n  between 1 996 a nd 2004 has not b e e n  deve l oped . T h ere are al s o  ma ny 
pote nti a l  vari ati ons to th i s  � an that h ave not yet been e xpl o red . 

I t  i s  a s s umed tha t  the a dd i ti o n o f  the Sno homi sh 5 00/230-kV trans former ( to 
repl ace the e xi sti n g  345 /230-kV tra nsformers ) a n d  a Snak i ng 500/230-kV 
trans former wi l l  provi de a dequate s upport to the North Seattl e area th ro ugh 
2004 . A s econd C hi ef J oe 5 00/230-kV tra ns former w i l l be needed becau s e  of the 
remova l of the 345-230-kV transformers there . ·  500 MVAR SVCs a re a s s umed at 
Mapl e Val l ey a n d  Keel er i n  the 2004 stu di es , as i n  the other pl ans . 

The a dd i ti o n  o f  the new east s i de cro s s ti e reduces the s everi ty o f  the outages 
th at can occur by provi d i n g a more i nte gra te d tra nsmi s s i on sy stem . The p ost
trans i e nt p er forma nce of the th ree worst outages for thi s al ternati ve i s  shown 
i n  the Q-V c u rves i n  Attachment B .  The s e  c u rves c a n  be compared to the th ree 
wors t outag es for the C h i ef J oe-Snoqual mi e/Mo n ro e  pl an we s u bm i tted a s  the 
bu dget pl a n  ( Pl a n  3 shown i n  Attachment C ) . Thi s n ew �lan w i l l requi re 
addi ti o nal  re i n forcement for the s i ngl e l i ne outage i n  2004 to p·ro v i de the 
nece s s a ry 500 MVAR ma rgi n ,  whereas the b u dget pl an does not r eq ui re a dd i ti onal 
re i n fo rc ement u nti l 2005 . I t  shoul d be noted th at thi s new pl an , l i k e  the 
Reacti ve Al ternati ve , does not h ave the s ame u l timate c ap ac i ty th at the n ew 
500-kV do ubl e-ci rc ui t L i n e  pl a n s  do . The cro s s ti e pl an and the Reac ti ve 
Al ternati ve make b etter u s e  of e xi s t i n g  sy stem c ap ac i ty ,  es pec i a l l y  duri n g  
outages . 



2 

The l oss savi n gs for thi s  pl a n  i s  l ower th a n  the n ew doubl e c i rc u i t  l i n e  pl a n s 
i n  the most r ec e nt engi n eeri n g  rep o rt .  As c ompared to th e Reacti ve 
Al terna ti ve ( s i nce the b a s e  sy s tem wi l l  not sol ve wi thou t rei n fo rc em e nt i n  
l a ter yea rs ) , th i s  n ew al ter n a ti ve wi l l  save about 5 7  MW i n  l os s es i n  2004 . 
For compa ri son , the C hi ef J oe-Snoqual mi e 500-kV doubl e c i rc u i t l i ne 
al tern a ti ve s a ve s  about 65 MW a n d  the C hi ef J oe-Snoqual mi e/Monroe 500-kV 
doubl e ci rc u i t  L i n e  pl an saves about 77 MW . 

Eve n though th e post-tra n s i ent performance a n d  l os s  savi n gs a re i n feri o r  to 
the better doubl e-c i rc u i t pl ans , thi s new pl an shoul d b e  cons i dera bly 
cheaper . The r ebui l d  o f  the 345- kV l i ne w i l l . b e  l es s  exp e n s i ve th a n  a n ew 
s i ngl e-ci r c u i t l i ne s i nce the co n ducto r  a n d  mu c h  of the exi sti n g  towers , c a n  
be reu s ed .  Thi s savi n gs sho u l d more th an offset th e a dd i ti onal  c ost o f  the 
extra l os se s , ea st s i de l i n e  co n s truc ti on a n d  swi tchya rd devel opment at 
Col umbi a a n d  Ma d Ri ver . 

Thi s c ros st i e concept cou l d a l s o  be appl i ed to many o f  th e o th er -pl a n s  
d oc umente d  i n  the engi neeri n g  report.  I t  woul d al s o  al l ow fo r a stage d 
devel opment o f  th ese al terna ti ves that cou l d r educe the overa l l c o s t .  

S' Attachme nts 

Ml andauer : zb : 3887 ( V S1 6-EOFB-6844L } 

cc : 
A .  C o u rts - E 
M .  Ra schi o - E OF 
A .  Rodri gues - E OFA 
M .  B o nd - E OFB 
G .  C omegys - E OFC 
Offi c i a l  F i l e  - E OF ( F Y  91 BI 1 4 }  
tJ, (e.s 
1«-j I,..,. 
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PLAN 3 CH I EF JOE -SNOO/MON C.D-r�cf. c - R... 
o J 0 4EH 1 59 :  COULEE-RAVER OUT CJ04El..f l58) S ��S C.�. 

t.. J 044 4 1 : BOTH COULEE -RAVER L I NES OUT (J o��o) 
+J 04EH 1 6 1 : TROJAN SCRAM (JO <i€:'-4 1?oo) 
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ATTACHMENT 3 :  THE REACTIVE PLAN 
by Ma rv Landaue r - BPA 

3 - 9 - 9 2  

The p r e fe r red reac t ive p lan i s  the addit ion o f  a new swi tchyard i n  the Naneum 
a r e a  tha t inc lude s s e r i e s  c ompen s a t ion on the Rave r s i de . Ini t i a l ly b anks of  1 9  
ohms and 3 1 5 0  amp s wi l l  b e  added t o  the doub l e  c i rcuit  l ine s , f o l l owe d l a t e r  by 
two new b anks , one on the S i c kl e r-Rave r l ine ( 2 0 ohms and 2 2 0 0  amp s ) and one on 
the Vantage-Rave r l ine ( 2 3 ohms and 2 0 0 0  amp s ) . This  p l an evolved f rom the 
o r igina l reac t ive p l an that wa s d e s c ribed in the Puget S ound T ransmi s s ion 
A l t e rnatives  Repo r t . Thi s  report document s  the s tudy wo rk tha t wa s done s ince 
that t ime to  deve lop this p r e f e rred reac t ive p l an . 

S e c t ion 1 :  A s s umpt ions 

P l ans we re d e s i gned to  p rovide at  l e a s t  5 0 0  MVAR reac t ive ma rgin . The s tud i e s  
i n  t h i s  rep o rt a s s ume that the f o l l owing fac i l i t ie s  a r e  in s t a l l e d :  

To provide reac t ive s uppo rt i n  t h e  P u g e t  S ound Bas in through 1 9 9 6 :  
- 2 3 0 - kV,  3 0 0  MVAR S VC ' s at  Map l e  Va l l ey and Ke e l e r ,  
- 5 0 0 - Kv Snoqua lmie swi tchy a rd , 
- LDC's added a t  Coule e , Cent ra l ia , John Day , The Da l le s , Bonnev i l l e . 
- addit ional 5 0 0 - kV shunt caps  at  Snoqualmie ( 6 2 5  MVAR ) and Mon roe ( 3 1 2 MVAR ) , 
- addit iona l 2 3 0 - kV shun t caps  a t  Snaking , Tac oma and O lymp i a  ( 1 5 3  MVAR each ) , 

The s e  addit iona l shunt c apa c i t o r s c an be u s e d  a s  MSC's . 

To p rovide l oc a l  re in f o rc ement t o  the Puget S ound a re a :  
- Rave r - Snoqua lmie 5 0 0 - kV l ine # 2  
- Map l e  Va l l e y  5 0 0 / 2 3 0 - kV t ran s f o rme r # 2  and Mon r o e - Snohomi sh 2 3 0 - kV # 3  OR 

Snaking 5 0 0 / 2 3 0 - kV t rans f o rme r 
The s e  l o c a l  reinforcement a s s umpt i on s wi l l  b e  reviewe d l a t e r  in this  repo rt . 

S ome s upport appe a r s  t o  b e  needed in the P o r t l and a re a  about 2 0 0 4 , regardl e s s  o f  
the reinforcement added in the Puge t S ound a re a . An S VC a t  O s t rande r wa s 
p ropo s e d  in the o rig inal re a c t ive p l an and woul d  provide this s upport . Howeve r 
an MSC at  Ma r i on i s  probably s u f f i c ient , e s p e c i a l ly s inc e the s e  s tudie s a l ready 
inc lude 3 c apa c i t o r  g roup s at  O s t rande r .  

S e c t ion 2 :  Evo lut ion o f  re a c t ive p l an 

S eve r a l  reac t ive opt i ons  we re deve l oped and s tudie d . The mo re impo rtant opt ions 
a re l i s t e d  b e l ow. Othe r opt ions that we re s t udied and e l iminat e d  a r e  inc luded 
in Table 9 at  the end of this report . 

Sys tem l o s s e s  and the p e r fo rmanc e o f  a l l  opt ion a re summa r i z e d  in T ab l e  1 .  A 
d iagram o f  the maj o r  c ro s s  mount a in t ransmi s s ion l in e s  i s  inc luded in T a b l e  2 .  
QV c u rve s f o r  each opt i on ,  by p l an numb e r ,  are  a l s o  a t t ached . 

REACTIVE PLAN 3 

The O r i gina l React ive P l an c ons i s t e d  of  the f o l l owing addit ions : 

A .  3 0 0  MVAR S VC's at  Cov ing t on , Snohomish and O s t r ande r ,  
B .  Ch i e f  Jo -Monroe s e ri e s  c ap s , 2 5 %  f ixed and 2 5 %  swit che d ,  



c .  N aneum- Rave r # 1  and # 2  s e r ie s c ap s , 3 5 %  f ixed and 3 5 %  swi tche d , 
D .  Coule e - Rave r # 1  and # 2  s e r i e s  c ap s , 2 0 %  f ixe d , 
E .  Rave r - Snoqualmie 5 0 0  # 2  l ine , and 
F. Map l e  Va l l e y  5 0 0 / 2 3 0  Tx #2 and Monroe- Snohomi sh 2 3 0  # 3  l ine . 

Thi s  re a c t ive p lan app e a r s  to  have p lenty o f  ma rgin a s  shown in QV-Curve 3 .  
This i s  l a rgely due t o  the MSC ' s that have b e en p r op o s e d  f o r  the Puge t S ound 
Bas in s inc e the o r i g ina l engine e r ing repo r t . Ove rvo l t age s wou l d  occur  with the 
5 0 %  c omp on Chi e f  Joe -Monroe l ine . This woul d  require that the c omp be s p l i t  
int o  two b ank s , s ep a r a t e d  by s ev e r a l  m i l e s  o f  l ine impe danc e .  

REACTIVE PLAN 3C 

S ince the  o r iginal p l an had s o  much ma rgin , s ome of  the  c omponent s o f  that p lan 
c ou l d  be e l imina t e d . The S VC ' s are  very expens ive and the r e l iab i l i t y  o f  the 
swi tched s e r i e s  is que s t ionab l e .  The re f o re this  p l an wa s developed  with only 
fixe d s e r ie s  c ap s :  

A .  3 5 %  s e r ie s  c omp on Chie f Jo-Monroe l ine , 
B .  6 0 %  s e r i e s  c omp on Naneum- Rav e r  # 1  and # 2  l ine , 
c .  addit iona l 2 7 . 5 %  s e r i e s  c omp on Cou l e e - Rave r  # 1  and # 2  l ine s , 
D .  Rave r - Snoqua lmie 5 0 0  # 2  l ine , and 
E .  Map l e  Va l l e y  5 0 0 / 2 3 0  Tx # 2  and Monro e - Snohomi sh 2 3 0  # 3  l ine . 

S e r i e s  c omp l eve l s  for this  p l an we re s e le c t e d  f o r  opt imum lo s s  s aving s . The 
Cou l e e - Rave r  leve l was op t imized f i rs t ,  Chi e f  Joe -Monroe next , then Naneum- Rave r 
l ine s ( t ogethe r ) . Then the s ens i t ivity  o f  the s e  leve l s  we re t e s t e d  again s t  each 
o the r and adj u s t e d . The c omp l eve l s  ob t a ined f rom this  me thod make the X / R  
r a t i o s  o f  the f ive 5 0 0 - kV l in e s  n e a r ly equa l . The l o s s s av ing o f  th i s  p l an i s  
s l ight l y  b e t t e r  than the o r i g ina l  p l an a s  shown in T a b l e  1 .  

With this  p l an ,  the re are  no s e r i e s  c ap t e rminal  ove rvo l t ag e s  at  ope r a t ing 
p o int s .  The Ch i e f  Joe -Mon roe c ompen s a t ion c ould b e  added at  one s i t e . Thi s  
p l an wo rks th rough 2 0 0 3  a s  shown in QV- Curve 3C. 

NANEUM DEVELO PMENT 

Large amounts  of s e r i e s  c omp en s a t ion are ne eded in the s e  p l ans  to s upp o r t  the 
s y s t em for the l o s s of the doub le c i rcuit  Cou l e e -Rave r  l ine. Howeve r  adding 
s e r i e s  c ompens at ion on the o the r c ro s s  moun t a in l in e s  is not the mo s t  e f f i c ient; 
i t  i s  b e t t e r  t o  load the doub l e  c i rcuit  l ine s .  One way to  imp rove the s y s tem 
pe r f o rmanc e without a dd ing exc e s s ive amount s of c ompen s a t ions i s  to dev e l o p  a 
switchyard t o  t i e  the s y s t em togethe r . Th i s  woul d  reduc e the s ev e r ity o f  the 
doub l e  l ine outage s igni f i c antly . The swi t chya r d  mus t  be deve l op e d  s omewhere  
a l ong the Coul e e - Rave r  l ine s , p r e f e rably a r ound the midpo int . The r e  a re 2 
exis t ing s t a t ions in this  are a  at  Naneum and Co lumb i a . Naneum deve l opment wou l d  
r e qu i r e  t y ing b o th Coul e e - Rave r l ine s , t h e  Vantage - Rave r l ine and the S ic kl e r 
Rave r l ine toge the r . Co lun1b ia  deve l opment wou l d  require t y ing b o th Cou l e e - Rave r 
lin e s  toge the r ne a r  the exi s t ing Co lumb i a  s it e  and a dd ing a new t ie l ine to  
S ic kl e r  ( Rocky Ford on the  Cou l e e - Han ford l ine i s  anothe r po s s ib i l i ty ) . Thi s  
t i e  l ine addi t i on wou l d  b e  about 2 0 - 2 5  mi l e s  l ong . 

A c ompa r i s on of  the doub l e  l ine outages f o r  the s e  two p l ans in J 9 7  i s  shown in 
QV-Curve 4 .  If a Naneum Swi t chyard i s  deve l oped , the doub l e  Cou l e e -Naneum and 
doub l e  Naneum- Rave r l ine outage s a re of s imilar  s eve r i ty and a r e  much b e t te r 



than the ex i s t ing s y s t em without the switchy a rd . I f  a Co lumb ia switchy a rd i s  
deve loped a l ong with a S i c kl e r-Co lumb ia 5 0 0 - kV l ine add i t ion , the doub l e  Cou l e e 
Co lumb ia outage is  a l s o  much b e t t e r ,  b u t  the doub l e  Co lumb i a - Rave r l ine outage 
is  s i gni f i c ant ly wo r s e  than the Naneum- Rave r out age if  the Naneum swit chyard is 
deve lop e d . Howeve r ,  both o f  the s e  outages are  b e t t e r  than the exis t ing s y s tem . 
The N aneum swi t chya rd p e r f o rmanc e is  b e t t e r  than Co lumb i a . 

The l o s s  s aving o f  the s e  two p l ans and the ex i s t ing s y s t em a re ve ry s imi l a r .  
Naneum deve lopment shou ld be l e s s  expen s ive t o  c ons t ruc t s ince the re is  n o  
s ign i f ic ant l ine c on s t ruc t ion . A Naneum Switchya rd c ould a l s o  he lp t h e  l ine 
c ros s ing problems in that a re a . 

E i the r Naneum o r  Co lumb ia deve l opment should f i t  into the l ong range p l anning 
fo r  the a r e a  s ince they c ould be the s ta r t  o f  a c ro s s t ie , wh ich would de f in i t e ly 
p rovide a s t rong e r  s y s tem,  e spec i a l ly i f  a new l ine i s  buil t in the S tevens Pa s s  
( no rthe rn ) c o r r idor.  A l s o , with a new l ine addition and no switchya rd 
deve l opment , the wo r s t  doub le  l ine outage i s  s t i l l  the l o s s  o f  b o th Cou l e e - Rave r 
c i r c u i t s  s ince they a re s e r i e s  c ompens ated . Adding a swi t chya rd a l ong the s e  
l in e s  re duc e s  the s everity o f  this wo r s t  doub l e  l ine outage and would ma ke the 
new l ine opt ions p e r f o rm much b e t t e r. 

Naneum app e a r s  to  be the b e s t  p l an t o  reduc e the s everity  o f  the doub l e  l ine 
outage . I f  this swi t chya rd i s  develope d ,  the next p roblem t o  s o lve is  the Ch i e f  
Joe -Mon roe outage du ring abno rma l wint e r  s in c e  Naneum doe s l i t t l e  t o  he lp that 
p rob lem . If the problems a s s o c iated with th i s  l ine outage is s o lved , the s y s t em 
should a l s o  be a c c e p t a b l e  f o r  the Troj an s c ram . Add ing s e r i e s  c omp t o  the new 
Naneum- Rav e r  l ine s e c t ions ( the o l d  Cou l e e - Rave r  c i rcui t s )  wou l d  help f o r  b o th 
o f  the s e  outage s .  

Onc e a swi t chyard i s  added a t  Naneum , pe r c ent c ompen s a t ion leve l s  b e c ome 
c onfus ing. P e rc ent c ompensat ion is de f ined as the te rmina l - t o - t e rminal 
impedance o f  the  l ine in que s t ion. For  examp l e , an add i t iona l 207.  c ompen s a t ion 
on the Cou l e e - Rave r  l ine s is  19 ohms . If Naneum is  deve loped and this s ame 
c omp en s a t ion is added on the new Nane um-Rav e r  l ine s , the p e r c ent c omp en s a t ion is  
4 4 % .  In an a t t emp t f o r  c la r ity , whenev e r  perc ent c ompens at ion amount s c ould be 
c onfus ing , the ac tua l ohms o f  the bank wi l l  a l s o  b e  no t e d . The impedanc e of a l l  
5 0 0 - kV c ro s s  mountain l ine s is  summa r i zed in Tab l e  2 .  

REACTIVE PLAN 3 F  

Th i s  p l an c ons i s t s  o f  the Naneum Swit chyard t o  s o lve the doub l e  l ine outage and 
s e r i e s  c omp on the new Naneum- Rav e r  l ine s ( 2 6 ohm s , 6 0 7. ) to s o lve the Ch i e f  Joe
Monroe outage and T roj an s c ram. QV-Cu rve 3 F  shows that th is  p l an would p e r f o rm 
acceptably through 2 0 0 4 .  The re i s  s ome lo s s  s avings due to  this p l an ,  howeve r 
the s e  s e r i e s  c omp l eve l s  a l s o  have not been op t imiz ed . 

REACTIVE PLAN 3 G  

The c ap a c i t o r  b anks i n  P l an 3 F  would n e e d  to  b e  ext reme ly l a rge ( about 4 6 0 0  amp s 
t o  me e t  the 2 0 0 4  l oad ) . The e x i s t ing switchgear at  Raver is  l imited t o  about 
4 2 0 0  amp s in wint e r .  A l s o  l o s s e s  a re not opt ima l for 2 6  ohm b anks . 

With the addit ion o f  a Naneum swi t chyard to  the exi s t ing s y s tem,  the op t imum 
c ompen s a t ion level f o r  the new Naneum-Rav e r  l ine s i s  an addit ional  2 0 - 2 5 7.  o f  
ent ire  l ine l ength ( 4 4 t o  5 6 7.  o f  the Naneum- Rav e r  s e c t i on ) . Re f e r  t o  G raph 5 .  



With a new c ro s s  moun t a in l ine added ( Chie f  Joe - Snohomi sh 3 4 5  rebu i l d  to  5 0 0-kV 
doub le  c i rcuit  was a s s ume d in  this  ana ly s i s )  in  addit ion t o  the  Naneum 
swit chya rd , the opt ima l c omp leve l f o r  l o s s s avings de c re a s e s  t o  1 5 - 2 0 %  o f  the 
ent i re l ine l ength ( 3 3  to 4 4 %  of the Naneum- Rave r s e c t ion ) .  Re f e r  to  G raph 6 .  
An addit ional 2 0 %  ( 4 4 %  o f  the new Naneum- Rav e r  l ine s e c t ion o r  1 9  ohms ) i s  
a s s umed t o  be opt ima l f o r  b o t h  the exi s t ing s y s t em and the future sy s tem with a 
new l ine added.  

With 1 9  ohms c ompe n s a t ion added in the double c i rcuit  l ine and a Naneum 
swit chya rd in p l ac e , the s y s tem p e r f o rman c e  i s  adequa te  beyond the y e a r  2 0 0 0  
( re f e r  to  Q V  Cu rve 3 Ga ) , and even furthe r i f  a third shunt c apac i t o r  i s  added a t  
Rave r o r  one i s  added a t  Naneum. When addit ional reinforcement i s  neede d ,  the 
s i ze o f  the s e  b anks can be incre a s e d  to 26 ohms ( l ike P l an 3 F )  or addit ional 
c omp c an be added on the rema in ing two Naneum- Rave r 5 0 0 - kV l ine s . 

The s e  l in e s  a r e  l imited the rma l ly due to  s e c t ions o f  2 1 / 2  inch c onduc t o r . 
Compen s a t ing them t o o  heavily i s  not e f f ic ient . It c ould a l s o  ove rload the s e  
l ine s and / o r  c a u s e  capac i t o r  t e rminal  ove rvo l t age s ( th i s  i s  d i s c u s s e d  mo re 
l a t e r ) .  A wo rkable  c ompensat ion p l an would be t o  add 19 ohms s e r i e s  c apac i t o r s  
init i a l l y  o n  the doub le  c i rcuit Naneum- Rav e r  l ine s , f o l l owed b y  a 2 0  ohm ( 4 0 % )  
b ank on the S i c kl e r - Rave r  l ine s e c t ion and a 2 3  ohm ( 4 0 % ) bank on the Vantage
Rave r l ine s e c t i on .  Th i s  wou ld p rovide adequate reac t ive s uppo rt th rough 2004  
a s  shown in QV Cu rve - 3 G  without ove rvo l t a ge s .  

S t ag ing the s e r i e s  c apac i t o r s  h a s  a few a dvantage s .  It delays  the c o s t  o f  s ome 
o f  the c ompens a t ion . It a l s o  p rovide s banks with an opt imum c ompen s a t ion leve l 
that c an minimiz e  t ransmi s s ion l o s s e s . Depend ing on the load level,  the l o s s e s  
n1ay b e  l owe r o n  the s y s t em with the S ic kl e r - Rave r and Vantage - Rave r c apac i t o r s  
bypa s s e d . The s e  b ank s c ou l d  b e  re s e rved o n l y  fo r eme rgency s i tuat ion s b y  
byp a s s ing them dur ing l owe r l oad l e v e l  pe riod s .  

REACTIVE PLAN 3 J  

B e c a u s e  o f  the he avy loa ding the c a p s  exp e r ienc e dur ing c e r t a in outages  and the 
potent i a l  ove r l oad problem s ,  it  wou l d  be bene f i c i a l  to have adj u s t ab l e  s e r i e s  
c apac i t o r  b anks ( Thy r i s t o r  Con t r o l l e d  S e r i e s  Capac i t o r s  - TCSC)  t o  re duc e the 
e f fe c t ive c ompen s a t ion of the new banks when ne c e s s a ry .  This te chno logy i s  
un fo rtun a t e ly i n  the e a rly s t age s o f  deve l opment and has  n o t  b e e n  p roven i n  the 
f i e l d . Howeve r ,  d i s c re t e ly switched c apac i t o r  b anks c ould be u s e d  to  a c c omp l i sh 
this obj e c t ive. Th i s  p l an was deve l op e d  with 2 - s tage c ap s  on the doub le c i rcuit 
Naneum- Rav e r  l ine s . 

Th i s  p l an wou ld add 1 5  ohm c apac i t o r  bank s init i a l ly in the Cou l e e - Rave r l ine s 
at  the new Naneum switchy a rd . In about 2 0 0 0 ,  an addit ional 1 1  ohm c apa c it o r  
b ank wou l d  be added in s e rie s with the othe r bank f o r  a t o t a l  o f  2 6  ohms ( 6 0 %  in 
2 swit c h ing s t e p s ) .  Aft e r  Pha s e  II , both b anks wou ld be u s e d  dur ing EH wint e r .  
The c omp l eve l c o u l d  be reduc e d  i n  l owe r l o a d  pe riods i f  t h e  s y s tem l o s s  sav ings  
would be b e t t e r .  S ome or  all  the  c apacit o r s  c ould b e  bypa s s e d  during outages 
t o  reduce the loading of the b anks a s  d i s c u s s e d  l a t e r. The pe r f o rmanc e o f  this 
p l an i s  shown in QV Cu rve 3 J a  ( Pha s e  I )  and QV Curve 3 J  ( Ph a s e  I I ) .  QV Curve 
3 Jb shows the p e r fo rman c e  of the Pha s e  I I  s y s tem with s ome c ap s  byp a s s e d. 

S e c t ion 3 :  Ana ly s i s  o f  favo rable opt ions 

O f  all the re a c t ive p l ans  l i s t e d  above and in Table 9 ,  only P l ans 3 F ,  3G and 3J 



will  be c ons ide red furthe r . P l an 3 would be expens ive and c ompl i c a t e d . P l an 3C 
i s  a t t ra c t ive due  t o  i t s  l o s s  s av ings and c o s t ,  howeve r i t  requi r e s  at  least  two 
new s t a t ions . The addi t i on o f  the Naneum swi t chyard f i t s  b e t t e r  into the l ong 
range p l ans  of the addi t i on of a new c ro s s  moun t a in l ine s ince it reduc e s  the 
s ev e r i t y  of the l o s s  of both Cou l e e - Rave r  l ines (wh ich is s t i l l  the c r i t ic a l  
outage even a f t e r  t h e  add i t i on o f  a new line ) . 

The reac t ive opt ions wi l l  b e  p l anned t o  me et  the 2 0 0 4  l oad l eve l . H ighe r  load 
l eve l s  would be d i f f i c u l t  f o r  the fol l owing re a s ons : 

1 .  The Vantage- Naneum l ine i s  near  i t s  the rma l  c ap a c i t y  in 2 0 0 4 . Re f e r  t o  c a s e  
J 0 4 9 08 which shows t h i s  l ine , which wi l l  b e  rated  a t  3 0 0 0  amp s when upgrades  are  
c omp l e t e , l oaded to  2 9 0 3  amp s . This l ine i s  l imited by the  exi s t ing 2 1 / 2  inch 
c onduc t o r  (3 3 mi l e s ) .  

2 .  Thi s  plan i s  b e g inning t o  r e quire  exc e s s ive amount s of  shunt r e a c t ive in the 
load a re a . The QV c u rves  get much f l a t t e r  a s  shunt c apac i t o r s. a r e  added . A l l  
t h r e e  maj o r  5 0 0 - kV bus s e s  s e rv ing t h e  Puget S ound area  (Rave r ,  Snoqua lmie and 
Monroe ) a re a l l  app roaching minimum reac t ive ma rgin . 

3 .  Add ing s e r i e s  c omp t o  the Ch ie f Joe -Mon roe l ine wi l l  not help  the vol tage 
s t ab i l t y  p e r f o rmanc e of  the s y s t em s in c e  the l o s s of  this l ine is a c r i t i c a l  
outage f o r  the s y s t em .  

4 .  The o l d  Vantage-Rave r and S ic kle r - Rave r  l in e s  c ould b e  rec onduc t o re d ,  howeve r 
this  i s  expe c t ed t o  be expens ive a s  c ompared t o  the c on s t ruc t i on o f  a new l ine . 
The s e  rebu i l d s  would s ave l o s s e s  but would only p rovide r e a c t ive s uppo rt f o r  
a c ouple o f  y e a r s  unt i l  f u r t h e r  r e inf o r c ement i s  needed . 

5 .  S VC addit ions in the Puget S ound B a s in c ould p rovide adequa t e  r e a c t ive 
support  to  the s y s tem f o r  a f ew mo re y e a r s , but they wou ld be expens ive both in 
t e rms of e qu ipment c o s t s  and the h ighe r  t ransmi s s ion s y s tem l o s s e s  that would 
r e s ul t . The l ine ove r loads  ment ioned in ( 1 )  above would a l s o  have to  be 
c o r r e c t e d . 

6 .  The ampac ity o f  the s e r i e s  c apac i t o r  banks needed f o r  the s e  p l ans  a r e  qui t e  
high to  me e t  t h e  2 0 0 4  load leve l . Extending this  p l an beyond 2 0 0 4  would 
s igni f i c an t ly inc re a s e  the MVARs tha t are requi red (the MVARs a re p ropo rt iona l 
t o  c u r rent s quared ) .  

The re f o r e  the s e r i e s  capac i t o r  add i t ion s wi l l  be s ized f o r  2 0 0 4  only . P lans 
3 F ,  3 G  and 3J  wi l l  be s tud i e d  furthe r to  d e t e rmine the ampac i t i e s  requi red for 
the s e r i e s  c apac i t o r s . S ome of  the out ages  requi red by the Re l i ab i l ity Cr ite r ia 
c au s e  v e ry h igh c ap a c i t o r  loading . 

Al l the s e r ie s  c apa c i t o r s  in the s e  p l an s  a re needed f o r  the v o l t age s t ab i l ity o f  
the Chi e f  Joe -Mon roe and T roj an outages  in E H  wint e r . The Naneum swi t chyard i s  
needed f o r  the v o l t age s t ab i l i ty  o f  t h e  doub le line o u t ag e s  in no rma l wint e r .  
Howeve r ,  the heavie s t  s e r ie s c apac i t o r  loading d o e s  not o c c u r  f o r  the c r i t i c a l  
outage s f o r  vo l t age s t ab i l ity , b u t  it o c c u r s  during the l e s s  p robab le doub le 
l ine outage s in norma l wint e r  (s ame c o r rido r , bus o r  CB ) .  The s e r i e s  caps are 
not ne c e s s a r i l y  needed f o r  the voltage s tab i l ity o f  the s e  outage s . 

Two options  exi s t  t o  reduc e the s e r i e s  c apac i t o r  loadings during doub l e  l ine 
outage s . One is to run the CT's in the load a r e a  and the othe r is to bypa s s  
the ove r loaded s e r i e s  c apac i t o r s  a s  l ong a s  the s y s t em i s  s t i l l  vol tage s t able 
wi thout the c a pac i to r s . 



Rega rdle s s  o f  c ap a c i t o r  loadings , the CT ' s  in the load a rea wou l d  probably b e  
s ta r t e d  dur ing win t e r  peakl oad c ondit ions i f  any pe rmanent Cro s s  Mount a in l ine 
outage o c c u r r e d  ( they are only a s s ume d on in EH win t e r  b a s e c a s e s ) . Th i s  could 
reduc e the s iz e  of  the new s e r i e s  c ap a c i t o r  banks . The c apac i t o r  b anks have a 
3 0  minut e  ove r l o a d  c apab i l ity o f  1 3 5 %  that c an b e  u s e d  whi l e  the CT's are  
s t a r t e d . The s e  s tudie s a s sume that  the  s ame CT's are  used a s  i s  a s s umed in the 
EH wint e r  c a s e s . But as it  t urns out ,  the CT's only dec rea s e  the c apac i t o r  b ank 
load ings by about 5 %  as shown in the c a s e s  d i s c u s s e d  l a te r .  

S inc e the n ew s e r i e s  c apa c i t o r s  a re not nec e s s a r ily needed f o r  the voltage 
s ta b i l i t y  f o r  the l ow probab i l ity doub l e  l ine out a g e s  that  c a u s e  high capac itor 
loading , they c an b e  bypa s s e d  a f t e r  the s e  outa ge s occur.  Thi s  wou l d  re duc e the 
maximum load ing of the c apac i t o r  b anks s ign i f i c ant ly . 

The r e a s on that the s e  c a p s  a r e  n o t  needed for the vo ltage s ta b i l i ty o f  the 
s y s t em f o r  the s e  outage s is as f o l l ows . The P l an 3 F  s y s t em is  voltage s table  
f o r  the  outage o f  the  two high - c apac ity Naneum- Rave r # 3  and  # 4  l ine s wh ich 
remove s b o th capac i t o r  b anks and l e aves  only the two old Naneum- Rav e r  l in e s  in 
s e rvic e . The p e r f o rmanc e  o f  the s y s t em will  be b e t t e r  f o r  the outage o f  the # 1  
and # 3  lines ( a  c r i t ic a l  outage f o r  the s i z ing o f  the c ap a c i t o r s ) even i f  the 
rema ining capac i t o r s  a r e  bypa s s ed s ince this l e ave s one o l d  Naneum- Rav e r  l ine 
and one of the c i rcuit s f r om the s t ronge r doub l e - c i rc u i t  l ine s .  The s ame 
re a s on ing app l i e s  to outage s o f  the Cou l e e -Naneum l ine s . 

The ampac ity o f  the capac i t o r s  r e qu i r e d  in each o f  the s e  th ree p l ans  i s  
d i s cus s ed b e l ow .  As it  t u rns  out , bypa s s ing capac i t o r s  is  the only me a s ure t o  
s igni f i c an t ly reduc e the s i ze o f  the s e ri e s  c ap b anks . 

PLAN 3 F  
Naneum switchy a r d  a n d  6 0 %  c omp on doub l e  c i rcuit Naneum- Rave r l in e s  

With o n l y  two l a r ge capac i t o r  g roup s adde d ,  t h e  c u r r e n t  rat ing wou l d  need  to  b e  
v e ry high; 4 6 2 0  amp s a t  Naneum and 3 2 8 6  at  Co lumbi a  a s  shown in Tab l e  1 5 .  This  
Naneum cap rat ing woul d  cause  swit chgea r  ove r loads a t  Rave r ( the 3 0 0 0  amp 
switchge a r  i s  c apable  o f  only about 4 2 0 0  amp s in c o l d  we athe r ) . The Co lumb ia 
c a p s  are only de s igned f o r  up rat e s  to 3 0 0 0  amp s . U s e  of CT's a lone will  not 
reduc e the s e  l oa dings b e l ow the s e  l imit s ( 4 3 7 5  amp s and 3 1 1 0  amps re spe c t ive ly ) . 
Bypa s s ing the c a p s  whenev e r  they ove rload ( fo r  two l ine , vol tage s t able  outage s ) 
will  re duc e the loading to  b e l ow the ampe rage needed f o r  s ingle l ine outage 
dur ing EH wint e r. The wo r s t  s ingle l ine outage wi l l  require r a t ings of 4 1 2 0  
amp s f o r  Naneum and upg rade o f  the Co lumb ia c a p s  to  2 6 2 0  amp s . The 2 l ine 
outage l oa dings wou l d  be wi thin the 1 3 5 % ,  30  minute r a t ings o f  the s e r i e s  
capac i t o r s  t o  a l l ow t ime f o r  manua l ly byp a s s ing t h e  c a p s . 

PLAN 3 G  
Naneum swit chya rd , 4 4 %  c omp o n  doub l e  c i rcuit Naneum- Rave r l ine s , 4 0 %  c omp on 
S ic kl e r - Rave r l ine and 4 0 %  on the Vantage - Rave r l ine s . 

This p l an inc ludes the addit ion o f  1 9  ohm c ap banks on the doub l e - c i rcuit  Naneum 
Rave r l in e s  in i t i a l ly wi th the addit ion o f  the swi tchy a rd ( Pha s e  I ) . In about 
2 0 0 1 , adit iona l b anks wi l l  b e  needed on the S i c kl e r- Rave r and the Vantage - Rave r  
l ine s , a l s o  a t  the Naneum Switchyard ( Ph a s e  II) . S in c e  the 1 9  ohm b anks a re 
adequa te  to  me e t  the vol tage s t abil ity r e qui rements  o f  the s y s tem through 2 0 0 1 ,  
the s e  b anks need  on ly t o  b e  s iz e d  f o r  the wo r s t  outage in this t ime f rame . The 
addit ion o f  the cap banks on the o the r two Naneum- Raver l ine s de c re a s e s  the 



maximum loading that the doub l e - c ircuit banks expe rienc e . A c omp l e t e  table  o f  
a l l  outag e s  run f o r  t h i s  ana ly s i s  i s  inc luded i n  Table 1 6 . 

With t h i s  c apa c i t o r  p l an, the Pha s e  I c apac i t o r  banks need to  be about 3 7 0 0  amp s 
and the Co lumb ia b anks upg raded to  3 0 6 0  amp s ( s l ightly above the 3 0 0 0  amp de s ign 
l imit ) .  Running CT's a f t e r  the s e  outages  o c c u r  w i l l  only re duc e the s e  rat ing s 
t o  3 5 0 0  and 2 9 0 0  amp s r e s p e c t ively . Bypa s s ing ove r loaded s e r i e s  c apac i t o r s  f o r  
voltage  s ta b l e ,  l ow p robab i l ity two - l ine outa g e s  will  reduc e the s e  rat ings t o  
3 1 2 0  and 2 7 0 0  amp s r e s pe c t ively . The Pha s e  I I  capac i t o r  addit ions woul d  n e e d  t o  
be 3 0 0 0  amp s f o r  the S ic kl e r - Rave r  l ine and 2 6 0 0  amp s f o r  the Vantage - Rave r 
l ine f o r  the paral l e l  doub l e - c ircuit l ine outage . With the Pha s e  I I  addit ions , 
the Pha s e  I Naneum bank l o adings will  s t i l l  be wi thin i t s  3 1 2 0  amp s l imit ( only 
2 7 0 0  amp s i s  needed in 2 0 0 4 ) . 

I t  shou l d  a l s o  b e  noted that the Pha s e  II c a p s  a r e  a l s o  not needed for the l o s s  
o f  the p a ra l l e l  doub l e  c i rcuit l ine s ( P l an 3 F  i s  vo l tage s t a b l e  f o r  t h i s  outa ge 
without them ) . The s e  capa c i t o r  b ank s iz e s  c ould be reduc e d  t o  2 2 0 0  and 2 0 0 0  
amp s r e s p e c t ively  f o r  the S ic kl e r - Rave r and Vantage - Rave r  b anks b y  bypa s s ing 
them f o r  t h i s  out age . The s e  rat ing s a r e  d e t e rmined by the l o s s o f  one of the 
doub l e  c i rcuit  Naneum-Rave r l ine s du r ing EH wint e r .  

PLAN 3 J  
Naneum swi t chya rd and 6 0 %  c omp on doub l e  c i rcuit  Naneum- Rav e r  l ine s in two 
s t eps , 3 5 %  and 2 5 % . 

P l an 3 J  u t i l i z e s  two - s t ep s e r i e s  c apac i t o r s  tha t c an b e  bypa s s e d  p a r t i a l l y  o r  
c omp l e t e l y  dur ing non- c r i t i c a l  doub l e  l ine out a g e s  and du r ing l ight l oad 
p e r io d s . A c omp l e t e  table o f  all outages  run f o r  th i s  ana lys i s  i s  inc luded in 
Table  1 7 . 

Pha s e  I o f  this  c apac i t o r  p l an inc lude s 1 5  ohm c apac i t o r s  in the doub l e  c i rcuit 
Naneum- Rave r l ine s . The s e  c a p s  would b e  adequate  unt i l  2000  a s  shown in QV 
Curve 3 J a . Bypa s s ing ove r l oaded Naneurn s e r i e s  c apac i t o r s  f o r  vo l t age s t able , 
l ow probab i l ity two - l ine outages will  requ i r e  r a t ings o f  l e s s  than the 3 1 2 0  amp s 
ne eded f o r  P l an 3 G  ( 1 5 ohms i s  u s e d  here  ins t e a d  of  1 9  ohms ) .  For  Pha s e  I I , an 
addit ional 1 1  ohms s e r i e s  c omp is  needed on the s ame Naneum- Rav e r  l ine s ,  for a 
t o t a l  o f  2 6  ohms . This 1 1  ohm b ank wi l l  need  t o  be bypa s s e d  t o  ke ep the b ank 
f r om loading beyond 3 1 0 0  amp dur ing the EH outage of a s ingle Naneum- Rav e r  l ine . 
At l e a s t 1 5  ohms i s  needed f o r  vo l t age s t abil ity o f  th i s  outage a s  shown in QV 
Curve 3Jb . The Co lumb i a  s e r i e s  c apac i t o r s  in Pha s e  II ne e d  t o  be rated  fo r 2 7 0 0  
amp s ,  wh ich a l s o  a s s ume s that the s e  c apac i t o r s  w i l l  b e  bypa s s e d  f o r  the l ow 
p robab i l ity,  two - l ine out age s in no rma l winte r .  

COMPARIS ON OF 3 OPTIONS 

V e ry rough c o s t  e s t imat e s  of each of the s e  p l ans we re inc luded in Table  18 . 
The s e  e s t ima t e s  a s s ume that a l l  fac i l i t i e s  are  in s t a l l e d  at  the s ame t ime . Plan 
3J is the l e a s t expen s ive , f o l l owed c l o s e ly by Plan 3 G .  The c apac i t o r s  f o r  
P l an 3 F  woul d  b e  1 3 2 4  MVARs e ach . Cap a c i t o r s  o f  t h i s  s i z e , b e s ide s b e ing 
expens ive ,  have neve r been built . Sma l l e r  banks s i ze s wou l d  be much e a s i e r  t o  
de s ign and c on s t ruc t . 

P l an 3 G  require s that c apac i t o r s  b e  byp a s s e d  f o r  doub l e  l ine out age s du ring 
normal wint e r .  P lan 3 J  i s  fu rthe r c omp l ic a t e d  by the f a c t o r  tha t the c ap s  may 
need to be bypa s s e d  for s ome outages dur ing EH wint e r  load c ondi t i ons . Thi s  
c ou l d  be very c onfus ing t o  the ope r a t o rs . 



P lan 3 J  requ i r e s  the Pha s e  I I  c apac i t o r  addi t ions one ye a r  e a r l ie r  than P l an 3 G .  
P lan 3 G  c ould b e  modi f ie d  int o  a p l an s imil a r  t o  3 J  in the future b y  add ing 
p a ra l l e l  capac i t o r  cans to upgrade the Pha s e  I capac i t o r s  to about 3 3 0 0  amp s and 
18  ohms and adding an 8 ohm b ank in s e rie s . P l an 3G a l s o  h a s  a bene f i t  to 
re l iabil ity of s p reading the c ompens a t ion among mo re l ine s . 

P lans 3 G  i s  the f avored Reac t ive Opt ion . I t  f i t s  in we l l  with the l ong range 
p l an s  f o r  the a r e a . The c ompen s a t ion is optima l l y  s i zed f o r  the exis t ing s y s tem 
and the s y s tem with the addit ion o f  a new c ro s s moun t a in t ransmi s s ion l ine . The 
addit ions a re c on f ined to one new s ub s tat i on . I t  p rov ides  the mo s t  flexib i l i ty 
f o r  the Pha s e  I I  capac i t o r  addition s . 

P rovi s ions should b e  added t o  upgrade a l l  the s e  capac i t o r s  t o  4 2 0 0  amp s ( CB 
l imitat i on s ) t o  a l l ow f o r  po s s ib l e  upgrading i f  l ine s a r e  r e c onduc t o re d . Be fore 
the c amp l eve l s  for Pha s e  II  of  the s e  p l an s  a r e  f ina l i zed , rec onduc t o r ing 
opt ions on the  S ic k l e r - Rave r  and Vantage - Rave r l ine s should b e  exp l o re d . Thi s  
should no t a f f e c t  the c omp l eve l o n  the C ou l e e - Rave r l ine s s i gni f i c an t l y . 
Al s o ,  a s  d i s cu s s e d  l a t e r ,  FACT S  t e chno logy should b e  c on s id e r e d  f o r  the Pha s e  I I  
bank s . 

S e c t ion 4 :  L o c a l  Reinforc ement 

LOCAL REINFORCEMENT NEEDS FOR THE REACTIVE OPTION 

All re ac t ive p lans wou l d  have s imi l a r  l oc a l  r e inf o r c ememt requi rement s .  P l an 
3 F  was u s e d  f o r  s tudy purpo s e s  in this s e c t i on .  

MAIN GRID TRANS FORMER NEEDS O F  PUGET S OUND BAS IN 

C a s e  J O OEH55  shows the Monroe t rans f o rme r j us t  b e l ow the eme r gency r a t ing for a 
Map l e  Va l l e y  5 0 0 / 2 3 0 -kV t rans fo rme r outage ( 1 5 0 6  MVA , 1 5 12  mva l imit ) .  The 
C oving t on and Tac oma b anks a re a l s o  he av i ly l o aded for this outage . C a s e  
J 0 4EH 5 0 8  s hows Monroe t rans forme r l oaded 8 %  above eme rgency r a t ing f o r  this s ame 
outage . Add it iona l t ran s f o rmat ion wi l l  b e  needed by O c t ob e r , 2 0 0 0 .  The 
C ovingt on - C re s t on 2 3 0 -kV l ine is c lo s e  to ove r load in the s e  c a s e s  a l s o . 
P revious s tudie s showe d anothe r load  a re a  p roblem whe re the Mon ro e - Snohomi sh 2 3 0  
k V  l ine s ove r l oaded f o r  the doub l e  l o s s o f  the Chi e f  Joe- Snohomish 3 4 5 - kV l ine s . 
The r e f o r e  a new 5 0 0 / 2 3 0 -kV t rans f o rme r a t  Snak ing i s  p ropo s e d  to  t ak e  c a re o f  
the s e  prob lems . Th is  t rans fo rme r addit ion woul d  b e  a c c omp l i shed by convert ing 
the ex i s t ing Snaking Tap - Snaking l ine to 5 0 0 - kV ope ra t ion , t app ing the exi s t ing 
Monroe- Snoqualmie 5 0 0 -kV l ine . A s e c ond Map l e  Va l l ey 5 0 0 / 2 3 0  t ran s fo rme r and 
Mon roe- Snohomish 2 3 0  l ine #3 woul d  a l s o  s o lve the s e  p ro b l ems . 

THERMAL PROBLEMS BETWEEN RAVER AND S NOQUALMIE 

C a s e  J 0 4EH 5 1 5  shows the l o s s o f  the Raver- Snoqualmie l ine during abno rma l 
wint e r . The Covington - C r e s t on 2 3 0 - KV l ine ove rloads  ( 1 0 7 % )  a l ong with the 
Covington ( 1 0 0 %  and 1 0 2 % ) and T a c oma ( 1 0 1 % ) 5 0 0 / 2 3 0 - kV t ran s fo rme r s . This s ame 
outage in J O O EH 7 1  shows the l oading on the Covingt on - C r e s ton l ine a t  9 7 %  o f  i t s  
the rma l r a t ing . Th is  l ine wou l d  ove r load in about 2 0 0 2 . As  ment ioned in the 
next s e c t ion , the re a r e  rea c t ive prob lems f o r  thi s outage a l s o . 

The ove r l o ads  shown in c a s e  J 0 4EH 5 1 5  a r e  caused  by the amount o f  powe r f l owing 
int o  Rave r .  Th i s  could be decre a s e d  by bypa s s ing the s e ri e s  c apac i t o r s  at the 



new Naneum swi tching s t a t ion wheneve r thi s outage o c c u r s . C a s e  J 0 4 EH 7 7 4  shows 
that the ove rloads  c an be d e f e r r e d  un t i l  2 0 0 4  i f  th i s  is done . A l though 
bypas s ing the c ap s  will  de f e r  the ove rloads , it wou l d  a l s o  j e opardize the c ro s s  
moun t a in t r an smi s s ion in to the Pug e t  S ound Ba s in wh i l e  the c a p s  are  byp a s s e d . 

Ad ding s e r ie s c ompen sa t ion in the Chief Joe -Monroe l ine woul d  a l s o  he lp the 
the rma l ove r l o a d  p roblems , reduc e s y s tem l o s s e s  and not we aken the c r o s s  
moun t a in t ransmi s s ion s y s tem ( a s bypas s ing the c apac i t o r s  wou l d ) .  

I f  a s e c ond Rav e r - Snoqua lmie l ine i s  added to  c o r r e c t  thi s p rob l em ,  the 
Re l ia b i l i ty C r i t e ria  then requires  that the s y s tem wi th s t and the l o s s  of both 
Rave r- Snoqualmie c i r c u i t s  during norma l win t e r  peak c onditions . J 0 4 7 6 0  shows 
the outage o f  b o th Rave r - Snoqua lmie S O OkV l ine s . The C ovington - C r e s ton 2 3 0 -kV 
l ine ove r l o ads  ( 1 0 3 % )  for this outage . The Covington- Duwamish 2 3 0 -kV l ine and 
the T a c oma and C ovington t rans f o rme r s  a re heavily l oaded f o r  this outage a l s o . 
An add i t i onal  l ine wi l l  need  to be added about 2 0 0 3 , j us t  one y e a r  l a t e r .  This 
Re l i ab i l i ty C r i t e r i a  r e quirement shou l d  be reviewe d f o r  thi s c a s e  s inc e the s e  
l in e s  a r e  s o  sho r t  and the p robab i l ity o f  thi s outage i s  l ow .  The s e r i e s  
c apac i t o r s  a t  Naneum c o u l d  be byp a s s e d  wheneve r  thi s doub l e  l ine outage 
o c c u r re d . A l s o ,  i f  a new c r o s s  moun t a in l ine i s  t e rmina t e d  a t  Snoqua lmie o r  
Mon ro e ,  the n e e d  for addit iona l t ransmi s s ion b e twe en Rav e r  and Snoqua lmie f o r  
winte r c ondit ions wou l d  b e  reduc e d . 

REACTIVE ANALYS I S  O F  THE PUGET S OUND BAS IN 

C omp a r ing QV Curve s 3F and 1 1 ,  the Raver- Snoqualmie # 2  and Map l e  V a l l e y  
t r ans f o rme r # 2  p rovide about 3 0 0  MVARs reac t ive supp o r t  f o r  the Ch i e f  Joe -Monroe 
outage . Th i s  i s  p robab ly e qu ivalent to  about one y e a r  load growth . 

Both Mon roe  and Snoqualmie have adequa te re a c t ive ma rgin for l o s s  o f  Rave r 
Snoqua lnlie i n  norma l win te r .  Q V  Curve 12  shows 6 0 0 - 7 0 0  MVAR ma rgin f o r  both 
bu s s e s  f o r  this outage . 

Howeve r ,  QV Curve - 1 3  shows that the re i s  a s l ight reac t ive de f i c i t  in 2 0 0 4  f o r  
t h e  l o s s  o f  this  l ine i n  addit ion to  t h e  ove r l oads shown above . Re in f o r c ement 
is a l s o  needed in this a r e a  by about 2 0 0 2  to  p rovide s u f f ic ient r e a c t ive ma rgin 
f o r  th i s  outage . A s e c ond Raver- Sno qua lmie l ine wou l d  obviou s ly help  this  
p roblem,  bu t ,  a s  men tioned above , a third l ine b e twe en the s e  s t at ions wou l d  be 
needed s o on a f t e r  tha t t o  me e t  the Re l iab i l ity C r i t e r ia f o r  the doub l e  l ine 
outage during norma l win t e r  p e ak load pe riods . 

O the r opt ions c ould a l s o  c o r r e c t  the s y s tem prob lems f o r  the Rav e r - Snoqua lmie 
outage . S e r i e s  c amp in the Ch i e f  Joe -Monroe l ine wou l d  c o r r e c t  b o th the the rma l 
and the reac t ive p rob l ems c aus e d  by this  outage by inc r e a s ing the f l ow in the 
northern c o r r ido r . Addit ional MSC ' s  in the Mon roe / Snoqua lmie a r e a  would help 
the reac t ive de f ic i t ,  but not the the rma l prob l ems . Any c on s e rva t ion and / o r 
l o c a l  gene rat ion added north o f  Snoqua lmie wou l d  help b o th the re a c t ive and 
the rma l p rob l ems c au s ed by the Rave r- Snoqualmie outage . 

S ome r e in f o r c ement i s  n e e de d  in 2 0 0 2  to  c o r r e c t  both the the rma l p r ob l ems and 
p rovide r e a c t ive margins f o r  the Raver- Snoqua lmie outage . A Rav e r - Snoqua lmie 
5 0 0 -kV l ine #2 is p ropo s e d  here  but this p r ob l em wi l l  requ i r e  fur the r s tudy at a 
l a t e r  date . 

The FY9 2 reac t ive s tudy a s s umed tha t the PCB c apac i t o r  group a t  Raver  would be 
r e t i re d  when the s e c ond Mon roe c apac i t o r  b ank wa s added in 1 9 9 4 . QV Curve 3 Ga 
and QV Curve 3 G  show that a third Rave r shunt c ap g roup i s  again needed b e twe en 



2 0 0 1  and 2 0 0 4 . The ac tua l date o f  the cap b ank i s  t ie d  to  the a d d i t i on o f  Pha s e  
I I  c a p s  and w i l l  n e e d  to  b e  s tudied furthe r .  Naneum and Snoqua lmie a r e  a l s o  
po s s ib l e  s i t e s  f o r  this  MSC . 

S e c t ion 5 :  Other I t ems o f  Inte re s t  

QV PERFORMANCE O F  PORTLAND BUS S E S  FOR TROJAN SCRAM 

The QV p e r formanc e o f  the c r i t ic a l  bus s e s  in the P o r t l and a re a  f o r  the T roj an 
s c ram is shown in QV Curve 1 0  fo r r e a c t ive P l an 3 F .  A 3 1 2  MVAR MSC wa s added a t  
Ma r ion f o r  the s e  outage s . The three bus s e s  t e s te d  a l l  have at  l e a s t  5 0 0  MVAR 
ma rgin . 

NANEUM SPLIT BUS 

Deve lopment at Naneum c ou l d  e i the r b e  a ful l bus ty ing the 4 l ine s t o g e th e r  or a 
s p l i t  bus whe re one C ou l e e - Rave r l ine i s  t ie d  t o  the S ic k l e r - Rave r l ine and the 
o the r t i ed to  the Vantage - Rave r  l ine . Ea r l i e r  l o s s s av ing s tud i e s  show that the 
l o s s e s  of both p l ans a re nea rly i dent ic a l . C a s e  J 9 3 7 8 7  wh ich ha d a s p l i t  Naneum 
bus had e s s e nt i a l l y  the s ame lo s s e s  a s  J 9 3 7 9 9  wh ich had the full  Naneum bus . 
The QV p e r f o rmance i s  a l s o  ve ry s im i l a r  a s  shown in a c ompa r i s on on QV- Curve 3 F
S p l i t  and QV- Curve 3 F  ( fu l l  bus ) . The s p l i t  bus wou l d  b e  cheap e r  and it wa s 
o ri g ina l ly thought that thi s a r rangement woul d  be b e t t e r  fo r c ondit ions o f  
s umme r export  to  C a l i fo rn i a . However a s  shown i n  the analy s i s  o f  t h i s  p roblem 
( be low ) , the s p l i t  bus mak e s  s ome outage s b e t t e r ,  but o the r s  g e t  wo r s e . The 
s umme r problems with e i the r swi tchya rd dev e l opment p l an we r e  not a s  b a d  a s  
o r i g in a l l y  thought a l s o . The r e f o r e  i t  wa s dec ided no t t o  pursue the s p l i t  bus 
furthe r s inc e the full  bus p rovided much addit iona l operat ional f l e x ib i l it y . 

The e a r l i e r  Naneum s tu d i e s  that a s s umed only the s p l i t  bus should s t i l l  be 
adequa t e  for c omp a r i s on purpo s e s . 

SUMMER S TUDIES WI TH NANEUM SWI TCHYARD 

The e f fe c t  o f  the new Naneum Swit chyard ( both ful l and s p l i t  bus ) on h igh- export 
s umme r c ond i t ions on problems in the Vantage- Rich l and area was inve s t iga t e d . 
The s e  r e s u l t s  a r e  s umma r i z e d  in Tab l e  1 4 . The addit ion o f  the new swi tchya rd 
does  not a f f e c t t h i s  a r e a  s ign i f i c ant l y . 

S TATION LOCAT ION 

Al though a l l  the s tudie s in this report a s s ume tha t the l o c a t ion of the new 
swi t chyard in the reac t ive plans i s  at Naneum , that s i t e  is not  adequate f o r  
much deve l opment due t o  i t s  s l ope . The v o l tage s t ab i l ity p e r f o rmanc e o f  othe r 
s it e s  we s t  o f  the exis t ing s it e  we re inve s t i ga t e d . A s  the s i te  move s we s t ,  the 
l o s s of b o th Cou l e e -Naneum l in e s  b e c ome s wo r s e  ( the l in e s  b e c ome l onge r )  wh i l e  
t h e  doub l e  Naneum- Rave r outage b e c ome s b e t t e r .  Howeve r ,  t h e  doub l e  Naneum- Rave r  
outage i s  mo s t  c r i t i c a l  i f  the swi t chyard i s  at  Naneum .  The Cou l e e - Naneum l ine 
outage wou ld not  b e c ome the c r it ic a l  c a s e  unl e s s  the s it e  we re l o c a t e d  mo re than 
10 m i l e s  we s t  of the exi s t ing Naneum s it e . Thi s  i s  shown in QV Curve 7 .  
Howeve r ,  due t o  the t e r r a in ,  no s i t e s  mo re than 1 0  mi l e s  we s t  o f  Naneum we re 
inve s t igat e d .  



The l o s s e s  a l s o  inc r e a s e  a s  the s i te move s we s t .  Th i s  i s  b e c au s e  it  i s  
bene f ic ia l  to  s h i f t  the powe r o f f  the o l d  Vantage- Rave r and S ic k l e r - Rave r  l ine s 
and ont o  the Cou l e e - Rave r l in e s  a s  s oon a s  p o s s ib l e . G raph 8 shows the l o s s 
change s at  s eve r a l  l o c a t ions we s t  o f  Naneum . The 2 be s t  loc at ions f rom a s i t ing 
s t andpo int are 2 m i l e s  and 8 mi l e s  we s t .  The d i f fe renc e in l o s s e s  b e tween the s e  
two points  i s  about 2 MW . The s e  s tudies  a s sume d new 2 6  ohm c ap banks on the 
Cou l e e - Rave r  l ine s . They a l s o  inc luded a new l a rge gen e r a t o r  at  Ashe ( 1 2 0 0  MW) 

wh ich wou l d  t end to in f l a t e  the s e  l o s s s avings s omewha t .  

OVERVOLTAGES ON CAP S ON OLD NANEUM- RAVER LINES 

When add ing s e r i e s  c ompen s a t ion on the o l d  Naneum- Rave r l ine s an int e re s t ing 
phenomenum was noted . If the c amp l eve l wa s above 4 0 % ,  the vol t a ge s on the we s t  
c apac i t o r  t e rminal  would r i s e  during the p a ra l l e l  doub l e  c i rcuit  out age , even a s  
the s y s t em volt age d ropped wh i l e  the QV- c u rve wa s de f ine d . The h i ghe r the c amp 
leve l , the highe r the ove rv o l t age s ( in the 5 6 0 -kV range ) .  The vo l t age a t  the s e  
te rmina l s  wou l d  not s t a r t  t o  d rop unt i l  the reac t ive l im i t s  we re re ached a t  
Coul e e , wh ich usually  s igni f i e s  the t o t a l  c o l l ap s e  o f  the t ransmi s s ion s y s tem.  
Th i s  phenomenum i s  p robably due t o  the l ow impe danc e o f  this  p o int with r e s pec t 
t o  i t s  s ou r c e  and the pha s e  ang l e  o f  the powe r that i s  g o ing th rough the s e r i e s  
c apac i t o r s . The f ina l c amp level on the s e  l ine s i s  s l ight ly l owe r than the s e  
p roblem leve l s  s o  i t  i s  not ant ic ipat e d  that this  phenomenum w i l l  c a u s e  any 
problems . 

MOVING S ERIES CAP S TO RAVER 

C a s e  J04 7 8 7 QV wa s run t o  s how the a f f e c t  o f  mov ing the new s e r i e s  c ap s  on the 
old Naneum- Rave r l ines  t o  the Rav e r  end o f  tho s e  l ine s . Ve ry h igh ove rv o l t ag e s  
r e s u l t e d  o n  t h e  c apac i t o r  t e rmina l s  a t  Rav e r  ( a round 6 0 0 -kV ) f o r  t h e  doub l e  
c i rcuit  Naneum-Rave r l ine outage . The c au s e  o f  the s e  h igh vol tage s i s  
appa rent ly the reac t ive cu rrent f rom the shunt capac i t o r s  a t  Rave r f l owing into 
the rema in ing N aneum-Rav e r  l ines  through the s e r i e s  c ompen s a t i on .  Rav e r  is not 
a v iable  l ocat i on for the s e r i e s  capac i t o r s  b e c au s e  of the shunt c ompen s a t ion 
the r e . 

FAC T S  TECHNOLOGY 

Pha s e  II s e r i e s  c apac i t o r  addit ions would probably b e  good candida t e s  f o r  FACT S  
( Flexible  A C  T ransmi s s i on S y s t em )  t e chno l ogy . S inc e the s e  a r e  l o s sy l ine s , it 

woul d  be de s i rable  t o  bypa s s  a l l  o r  mo s t  of the s e  c apac i t o r s  no r1na l ly for l o s s  
s aving s . The opt imum amount o f  c ompensat ion would inc r e a s e  a s  l oa d s  grow .  
Al though s ome c ompen s a t i on i s  ne e de d  f o r  var ious out age s , ove rvo l t a g e s  and high 
c u r ren t s  s omewhat l imit the t o t a l  ohms that c an be put into s e rv ic e . By the 
t ime the s e  banks are  needed ( a round 2 0 0 0 ) , FAC T S  t e c hnol ogy may be matu re enough 
f o r  p o s s ib l e  imp l ementat i on . 



S e c t i on 6 :  Re c ommended P l an 

P l an 3 G  i s  the p re f e rred reac t ive op t ion . I t  has favo rable l o s s  s av ings , c o s t  
and f l e x ib i l i ty . The p lan c ons i s t s  o f : 

PHASE I 

1 )  Naneum swit chya rd 

2 )  1 9  ohm , 3 1 5 0  amp s e r ie s  c ap bank s on b o th Cou l e e - Rave r  l ine s we s t  o f  Naneum 

PHASE I I  ( a round 2 0 0 1 ) 

3 )  2 0  ohm ,  2 2 0 0  amp s e r i e s  c ap b ank on S ic k l e r - Rave r l ine we s t  o f  Naneum 

4 )  2 3  ohm , 2 0 0 0  amp s e r i e s  c ap b ank on Vantage-Rave r l ine we s t  o f  Naneum 

5 )  upgrade Columb i a  s e r i e s  c ap s  t o  2 7 0 0  amp s ( reduc e s  ohms f rom 2 1  t o  1 9 ) 

6 )  thi rd 5 0 0 -kV shunt c apac i t o r  g roup in the v i c in i t y  o f  Rav e r  

Loc a l  Re inforcement requ i rements  

7 )  Snak ing 5 0 0 / 2 3 0 -kV t ran s fo rme r ( 2 0 0 1 ) 

8 )  Rave r - Snoqua lmie 5 0 0 -kV # 2  l ine o r  Chi e f  Joe -Monroe s e r i e s  c amp ( 2 0 0 2 )  



xxxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
TABLE 1 :  LOSS  SAVINGS AND PERFORMANCE OF REACTIVE OPTIONS 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

PLAN 1 

PLAN 3 

PLAN 3A 

PLAN 3B 

PLAN 3 C  

PLAN 3 D  

PLAN 3 E  

PLAN 3 F  

DESCRI PTION BPA PNW 
LOSSES  LOSSES  

BASE 7 5 5  

RAVER- S NOQ # 2 ,  MV T X  # 2  7 4 5  

CJ-MON / S NOQ - S TEVENS PAS S  6 6 9  

REACT IVE - FIXED PLUS 7 3 6  
SWI TCHED SERIES CAP S AND SVC ' S  
2 5 + 2 5 % ( CJ-M) , 3 5 +3 5 % ( N- R ) , 2 0 % ( C - R )  

REACT IVE - FIXED PLUS 7 3 6  
SWI TCHED SERIES CAP S 
2 5 + 2 5 % ( CJ-M) , 3 5 +3 5 % ( N- R ) , 2 0 % ( C - R )  

SERIE S CAP S PLUS SVC 

SERIES  CAP S  
3 5 % ( CJ-M) , 6 0 % ( N - R ) , 2 0 % ( C - R )  

NANEUM SERIES PLUS CAP S 
3 5 % ( CJ-M) , 6 0 % ( C - R )  

NANEUM SERIES PLUS CAP S 
3 5 % ( CJ -M ) , 6 0 % ( C - R ) , NANEUM MSC 

NANEUM PLUS SERIE S CAP S 
6 0 % ( C - R )  

7 3 6  

7 3 4  

7 3 7  

7 3 7  

7 4 1  

1 1 4 8  

1 1 3 5  

1 0 4 0  

1 1 1 7  

1 1 1 7  

1 1 1 7  

1 l l 2  

1 l l 7  

l l 1 7  

1 12 4  

PLANS 3 C & 1  REACT IVE AND CJ -MON / SNOQ 6 6 6  1 0 3 1  

PLAN 3 G  

PLAN 3 G a  

PLAN 3H  

PLAN 3J  

PLAN 3 K  

NOTE : 

NANEUM PLUS SERIE S CAP S 
4 4 % ( C - R ) , 4 0 % ( S - R ) , 
4 0 % ( V- R )  

NANEUM PLUS SERIES CAP S 
4 4 % ( C - R )  - Pha s e  1 on l y  

NANEUM PLUS SERI E S  CAP S 
4 4 % ( C - R ) , 3 0 % ( S - R ) , 
3 9 % ( V - R )  

NANEUM PLUS SERIES  CAP S 
3 5 %+2 5 %  ( C - R )  

NANEUM PLUS SERIES  CAP S 
4 4 % +1 6 % ( C - R )  

7 3 7  1 1 2 1  

7 3 9  l l 2 5  

7 3 9  1 1 2 3  

7 4 1  l l 28 

7 3 9  l l 2 5  

CASE II 

J 0 4 7 0 6  

J 0 4 7 0 5  

J 0 4 6 6 2  

J 0 4 6 6 0  

J 0 4 6 6 0  

J 0 4 6 6 0  

J 0 4 7 1 4  

J 0 4 7 2 3  

J 0 4 7 2 3  

J 0 4 7 6 7  

J 0 4 9 0 5  

J 0 4 9 1 0  

REACTIVE MARGINS 
2 - L / 1 - L / TROJAN 
INCL UNUSED MSC 

1 1 0 0 / 9 0 0 / 9 0 0  

9 0 0 / 1 1 0 0 / 1 4 0 0  

5 0 0 / 5 0 0 / 7 0 0  

7 0 0 / 9 0 0 / l l O O  

3 0 0 / 6 0 0 / 7 0 0  

7 0 0 / 4 0 0 / 7 0 0  

7 0 0 + / 7 0 0 / 9 0 0  

5 0 0 / 4 5 0 / 5 0 0  

7 0 0 / 4 0 0 / 5 5 0  

J 0 4 8 2 9  6 5 0 / 3 5 0 / 4 5 0  

J 0 4 9 6 0  5 0 0 + / 4 0 0 / 5 0 0 +  
( 1 5 ohms ) 

J 0 4 9 1 0  5 0 0 + / 4 5 0 / 5 0 0 +  
( 1 9  ohms ) 

The addit ion o f  the Raver- Snoqua lmie 1/ 2  and the Map l e  V a l l ey t rans f o rme r # 2  
a c c ount f o r  about h a l f  the l o s s  s aving s o f  the react ive p l ans . 
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TABLE 2 :  IMPEDANCE S OF 5 0 0 - KV CRO S S  MOUNTAIN TRANSMI S S ION 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

L ine 

Cou l e e - Naneum- Rave r 

C o l umb ia s e r i e s  c a p s  

S ickle r- Naneum-Rave r* 

Vantage-Naneum- Rave r* 

Chief Joe -Monroe 

ohms impe dance 

5 1 . 6 4  + 4 3 . 0 4 9 4 . 6 8 ohms 

o r igin a l l y  
with upg rade 

3 0 %  2 8 . 4  ohms 
2 2 . 5 % 2 1  ohms 

2 1 . 9 3 + 5 1 . 3 8 7 3 . 3 1 ohms 

2 4 . 3 9 + 5 9 . 5 5 8 3 . 9 4 ohms 

7 2 . 1 4 ohms 

* I f  the s e  l in e s  a re c ompen s a t e d  in any o f  the p lans , the pe rc entage c omp is  
based on the  Naneum- Rave r s e c t ions on ly 
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PLAN 3 
J 0 466 1 : DOUBLE COULEE-RAVER 5 0 0  OUT C J 0466 0 )  

MSC AT SNOO C l )  
J 04EH42 0 : CH I E F  J O-MONROE 5 0 0  OUT C J 0 4E H4 1 8 )  

� NO MSC ADDED 
J 0 4EH42 1 : TROJAN SCRAM C J 0 4EH4 1 9 )  NO MSC ADDED 
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+ J 04EH437 : TROJAN SCRAM ( J 04EH4 19 l MSC AT MAR I ON ( ! )  
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PLAN 3 B M sc. � -
J 0 4667 : DOUBLE COULEE-RAVER 5 0 0  OUT ( J 04 66 0 ) �o."(') o11 ! 1) 

MSC AT SNOO ( 1 ) . MONROE ( 1 )  u 
J 04EH438 : CH I EF J O-MONROE 5 0 0  OUT ( J 04EH4 1 8 )  ot<f ( 1 )  

N O  MSC ADDED 
J 04EH439 : TROJAN SCRAM C J 04EH4 1 9 l MSC AT MAR I ON ( 1 )  o� (0 

0 J04667 
+ J 04EH439 
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ALL SER I ES REACT I VE PLAN - F I XED PtaM 3L 
S OX C-R COMP . 3SX CJ-M COMP . 6 0X N-R COMP 

o J 047 1 5 :  DOUBL E COULEE-RAVER OUTAGE . MSC 
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5����B�R��Ndot · ?]6�E���tij 1�6 MSC 

+ J 04EH4 4 4 : TROJAN SCRAM ( J 0 4EH 4 4 1 )  NO MSC 
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Q V  Ccvvv c.. - 3 D P I  Q/V\. "3 D  
F I XED SER I ES REACT I VE PLAN W I TH NANEUM SW I TCHYARD 

SOX C-R COMP . 3 5 X  CJ-M COMP . SPL I T  NANEUM BUSSES 
J 04724 : 2 COUL-NAN OUT . MSC 8 SNOO . MO N . O L Y ( J 04 7 23 ) 
J 0 4725 : 2 NAN-RAV OUT . MSC 8 SNOO . MON . OLY ( J 0 4723 ) 

J 0 4EH45 1 : CJ-MONROE OUT ( J 0 4EH449 ) MSC 8 OLY 
J 0 4 EH452 : T ROJAN SCRAM C J 04EH4 5 0 ) MSC 8 OL Y 
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F I XED SER I ES REAC T IVE PLAN W I TH NANEUM SWYD � C APS 
S OX C-R COMP . 3SX C J -M COMP . SPL I T  NANEUM BUSSES 
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PLAN 3 F  VOLTAGE SUPPORT 2 
ADDIT I ONAL 27 . SX SERIES COMP ON COULEE-RAVER 

LINES AT NEW NANEUM SWI TCHYARD - ALL MSC USED 
J04768 ! NAN-RAV OUT� MSC 8 SNO . MON . OLY . RAV ( J04767 ) 

J04EH526 ! CJ-MONROt OUT . MSC 8 OLY RAV ( J04EH524 ) 
J04EHS27:TROJAN SCRAM . MSC 8 OLY . MAR I ON ( J04EHS25> 
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F I XED SER I ES REACT I VE PLAN W I TH N ANEUM SW I TCHYARD 
SOX C-R COMP . SPL I T  NANEUM BUSSES 

J 04 7 32 : 2 NAt� -RAV OUT . MSC 8 SNOO . MON . OLY ( J 04 7 3 1 ) MS� IZIJV 
J 04 EH464 : CJ-MONROE OUT . MSC 80LY ( J 04EH462 ) M� eA v 

J 0 4EH46B : TROJAN SCRAM MSC 8 0L Y  & MAR I ON ( J 04EH463 ) 
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REACT I VE PLAN 3 , 2 ; NANEUM SWYD �4� COMP ON COUL-RAV 
o J 0 0 1 4S : NAN-RAV 3&4 OUT . MSC 6 SNOO . MON ( J 0 0 1 44 > } t�t..'( A vriJ. 4 J 0 0 1 46 ! GC-NAN 1 &2 OUT . MSC 8 SNOQ1 MON ( J 0 0 1 44 >  . 
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PLAN 3 :  NANEUM SWYD � SERI ES COMP ALL NAN-RAV L I NES 
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o J 04906 ! NAN-RAV 3&4 OUT . MSC 80L . SNO . MON . RAV ( J 04905 ) } 
A J 04907 : GC-NAN 1 &2 OUT . MSC 80L . SNO . MON �RAV ( J 04905 ) 

+J 04EH637 : CJ-MON . MSC 8 OLY ( J 04cH635 ) 
J 04EH638 ! TROJAN SCRAM . MSC 8 OLY . MAR I ON ( J 04EH636 ) 
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PLAN 3 t-I:NANEUM SWYD A LL MSC s 

U S E .D  2 0X ON COULE-RAV . 3 0/. ON SICK-RAV . 39X O N  VANT-RAV oJ 04826: NAN-RAV 3�4 OUT . MSC 80L . SNO.MON . RAV C J 0 4825 ) bJ04827 � GC-NAN 1 �2 OUT . MSC 8 0L . SNO . MON �RAV C J 0482S > �J 04EH579 : CJ-MON . MSC 8 OLY ( J 0 4�HS77 ) M S G  � 4V x J 04EH58 0 :TROJAN SCRAM . MSC 8 OLY . MARION ( J 04EHS78 ) M c; c R AV 
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PLAN 3J : NANEUM SWYD � 1 1 + 1 5  OHM COMP ON COUL-RAV 
ALL Msc · s  USED 

o J 0496 1 : GC-NAN 1&2 OUT . 15 OHMS I N  NAN-RAV ( J 0496 0 )  
b J 04967 : GC-NAN 1&2 OUTf 1 1  OHMS I N  NAN-RAV ( J 0496 0 )  
+ J 04968 : NAN-RAV 1&3 OU � 0 OHMS I N  NAN-RAV ( J 0496 0 )  
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REACT I VE PLAN 3J : NANEUM S�YD & 15 OHMS ON ! COUL-RAV 
o J 0 0 145 : NAN-RAV 3&4 OUT . MSC 8SNOO . MON ( J 0 0 1 44 >  

A J O OEH72 : CJ-MON MSC 8MON . OLY ( J O OEH67 ) ; 
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PLAN 3J : NANEUM SWYD . SWI TCHABLE COMP ON COUL-RAV 
BASED ON J 0 4EHS24 . ALL Msc · s  USED 

J 04EHS26 : CH I EF JO-MONROE OUT . 26 OHMS IN NAN-RAY 
J 04EH682 : NANEUM-RAVER OUT . 7 OHMS IN NAN-RAY 
J 04EH683 : NANEUM-RAVER OUT . 0 OHMS IN NAN-RAY 

J 04EH639 : NANEUM-RAVER OUT . 15 OHMS IN NAN-RAY 
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TABLE 9 :  OTHER REAC TIVE PLAN S S TUDIED 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

The s e  reac t ive p l ans we re a l s o  s tudied but f o r  var ious r e a s ons we re e l iminated 
f rom furthe r s tudy . QV Cu rve s a re a t tached f o r  each . Pe r f o rmanc e and l o s s e s  
a re a l s o  s umma r i z e d  in Table  1 .  

REACTIVE PLAN 3A 

Th i s  p l an is the s ame as P l an 3 except that the SVC ' s  at  C ov ington and Snohomish 
a re e l imina t e d . Even without the s e  2 SVC ' s ,  the s y s t em pe r f o rmance i s  s t i l l  
a c c e p t a b l e  through 2 0 0 4 . Re f e r  to  QV-Curve 3A . The re a r e  a l s o  ove rv o l t age 
prob lems w i th 5 0 %  c omp on Chief Joe -Monroe l ine ; the refore  the two 2 5 %  c omp 
g roup s  wou l d  need t o  be s ep a r a te d . 

REAC TIVE PLAN 3 B  

This p l an is  t he s ame a s  P l an 3 exc e p t  tha t the swi t c h e d  s e r i e s  c ap s  a re 
e l imina t e d . This  p l an wou l d  probably wo rk through 2 0 0 5  a s  shown in QV -Curve 3 B .  
I t  has  s l i gh t l y  b e t t e r  ma rgins than P l an 3A . The re a r e  no ove rvo l t age p rob lems 
on the Ch ie f Joe -Monroe l ine s ince the re are  no swi t ched c ap a c i t o r s . 

REACT IVE PLAN 3 D  

T h i s  p l an c ons i s t s  o f :  

A .  Naneum swi t c hy a r d  ( 2 - 4  C B  r ings o r  f u l l  dev e l opment o f  1 2  CB ' s ) , 
B .  3 5 %  c omp on Chie f Jo-Monroe and 
C .  6 0 %  c omp ( 2 6 ohms ) on Naneum- Rave r #3 and #4 ( doub l e  c i r c u i t  l ine ) 

With the add i t i on o f  a Naneum Swi tchy a rd , the Chi e f  Jo -Mon roe outage b e c ome s the 
c r i t i c a l  outage . This  p l an wi l l  me e t  the 5 0 0  MVAR ma rgin through 2 0 0 3  a s  shown 
in QV - C u rve 3 D .  

The t ransmi s s ion l o s s e s  f o r  t h i s  p l an are s l ight ly highe r than the above p l ans 
( s e e  T a b l e  1 ) , however  the s e r i e s  c omp leve l s  have no t y e t  been opt imized with a 
Naneum swi tchy a rd in p l ac e .  The s ame c omp l eve l s  a s  P l an 3 C  we r e  a s s umetl . As 
wi l l  be shown l a t e r ,  the s e r i e s  c apac i t o r s  a t  Naneum l oad v e ry heav i ly dur ing 
outage s . An a dvantage to this  p l an is that the Ch i e f  Joe -Mon roe c omp wou ld h e lp 
reduce the l o a d ing o f  the s e r i e s  c apac i t o r s  a t  Naneum du r ing mu l t ip l e  outage s . 
C a s e s  J 0 4 9 1 6  ( 25 %  c omp ) and J 0 4 9 1 7  ( 3 5 % )  we re run t o  te s t  this c oncept  again s t  
c a s e  J 0 4 9 1 0  ( n o  c omp ) wh ich dep i c t s  one o f  the wo r s t  out a ge s  f o r  c apac i t o r  
l oading . The 2 5 %  c omp addi t i on reduc e s  the loading on the Naneum c apac i t o r s  by 
only 5 % , wh ile the 3 5 %  c ump r e duc e d  it 8 % . Thi s  3 5 %  c omp s ta t ion would need t o  
be at  l e a s t  2 6 0 0  amp s . Th i s  ampac ity r e duc t ion bene f it i s  no t s igni f ic ant 
enougl1 t o  wa r r a n t  the add i t ion of a new c apac i t o r  bank on the Chie f Joe - Monroe 
l ine . C ompens a t ion leve l s  above 3 5 %  woul d  need to b e  added in this l ine to be 
e f f e c t ive antl l ine ove rvo l t ag e s  wou ld s u re ly r e s u l t . 
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TABLE 9 :  OTHER REACT IVE PLANS STUDIED CONT . 
xxxxxxxxxxxxxxxxxx xxxxxxxxxxxxxxxxxxxxxxxxxx 

REAC T IVE PLAN 3 E  

T h i s  p l an i s  t he same as  P l an 3 D  exc e p t  that two 2 0 0  MVAR shun t  c apac i t o r  bank s 
were  added a t  Naneum ( s p l i t  bus ) f o r  addit iona l vo l t a ge s uppo r t . Large r bank s 
c aus e d  ove rvo l tage s . 

This p l an wou l d  have the r e qu i r e d  ma rgins  through 2 0 0 4  a s  shown in QV- Curve 3 E . 
The l o s s  s aving o f  t h i s  p l an is  a l s o  s l igh t l y  l e s s  than the ahove p l ans  ( Ta b l e  
1 ) , howeve r the s e r i e s  c omp l eve l s  have not  b e en op t imized w i t h  a Naneum 
swi tchyard in p l a c e . 

REACT IVE PLAN 3H  

This p l an i s  s imi l a r  t o  P l an 3G . With 4 0 %  c omp added on each  o f  the  S i ck l e r 
Rave r and Vantage - Rave r l ine s ,  the l oading f o r  the doub l e  Naneum- Rave r outage is  
n o t  e qua l a s  shown in J 0 4 8 2 4  f o r  the outage o f  the  doub l e  c i r c u i t  Naneum- Rave r 
l ine s . In fac t the S i c k l e r - Rave r l ine is  a t  i t s  the rma l c apac i t y  wh i l e  the 
Vant age - Rave r l ine is we l l  b e l ow .  This c ont ingency app e a r s  t o  b e  the l imit ing 
outage f o r  P l an 3G . The s e  two l in e s  c an be more e qua l l y  l o aded by r e duc ing the 
S i c k l e r - Rave r c omp to 3 0 %  ( 1 5 . 4  ohms ) .  The c o r r e sp onding outage f o r  this  
c ond i t ion i s  shown in J 0 4 8 28 . The  outage p e r f o rmanc e  o f  this  p l an i s  s l igh t l y  
d e g r a d e d  b y  this  l owe r c omp l eve l . 

REACTIVE PLAN 3 K  

Th i s  p l an i s  ve ry s imi l a r  t o  P l an 3 J  exc ept tha t t h e  c apac i t o r  bank s t ep s i ze s  
wou l d  be 1 9  and 7 ohms . The 1 9  ohm bank s i ze i s  s l igh t l y  b e t t e r  than 1 5  ohms 
f o r  l o s s  s aving s . The 1 9  and 7 ohm s i z e s  gives a wide r range o f  c ap bank s i z e s  
than t h e  1 5  a n d  1 1  ohm p l an . The 1 9  ohm s t ep s i ze a l s o  p rovide s b e t t e r  reac t ive 
ma rgins f o r  the l o s s of the p a ra l l e l  c i rcuit  in the EH wint e r . But i t  wi l l  a l s o  
requ i r e  l a rger  c ap bank s ize s a s  wa s shown i n  the ana l y s i s  f o r  P l an 3 J . 
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TABLE 1 4 :  NANEUM SUMMER S TUDIES  OF RICHLAND / VANTAGE PROBLEMS 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

The e f f e c t  o f  adding a new Naneum swit chya rd ( hoth fu l l  bus and s p l i t ) wa s 
inve s t igated f o r  s umme r p roblems with he avy export t o  SW . The f o l l owing i s  a 
summa ry o f  the s e  s tudi e s . The b a s e  c a s e  u s e d  for  the s e  s tudies  c on t a ined s ome 
v e ry pe s s imi s t ic a s sump t ions wh ich r e s u l t e d  in loadings that would be heav i e r  
than should a c tua l ly o c c u r . Howeve r ,  the data  c an b e  u s e d  a s  a c omp a r i s on t o  
show the d i f f e renc e s  b e twe en the s y s tem c onf igu r a t i ons . None o f  the change s 
in loading we re f e l t  t o  be s igni fic ant . The Vantage-Hanford ove r load for  the 
Cou l e e - Han fo rd outage is p robab ly the mo s t  s ign i f ic ant with a 3 . 6 7. inc r e a s e  
with the addit ion o f  a f u l l  bus . 

NANEUM SUMMER S TUDY AS SUMPTIONS 

1 .  Coulee gen inc r e a s e d  f r om 5 4 0 0  t o  6 0 0 0  
2 .  Chi e f  J o  g e n  inc r e a s e d  f rom 2 1 0 0  to  2 3 8 0  
3 .  L owe r Snake d e c r e a s e d  from 6 5 0  t o  5 0 0  e ach 
4 .  BCH int e r t i e  inc r e a s e d  f r om 1 2 0 0  to  2 2 0 0  
5 .  Wanapum l e f t  at  8 4 0  
6 .  Rocky Reach g e n  inc r e a s e d  from 1 1 0 0  t o  1 2 5 0  
7 .  Boa rdman and Ashe g e n  removed 
8 .  PNW/ PSW int e rt i e s l e f t  at  4 9 0 0  s chedul e d / 3 9 0 0  ac tual and 2 7 3 4  DC 
9 .  T roj an and C en t r a l i a  on 
1 0 . WWP / BCH int e r t i e  removed 
11 . Run f rom Budge t b a s e c a s e s  

CASE II AND LOADING 
OUTAGE HEAVILY LOADED LINES RATING* EXISTING S PL I T  BUS FULL BUS 

Ba s e : No outage A9 6 1 7 9  A 9 6 1 8 0  A9 6 1 8 1  
Rocky Rh- C o lumb ia 1 2 0 0  7 48 8 1 5  7 5 2  
Coul e e - Potho l e s  9 0 0  5 5 9  5 5 3  5 3 6  

Cou l e e - H anford A 9 6 1 8 2  A9 6 1 8 6  A9 6 1 9 0  
Cou l e e - Pothol e s  9 0 0  7 5 2  7 1 4  6 8 5  
Naneum- Vant age 2 5 9 0  1 8 2 7  1 8 9 2  2 1 2 9  
Vantage- Hanfo rd 2 9 0 0  ( 8 0 )  3 1 3 0  3 1 5 4  3 2 4 3  
Co lumb i a -Vantage 9 5 0  8 8 4  9 0 7  8 0 8  
Doug l a s - Rocky Rh 2 1 2 0  4 5 2  1 1 1 6  5 4 5  
Rocky RH - C o lumb i a  1 2 0 0  8 7 4 9 7 2  8 8 3  

Vantage-Hanford A9 6 1 8 3  A 9 6 1 8 7 A9 6 1 9 1  
C ou l e e - Potho l e s  9 0 0  4 6 6  4 8 4  4 7 6  
Coul e e - Hanford 3 4 2 0  2 8 9 0  2 8 8 4  2 8 7 8  
Midway-Grandv iew T 1 2 0 0  1 1 4 6  1 1 2 5  1 1 3 3  

2 Coul e e - Rave r A9 6 1 8 5  A9 6 1 8 9  A 9 6 1 9 3  
o r  Coul e e - H anford 3 4 2 0  2 8 9 5  2 9 9 8  2 8 9 9  
2 Cou l e e - Naneum S ic k l e r-Naneum 2 9 0 0  2 2 4 2  2 2 92 2 5 8 7  

Coul e e - Potho l e s  9 0 0  7 2 7  7 5 3  7 2 9  
Naneum-Vantage 2 5 9 0  5 2 0  

* Inc lud e s  p l anned up r a t e s  

XX 
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TABLE 1 4 : NANEUM SUMMER S TUDIES CONT 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

CASE # AND LOADING 
OUTAGE HEAVILY LOADED LINES RAT ING* EXI S T ING S PL I T  BUS FULL BUS 

2 Nane um- Rave r A9 6 1 8 5  A9 6 1 9 4  A9 6 1 9 5  
Naneum-Vantage 2 5 9 0  5 2 0  1 1 1 1  1 4 5 2  

S teven s - Thay e r  A9 6 1 8 4  A9 6 1 8 8  A 9 6 1 9 2  
H o rn R- HRT 3 3 0  4 4 0  4 4 0  4 4 0  

Naneum- S ick l e r  A 9 6 1 9 6  A9 6 2 0 0  A96204  
Rocky RH-Mckenzie 1 1 90  1 2 5 1  1 1 8 6 1 1 7 9  
Rocky RH - C o l umb ia 1 2 0 0 ( 8 0 )  1 1 0 5  1 0 4 0  1 0 3 3  
Cou l e e - P o thole s 9 0 0  6 1 2  5 5 5  5 5 1  
C o lumbia -Vantage 9 5 0  8 9 0  7 8 0  7 6 7  
Hanna - Ea s tmt 2 6 0  2 6 0  2 5 5  2 5 3  

Midway-Wanapum A 9 6 1 9 7  A9 6 2 0 1  A9 6 2 0 5  
C ou l e e - Potho l e s  9 0 0  5 8 6  5 8 0  5 6 4  

Mc ken z i e - Rocky R A9 6 1 98 A9 6 2 0 2  A 9 6 2 0 6  
Rocky RH - C o l umb ia 1 2 0 0  1 1 2 6  1 2 2 6  1 1 3 9  XX 
Hanna - E a s tmt 2 6 0  2 5 8  2 8 6  2 6 2  

Dougl a s - Rocky Rh A9 6 1 9 9  A9 6 2 0 3  A9 6 2 0 7 
Hanna - E a s tmt 2 6 0  2 2 3  3 0 0  2 3 5  XX 

Van tage -Midway - Ou t l ook l oadings d e c r e a s e  with Naneum deve l opment ( ba s e ) 

S l a t t -J ohn Day loading inc r e a s e s  only s l ight ly with Naneum deve l opment ( ba s e ) 



xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

TABLE 1 5 : SUMMARY OF OUTAGE S RUN FOR PLAN 3 F  
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

WORST S I NGLE L INE OUTAGE IN EH WINTER : 

Outage 

P a ra l l e l  500 l ine 

C a s e  II 

J 0 4 EH5 1 0  
J 0 4 EH5 0 9  

N aneum c ap 
loading 

4 1 2 1  amp s 

WORST DOUBLE L INE OUTAGE DURING NORMAL WINTER 

C o l uml.J i a  c ap 
l o a d ing 

2 6 1 6  amp s 

Outage C a s e  II Naneum c ap 
loading 

Naneum c ap 
l oadg w CT 

Co lumb ia c ap 
l oading 

Vantage - Naneum and J 0 4 7 5 7  
Cuu l e e - Naneum /1 1  o r  /1 2  

Naneum-Rav e r  Il l  and 
Naneum- Rav e r  /1 3  o r  /1 4  

J 0 4 7 5 5  4 6 2 0  amp s * *  4 3 7 5  A e s t * *  

3 2 8 6  amp s *  

C o l uml.J c ap 
l o adg w CT 

3 1 1 0  A e s t . *  

* Exc e e d s max imum upg rade c apab i l i t y  o f  ex i s t ing Co lumb i a  s e r ie s  c apac i t o r  
bank s ( 3 0 0 0  amp s ) .  

* *  Exc e e d s  Swi t chge a r  l im i t a t ion s o f  ex i s t ing equ ipment a t  Rave r .  

Load r e duc t ions due t o  the CT ' s  i s  e s t ima t e d  f rom a c tua l c a s e s  run in Tab l e  1 6  
and 1 7 . Loading i s  re duc e d  by about 5 %  when C T ' s  we re run . The s ame CT ' s  we re 
run he r e  a s  in the EH winte r  c a s e s . 



xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
TABLE 1 6 : SU��RY OF OUTAGES RUN FOR PLAN 3G 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

WORS T S INGLE L I NE OUTAGE IN EH WINTE R ,  PHASE I :  

P a ra l l e l  5 0 0  l ine J O OEH 6 5  3 0 7 3  amp s 
JOOEH66 
J 0 4EH 5 6 0  3 2 3 3  amp s 
J0 4EH5 6 1  

E s t ima t e d  J O l  loading 3 1 1 3  amp s 

2 4 9 5  

2 5 9 4  
2 5 2 0  

WORST DOUBLE L INE OUTAGE DURING NOru1AL WINTER , PHASE I :  

Outage 

Vantage-Naneum and 
Coul e e - Naneum #1 or #2 

E s t ima t e d  J O l  load ing 

Naneum- Rave r #1 and 
Naneum- Rave r #3  o r  # 4  

E s t imat e d  J O l  l o ading 

Naneum- Rave r #1 and #2 

S ic k l e r- Naneum and 
Cou l e e - Naneum # 1  or # 2  

Naneum- Rave r # 2  and 
Naneum- Rave r #3 or # 4  

C a s e  # Naneum 
loading 

J 0 0 1 4 9  
J 0 4 9 1 3  
J 0 4 9 1 9  

J 0 0 1 5 0  
J 0 0 1 5 2  
J 0 4 9 1 4  
J 0 4 9 1 8  

J 0 0 1 4 7  
J 0 4 9 1 1  

J 0 0 1 48 
J 0 4 9 1 2  

J 0 0 151  
J 0 4 9 1 5  

3 6 1 1  amp s 

3 9 4 2  amp s 

3 6 9 4  amp s 

2 7 7 0 amp s 
3 0 2 3  amp s 

3 4 9 2  amp s 
3 8 1 2  amp s 

Pha s e  I I  c aps : 2 0  ohms on S ic k l e r - Rave r l ine 
23 ohms on Vantage-Rave r l ine 

Naneum 
l oa d ing 
with C T  

3 4 18 amp s 

3 7 3 5  amp s 
3 4 9 7  amp s 

WORST S I NGLE L INE OUTAGE IN EH WINTER , PHASE I I : 

Outage C a s e  I Naneum c ap C o l umb i a  c a p  
l o ad ing l oa ding 

Pa ra l l e l  5 0 0  l ine J 0 4EH563  2 7 0 6 amp s 
J04EH 5 6 2  2 7 0 4  amp s 

amp s 

amp s 
amp s 

C o l umb i a  Columb ia 
loading l o ading 

with CT 

29 9 5  amp s 
3 2 4 2  amp s 

3 0 7 6 amp s 
3 0 5 7  amp s 2 9 0 0  amp s 

3 0 4 1 amp s 
3 1 9 7  amp s 

S - R  c a p s  V - R  c ap s  

2 1 1 0  amp s 1 8 1 6  amp s 



xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

TABLE 1 6 : SUMMARY OF OUTAGE S RUN FOR PLAN 3G c ont . 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

DOUBLE CIRCUIT LINE OUTAGE S DURING NORMAL WINTER , PHASE I I : 

Outage C a s e  II S ic k l e r - Rave r Vant age - Rave r 
c ap l oa d ing c ap l oa d ing 

Naneum- Rave r /1 3  and /1 4  J 0 4 8 2 4  2 9 9 9  amp s 2 5 8 1  amp s 
doub l e  c i r c u i t  

Outage Ca s e  II Naneum c ap Columb i a  c ap S - R  c a p s  
loading l oa d ing l o a d ing 

Vant a g e - Naneum and J 0 4 8 1 4  3 2 9 4  amp s 
Cou l e e - Naneum # 1  o r  112 J 0 4 9 1 9  w CT 3 0 7 6  amp s 

Naneum-Rave r  Il l and J 0 4 8 1 5  3 4 5 7  amp s 
Naneum- Rav e r  /1 3  o r  /1 4  

Naneum- Rav e r  Il l  and # 2  J 0 4 9 0 9  3 0 23  amp s 

S ic k l e r - Naneum and J 0 4 8 1 3  3 2 8 3  amp s 
Coul e e - Naneurn # 1  o r  # 2  

Nane um- Rave r # 2  and J 0 4 8 1 6  3 2 9 5  amp s 2 5 7 4  amp s 
Naneum- Rave r # 3  o r  /1 4  

V - R  c ap s  
l oa d ing 

2 3 2 2 amp s 

S e r ie s  c ap s  a r e  not needed f o r  volt age s t a b i l i t y  o f  the doub l e  l ine out age s on 
this  page . 



xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

TABLE 1 7 : SUMMARY OF OUTAGE S RUN FOR PLAN 3 J  
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

Pha s e  I :  1 5  ohms in Naneum- Rave r double c i rcuit  
Pha s e  I I : 15  + 11 ohms in Naneum- Rave r doub l e  c i rcuit 

SINGLE LINE OUTAGE I N  EH WI NTE R :  PHASE I CAP S 

The s e  outages  a r e  s im i l a r  t o  P l an 3 G  in Tab l e  1 6 . 
Caps wi l l  need to b e  bypas s e d  for mo s t  2 l ine outages 

DOUBLE LINE OUTAGE DURING NORMAL WINTER : PHASE I CAP S 

The se  outages  a r e  s im i l a r  to  P l an 3 G  in Tab l e  1 6 . 
Caps  wi l l  need t o  b e  bypa s s e d  f o r  mo s t  2 l ine outages 

S INGLE LINE OUTAGE I N  EH WINTER : PHASE II CAP S 

O u tag e C a s e  # Comp Naneum c ap 
Leve l loa ding 

P a ra l l e l  5 0 0  l ine J04EH640  2 6  ohms 4 0 3 9  amp s 
J 0 4EH6 41  2 6  ohms 
J 0 4EH6 3 9  1 5  ohms 3 0 7 1  amp s*  

1 9  ohms 3 4 25 amps 

Chief Joe -Monroe J 0 4EH 5 2 6  2 6  ohms 3 0 4 1  amps 

DOUBLE LINE OUTAGE DURING NORMAL WI NTER : PHASE I I  CAP S 

Co lumb ia c ap 
loading 

2 7 0 0  amps 

e s t . 

Outage C a s e  II Comp Naneum c a p  Co lumb i a  c ap 
Leve l l oa d ing l o a d ing 

Vantage - N aneum and J 0 4 9 6 3  15  ohms 3 2 0 7  amp s 

C ou l e e - Naneum # 1  o r  11 2  J 0 4 9 6 5  1 1  ohms 3 1 7 5 amp s 
J 0 4 9 6 9  1 5  ohms + CT 3 0 4 3  amp s 

Naneum- Raver Ill and J 0 4 9 6 2  1 5  ohms 3 6 6 1  amp s 
Naneum- Rave r # 3  o r  # 4  J 0 4 9 6 4 1 1  ohms 3 4 1 0  amp s 

J 0 4 9 6 6  11  ohms + CT 3 2 28  amp s 

* A m1n1mum o f  15  ohms i s  needed to  me e t  vo l tage s t abil ity ma rgins fo r the 
outage of one Naneum- Rav e r  c ompen s a t e d  l ine du r ing EH win t e r .  



xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
TABLE 1 8 : ROUGH COMPARISON OF COST AS SOCIATED WITH PLANS 3 F ,  3G AND 3J  
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

Plan MVARs L o s s e s  ( MW)  T o t a l  C o s t  

Plan 3 F  
4 12 0  amp s , 2 6  ohms a t  Naneum 1 3 2 4 e a  4 MW $ 3 6  mi l l i on 
upra te C o lumb ia to  2 7 0 0  amp s 9 2  e a  

Plan 3 G  
3 1 5 0  amp s , 1 9  ohms at Naneum 5 6 6  e a  0 MW $ 2 9  mi l l i on 
up rate  Columb ia to 2 7 0 0  amp s 9 2  e a  
2200  amp s , 2 0  ohms on S - R  2 9 0  
2 0 0 0  amp s , 2 3  ohms on V - R  2 7 6  

Pl an 3 J  
3 1 0 0  amp s , 1 5  ohms a t  Naneum 4 3 2  e a  2 MW $ 2 8  mi l l i on 
up rate  Columb i a  t o  2 7 0 0  amp s 9 2  e a  
addi t iona l 3 1 0 0  amp s ,  1 1  ohms 3 1 7  e a  
a t  Naneum ( in s e r i e s  with 1 5  ohms ) 

L o s s e s  a r e  eva lua t e d  a t  a p r e s ent wo rth o f  $ 1  mill ion pe r MW 
S e r i e s  c a pa c i t o r  c o s t s  a r e  $ 2 . 9 5 mi l l i on plus  $ 9 . 2 3 p e r  KVAR p e r  bank 
Naneum swi tchy a rd ( 1 2 C B s ) is c ommon in a l l  plans  - no c o s t  added in c omp a r i s on 



CUSTER 239 -36 

LOSSES 
BPA= 954 . 81 
PNH= 1 382 . 99 

SYSTE.H= 4062 . 33 

BROAD 
1 13 -51 

DUHAM 

I<) 
(X) (\1 

228 -42 

HORSRNCH 
231 -42 

229 -40 
OBRIEN 

240 -39 
SHELTON 

234 -40 
SEDRO 

19-AUG-91 AT 1 1 : 03 : 35 HOURS 

773 ( 25 )  

1 390 1< .  

4 1 (  -8) 

229{ 4) 

348 -11  
ROCKY R 
234 -8 

II) II) 
I 

co I<) 
_. 
.... 

SICKLER 
535 -12 

J O OEH55 8/19/91 PF V6012 
CY89 ALH-MJL 
BASED ON JOOEH51 
MAPLE. VALLEY TX OUT 

PFPLOT PFP33i : REVISED 10/1 1/90 

I (>I 
(X) 



INTERTIE SCHEDULE 
AC= -84 . 
DC= - 1 7 1 0 .  

CANADA TO PNH 
I BCH & WKOOT > 
S I =  45 0 .  
AI= 45 0 .  

BUT SIC ,... 0 __/\ 
1 6 . 7  -42 l.7(99fV 

540 -23 
MARION 

ACTUAL 
AC= -434 . 
DC= - 1 7 1 0 .  

MONT T O  PNW 
SI= 1 3 1 0 .  
AI= 1 0 1 4 .  

565 1 67 )  

535 -30 
RAVER 

( 548 ) 548 

H54 7 l 

LOSSES 
BPA= 951 . 88 
PNW= 1 37 0 . 84 

SYSTEM= 4 054 . 31 

IDAHO TO PNW 
SI= 630 . 
AI= 575 . 

GRIZZLY 

50 0BUSNORTHWEST 

J O OEH65 8/14/91 
CY89 MJL 
BASED ON JOOEH64 
NANEUM-RAVER #3 OUT 

PF V60 1 2  



INTERTIE SCHEDULE 
AC= -84 . 
DC= -17 1 0 .  

CANADA T O  PNH 
( BCH & WKOO T l  
SI= 450 . 
AI= 4 5 0 .  

BUT S/C .-.. 0 __!\ 
1 6 . 7 -42 � 

541 -24 
MIIRION 

ACTUAL 
AC= -435. 
DC= -171 0 .  

MO NT T O  PNW 
SI=  1 3 1 0 .  
A I =  1 0 12 .  

561 (64 ) 

tS98{ 1S9 l  

535 -30 
RAVER 

1 146 4) 

532 - 13 
C-Rl4  

1 140{-6 )  

LOSSES 
BPA= 944 . 1 3 
PNI-J= 1361 . 51 

SYSTEM= 4043 . 71 

IDAHO TO PNW 
SI=  630 .  
II I =  577 . 

CHIEF J3 353 -11  

533 -14  
534 -20  S I CKLER (1; 
C-Rl3  ? 

GRI ZZLY 

\,... ff � .... 

50 0BUSNORTHWEST 

J O OEHR6 8/ 1 4/91 PF V6012  
CY89  i\LH-MJL 
BASED O N  JOOEH6El4 
COULEE-NANEUM # 1  OUT 

PFPLOT PFP334 : REVISED 10/11/90 



CUSTER 
239 -44 

LOSSES 
BPA= 9 44 . 28 
PNH= 1 38 0 . 45 

SYSTEM= 4067 . 82 

HORSRNCH 
236 -46 

BROAD 
1 1 8 -52 Q.. 

DELR 237 -43 

DUHAM 
237 -42 

I (/1 

236 -46 
SEDRO 

s : po R- , PLOTTED 26-AUG-91 AT 1 5 : 1 8 : 42 HOURS 

593 ( -1 9 )  

242 -41 
GORGE 

J J�O R,. 
, .. 

3 1 ( -6 ) 

2 19( 5 ) 

468 (209 ) 
� 

240 -42 ( 708 ) 
MAPLE VL 7 08 

� 355 -39 .., 

350 - 1 1  
ROCKY R 
235 -8 SICKLER 

534 -12 

2 3 0 -KV 

J O OEH71 8/26/91 PF V60 1 0  
CY89 ALH-MJL 
BASED ON JOOEH87 
RAVER-SNOQUALMIE SOOKV OUTAGE 

PFPLOT PFP33� : REVISED 1 0/1 1/80 



KEELER 
536 -31 

PEARL 
537 -30 

INTERT I E  SCHEDULE 
AC= 0 .  
DC= 832 . 

CANADA TO PNW 
( BCH & WKOOT l 
SI=  
AI= 

BUT S/C ,.... Q_ ___1\ 
1 6 . 7 -42 � 

550 ( 58 ) 

535 -29 
RAVER 

( 300 ) 300 

546 -7 
C-R1 4  

TROUT 
533 -29 

MCL 
534 -28 

829 ( -55)  

540 -26 
MARION 

ACTUAL 
AC= -284 . 
DC= 832 . 

MONT TO PNH 
SI= 1 25 0 .  
AI= 982 .  

904l-36) 

993l 2) 

LOSSES 
BPA= 734 . 50 
PNW= 1 095 . 62 

SYSTEM= 3644 . 71 

IDAHO TO PNH 
SI=  7 0 0 .  
AI=  684 . 

CHIEF J3 356 -11  

538 -12 
538 -16 S ICKLER 
C-R 1 3  

538 - 1 6 
C-R23 

GRI ZZLY 

SOOBUSNORTHHEST 

J 0 0 1 4 7  1 0/ 1/91 PF V60 1 0  
CY89 ALH-MJL 
BASED ON J 0 0 144 
NANE�M - RAVER 1&2 SO OKV L I NES OUT 



PAUL 
540 -34 ;::: 

I ...... ..., .,. 
537 -35 "' 

BUT S/C .-.. 0 1\ 
1 6 . 7 -45 � 

588! 75 )  

A L ST (1}----;;o.-+::-,.-+;f---oEf'J 

KEELER 
537 -34 

PEARL 
537 -33 

INTERTIE SCHEDULE 
AC= 0 .  
DC= 832. 

CANADA TO PNW 
! BCH & HKOOT J 
51=  450 .  
AI= 450 .  

s : po R-

541 -29 
MAR ION 

829 ! -63)  

ACTUAL 
AC= -288 . 
DC= 832 . 

MONT TO PNW 
5 1 =  1 25 0 .  
A I =  973 . 

9ost-42> 

997 (-5)  

LOSSES 
BPA= 759 . 87 
PNH= 1 13 1 . 81 

SYSTEM= 3683 . 67 

I DAHO TO PNW 
SI= 7 0 0 .  
AI=  689 . 

CHIEF J3 353 -11  

s8s<7 U 

GRIZZLY 

S O OBUSNORTHHEST 

J 0 0 1 48 1 0/ 1 /9 1  PF V601 0 
CY89 ALH-MJL 
BASED ON J00144  
SICKLER - NANEUM S O OKV LINE OUT 
COULEE - NANEUM 1 50 0KV L I NE OUT 

PFPLOT PFP334 : REVISED 1 0/11/90 



PEARL 
535 -29 

INTERT IE  SCHEDULE 
AC= 0 .  
DC= 832 . 

CANADA TO PNW 
C BCH & WKOOTl 
S I =  
AI=  

540  -25 
MARION 

928 ( -831  

ACTUAL 
AC= -284 . 
DC= 832 . 

MONT TO PNW 
S I =  125 0 .  
A I =  985 . 

530 -19 
C-R14  

936(-341 

1 032( 1 ) 

LOSSES 
BPA= 762 . 59 
PNW= 1 1 3 0 . 77 

SYSTEM= 3684 . 51 

I DAHO TO PNW 
SI=  7 0 0 . 
AI= 681 . 

534 -25 
C-R 1 3  

531 -16 
SICKLER � ,..... I 

� � .... 

GRI ZZLY 

500BUSNORTHWEST 

J 00 1 49 1 0/ 1/91 PF V60 1 0  
CY89 ALH-MJL 
BASED ON J 0 01 44 
VANTAGE - NANEUM 500KV LINE OUT 
COULEE - NANEUM 1 5 00KV L I NE OUT 

I fD � 



KEELER 
537 -33 

PEARL 
537 -31 

INTERTI E  SCHEDULE 
AC= 0 .  
DC= 832 . 

CANADA TO PNW 
C BCH & WKOOTl  
SI= 450 .  
AI= 450 .  

BUT SIC ,...., o ___1\ 
1 6 . 7 -45 � 

575 ( 71 ) 

535 -32 
RAVER 

( 300 ) 300 

TROUT 
533 -30 

MCL 
533 -29 

872 ( -7'!)  

542 -27 
MARION 

ACTUAL 
AC= -286 . 

DC= 832 . 

MONT TO PNW 
SI=  1 25 0 .  
AI= 979 .  

1 0 12t-12l 

LOSSES 
BPA= 762 . 29 

PNW= 1 1 28 . 75 

SYSTEM= 3681 . 09 

IDAHO TO PNW 
SI= 7 0 0 .  
AI:-: 685 . 

536 -16 
C-R23 

GRI ZZLY 

5 00BUSNORTHWEST 

J 0 0 150  1 0/ 1 /9 1  PF V601 0  
CY89 ALH-MJL 
BASED ON J 0 0 1 44 
NANEUM - RAVER 1&3 SO OKV L I NES OUT 

PFPLOT PFP33i : REVISED 1 0/11/90 



539 -34 
ALST 

PEARL 
538 -31 

INTERTIE SCHEDULE 
AC= 0 .  
DC= 832. 

CANADA TO PNW 
C BCH & HKOOTl 
SI=  450 .  
A I =  450 .  

BUT S/C ,.... 0 __f\ 
16 .7 -44 \Tf97TV 

572 (69) 

541 -27 
MARION 

868 ( -75) 

ACTUAL 
AC= -285. 
DC= 832 . 

MONT TO PNW 
S I =  1 25 0 .  
A I =  980 . 

535 -32 
RAVER 

( 300 ) 
3 0 0  

917 t -43l 

1 0 1 0 ( -7 ) 

LOSSES 
BPA= 756 . 80 
PNW= 1 1 22 . 51 

SYSTEM= 3674 . 30 

I DAHO TO PNW 
SI=  7 0 0 .  
AI=  685 .  

GRI ZZLY 

5 0 0BUSNORTHWEST 

J00151  1 0/ 1/91 PF V60 1 0  
CY89 ALH-MJL 
BASED ON J00144 

I ID <.n 

NANEUH - RAVER 2&3 S O OKV L I NES OUT 



KEELER 
536 -32 

PEARL 
537 -31 

INTERTI E  SCHEDULE 
AC= O .  
DC= 832 . 

CANADA TO PNW 
I BCH & WKOOTJ 
SI=  4 5 0 .  
AI=  450 .  

BUT S/C ,-,. 0  � 
16 .7 -41 � 

550 {60 )  

1628069) 

535 -30 
RAVER 

( 300 ) 300 

TROUT 
533 -30 

MCL 
533 -29 

837 ( -57 ) 

540 -27 
MARION 

ACTUAL 
AC= -28 1 . 
DC= 832 . 

MONT TO PNH 
SI= 1 25 0 .  
AI= 985 . 

989(2 )  

LOSSES 
BPA= 7 1 3 . 8 0  
PNH= 1 073 . 99 

SYSTEM= 362 0 . 63 

IDAHO TO PNH 
SI=  7 0 0 .  
AI= 684 . 

CHIEF J3 356 - 1 0  

GRIZZLY 

50 0BUSNORTHHEST 

J00 152 1 0/ 1 /9 1  PF V601 2  
CY89 ALH-MJL 
BASED ON J 0 0 1 44 
NANEUM-RAVER # 1  AND #3 OUT 
604  MH CT ' S  ADDED IN PUGET SOUND 



CUSTER 
240 -38 

LOSSES 
BPA= 1 037 . 19 
PNW= 1 5 08 . 56 

SYSTEM= 4346. 78 

HORSRNCH 
230 -45 

BROAD 
1 12 -53 Q_ 

112  -44 

239 -38 
SHELTON 
542 -35 

232 -43 
SEDRO 

s : PC R- , PLOTTED 1 9-AUG-91 AT 1 0 : 58 : 25 HOURS 

834 ( -48 ) 

345 -12 
ROCKY R 
233 -9 0 

.... 
1'-1 

S I CKLER 
531 - 1 3 

J 0 4EH508 8/ 1 9/91  PF V6012  
CY89 HJL 
BASED ON JOOEH4 9 1  
MAPLE VALLEY 50 0/230 T X  OUT 

PFPLOT PFP33� : REVISED 1 0/1 1/90 



356 ( 8 )  

SATSOP 
540 -36 

KEELER 

INTERT IE SCHEDULE 
AC= -73 0 .  
DC= -17 1 0 .  

CANADA T O  PNW 
C BCH & WKOOTl 
SI= 4 5 0 .  
AI= 450 .  

BUT S/C ,.... 0 __f\ 
1 6 . 6 -43 � 

559 ( 6 '1 )  

536 -24 
MARION 

1 168 ( 0 )  

ACTUAL 
AC= -953 . 
DC= - 1 7 1 0 .  

MONT T O  PNW 
SI= 1 3 0 0 .  
A I =  1 02 1 . 

519 -30 
RAVER 

1203{ 59 1 

1244 ( 44 1 

LOSSES 
BPA= 1 024 . 89 
PNW= 148 1 . 04 

SYSTEM= 4320 . 96 

IDAHO TO PNW 
SI= 480 . 
AI=  536 . 

CHIEF J3 351 -12 

525 -15 
SICKLER ..._ 1:! t:r � ..... 

GRIZZLY 

SOOBUSNORTHWEST 

J04EH509 6/25/91 PF V60 1 0  
CY89 ALH-MJL 
BASED ON J04EH491 
COULEE - NANEUH 1 5 0 0  OUT 

PFPLOT PFP33� : REVISED 10/1 1/90 



358 ! 9) 

SATSOP 
540 -36 

INTERT I E  SCHEDULE 
AC= -730 . 
DC= - 1 7 1 0 .  

BUT S/C ,... o _____1'1 
16 .6 -44 � 

563 ( 7 0 )  

534 -23 
MARION 

1 191 (-8) 

ACTUAL 
AC= -952 . 
DC= - 17 1 0 .  

MONT T O  PNW 
S I =  1 3 0 0 .  
A I =  1 023 . 

517  -31 
RAVER 

121 1 73 1 

1252 ( 57) 

LOSSES 
BPA= 1 041 . OS 
PNW= 1500 . 15 

SYSTEM= 4339 . 84 

IDAHO TO PNW 
SI=  480 . 
AI=  534 . 

-11 

559 (66 )  

351 

-9 

GRIZZLY 

SO OBUSNORTH�EST 

J04EH51 0 6/25/91 PF V601 0 
CY89 ALH-MJL 
BASED ON J04EH49 1  
NANsUM - RAVER 3 5 0 0  OUT 

f=,;. l \  



CUSTER 
238 -46 

LOSSES 
BPA= 1 029 . 01 
PNH= 151 2 . 7 1  

SYSTEM= 4358 . 97 

HORSRNCH 
234 -49 

BROAD 
1 16 -54 Q_ 

240 -36 
SHELTON 
542 -33 

6 1 7 ( -90 )  

51 ( 18)  
- ( 2 )  SNOK 

9�(� 233 -49 
<?; 

13'S 0 I( 
l<t ) Ot.. 

.)sss g- 4 ( -1;? • 

·---- )� 

237 -32 

s : po R- , PLOTTED 20-AUG-91 AT 1 6 : 1 4 : 28 HOURS 

30 l-6l  

218l 6 )  

( ) 

347 -12 
ROCKY R 
233 -9 

0 "" 
I 

co 0) "" 

1 I S ICKLER 
529 -12  

J 04EH515 8/20/91 PF V6012 
CY89 HJL 
BASED ON J 04EH491  
RAVER-SNOQUALMIE OUT 

PFPLOT PFP33� : REVISED 1 0/11/90 



356 ( -19)  

SATSOP 
541 -36 

540 -33 
ALST 

INTERTIE  SCHEDULE 
AC= -730 . 
DC= - 1 7 1 0 .  

CANADA TO PNW 
( BCH & WKOOTJ 
SI= 450 . 
.AI= 450 .  

BUT S/C ,.... 0 _f\ 
16 .  6 -47 \7""f10o)V 

6 1 1 ( 96)  

537 -23 
MARION 

1 166 ( -18 )  

ACTUAL 
AC= -952. 
DC= -171 0 .  

MONT T O  PNW 
SI= 1 3 0 0 .  
A I =  1 023.  

535 -30 
RAVER 

( 545 ) 545 

542 -5 
C-R 1 4  

1203 2) 

1243 ( 37 ) 

LOSSES 
BPA= 1 04 1 . 99 
PNW= 1504 . 42 

SYSTEM= 4345 . 77 

IDAHO TO PNW 
SI= 480 . 
AI=  535 . 

535 -20 
C-R 1 3  

GRI ZZLY 

5 0 0BUSNORTHWEST 

J 04EH526 1 0/ 3/91 PF V6012 
CY89 MJL 
BASED ON J 04EH524 
CHIEF JOE-MONROE OUT 

2!, ..[1.. � N 1./"'o ;;.�v# - f2 P.'H.> ;< 

2 



347(-19 )  

SATSOP 
541 -36 

537 -34 
ALST 

INTERT I E  SCHEDULE 
AC= -730 . 
DC= -1 7 1 0 .  

CANADA T O  PNH 
C BCH & WKOOTl  
SI=  450 .  
A I =  450 .  

BUT S/C .-.. 0 · ___/\ 
16 . 6 -42 � 

562 ( 67) 

TROUT 
527 -27 

MCL 
528 -26 

535 -31 
RAVER 

( 5'15 ) 5'15 

1 178 ( 5 ) 

536 -24 
MARION 

ACTUAL 
AC= -956 . 
DC= -171 0 .  

MONT T O  PNH 
S I =  130 0 .  
A I =  1 0 1 4 .  

LOSSES 

1219 61 ) 

127'3( 44 ) 

BPA= 996 . 9 0  
PNW= 1451 . 38 

SYSTEM= 4290 . 89 

IDAHO TO PNH 
SI= 4 8 0 .  
A I =  539 . 

CHIEF J3 353 -11  

559(64 )  

GRI ZZLY 

5 0 0BUSNORTHWEST 

J 04EH560 8/14/91 
CY89 MJL 
BASED ON J04EH559 
NANEUM-RAVER #3 OUT 

PF V60 1 2  



345( -19 )  

SATSOP 
541 -37 

INTERT IE SCHEDULE 
AC= -730 . 
DC= - 1 7 1 0 .  

CANADA TO PNW 
C BCH & WKOOT) 
SI= 4 5 0 .  
AI= 450 .  

538 -24 
MARION 

1 157 ( 16)  

ACTUAL 
AC= -957 . 
DC= - 1 71 0 .  

MONT T O  PNW 
SI=  1 3 0 0 .  
A I =  1 0 1 2 .  

535 -31 
RAVER 

531 -13 
C-R14 

1211 491 

1264 ( 33)  

LOSSES 
BPA= 988 . 1 0  
PN�= 1440 . 22 

SYSTEM= 4 279 . 1 1  

I DAHO TO PNW 
51= 480 .  
AI= 54 1 .  

532 -15 
532 -21 SICKLER ij; 
C-R 1 3  , 

GRI ZZLY 

� � .... 

SO OBUSr-JORTH�EST 

J 04EH561 8/14/91 PF V6012  
CY89 MJL 
BASED ON J 04EH559 
COULEE-NANEUM #1 OUT 

--



353 ( -1 9 )  

SATSOP 
541 -36 

KEELER 

( 360 ) 360 

INTERTIE  SCHEDULE 
AC= -730 . 
DC= -171 0 .  

CANADA TO PNH 
( BCH & HKOOT>  
SI= 450 .  
AI=  450 .  

BUT S/C .-.. 0 _f\ 
16.  6 -43 \:7""fiOO)V 

559( 65)  

531  -15 
C-R14  

532 -15 
533 -22 S ICKLER r1; 
C-R 1 3  � ..... tV !:; 

1�92( -21 )  

1 198( -1 7} 

536 -24 
MAR ION 

ACTUAL 
AC= -959 . 
DC= -171 0 .  

MONT T O  PNW 
SI=  1 30 0 .  
AI= 1 0 0 8 .  

535 -31 
RAVER 

( 515 ) 5'15 

1221 60 ) 

1287 ( 43) 

LOSSES 
BPA= 1 0 1 8 . 88 
PNW= 1477 . 67 

SYSTEM= 4319 . 1 5 

IDAHO TO PNW 
51=  480 .  
AI=  543 . 

GRIZZLY 

50 0BUSNORTHHEST 

J 04EH562 1 0/ 1 /9 1  PF V601 0  
CY89 ALH-MJL 
BASED ON J04EH543 
COULEE - NANEUM 1 S OOKV LINE OUT 



BUT S/C '""' L __f\ 
16. 6 -43 � 

555 ( 62 )  

536 -18 
C-R23 

CHIEF J3 354 - 12 

1685( 1 76) 

354 ( -20 )  

SATSOP 
541 -35 

f,i! 
'-

537 -33 l8 
AL S T fB----;;.o+-::-.-EJf--Ee 

KEELER 

INTERT IE  SCHEDULE 
AC= -730 . 
DC= - 17 1 0 .  

CANADA T O  PNW 
C BCH & WKOOTJ  
SI=  450 .  
AI=  450 . 

536 -22 
MARION 

ACTUAL 
AC= -956 . 
DC= - 1 7 1 0 .  

MONT TO PNW 
SI=  1 3 0 0 . 
AI=  1 01 4 .  

535 -30 
RAVER 

( 545 ) 5-45 

1224 6'\) 

1290 ( 46) 

LOSSES 
BPA= 1 026 . 14 
PNW= 1 484 . 83 

SYSTEM= 4324 . 99 

IDAHO TO PNW 
S I =  480 . 
AI= 54 0 .  

GRI ZZLY 

50 0BUSNORTHWEST 

J04EH563 1 0/ 1 /9 1  PF V60 1 0  
CY89 ALH-MJL 
BASED ON J 04EH542 
NANEVM - RAVER 3 5 0 0KV LINE OUT 

I co �·  



358 ( 7 )  

SATSOP 
5lf0 -37 

537 -34 
ALST 

KEELER 

INTERTIE SCHEDULE 
AC= -730 . 
DC= -17 1 0 . 

CANADA TO PNH 
! BCH & WKOOTJ  
SI= 450 .  
AI=  450 .  

BUT  S/C ,..,. o _ __£\ 
1 6 . 6 -45 � 

579 (77 )  

533 -23 
MARION 

121 8 1 8 )  

ACTUAL 
AC= -953 . 
DC= -171 0 .  

MONT TO PNH 
5 1 =  1 3 0 0 .  
A I =  1 022 . 

5155 -153 
RAVER 

1218{831 

1262 ( 651 

LOSSES 
BPA= 1 024 . 49 
PNW= 1495 . 30 

SYSTEM= 4324 . 90 

IDAHO TO PNH 
SI= 480 . 
AI= 535 . 

GRIZZLY 

500BUSNORTHWEST 

J OlfEH639 1 0/ 3/91 PF V6012 
CY89 MJL 
BASED ON JOlfEH524 , 
NANEUM-RAVER #3 OUT i 
1 5  OHMS COMP IN OTHER NANEUM-RAVE� L INE I 

PFPLOT PFP33i : REVISED 1 0/1 1/90 1 



INTERT IE  SCHEDULE 
AC= -730 . 
DC= - 1 71 0 .  

CANADA TO PNW 
( BCH & HKOOTJ  
SI=  450 .  
A I =  450 .  

BUT S/C .--.. 0 ___1\ 
1 6 . 6 -43 � 

559( 65) 

535 -22 
MARION 

1 187 ( 16 )  

ACTUAL 
AC= -951 . 
DC= - 1 7 1 0 .  

MONT TO PNH 
S I =  1 3 0 0 .  
A I =  1 02 7 .  

1207 6 ) 

1248 (5 1 ) 

LOSSES 
BPA= 1 026 . 00 
PNW= 1 48 0 . 2 0  

SYSTEM= 4 3 1 7 . 75 

IDAHO TO PNH 
SI=  4 8 0 .  
AI=  533 . 

555(6 1 ) 
CHIEF J3 353 - 1 1  

354 

535 -12 
SICKLER 

GRI ZZLY 

5 00BUSNORTHWEST 

J 04EH640  1 0/ 3/91 PF V6012 
CY89 MJL 
BASED ON J04EH524 
NANEUM-RAVER #3 OUT 

0 

26 OHMS COMP IN OTHER NANEUM-RAVER L INE 

PFPLOT PFP33� : REVISED 1 0/11/90 



353 ! -19)  

SATSOP 
541 -36 

540 -33 
ALST 

KEELER 

INTERT IE SCHEDULE 
AC= -730 . 
DC= -171 0 .  

CANADA 
! BCH 
51= 
AI=  

TO  PNW 
& WKOOTl  

450 . 
'IS O .  

BUT 5/C '"" 0 ___f\ 
1 6 .  6 -43 l.7fi.Oo)V 

537 -23 
MARION 

ACTUAL 
AC= -952. 
DC= - 1 7 1 0 .  

MONT T O  PNH 
SI=  1 3 0 0 .  
A I =  1 021 . 

555 !62) 

535 -30 
RAVER 

533 -9 
C-R14 

1200(491 

12'11 ! 35) 

LOSSES 
BPA= 1 0 1 2 . 15 
PNW= 1465. 17 

SYSTEM= 4302 . 49 

IDAHO TO PNW 
SI= 480 . 
AI= 536 . 

CHIEF J3 353 - 1 1  

533 -15 
534 -22 SICKLER C) 
C-R 1 3  � 

GRIZZLY 

..... � !:: 

SOOBUSNORTHHEST 

J04EH641 1 0/ 3/91 PF V6012 
CY89 MJL 
BASED ON J 04EH524 
COULEE --NANEUM # 1 OUT 
26 OHMS COMP IN NANEUM-RAVER L I NES 

PFPLOT PFP33i : REVISED 10/11/90 , 



308( -80J 
INGLEOOI-I 1 

518 -46 

CUSTER 
240 -49 

LOSSES 
BPA= 1 048 . 42 
PNI-I= 1 538 . 7 1  

SYSTEM= 4389 . 70 

519 -47 
CUSTER 

HORSRNCH 
233 -52 

BROAD 
1 1 5  -57 Q_ 

239 -40 
SHELTON 
540 -37 

PLOTTED 7-NOV-91 AT 

233 -52 
SEDRO 

615(-133) 

343 -12 
ROCKY R 
231 -9 

l 
SICKLER 
524 -12 

J04EH774 1 1 /  7/91 PF V60 1 0  
CY89 MJL-ALH 
BASED ON J 04EH4 9 1  
RAVER - SNOCUALH 1 & 2 S OOKV L INE 0 f 
BYPASSED C-R CAPS 

1 0/1 1/90 



31 1 < -21 ) 

SATSOP 
541 -36 

PEARL 
535 -31 

INTERTIE SCHEDULE 
AC= 0 .  
DC= 557 . 

,:ANADA TO PNW 
( BCH & WKOOT l 
S I =  450 . 
AI= 450 . 

BUT S/C ,..,. 0 _1\ 
1 6 .  6 -45 \.7""f10oT\.J 

563 ( 68 )  

536 -27 
MAR ION 

966 ( 98 )  

ACTUAL 
AC= -292.  
DC= 557 . 

MONT TO PNW 
SI=  1250 . 
A I =  999 . 

535 -32 
RAVER 

983 (  

� 075 ( 28) 

LOSSES 
BPA= 8 1 5 . 24 
PNW= 1206 . 60 

SYSTEM= 3941 . 4 0 

IDAHO TO PNW 
SI= 700 . 
AI= 680 . 

535 -12 
SICKLER 

GRIZZLY 

50 0BUSNORTHWEST 

J04755 6/25/91 PF V60 1 0  
CY89 ALH-MJL 
BASED ON J 0474 1 
NANEUM-RAVER 1 AND 3 L INES OUT 



SHELTON 
542 -38 645 ( -76 ) 

537 -36 
ALST 

KEELER 

PEARL 
536 -33 

INTERTlE  SCHEDULE 
AC= 0 .  
DC= 557 . 

-�ANADA TO PNH 
< BCH & WKOOT>  
SI=  450 . 
AI=  450 . 

BUT S/C ,..,. 0 _J\ 
1 6 . 6 -46 � 

587 (77 ) 

536 -29 
MARION 

934 ( 98 )  

ACTUAL 
AC= -285 . 
DC= 557 . 

MONT TO PNW 
SI=  1 250 .  
AI=  98 0 .  

535 -33 
RAVER 

( 301 ) 
301 

974{ 

1066 ( 23 ) 

LOSSES 
BPA= 8 03 . 12 
PNW= 1203 . 79 

SYSTEM= 3938 . 2 0  

IDAHO T O  PNW 
S I =  7 0 0 .  
A I =  684 . 

583l 73 l 

535 -7 
SICKLER 

GRIZZLY 

500BUSNORTHWEST 

J04757 6/27/91 PF V6012 
CY89 ALH-MJL 
BASED ON J04741 

I ...a <D 

SICKLER-NANEUM AND COULEE-NANEUM OUT 
.2 fC J ; 1 c l2 l'2.. 

r- i '  r- �A · \  



CUSTER 
239 -48 

LOSSES 
BPA= 785 . 4 1  
PNW= 1 2 02 . 1 3  

SYSTEM= 3947 . 60 

BROAD 
116  -52 

HORSRNCH 
232 -48 . 

I .1> 
DELR � 
232 -43 

DUHAM 
233 -42 

239 -35 
SHELTON 
541 -32 

s : pa R-

239 -50 

160 (-68) 
( 2) 

340 ( -6) 

788 ( -290 )  

30 (-6 )  

218(  8 )  

349 - 1 1  
ROCKY R 
234 -8 

COULEE 
545 -8 

f SICKLER 
531 -12 

� 
... I <f 

I � 
VANT 
535 -9 

PUGET SOUND 230-KV 

J04760 8/19/91 PF V60 1 2  
CY89 MJL 
BASED ON 
RAVER-SNOCl OUT 

PFPLOT PFP334 : REVISED 1 



BUT S/C ,...,. � 
16 .6 -46 � 

308 ( 0 )  

SATSOP 
540 -38 

PAUL 
540 -36 � ..,.. .... -.... 

IJ') 
537 -36 0) 
ALST ��t-:-€f--E€1 

PEARL 
536 -34 

INTERT IE SCHEDULE 
AC= 0 .  
DC= 557 . 

CANADA TO PNW 
I BCH & �KOOT l 
SI=  450 .  
AI= 450 .  

536 -29 
MAR ION 

ACTUAL 
AC= -295 . 
DC= 557 . 

MONT TO PNW 
S I =  1 25 0 .  
AI=  958 . 

591 (79)  

535 -34 
RAVER 

( 301 ) 
301 

530 -21 
C-R1 4 

1 1 13 ( 25) 

LOSSES 
BPA= 8 1 0 . 49 
PNW= 1216 . 94 

SYSTEM= 3957 . 48 

IDAHO TO PNW 
51= 7 0 0 .  
AI= 696 . 

587{ 75) 

534 -8 
534 -26 SICKLER 
C-R 1 3  

GRIZZLY 

50 0BUSNORTHWEST 

J 048 1 3  1 0/ 2/91 PF V60 1 2  
CY89 ALH-MJL 
BASED ON J 04788 
S ICK�ER-NANEUM OUT 
COULEE-NANEUM #1 OUT 

PFPLOT PFP33� : REVISED 1 0/1 1/90 



323 1 -l l 

SATSOP 
540 -37 

KEELER 

PEARL 
531 -29 

I NTERT IE SCHEDULE 
AC= 0 .  
DC= 557 . 

CANADA TO PNW 
I BCH & WKOOT > 
SI=  450 . 
AI= 450 . 

: PQ R-

BUT S/C ,..., 0 _1\ 
1 6 . 6 -47 � 

532 -24 
MARI ON 

ACTUAL 
AC= -29 1 . 
DC= 557 . 

MONT TO PNW 
SI=  1 25 0 .  
AI= 972. 

567 1 66) 

5:30 -21 
C-R1 4  

1030  43 )  

1 1 54 [ 58) 

LOSSES 
BPA= 824 . 76 
PNW= 1228 . 84 

SYSTEM= 3972 . 32 

I DAHO TO PNW 
SI=  7 0 0 .  
AI=  687 . 

529 -18 
5:34 -27 SICKLER [i; 
C-R 1 3  � 

GRIZZLY 

..... � � 

500BUSNORTHWEST 

J04814  1 0/ 1 /9 1  PF V60 1 0  
CY89 ALH-MJL 
BASED ON J 04788 
VANTAGE - NANEUM 5 0 0KV L I NE OUT 
COULEE - NANEUM 1 500KV L I NE OUT 

PFPLOT PFP33� : REVISED 1 0/1 1/90 



314 ( -1 ) 

SATSOP 
540 -37 

PEARL 
535 -31 

INTERT IE SCHEDULE 
AC= 0 .  
DC= 557 . 

CANADA TO PNW 
! BCH & 1-lKOOT l 
S I =  450 .  
AI= 450 .  

BUT S/C ,..,. 0 . 1\ 
16 .  6 -46 \.7"fiOOTV 

571 ( 72 )  

536 -27 
MAR ION 

973( 1 03 )  

ACTUAL 
AC= -293.  
DC= 557 . 

MONT TO PNW 
S I =  1 25 0 . 
AI=  966 . 

1005 3 ) 

1 125(31 > 

LOSSES 
BPA= 8 17 . 80 
PNI-l= 1 2 16 . 78 

SYSTEM= 3956 . 65 

IDAHO TO PNW 
SI=  7 0 0 .  
A I =  692 . 

568(68) 

535 -17 
C-R23 

GRIZZLY 

50 0BUSNORTHWEST  

J0481 5 1 0/ 1 /91  PF V601 0 
CY89 ALH-MJL 
BASED ON J04788 
NANEUM - RAVER 1 5 0 0KV LINE OUT 
NANEUM - RAVER 3 5 0 0KV LINE OUT 

PFPLOT PFP334 : REVISED 1 0/1 1/90 



( 132 ) 
132 

31 1 ( -21 ) 

SATSOP 
541 -37 

KEELER 
534 -33 

PEARL 
536 -31 

INTERT IE SCHEDULE 
AC= 0 .  
DC= 557 .  

CANADA TO PNW 
( BCH & WKOOT> 
SI= 450 . 
AI= 450 .  

BUT S/C ,... 0 __f\ 
16 .6  -45 l.7(iOOfV 

566 ( 69 ) 

536 -27 
MAR ION 

964 ( 1 03 )  

ACTUAL 
AC= -292 . 
DC= 557 . 

MONT TO PNW 
S I =  1 25 0 .  
AI= 966 . 

535 -32 
RAVER 

( 300 ) 
300 

1002 (  u 

H22! 30 l  

LOSSES 
BPA= 8 1 1 . 06 
PNW= 1208 . 79 

SYSTEM= 3948 . 87 

I DAHO TO PNW 
S I =  7 0 0 .  
AI=  692 . 

CHIEF J3 353 -12 

GRIZZLY 

50 0BUSNORTHWEST 

J 048 1 6  1 0/ 2/91 PF V6012 
CY89 ALH-MJL 
BASED ON J 04788 
NANEUM-RAVER #2 AND #3 OUT 

PFPLOT PFP331 : REVISED 10/1 1/90 



3151 0 )  

SATSOP 
540 -38 

PEARL 
534 -32 

INTERT I E  SCHEDULE 
AC= 0 .  
DC= 557 . 

CANADA TO PNW 
( BCH & 1-lKOOT l 
SI=  4 5 0 .  
A I =  450 .  

535 -28 
MARION 

ACTUAL 
AC= -294 . 
DC= 557 . 

MONT TO PNW 
SI=  1 2 5 0 .  
A I =  964 . 

535 -34 
RAVER 

( 300 ) 
300 

1 0 1 1  1 ) 

1133 ( 39 ) 

LOSSES 
BPA= 854 . 31 
PNH= 1 256 . 02 

SYSTEM= 3997 . 45 

IDAHO TO PNH 
SI=  7 0 0 .  
A I =  692 . 

CHIEF 352 -12 

GRI ZZLY 

5 0 0BUSNORTHHEST 

J 04824 1 0/ 1 /91 PF V601 0 
CY89 MJL 
BASED ON J04788 
NANEUM - RAVER 3&4 SOOKV L I NES OUT 



SHELTON 
541 -40 662 ( -7 1 )  

3 16 ( 3 )  
SATSOP 
540 -40 

536 -37 
ALST 

KEELER 

PEARL 
533 -33 

J NTERT J E  SCHEDULF 
AC= 0 .  
DC= 557 . 

CANADA TO PNW 
C BCH & WKOOT l 
S I =  4 5 0 .  
A I =  450 .  

BUT SIC ....... 0 __f\ 
1 6 . 6 -49 � 

533 -2B 
t1A R I ON 

ACTUAL 
AC= -295 . 
DC= 557 . 

MONT TO PNW 
S I =  1 25 0 . 
A I =  962 . 

598 ( 81 ) 

1 0 19 32) 

1 142 [ 49 ) 

LOSSES 
BPA= 867 . 11 1  
PNW= 1 27 3 . 53 

SYSTEM= 4 0 1 9 . 89 

IDAHO TO PNW 
S I =  7 0 0 .  
A I =  692 . 

CHIEF J3 349 -13 

S94 l 77 l 

5 0 08USNORTHWEST 

J O � ��n R / 26/91 PF V6 0 1 0  
C Y 8 9  ALH-11JL 

BASED ON J 04825 
NANEUM - RAVER 3&4 OUT 

PFPLOT PFP334 : REVISED 10/11/90 



SHELTON 
542 - 3 3  647( -76 ) 

308 ( -24) 
SATSOP-
54! -32 

5 38 - 3 1  
ALST 

KEELER 
537 - 3 0 

PEARL 
539 -29 

JNTER T l E  SCHEDUL E 
AC= 0. 
DC= 557 . 

CANADA TO PNW 
( BCH & �KOO T J  
S I =  45 0 .  
A I =  4 5 0 .  

B U T  S / C  ,..., 0 !\ 
1 6 . 7 -41 � 

521 ( 51 )  

534 -27 
RAVER 

) 

54 0  - 1 1  
C-R14 

TROUT 
539 -28 

MCL 
539 -27 

90 0 ( 97 )  

539 -25 �1!\R J ON 

ACTUAL 
AC= - 279 . 
DC= 557.  

MONT T O  PNW 
S I =  1 25 0 .  
A I =  991 . 

LOSSES 

962( - 81 

i OS H S l  

B P A =  738 . 58 
PN�= 1 123 . 2 1 

SYSTEM= 3852 . 06 

IDAHO TO PNW 
S I =  7 0 0 .  

A I =  68 0 .  

518(48 ) 

538 -18 
C-R1 3  

CH IEF J3 357 -1 0 

:3 0 08USNORTHI-JEST 

J 0 �020 8 / 2 6/91  PF VBO J O 
CY89 AL! H i.T'_ 
BASED ON JOiJ632 

NANEUH 51-JITCHYARD 
30/. COHP ON S I CKLER-RAVER 
20/. COHP ON COULEE-RAVER 
39/. COHP ON VANTAGE-RAVER 

- 3  



( .,30 ) 
.,30 

3 1 0 ( -3 }  

SATSOP 
540 -44 

536 -42 
ALST 

KEELER 

PEARL 
532 -38 

INTERT IE  SCHEDULE 
AC= 0 .  
DC= 557. 

CANADA TO PNW 
( BCH & WKOOT>  
SI= 450 .  
AI= 450 . 

BUT S/C ,..,. 0 · _ __f\ 
1 6 . 6 -53 � 

533 -33 
MARION 

988 ( 5 0 )  

ACTUAL 
AC= -292 . 
DC= 557 . 

MONT TO PNW 
SI=  1250 . 
AI= 969 . 

995 (  O l 

t 093( i\8 l 

LOSSES 
BPA= 859 . 25 
PNW= 1264 . 47 

SYSTEM= 4 0 09 . 09 

IDAHO TO PNW 
S I =  7 0 0 .  
AI=  689 . 

GRI ZZLY 

SOOBUSNORTHHEST 

J04908 9/26/91 PF V60 1 0  
CY89 ALH-MJL 
BASED ON J04905 
BOTH COULEE-NANEUM L I NES OUT 



3 1 0 ( -22) 

SATSOP 
54 1 -35 

PEARL 
536 -30 

INTERT I E  SCHEDULE 
AC= 0 .  
DC= 557.  

CANADA TO PNW 
( BCH & WKOOTl  
S I= 450 .  
A I= 450 .  

BUT S/C ,.., 0 _f\ 
1 6 . 6 -44 � 

556 ( 64 ) 

536 -26 
MARION 

954 ( 1 0 0 1  

ACTUAL 
AC= -28 2 .  
DC= 557 . 

MONT TO PNW 
5 1 =  1 25 0 .  
AI=  988 . 

t6 t6( t93) 

535 -31 
RAVER 

) 

545 -6 
C-R14 

107 1 ( 26) 

LOSSES 
BPA= 778 . 56 
PNW= 1 1 68 . 4 1 

SYSTEM= 390 1 . 1 7 

IDAHO TO PNW 
SI= 700 . 
AI= 680 . 

s 

S52( 6 t l 

536 -17 
C-R13 

CHI EF J3 354 -11 

GRI ZZLY 

5 0 0BUSNORTHWEST 

J 04909 1 0/ 1/91 PF V60 1 0  
CY89 ALH-MJL 
BASED ON J04905 
NANEUN - RAVER 1&2 50 0KV L I NES OUT 

PFPLOT PFP33� : REVISED 1 0/1 1/90 

-4 



SHELTON 
542 -33 649 ( -75) 

309( -23) 

SATSOP 
541 -33 

i)' � 
KEELER � 
536 -31 � 

<:, 
�"'\.., '?!\.. 

PEARL 
538 -29 

INTERT I E  SCHEDULE 
AC= 0 .  
DC= 557 . 

CANADA TO PNW 
l BCH & WKOOT l 
SI=  450 .  
A I =  450 .  

BUT S/C ,..., 0 . I\  
16 .6 -41 � 

530(55)  

538 -25 
MAR ION 

91 1 ( 86 )  

ACTUAL 
AC= -279 . 
DC= 557 . 

MONT TO PNW 
S I =  1 25 0 .  
AI=  99 1 .  

534 -27 
RAVER 

LOSSES 

) 

967 t- 2 l 

t 056l l2 l  

BPA= 738 . 93 
PNW= 1 125 . 39 

SYSTEM= 3854 . 95 

IDAHO TO PNW 
SI= 7 0 0 .  
AI= 680 .  

AT 1 3 : 43 : 06 0 

CHIEF J3 356 - 1 1  

GRI ZZLY 

500BUSNORTHWEST 

J 049 1 0  1 0/ 4/91 PF V6012 
CY89 ALH-MJL 
BASED ON J 04632 
NANEUM SWYD AND 19 OHMS ADDED 

PFPLOT PFP33� : REVISED 10/11/90 



3 1 0 ( -22) 

SATSOP 
541 -35 

PEARL 536 -30 

INTERTIE SCHEDULE 
AC= 0 .  
DC= 557 . 

CANADA TO PNH 
l BCH & 1-lKOOT> 
51= 450 .  
AI=  4 5 0 .  

BUT S/C " L _f\ 
16.6 -44 � 

556 ( 64 )  

536 -26 
MARION 

954 ( 1 0 0 )  

ACTUAL 
AC= -282 . 
DC= 557 . 

MONT TO PNW 
S I =  125 0 .  
AI=  988 . 

16 16( 19"3 ) 

535 -31 
RAVER 

) 

545 -6 
C-R1 4 

1 071 l 26 ) 

LOSSES 
BPA= 778 . 85 
PNW= 1 1 68 . 35 

SYSTEM= 3901 . 32 

IDAHO TO PNW 
51 = 7 0 0 .  
A I =  680 .  

s 

552l6 l l 

536 -17 
C-R13  

CHIEF J3  354 -11  

GRIZZLY 

50 0BUSNORTHWEST 

J 0491 1  1 0/ 1/91  PF V60 1 0  
CY89 ALH-MJL 
BASED ON J0491 0  
NANEVN - RAVER 1&2 500KV LINES OUT 

PFPLOT PFP33i : REVISED 1 0/11/90 



309 ( 0 )  
SATSOP 
540 -39 

537 -37 
ALST 

KEELER 

PEARL 
536 -34 

INTE.RT IE SCHEDULE 
AC= 0 .  
DC= 557 . 

CANADA TO PNW 
< BCH & WKOOT l 
SI=  450 .  
A I =  450 . 

BUT S/C ,...,. 0 _f\ 
1 6 .  6 -46 l..7"""fiOoTV 

596 ( 83)  

536 -29 
MAR ION 

953 ( 96 )  

ACTUAL 
AC= -296 . 
DC= 557 . 

MONT TO PNW 
SI=  1 25 0 .  
AI=  9 7 9 .  

535 -34 
RAVER 

) 

980 (  

528 -18 
C-R14  

lOT3< 27 l 

LOSSES 
BPA= 8 03 . 47 
PNW= 1205 . 95 

SYSTEM= 394 1 . 29 

I DAHO TO PNW 
SI= 7 0 0 .  
AI= 685 . 

CHIEF J3 351 -11  

592( 79 ) 

534 -7 
531 -25 SICKLER 
C-R13 

GRIZZLY 

50 0BUSNORTHWEST 

J04912  1 0/ 1/91  PF V60 1 0  
CY89 ALH-MJL 
BASED ON J049 1 0  
SICKLER - NANEUM 5 0 0KV LINE OUT 
COULEE - NANE.UM 1 5 0 0KV LINE OUT 

PFPLOT PFP334 : REVISED 1 0/11/90 



323 ( -1 ) 

SATSOP 
540 -37 

PAUL -.. 
540 -35 lB 

� 
'-
..,.. 

BUT SIC ,..,. o __f\ 
1 6 .  6 -4 7 l.:7(lOO)V 

573 ! 70 ) 

535 -35 
RAVER 

( 300 ) 300 

527 -20 
C-R1 4 

535 -35 /1] 
ALST g.}-��,-E>--Ee1 

KEELER 

PEARL 
530 -29 

I NTERT IE SCHEDULE 
AC= 0 .  
DC= 557 . 

CANADA TO PNW 
! BCH & HKOOTl 
SI= 4 5 0 .  
AI=  450 . 

531 -24 
MARION 

ACTUAL 
AC= -282 . 
DC= 557 . 

MONT TO PNW 
SI=  1 250 . 
A I =  993 . 

10 16 47 ) 

1 1 15 !63> 

LOSSES 
BPA= 821 . 19 
PNW= 1221 . 78 

SYSTEM= 396 0 . 36 

IDAHO TO PNW 
SI= 7 0 0 .  
AI=  675 . 

532 -26 
C-R 1 3  

CHIEF J 3  3 5 0  -13 

528 -17 
S ICKLER N h... I '-

& � 

GRIZZLY 

50 0BUSNORTHHEST 

J0491 3 1 0/ 1 /91  PF V60 1 0  
CY89 ALH-MJL 
BASED ON J0491 0 
VANTAGE - NANEUM 5 0 0KV LINE OUT 
COULEE - NANEUM 1 5 0 0KV L I NE OUT 

4 

0 



314 ( - 1 )  
SATSOP 
540 -38 

PEARL 
534 -32 

INTERTIE SCHEDULE 
AC= 0 .  
DC= 557 . 

CANADA TO PNW 
C BCH & WKOOT l 
51= 450 .  
AI=  450 .  

BUT S/C ....... � 
16 .6 -47 � 

534 -27 
MARION 

ACTUAL 
AC= -284 . 
DC= 557 . 

MONT TO PNW 
S I =  1250 . 
AI= 985 . 

586 ( 75 )  

535 -3lf 
RAVER 

994 { l )  

1 09 0 ( 4 1 )  

LOSSES 
BPA= 812 . 84 
PNW= 1208 . 89 

SYSTEM= 3945. 41 

IDAHO TO PNW 
SI= 7 0 0 .  
AI= 681 .  

582t1l l 

533 -16 

CHI EF J3 352 -12 

534 -12 
SICKLER 

GRIZZLY 

500BUSNORTHWEST 

J 04914  1 0/ 1 /9 1  PF V601 0 
CY89 ALH-MJL 
BASED ON J 049 1 0  
NANEUM - RAVER 1 & 3  500KV LINES OUT 

PFPLOT PFP33� : REVISED 1 0/1 1/90 



314 ( -1 1  

SATSOP 
540 -38 

537 -35 
ALST 

PEARL 
534 -32 

I NTERTIE SCHEDULE 
AC= 0 .  
DC= 557 . 

CANADA TO PNW 
( 8CH & WKOOT> 
S I =  450 .  
AI=  450 .  

535 -27 
MAR ION 

991 ( 681 

ACTUAL 
AC= -284 . 
DC= 557 . 

MONT TO PNW 
SI=  1 25 0 .  
A I =  985 . 

535 -3'1 
RAVER 

992( 9) 

! 087 C:38) 

LOSSES 
BPA= 8 06 . 74 
PNW= 1201 . 89 

SYSTEM= 3938 . 6 1  

IDAHO T O  PNW 
S I =  7 0 0 .  
A I =  681 . 

533 -16 
C-R23 

CH IEF J3 352 - 12 

GRI ZZLY 

50 0BUSNORTHHEST 

J049l5 1 01 l /91 PF V60 l 0  
CY89 ALH-MJL 
BASED ON J 049 1 0  
NANEUM - RAVER 2&3 5 0 0KV L I NES OUT 



314( - 1 ) 
SATSOP 
540 -37 

537 -35 
ALST 

KEELER 

PEARL 
534 -31 

INTERT I E  SCHEDULE 
AC= 0 .  
DC= 557 . 

CANADA TO PNW 
( BCH & WKOO T l  
S I =  4 5 0 .  
A I =  45 0 .  

BUT S/C ,..,. 0 · 1\ 
1 6 . 6 -45 � 

562 ( 65 )  

535 -27 
MARION 

985 ( 68 )  

ACTUAL 
AC= -283 . 
DC= 557 . 

MONT TO PNW 
S I =  1 25 0 .  
A I =  986 . 

990 (  7 )  

t 085l37l  

LOSSES 
BPA= 8 1 1 . 05 
PNW= 1 2 03 . 60 

SYSTEM= 3937 . 72 

IDAHO TO PNW 
SI= 7 0 0 .  
A I =  68 0 .  

CHI EF J 3  353 -12 

GRI ZZLY 

5 0 08USNORTHWEST 

J04916 9/3 0/91 PF V6012 
CY89 ALH-MJL 
based on J 04 9 1 0  
naneum-raver # 1  and # 3  out 
25% comp added to ch i e f  joe-monroe 

PFPLOT PFP334 : REVISED 1 0/11/90 



3 1 1 ( -21 ) 
SATSOP 
54 1 -36 

537 -34 
ALST 

PEARL 
535 -31 

INTERT I E  SCHEDULE 
AC= 0 .  
DC= 5 5 7 .  

CANADA TO PNW 
I BCH & WKOO T J  
S I =  4 5 0 .  
AI= 450 .  

BUT S/C ,... L _ __f\ 
16 .6 -43 � 

543 ( 56 )  

535 -26 
MARION 

981 ( 1 0 0 )  

ACTUAL 
AC= -283 . 
DC= 557 . 

MONT TO PNW 
S I =  1 25 0 .  
A I =  987 .  

535 -32 
RAVER 

( 300 ) 
300 

987 (  4) 

1 08 1 1 35 ) 

LOSSES 
BPA= 8 1 3 . 38 
PNW= 1 2 03 . 05 

SYSTEM= 3936 . 1 1  

IDAHO TO PNW 
S I= 7 0 0 .  
A I =  680 . 

GRI ZZLY 

5 0 0BUSNORTHWEST 

J 04917  9/30/91 PF V6012 
CY89 ALH-MJL 
based on J 04 9 1 0 
nancum-ravcr # 1  and #3 out 
35% comp added to ch i e f  joe-monroe 

PFPLOT PFP33� : REVISED 1 0/11/90 



3 05 ! -22) 

SATSOP 
54 1 -37 

KEELER 

PEARL 
536 -31 

I NTERT I E  SCHEDULE 
AC= 0 .  
DC= 557 . 

CANADA TO PNW 
! BCH & WKOOT> 
S I =  45 0 .  
A I =  45 0 .  

BUT S/C '"' 0 __f\ 
1 6 . 7 -43 � 

560 ( 68 ) 

536 -27 
MAR ION 

965 ( 98 )  

ACTUAL 
AC= -279 . 
DC= 557 . 

MONT TO PNW 
SI= 1 25 0 .  
A I =  991 . 

LOSSES 

t677 ( 1991 

98 1 l  

1 068( 26) 

BPA= 758 . 77 
PNW= 1 1 47 . 07 

SYSTEM= 3876 . 6 0 

IDAHO TO PNW 
SI= 7 0 0 .  
AI= 68 0 .  

CH IEF J3 354 -11 

GR I ZZLY 

50 0BUSNORTHWEST 

J04918 1 0/ 1 /9 1  PF V60 1 2  
CY89 ALH-MJL 
BASED ON J 0491 0 
NANEUM-RAVER ' 1  AND '3 OUT 
604 MW CT ' S  ADDED IN PUGET SOUND 

PFPLOT PFP33� : REVISED 10/11/90 ' 



313 (  -21 ) 
SATSOP 
541 -36 

PEARL 
533 -29 

INTERT I E  SCHEDULE 
AC= 0 .  
DC= 557 . 

CANADA TO PNW 
( BCH & WKOOTJ  
S I =  450 .  
AI= 45 0 .  

BUT S/C '"' 0 _f\ 
1 6 . 7 -43 � 

549 ( 59 ) 

534 -25 
MARION 

1 02 1 ( 6 0 )  

ACTUAL 
AC= -278 . 
DC= 557 . 

MONT TO PNW 
S I= 1 25 0 .  
A I =  997 . 

530 - 1 8  
C-R1 4 

1 00 0 (  7 ) 

1 09 0 ( 46) 

LOSSES 
BPA= 761 . 88 
PNW= 1 1 52 • 72 

SYSTEM= 3884 . 34 

IDAHO TO PNW 
S I= 7 0 0 .  
AI= 675. 

CHI EF J3 353 -12 

530 -16 
533 -25 S I CKLER � 
C-R 1 3  � 

GRI ZZLY 

'-� � 

5 0 0BUSNORTHWEST 

J 04919 1 0/ 1 /9 1  PF V6012 
C Y 8 9  ALH-MJL 
BASED ON J049 1 0  

-1 

COUL£E-NANEUM #1 AND VANTAGE-NANEUM OUT 
604 MW CT ' S  ADDED IN PUGET SOUND 

PFPLOT PFP334 : REVISED 1 0/11/90 

2 



315 ( 0 )  
SATSOP 
540 -39 

536 -36 
ALST 

KEELER 

PEARL 
533 -32 

I NTER T I E  SCHEDULE 
AC= 0 .  
DC= 557 . 

CANADA TO PNW 
! BCH & WKOO T J  
SI= 450 .  
AI= 4 5 0 .  

BUT S/C � 0 · 1\ 
1 6 . 6 -48 � 

595 ( 8 1 ) 

533 -28 
MAR ION 

1 01 1 ( 6! )  

ACTUAL 
AC= -285. 
DC= 557 . 

MONT TO PNW 
5 1 =  1 25 0 .  
A I =  984 . 

535 -35 
RAVER 

( 300 ) 
300 

999 (  8) 

1 096( "l7 ) 

LOSSES 
BPA= 8 1 5 . 96 
PNW= 1 2 1 4 . 78 

SYS TEM= 3953 . 06 

IDAHO TO PNW 
S I =  7 0 0 .  
AI= 681 . 

CHIEF J3 350 -12 

591 (77 ) 

351 

GR I ZZLY 

SOOBUSNORTHI<lEST 

J 04962 1 0/ 3/91 PF V6012 
CY89 ALH-MJL 
BASED ON J 0496 0 
NANEUH-RAVER #1 AND #3 OUT 

PFPLOT PFP33� : REVISED 1 0/11/90 ' 



323 ( 0 )  
SI\TSOP 
540 -38 

PEI\RL 
529 -30 

I NTERT IE SCHEDULE 
AC= 0 .  
DC= 557.  

CANADA TO PNW 
( BCH & WKOO T >  
S I =  45 0 .  
AI= 4 5 0 .  

531 -25 
MAR ION 

ACTUAL 
AC= -283 . 
DC= 557 . 

MONT TO PNW 
S I =  1 25 0 .  
1\ I =  992 . 

535 -35 
RAVER 

( 300 ) 300 

527 -21 
C-R 1 4  

1 0 18 53 ) 

U HH 69> 

LOSSES 
BPA= 823 . 35 
PNW= 1225 . 1 5 

SYSTEM= 3964 . 50 

IDAHO TO PNW 
SI= 7 0 0 .  
AI= 676 . 

527 -17 
530 -26 S I CKLER rj; 
C-R 1 3  � 

GRI ZZLY 

� 
or .... 

5 0 0BUSNORTHWEST 

J 04963 1 0/ 3/91 PF V6012 
CY89 ALH-MJL 
BASED ON J04960 
VANTAGE-NANEUM OUT 
COULEE-NANEUM #1 OUT 
1 5 .n.. N - R. P 3 • _!:: "j 

4 

0 



316 ( 1 )  
SATSOP 
540 -40 

PEARL 
532 -32 

I NTER T I E  SCHEDULE 
AC= 0 .  
DC= 557 . 

CANADA TO PNW 
l BCH & WKOOT l 
S I =  4 5 0 . 
A I =  4 5 0 . 

BUT S/C ..... 0 __f\ 
1 6 .  6 -48 \7"fiiO)V 

533 -28 
MAR ION 

ACTUAL 
AC= -28 6 .  
DC= 557 . 

MONT TO PNW 
S I= 1 25 0 .  
A I =  983 . 

602 ( 86) 

1859(30'1) 

535 -36 
RAVER 

( 30 0  ) 300 

1004 32) 

1 1 02l 5 0 l 

LOSSES 
BPA= 8 19 . 06 
PNW= 1 22 0 . 20 

SYSTEM= 3959 . 69 

IDAHO TO PNW 
SI= 7 0 0 .  
A I =  681 . 

GRI ZZLY 

5 0 0BUSNORTHWEST 

J 04964 1 0/ 3/9 1  PF V6012 
CY89 ALH-MJL 
BASED ON J 04960 
NANEUM-RAVER # 1  AND #3 OUT 
1 1  OHM COMP IN OTHER NAN-RAV LINE 

PFPLOT PFP33� : REVISEO 1 0/11/90 



324 ( 0 )  
SATSOP 
540 -39 

PEARL 
S29 -30 

I NTERT IE SCHEDULE 
AC= 0 .  
DC= 557 . 

CANADA TO PNH 
C BCH & HKOOT l 
S I =  4 5 0 .  
A I =  450 . 

BUT S/C "' 0 ____f\ 
1 6 . 6  -49 \7fiOOfV 

530 -25 
MAR ION 

ACTUAL 
AC= -283 . 
DC= 557 . 

MONT TO PNH 
S I= 1250 . 
A I =  991 . 

593 ( 72 ) 

535 -36 
RAVER 

( 30 0  ) 
30 0  

527 -22 
C-R 1 4  

1 020 ( 55) 

1120 ( 7 0 )  

LOSSES 
BPA= 824 . 55 
PNH= 1 227 . 22 

SYSTEM= 3967 . 26 

IDAHO TO PNH 
SI= 7 0 0 .  
AI= 676 . 

CHI E F  J3 349 -13 

S27 -17 
529 -26 SICKLER ,;:;-C-R 1 3  � \._ .§> � 

GRI ZZLY 

S O OBUSNORTHHEST 

J 04965 1 0/ 3/9 1 PF V60 1 2  
CY99 ALH-MJL 
BASED ON J 04960 
VANTAGE-NANEUM AND 

COULEE-NANEUM #1 OUT 

I ,  (11 ' .... : �i 

1 1  OHM COMP IN NANEUM-RAVER L I NES 

3 



309( -1 ) 
SATSOP 
540 -38 

537 -36 
ALST 

I NTERTIE SCHEDULE 
AC= 0 .  
DC= 557 . 

CANADA TO PNW 
t BCH & WKOOTl 
S I =  450 .  
AI= 450 .  

BUT S/C " 0 __1'\ 
1 6 .  1 -44 \.7"fiOoTV 

535 -28 
MARION 

ACTUAL 
AC= -291 . 
DC= 557 . 

MONT TO PNW 
S I =  1 250 . 
AI= 999 . 

511 ( 1'i )  

535 -34 
RAVER 

( 300 ) 
300 

990 (  6) 

l 079( 36 ) 

LOSSES 
BPA= 763 . 04 
PNW= 1 154 . 90 

SYSTEM= 3886 . 71 

I DAHO TO PNW 
SI= 7 0 0 .  
AI= 680 . 

S74 t 1 0 l  

GRIZZLY 

5 0 0BUSNORTHHEST 

J 04966 1 0/ 3/9 1 PF V6012 
C Y89 ALH-MJL 
BASED ON J 04960 
NANEUM-RAVER #1 AND #3 OUT 
1 1  OHM COMP IN OTHER NAN-RAV L INE 
604 MH CT ' S  ADDED IN PUGET SOUND 



3 1 5 ( - 2 )  
SATSOP 
540 -36 

PEARL 
532 -30 

I N TERT I E  SCHEDULE 
AC= 0 .  
DC= 557 . 

CANADA TO PNH 
( BCH & HKOOT >  
S I= 45 0 .  
A I =  45 0 .  

BUT S/C r.. O .. � 
16.7 -44 � 

553( 621 

533 -25 
MAR I ON 

1 027 ( 59 )  

ACTUAL 
AC= -278 . 
DC= 557 . 

MONT TO PNW 
S I =  1 25 0 .  
A I =  997 .  

535 -33 
RAVER 

529 -20 
C-R 1 4  

1002 9 l 

109"3( 47 l  

LOSSES 
BPA= 763 . 02 
PNW= 1 1 55 . 1 6 

SYSTEM= 3886 . 35 

I DAHO TO PNH 
S I =  7 0 0 .  
A I =  675 . 

CHIEF J3 353 -12 

530 -16 
532 -24 S I CKLER � 
C-R 1 3  � I � � ..... 

GRI ZZLY 

5 0 0BUSNORTHHEST 

J 04969 1 0/ 3/9 1 PF V60 1 2  
CY89 ALH-MJL 
BASED ON J04960 
VANT�GE-NANEUM OUT 
COULEE-NANEUM #1 
15 OHMS IN NAN-RAV #3 AND #4 
6 04 MH CT ' S  ADDED IN PUGET SOUND 

PFPLOT PFP334 : REVISED 10/11/90 

2 





Attachment 4 





ATTACHMENT 4 1 1 - 4 - 9 1  

PLAN 6 DEVELOPMENT - REPLACEMENT OF ROCKY REACH-MAPLE VALLEY 3 4 5  L INE 
by Ma rv Landaue r - BPA 

One o f  the obvious rebu i l d  opt ions f o r  C r o s s  Moun t a in l ine s i s  the Rocky Reach
Map l e  Val ley 3 4 5 -kV l ine . Howeve r ,  a s  i s  s hown b e low ,  S ic k l e r  i s  n o t  a ve ry 
s t rong s ource f o r  a new double - c i rcuit l ine . S ic k l e r  mus t  a l s o  be reinforc e d .  
The re a re s everal opt ion to  d o  this : 

P l an 6 :  Rep l a c ement o f  Rocky Reac h-Maple Valley 3 4 5-kV with S ick l e r - Snoqua lmie 
5 0 0 - kV doub l e  c i rcuit  l ine . The s e c ond Map l e  Val ley 5 0 0 / 2 3 0 -kV t rans fo rme r wa s 
added t o  rep l a c e  the 3 4 5 / 23 0 -kV t rans f o rme r tha t wa s remove and p rovide needed 
addit ional t rans f o rma t ion in the Puget S ound Ba s in .  

P l an 6A : s ame a s  P l an 6 plus Ch i e f  Joe - S ick l e r  5 0 0 -kV s ingle c i rcuit adde d . 

P lan 6 B : s ame a s  P l an 6 p lus Naneum Switchy a rd added ( NO Coul e e - Rave r c omp ) . 
Thi s  p l an wa s inve s t igated t o  s e e  i f  Naneum deve lopment c ould reinforce  the 
S ic k l e r  a re a  enough . 

P l an 6C : s ame a s  P l an 6 plus doub l e  c i rcuit 5 0 0 - kV t ie added t o  new C o lumb ia 
switchy a rd f rom c l o s e s t  point on the 3 4 5 -kV r ight - o f -way . 

P l an 6 D :  s ame a s  P lan 6C  p lus  5 0 0 -kV s ingle c i rcuit t ie a dded f rom Columb ia t o  
Rocky Fo rd . 

P l an 6 E : s ame a s  P l an 6 plus  Chief Joe - S ick l e r  5 0 0 -kV double c i rcuit  l ine adde d 
c re a t ing Chie f Joe - Snoqualmie and Chie f Joe - S i c k l e r- Snoqua lmie 5 0 0 -kV c i rcui t s .  

P l an 6F : s ame a s  P l an 6 p lus  Chie f Joe - S ic k l e r  5 0 0 -kV doub l e  c i rcuit l ine added 
without the t ie into S ick l e r ,  ie , a new Chi e f  Joe - Snoqualmie doub l e  c i rcuit . 

P l ans 6 ,  6A and 6 B  have una c c eptably low vo ltages  at  Tac oma 5 0 0  in the base  
case  with a C ent r a l i a  unit  out  o f  s e rvic e . Add it iona l shunt capa c i t o rs would be  
needed  in  this a r e a  for  the s e  plans . 

Local  Reinforc ement 

With the remov a l  o f  the 3 4 5 / 2 3 0 - kV t ransforme r a t  Map l e  Valley , the re wi l l  be 
an inc r e a s e d  need for t rans f o rma t ion in the Pug e t  S ound a r e a . A s e c ond Map l e  
V a l l ey 5 0 0 / 2 3 0-kV t rans f o rme r wa s a d d e d  i n  the s e  c a s e s ,  howeve r t h e  Snak ing 
t ran s f o rme r may a l s o  be needed in this s tudy p e r iod . 

The t rans f o rma t ion in the S ic k l e r-Rocky Reach a r e a  needs  t o  be s tudied s ince a 
3 4 5 / 23 0 - kV t ran s f o rme r i s  removed at  Rocky Re ach with the s e  P l an s . 

P e r f o rmanc e  C omp a r i s on 

A c ompa r i s on o f  s y s tem p e r f o rmance f o r  the c r i t i c a l  outages i s  inc luded in Table  
1 .  A S ic k l e r- Snoqua lmie l ine by i t s e l f  is not enough t o  me e t  the  J 0 4  l oa d .  The 
addit i on of a Chief J oe - S ickl e r  SDC l ine ( P l an 6E and 6 F )  is s t i l l  n o t  as s t rong 
as P l an 2 ( in ma in report ) s in c e  this plan involves the removal o f  the 3 4 5 - kV 



c i rc u i t  which provides s ome s uppo rt  to  the Puget S ound B a s in ,  e s pe c i a l ly du r ing 
the abno rma l ly c o l d  wea the r .  With the add i t i on of the l oop to Co lumb i a  and t ie 
to  Rocky Fo rd ( p l an 6D ) , it  ha s s imilar  p e r f o rmanc e t o  P l an 2 .  

Los s S av ings Comp a r i s on 

A c omp a r i s on o f  lo s s  s aving fo r the various opt ions i s  inc luded in T a b l e  1 .  A 
Rocky Ford t i e  a dded with the Co lumb ia loop - in he l p s  l o s s e s  two way s  by adding 
add i t ional t ransmi s s ion in pa r a l l e l  with the Cou l e e - C o lumb ia l in e s  and the 
Hanford-Vant a ge -Naneum l ine . Howeve r ,  s ome of th i s  l o s s  reduc t ion is due to the 
a s s ump t ion of the s e c ond unit  at  Ashe ( th i s  inc rea s e s  the H anfo rd-Vantage- Naneum 
f l ow) . 

I f  a Chi e f  J o e - Snoqualmie l ine i s  bui l t ,  i t  app e a r s  t o  b e  bene f ic ia l  f rom lo s s  
s avings ( and outage p e r f o rmanc e )  t o  t ie a t  l e a s t  one l ine into S ic k l e r .  A 
doub l e  c i rc u i t  l ine b e tween Chief Joe and S i c k l e r  do e s  not reduce  l o s s e s  any 
mo re than a s ingle  c i rcuit  l ine however it doe s imp rove po s t - t rans ient 
pe r f o rmanc e .  

S taged Deve l opment 

All of the s e  opt ions s t a r t  with the r e p l a c ement of the Rocky Reach-Maple  V a l ley 
3 4 5 - kV l ine wh ich will  wo rk f o r  a wh i l e  ( the s tudy r e s u l t s  b e l ow a r e  f o r  the 
y e a r  2 0 0 4 ) . Any of the s e  p l ans  could be s t aged as deve l opment is neede d .  

Rec ommended P l an 

Due t o  s y s t em p e r f o rmanc e and e s p e c i a l ly l o s s s aving s , P lan 6D i s  favo r e d  and 
inc luded in the favored opt ions . 



OPT ION 

P l an 6 

P lan 6A 

P l an 6B 

P l an 6C 

P l an 6D 

P l an 6E 

P l an 6F  

TABLE 1 :  COMPARISON OF PLAN 6 OPTIONS FOR P SAERP 

DE SCRIPT ION PEAK SYSTEM LOSS SAVINGS REACT IVE MARGIN 

S ick- Snoq SDC 

S ick- Snoq SDC 
CJ - S ick s s e 

C a s e  II 

J 0 4 8 4 0  

J 0 4 8 4 3  

S ic k - Snoq SDC J 0 4 8 6 6  
Naneum SWYD ( n o  Comp ) 

S ick- Snoq SDC J 0 4 8 6 9  
SDC l o op t o  Co lumb i a  

S ic k - Snoq SDC J 0 4 9 0 2  
SDC l o o p  to  C o lumb ia 
S S C  t i e  to  Rocky F o rd 

S i c k - Snoq SDC 
CJ - S ick SDC 

CJ - Snoq SDC 
no S i ck l e r  t i e  

J 0 4 9 0 3  

J 0 4 9 0 1  

MW - 2 0 0 4  MVARs - 2 0 0 4  
BPA PNW 2 - l ine / 1 - l ine / T roj an 

6 9 3  1 0 7 7  

6 8 5  1 0 6 9  

6 9 3  1 0 7 6  

6 9 1  1 0 7 5  

6 7 7  1 0 5 8  

6 8 5  1 0 7 0  

6 9 3  1 0 8 2  

Ma rgins inc lude unu s e d  
MSC , QV c u rv e s  f o l l ow 

1 5 0 / 3 0 0 / 3 0 0 

4 0 0 / 4 5 0 / 4 5 0  

9 0 0 / 2 5 0 / 3 0 0  

8 0 0 / 4 0 0 / 5 0 0  

1 1 0 0 / 7 0 0 / 6 0 0  

1 2 0 0 / 7 0 0 / 5 0 0  

6 0 0 / 6 0 0 / 4 5 0  
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Attachment 5 





Background 

IATTACH MENT  s] 
VOLTAGE COLLAPSE S TUDIES FOR THE PUGET SOUND AREA 

Submitted to the Puge t S ound Are a E l e c t ric Rel iab i l ity P l an 
Transmi s s ion S tudie s Team 

By Go rdon Comegy s 

Bonnevi l l e  Powe r Admin i s t rat ion 

The Puget S ound Area E l e c t r ic Re l iab il ity P l an ( P SAERP ) Transmi s s ion S tudie s 

Team d i rec ted BPA to inve s t igate the s c enario o f  voltage c o l lap s e  for the i r  
a rea . The team memb e r s  a re BPA , Snohomish Co . PUD ( SPUD ) , Puget S ound Powe r and 
L ight ( PSPL ) , S e a t t l e  C i ty L ight ( SCL ) , and Tacoma C ity L ight ( TCL ) . Thi s  
report app l ie s  the powe rflow p rogram to c a l culate sys tem condit ions as  snap shot s 

in t ime . 

Steady s t ate powe rflow s tud i e s  a s s ume c on s tant powe r load mode l s  ( load demand 
ins en s i t ive to vo ltage ) .  The wint e r  Puge t Sound area powe r f l ow c a s e s  need l a rge 

rea c t ive addit ions and a h igh ope r a t ing vo ltage near the maximum a l lowable leve l 
to suc c e s s fu l ly s o lve . Without the s e  l a rge rea c t ive add itions , the powe rf low 
network doe s not have a mathemat ical s o lution .  The failed s o lut ion ind i c a t e s  
that the mode led c ondit ion o f  the exi s t ing t ransmi s s ion sys tem and high 

p roj ec ted loads c annot e x i s t . 

Despite the lack o f  a mathema t i c a l  s o lut ion for the s t e ady s tate sys tem, 
t rans ient s tab il ity s tudie s with generator exc i t e r s  l imited show ful ly 
s a t i s fac tory performanc e .  The key diffe rence i s  the as sumed load mode l for the 

t rans ient s tab il ity s tudie s . The s e  s tudie s a s s ume volt age s en s i t ive load mode l s  
and n o  voltage regulat ion b y  d i s t ribut ion voltage regula t ing tran s forme r s . 
S teady s t ate s tudie s a s s ume load mode l s  ins en s i t ive to voltage , repre s en t ing 
the a s sumpt ion that the c on s t ant ene rgy demand wi l l  re s t o re the powe r demand to 
pre- outage leve l s . 

The purp o s e  o f  th i s  s tudy i s  to exp l o re the gene ral s y s tem re spon s e  during the 
attempted t rans it ion f rom t rans ient to s teady s tate . The PSAERP " supe rbas e " 
powe rflows are u s e d . The deve lopment of the " supe rb a s e s " i s  de s c ribed in 
Appendix A .  The loads are mode led with con s t ant powe r ,  c on s t ant current , and 

c on s tant impedanc e  componen t s . D i s t r ibut ion voltage regu l a t ing t rans forme r s  are 

rep re s ented with approx imate equivalents . The mode led s y s tem i s  int ent ional ly 
put into the voltage ins tab il ity s tate . The mode l inc lude s the e f f e c t s  o f  
vary ing amount s o f  shunt reac t ive , t rans forme r tap changing , and added re s i s t ive 
heat ing load through the rmo s t at a c t ion . The powe r f l ow c a lculations show 
snap sho t s  in t ime . At the t ime o f  this s tudy , a t ime domain mid t e rm dynamic s  
program was not ava i l ab l e  t o  BPA . Any re fe renc e s  t o  t ime such a s  3 0  s e c onds , 2 

minute s ,  or 2 0  minut e s  are e s t imat e s  o f  regulator t ime d e l ay ,  ful l  tap range 
changing t ime , or the rmo s tat re spon s e  t ime , re s p e c t ively . 

Summary o f  Key F indings 

S tudi e s  with volt age s en s i t ive load mode l s  c on f i rm that the m1n1mum s tab l e  
volt age in Puge t S ound i s  the c r i t i c a l  voltage c a lculated with con s tant powe r 



load mode l s . The PSAERP " supe rba s e " s tudie s s ugge s t  that unc ontrol le d ,  

continuous ly dec l ining vol tage and powe r del ive ry are the con s e quenc e s  o f  
insuffic ient reac tive . Thi s  a s sume s that a la rge amount of unc onnec ted 

the rmos tatic a l ly cont r o l l e d  re s is t ive heating load i s  ava ilable to c onnec t  t o  
the sys tem . 

Switching shunt c apac itor s , if ava i l ab l e , will suc c e s s fu l ly b r ing the voltage 
from a l ow uns table leve l back to the high s table vol tage . A voltage leve l is 

c l a s s if ied as  uns table if vo ltage and powe r d e l ivery s imul t ane ously dec re a s e  

ove r  s everal minutes ( c aus e d  b y  thermo s t a t  r e s pons e  or other attempted load 
pickup ) . Conve r s e ly , a voltage leve l i s  c la s s ified a s  s t able if powe r d e l ive ry 
inc re a s e s  a s  load i s  added . In actual ope r a t i on ,  c apac itors wi l l  be p l anned t o  
switch o n  be fore the voltage de c l ine s t o  a l ow ,  uns t ab l e  voltage if t h i s  c an b e  
coordinated . Howeve r ,  switching c apactor bank s wil l  be d i f f i c u l t  to coordinate 

be fore d i s t r ibut ion voltage regu l a t o r s  change taps . Thi s  i s  due to the sma l l  

voltage drop ( 2% - 5 % )  prior to the regulator respon s e , which i s  about the s ame a s  

the voltage drop that occurs f o r  a voltage s tab l e  sys tem . 

Switching the final c apac itor bank to re s tore and ma inta in a high s table voltage 
cau s e s  a large vol tage change . The l arge change wil l  not occur immediately , but 

ove r a period of 1 - 2  minu t e s  f o l l owing the switched c apac itor bank . A " chain 
reac t ion " occurs . The s c enario appears t o  be thi s : switching the f inal 

c apac itor bank c au s e s  the voltage on one load bus t o  b e c ome s l ightly high . The 
voltage regu l at o r  change s taps to reduc e the vo l tage . Thi s s l ight ly dec re a s e s  
the s y s t em loading , c au s ing the main s y s t em voltage t o  r i s e . The sys tem voltage 

r i s e  c au s e s  anothe r load bus voltage to bec ome high , c aus ing the vo l tage 
re gulator taps to change which c au s e s  the s y s tem loading to dec re a s e  and the 

sys tem voltage r i s e s  again . The changing voltage is caused by the rapidly 
changing powe r demand a s  load voltage regu l a t o r s  change load voltage s which 
sub s e quently change s l o ad . The s c enario c on t inu e s  unt i l  the voltage regulators 
are tapped out or equ i l ib r ium i s  reache d .  Thi s  s c enario only occurs when 
voltages are within the voltage c ontrol range of the load voltage regula t ing 
tran s for.mers , about + 1 0 %  or - 1 0 %  o f  the s t ab l e  main sys tem volt age . I f  the 
Puget S ound c u s t ome r s  had no load voltage regu l a t ing tran s for.me r s , the volt age 
change s  from c apacitor switching would be much s lowe r ,  p e rhap s 20 minute s  or 
more . 

Voltage cont rol with large switched c apac itor bank s will be d i f f icult onc e  the 
m1n1mum amount of shunt r e a c t ive is c onne c t e d . A sma l l  inc r e a s e  in load demand 
wil l  c ause a re l a t ively l arge d e c r e a s e  in volt age . C onve r s ely , a smal l load 

de c re a s e  could c au s e  a r e l a t ively l arge inc rease in voltage . The se are the 

c on s e quence s  of operat ing near the c r i t ic a l  voltage . In the c a s e  of Map l e  
Val l ey ,  the c ri t i c a l  voltage i s  n e a r  the maximum c ri t e r ia voltage . Exc ee ding 
the maximum c rite ria voltage c ould occur with voltage c ontrol from l arge shunt 
capac itor bank s . 

Key As sumpt ions 

1 .  The 1 9 9 3  winte r  " supe rbas e s " with enhanced load mode l s  and d i s t r ibut ion 
voltage cont rol modle s  are accurate . The s e  powe r f l ow bas e s  we re approved by 

PSAERP transmi s s ion s tudi e s  team .  

2 .  Motor and gene rator dynamic s  will not b e  a fac t o r  in the p o s t  t r an s ient 
s t at e  for load voltage s above 0 . 85 p e r  unit . 



Condi t ions S tudied 

Four s y s tem c ondit ions we re s tudied : ( 1 )  doub l e  Coule e - Rave r l ine outage during 

1 9 9 3  normal winte r  loads , ( 2 )  doub le Coulee-Rave r l ine outage dur ing 1 9 9 1  
ope rat ions Leve l 1 condi t i ons ( about 9 3 %  o f  1 9 9 1  normal winter peak ) , ( 3 )  s ingl e  

Chi e f  Jo- Monroe l ine outage during 1 9 9 3  abnormal c o l d ,  and ( 4 )  T roj an outage 

with one Centra l ia unit down dur ing 1 9 9 3  abnormal c o l d . Condit ion ( 1 )  was 

found to be mo s t  s eve re .  Mo s t  o f  the inve s t igat ion focus ed on the mo s t  seve re 

c ondition . 

Doub l e  Coul e e - Rave r  L ine Outage 

The con s t ant powe r V-Q calculat ion shows that ove r 1 0 0 0MVARS of addit ional shunt 

re a c t ive i s  needed for a s u c c e s s ful powe rf low s o lut ion ( J9 3 910QV ,  a t t achment 1 ) . 
The c ons tant powe r c ri t i c a l  voltage i s  5 5 0kV . Thi s  s everely s t re s s ed s y s tem i s  
s tudied further us ing the newly deve lope d vol tage s ens i t ive load mode l s . 

App lying vo l tage sen s i t ive l oad mode l s  show the l ike ly s c enario . The sys tem 

vo l t age doe s  not init ia l ly c o l lapse ( powe rflow c a s e  J93 7 6 4 ) . Rave r vo l t age 
drop s from the 5 4 2kV p r e c ont ingency vol tage to 5 1 3kV prior to load voltage 
regula t o r  re spon s e  ( e s t imat e d  durat ion is 30 s e c onds ) .  The Puget S ound load 
drop s from 1 1 , 1 4 7MW to 10 , 4 4 8MW .  

The e f f e c t s  o f  l o a d  regula t o r  tap changing was modeled ( J9 3 7 6 5 ) . Rave r voltage 
is down to 4 7 5kV at the end of the regulator a c t ion , ( e s t imated durat ion is 2 
minut e s ) .  Thi s  as sume s load regulator tap range with 8 %  remaining boos t . The 
Pug e t  S ound l oad drops further to 1 0 , 1 5 9MW .  Nearly a 1 0 0 0MW load redu c t ion 
occurs . Rea l i s t ic a l ly , s ome loads wi l l  be l o s t . S ome l oad model s wi l l  be 
invalid with vol tage s b e l ow 9 0 %  of nomina l .  For s tudy purpo s e s , the mode l s  are 
a s sumed to remain valid and a l l  loads are a s sumed t o  remain c onne c t e d .  

Much o f  the 1 0 0 0MW load redu c t ion occurs f rom the rmos t a t i c a lly c ontrolled 
re s i s t ive he a t ing . A 1% inc r e a s e  in c onne c t e d  re s i s t anc e load was mode l e d  
( J93 7 6 6 ) . Thi s  mod e l s  t h e  e f fe c t  o f  more e l e c t ric heat ers turning o n  i n  the next 
few minut e s . The load s e rved drop s furthe r .  Total the rmal output of the 
heaters is reduc ed even though more e l e c t ric heat e r s  have turned on . The sys tem 
is operating in a vol tage ins t ab i l ity s tate . 

Changing EHV t rans forme r taps through LTC c ont r o l  furthe r depre s s e s  the S O OkV 
voltage . Thi s  c a s e  doe s not s o lve with EHV LTC ' s  a c t ive becau s e  o f  voltage 

c o l lapse on the BC-Hydro s y s t em .  BCH loads are mode led as  c on s tant powe r .  
Changing one t ap p o s i t ion on the Maple Val ley t rans forme r i s  mode l e d  t o  check 

for any bene f i t s  in load r e s torat ion . The r e s u l t  is negat ive ( J9 3 9 28 ) . The 
load drops furthe r .  

The c on s tant powe r V-Q c a l culat ion shows EHV LTC ' s p rovide bene f i t  ( J9 3 9 2 7QV , 
attachment 2 ) . The required amount of shunt c apac itors predicted by the c on s tant 
powe r l oad mode l c a l cu l a t ion mus t  be c onne c t e d  be fore bene f i t s  occur with the 

vo l t age s en s i s tive loads . Ove r 2 0 0MVARS of reac t ive bene f i t  occurs with a c t ive 
EHV LTC ' s  at Cus te r ,  Monroe , Mapl e  Val ley , Tac oma , Olympia , and S a t s op ( J9 3 9 29 ) . 
I f  the EHV LTC ' S  operate be fore the required shunt react ive i s  swit ched on , then 
the LTC ' s  are a detriment to the sys tem ( J9 3 9 28 ) . 



The s y s t em appea r s  t o  be in a seve re vol tage ins t ab i l ity state a f t e r  load 

regulator and thermo s t a t  a c t ion .  Powe r de l ive ry dec re a s e s  as mo re load is 

c onne c t ed . Conve r s e ly ,  powe r de l ivery inc rea s e s  as load is d i s c onne c t ed . 

The t rans ient s t ab i l ity program i s  u s e d  to mode l the LOADSYN dynamic load mode l . 

The re s u l t  shows no t rans i ent stabil ity p rob lem ( swing J 9 3 S 0 1 ) . 

Switching shunt c apac i t o r s  wa s mode led to see how the s y s tem could recover f rom 

the voltage ins tabil i ty s ta t e . Switch ing shunt c apa c i t o r s  i s  suc c e s sful 
( J9 3 9 2 3 , J 9 3 9 24 ) . Ini t i a l ly , a s  shunt reac t ive i s  c onne c t ed , the vol tage 
inc r e a s e  is sma l l . As more shunt capac itors are switched in , the voltage 
eventua l ly inc r e a s e s  enough to cause s ome load regulators to begin returning to 
the or iginal tap . Load i s  s l igh t ly reduced from regulator a c t ion at the s e  

location s . Main sys tem loading s l igh t ly dec re a s e s  and S O OkV voltage sub s e quently 

inc rea s e s . More load regulators begin t o  change taps a s  vo ltages inc re a s e . 
After load regulator a c t ion the main s y s tem voltage begins to drama t i c a l ly 

inc rease for sma l l e r  shunt reac tive inc rement s .  The sys tem voltage i s  more 
s en s i t ive t o  load change s caused by regulator a c t ion than shunt r e a c t ive change s 

at any ins tant in time . Al s o ,  the re s i s t ive load i s  d e c r e a s e d  t o  the or igina l 
s tate b e c aus e the rmo s t a t s  r e s tore the dive r s ity o f  e lec t r ic heat e r s  a s  the rma l 
output inc rea s e s . The s y s tem eventua l ly reache s a s t ab l e  state . 

Thi s c a s e  shows the amount o f  shunt c apac itors needed to re s tore full load i s  
the s ame f o r  voltage s en s i t ive or c on s tant powe r l o a d  mode l s . Switching 
c apa c i t o r s  doe s not drama t i c a l ly change voltage a t  that ins tant . Howeve r ,  the 
voltage s i gn i f i c antly change s onc e  the voltage is in the range of load regulator 
c ontro l .  This c a s e  needed l O O OMVARS to re s tore load . The main s y s tem voltage 
did not s igni f icantly change unt il the l a s t  3 0 0MVARS wa s ins e rt e d . The Rave r 
vo ltage then inc reased 9 %  fol lowing load regulator a c t ion .  

Ins e r t ing too much shunt r e a c t ive c aus e s  main s y s tem ove rvol tage s a f t e r  s everal 
minute s o f  load regulator a c t ion . Ini t i a l ly , load vol tage s and sys tem voltages 
a re only s l igh t ly high . The vo ltage s e n s i tive loads inc re a s e . The sub s e quent 
inc rea s e  in main sys tem loading damp s the initial ove rvo ltage . Howeve r ,  the 
load regulators begin to change taps to reduce load voltage s .  The main sys tem 
loading de c rea s e s  and the voltage inc re a s e s . The eventual magnitude o f  the 
ove rvo ltage c o r re sponds with c on s tant powe r load mod e l  c a lculations . 

Troj an Outage ( One Cent ra l ia Unit O f f )  

Thi s  c ondit ion i s  s l ight ly l e s s  s evere than the doub le Coulee -Rave r outage 

during normal weathe r ,  but more s eve re than the Chi e f  Jo-Monroe outage . The 
c ritical vo ltage calculated with c on s t ant powe r load mode l s  is 5 3 5kV 

( J93EH1058QV ,  attachment 3 ) . Only a 1 %  inc rea s e  in load leve l ra i s e s  the 
c ri t i c a l  voltage to nea rly 5 4 SkV and requ i r e s  anothe r 3 0 0MVARS for a 

mathema t ical s o lut ion . 

Raver voltage drop s from the 5 3 1kV pre contingency voltage to 5 2 2kV immedia t e ly 

fol lowing the T roj an outage ( J9 3EH1 05 6 ) . Voltage s en s i t ive l oads in We s te rn 
Washington and O regon drop from 2 3 9 7 4MW t o  2 3 3 5 4MW .  Rave r voltage drops further 
t o  4 91KV a f t e r  load regulator a c t ion ( J 9 3EH105 7 ) . Loads reduc e further t o  

2289SMW .  

An inte r e s t ing co rre lat ion exi s t s  i n  thi s  c a s e  b e tween the c on s t ant powe r 



c ri t i c a l  voltage and p o s i t ive load re s t o rat ion by load regulator ac t ion ( 

attachment 4 ) . Load appears to partially r e s t o re unt i l  the main sys tem voltage 

drop s to the cons t ant powe r c r itical voltage . The load ac tual ly drop s as  the 

main s y s tem voltage con t inue s  to dec l ine below the c ri t i c a l  voltage . The double 

Coule e - Raver outage has a c r itical voltage too high to see thi s  c o r r e l a t ion .  

Chie f Jo-Monroe Outage 

Thi s  condition is s l ightly l e s s  s evere than e ithe r of the above two condit ions . 
The c ri t i c a l  Raver voltage us ing the c on s t ant power load model i s  5 4 0kV 

fol lowing the Chi e f  Jo-Monroe outage ( J 9 3EH1045QV ,  attachment 5 ) . Only a 1 %  
inc r e a s e  in load leve l rai s e s  the c ri t i c a l  voltage to 5 4 5kV and require s anothe r 
25 0MVARS for a mathematical s o lut ion . 

The Rave r vo l tage f a l l s  f rom 5 3 5kV before the outage t o  5 1 7kV a f t e r  the outage 
( J 93EH10 3 8 ) . The voltage sens i t ive loads drop from 1 2 229MW to 1 1 7 4 6MW. Voltage 
drop s furthe r to 4 9 6kV following load regulator a c t ion ( J 9 3EH103 9 ) . The load 

a l s o  drops to 1 1 6 5 3MW .  Inc reas ing con s t ant re s i s t ance load to s imulate 
the rmo s t a t  a c tion de c re a s e s  load further ( J 93EH10 4 0 ) . Thi s  conf i rms the s y s t em 
i s  in the voltage ins t ab i l ity s t at e . 

The s ame correlat ion seems to exi s t  b e tween p o s i t ive load r e s t o ra t i on by load 
regulator a c t ion and the con s t ant powe r c ritical voltage ( at tachment 6 ) . 

1 9 9 1  Leve l 1 Winte r Load Mode l ing T e s t  ( Propo s e d )  

The s e  s tudi e s  examine vo lt age s tab i l ity with a l e s s  s t re s s ed system.  Leve l 1 
for the 1 9 9 0 - 9 1  ope r a t ing wint e r  i s  d e f ined by S y s tem Ope rat ions a s  the maximum 
loading leve l where a l l  load c an s t i l l  be s e rved with no combus t ion turbine 

ope rat ion following a double Coule e - Rave r  l ine out age . The powe r f l ow c a s e  under 
s tudy repre sent s the 1991 sys tem with Puget S ound area load at 8 9 %  o f  the 1993 
s tudy . The leve l 1 c ondit ion i s  analyzed to compare r e s u l t s  of a l e s s  s t re s s ed 
sys tem with the highly s t re s s ed 1 9 9 3  s y s tem above . 

Raver voltage i s  5 3 5kV with a l l  Rave r shunt c apac i t o r  banks off l ine and a l l  
l ine s i n  s e rvice . Puge t S ound load level i s  9 9 5 6MW. The c ritical voltage for 
the post t rans ient doub le Coul ee-Rave r outage us ing c on s t ant powe r load model is 
5 20kV ( J 9 150QV ,  attachment 7 ) . 

Raver voltage drops t o  5 1 2kV init i a l ly a f t e r  opening the two Cou l e e - Rave r  l ines 

( J 9 1 45 ) . The voltage sen s i t ive loads drop t o  9 5 2 BMW . Following load regulator 
tap change s ,  the Raver vol tage drops furthe r t o  4 8 7kV ( J 9 1 4 6 ) .  Howeve r ,  a sma l l  
part o f  the l o a d  part i a l ly r e s t o re s  t o  9 6 10MW . The s y s tem d o e s  n o t  appe a r  to be 

in the vo ltage ins tab i l ity s t a t e  becau s e  of s ome load r e s torat ion by load 
regulators . Al s o ,  adding a sma l l  amount of con s t ant r e s i s t anc e load r e s u l t s  in 
more load s e rve d ( J9 1 8 9 ) . Switching the 9 52MVARS of avai l able Raver shunt 
capac itors fully r e s t o re s the load as predicted by the c on s t ant powe r 
c alculat ion ( J 9 1 6 1 , J9 1 6 3 ) .  

The p revious correlat ion b e twe en load re s torat ion by load regulator a c t ion and 
the c on s tant powe r c ri t i c a l  voltage does not appear with this l e s s  s t re s s ed 
s y s t em .  Al s o ,  correlat ion i s  not p rec i s e  b e tween the c r i t ic a l  vo l tage of a P-V 

curve us ing vo l tage s en s i t ive loads and the c r i t ic a l  voltage of the c on s t ant 
powe r V-Q curve ( at tachment 8 ) . 



C onc lus ions 

Con s t ant powe r s tudies accurately de t e rmine the amount and loc at ion of requ ired 

voltage suppo rt to s e rve ful l  load . Thi s  inc lude s bene f i t s  f rom shunt 
c apac ito rs , EHV LTC adj us tment , and l ine drop c ompens ators at gene rat or 

t e rmina l s . Shunt reac t ive mus t  be ins e rt e d  before b ene f i t s  occur f rom EHV LTC 

change s .  

The s tudie s show the fol l owing : 

* the key p lanning indic ator of voltage s t ab i l ity i s  the c r i t i c a l  voltage as  

c a lculated f rom the con s t ant powe r V-Q curve . 

* a s y s t em with vol t age s en s i t ive l oads s imilar t o  the Puget Sound area c annot 

ope rate b e l ow the c r i t i c a l  voltage . Thi s  c onc l u s ion a s sume s a l arge amount o f  
re s is t ive heat ing l o a d  c an be connec ted through the rmo s t at re spons e .  Shunt 

reac t ive addit ion s  are no longe r  an a l t e rnat ive when the c ri t ic a l  volt age 
reache s the maximum s y s t em voltage . 

* the s t ate o f  vol tage ins tabil ity i s  charac t e r ized by an actua l  re duc t ion in 
load s e rved as mo re re s i s t ive heating load i s  c onnec t e d  through the rmo s tat 

re s pons e .  Sudden voltage co l lap s e  doe s not occur with the s e  P SAERP load mode l s . 

* the voltage l eve l that vol tage in s tabil ity occurs f rom a P-V c alculat ion 

approximately co rre sponds with the c ri t ic a l  voltage of a c on s t ant powe r V-Q 
c alculat ion .  

* switching c apac itors c au s e s  l arge voltage excurs ion s  ove r a s everal minut e  
p e r iod when ful l l o a d  re s t o rat ion i s  approached . Thi s  a s sume s the switching of 
c apac ito r s  c anno t be coordinated prior to load voltage regu l a t o r  r e s pons e  ( the 
initial voltage change i s  smal l ,  only 2 % - 5 % ) . 

* r e s t o r ing l ine s to s e rv i c e  a f t e r  mechanic ally switched c apac itor (MSC ) a c t ion 
has oc curred doe s not c au s e  s evere ove rvo l t ag e s  for 3 0  s e c onds . F o l l owing l oad 
voltage regulator ac t ion , the ove rvo l t age i s  accurately p redic t e d  by c on s t ant 

powe r c a lculations . 

Furthe r S tudie s 

The above info rmat ion i s  b a s e d  on powerflow s tudies with s t at ic load mode l s . 
Thi s  a s sumes the mot o r  and gene rator dynamic s will not be s igni f i c ant with a 

l oad area dominated by con s t ant impedanc e or re s i s t ive heat ing load . To confirm 
this a s s umpt ion , a s tudy u s ing one o f  the mid- t e rm dynamic s p rograms unde r 
devel opment , such as the E PRI ETMSP or the PTI p rogram, i s  rec ommended . 
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J9143 BASE FOR SYSTEM TEST USING VOLTAGE SENSITIVE LOAD MODELS 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
• • • • • • • • • • • • • • • • • • • • • • • • •  BUS VOLTAGES (PER UNIT) • • • • • • • • • • • • • • • • • • • • • • • • • • •  

�500 HONROE500 MAPLEVL500 RAVER500 PAUL500 TACOMA500 

059 1 . 090 1 . 079 1 . 070 1 . 086 1 . 051 
vLYMPIASOO SATSOP500 ALLSTON500 KEELERSOO PEARL500 OSTRNDERSOO 

1 . 087 1. 088 1 . 084 1 . 083 1 . 084 1 . 079 

MARION500 CUSTER230 BELLNGM230 SEDR0230 MURRAY230 SNOHOMSH230 

1 . 082 1 . 038 1 . 042 1 . 014 1 . 013 1 . 035 

BOTHELL230 MONROE230 SNOKING230 SAMMAMSH230 COVINTN230 TALBOTN230 

1 . 029 1 . 042 1 . 026 1 . 016 1 . 043 1 . 04 1  

TALBOTS230 TACOMA230 OLYMPIA230 SHELTON230 FAIRMNT230 PORTANG 230 
1 . 04 1  1 . 032 1 . 044 1 . 040 1 . 052 1 . 044 

KITSAP230 CHEHALS230 LONGVW230 SEDR0115 SNOHMSH115 SNOKING115 

1. 024 1 . 035 1 . 035 1 . 024 0 . 999 1 . 004 
AMESL R115 BROOK H115 BRK H R115 CLE ELM115 CLE E R115 E PT ORC115 

1 . 009 0 . 9 5 1  0 . 95 1  1 . 034 1 . 034 0 . 994 

EPTOR R115 LANGLY115 LANGL R115 NBOTHEL115 NBOTH R115 CAMAN0115 
0 . 994 0 . 948 0 . 948 0 . 984 0 . 984 0 . 969 

CAMNO R115 MEADWD115 MEADW R115 NSTAN115 NSTA R115 HYLEBOS115 

0. 969 0 . 979 0 . 979 0 . 97 3  0 . 97 3  0 . 964 

HYLE R115 PORTAN69 PORTARR69 PAPN1 R69 SAPPH069 SAPPHO R69 

0 . 964 1 . 040 1 . 040 1 . 040 1 . 012 1 . 012 

SUR LK12 . 5  SUR LK115 ANAC R57 . 5  ANACPUMP57 BOE AUB313 . 1  B AUB3 R13 . 1  

1 . 022 

CLAY C57 . 5  

0 . 950 

CHIEF J2 
105 

1 . 011 

CHIEF JO 
105 

1 . 011 

0 . 968 

CLAYCK R57 

0. 950 

0 . 996 

ROSS44 
-1 

1 . 002 

BONNVIL2 
44 

1 . 001 

0. 940 

FIR57 . 5  

0 . 940 

0 . 997 

UP BAKER 
10 

1 . 050 

DALLES 3 
-224 

0. 959 

0 . 940 

FIR R57 . 5  

0 . 940 

1 . 026 

CUSHMN1 
3 

1 . 004 

DALLES21 
-130 

0 . 950 

0. 998 0 . 998 
SKYKOMSH115 SKYKMH 

1 . 000 

CUSHMN2 
5 

1 . 008 

1 . 000 

BURRARD 
88 

1 . 014 

DALLES22 JOHN DAY 
-85 -63 

0 . 950 0 . 978 

R11 5 .  

BONN PH2 
67 

1 . 001 

• • • • • . • • • • • • • • • • • • •  SLACK BUS AND AGC BUSES (MW) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

��IDGE2 COULEE 2 JOHN DAY CHIEF J2 

178 839 2000 600 

CHIEF JO CHIEF J5 TOTAL PNW 
600 1180 5219 

• • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOADS (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • • •  

AA AA � � � � � � n 
p 1647 3403 501 1706 1284 1417 7081 3307 8419 

Q 577 1099 239 437 359 501 1809 1002 3340 

SUM PUGET SOUND ( AA+AA+�+SC+SP+� ) WEST ORE & WA ( NA+AA+�+SC+SP+�+�+NC) 
P= 9956 Q- 3211 P•20344 Q= 6023 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE GENERATION (MW,MVAR) • • • • • • • • • • • • • • • • • •  

AA AA � � � � � � n 
p 1913 352 0 298 100 278 3038 700 9466 

Q 66 27 0 -5 41 94 385 155 321 
SUM PUGET SOUND ( NA+AA+�+SC+SP+�) WEST ORE & WA ( NA+AA+�+SC+SP+�+�+NC) 

P� 2941 Q= 223 P• 6679 Q= 540 
• • • • • • • • • • • • • • • • • •  NET MW LOAD ( LOAD  - GENERATION) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

PUGET SOUND• 7015 WEST ORE & WA=13665 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOSSES (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • •  

NA AA � SC SP � NB NC 17 ND+NE+NF+NG+NH 

p 206 67 1 19 7 14 159 109 575 314 

Q 393 360 0 7 1  26 186 701 -367 -5625 -856 
SUM PUGET SOUND (NA+AA+�+SC+SP+�) WEST ORE & WA (NA+AA+�+SC+SP+�+NB+NC ) 

P= 315 Q= 1035 pz 583 Q= 1369 

• • • • • • • • • • • • • • • • •  BUS SHUNT REACTIVE (MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

RAVER= 0 USED 0 UNSCHEDULED 

• • • • • • • • • • • • • • •  ZONE SHUNT REACTIVE (MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • •  

NA AA � SC SP � � NC 17 ND+NE+NF+NG+NH 

2668 1007 103 610 0 125 2157 7 14 -2381 660 
SUM PUGET SOUND ( NA+AA+�+SC+SP+�) 

QSHUNT= 4513 

WEST ORE & WA (NA+AA+�+SC+SP+�+�+NC) 

QSHUNT= 7384 



J9145 BASED ON J9144, OPEN COULEE-RAVER #2 (BOTH LINES NCM OPEN ) 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
• • • • • • • • • • • • • • • • • • • • • • • • •  BUS VOLTAGES ( PER UNIT) • • • • • • • • • • • • • • • • • • • • • • • • • • •  

STER500 MONROE500 MAPLEVL500 RAVER500 PAUL500 TACOMA500 

033 1 . 047 1 . 035 1 . 024 1 . 066 1 . 008 

uLYMPIA500 SATSOP500 ALLSTON500 KEELER500 PEARL500 OSTRNDER500 

1 . 066 1 . 067 1 . 068 1 . 069 1 . 070 1 . 065 

MARION500 CUSTER230 BELLNGM230 SEDR0230 MURRAY230 SNOHOMSH230 

1 . 069 1 . 012 1 . 014 0 . 983 0 . 978 0 . 997 

BOTHELL230 MONROE230 SNOKING230 SAMMAMSH230 COVINTN230 TALBOTN230 

0. 994 1 . 003 0 . 989 0 . 978 1 . 000 0. 999 

TALBOTS230 TACOMA230 OLYMPIA230 SHELTON230 FAIRMNT230 PORTANG 230 

0 . 999 0 . 991 1 . 020 1 . 015 1 . 025 1 . 017 

KITSAP230 CHEHALS230 LONGVW230 SEDR0115 SNOHMSH115 SNOKING115 

0 . 999 1 . 020 1 . 025 0 . 996 0 . 963 0 . 969 

AMESL R115 BROOK H115 BRK H R115 CLE ELM1 15 CLE E R115 E PT ORC115 

0 . 970 0 . 923 0 . 923 0 . 979 0 . 979 0 . 954 

EPTOR R115 LANGLY115 LANGL R115 NBOTHEL115 NBOTH R115 CAMAN0115 

0 . 953 0 . 920 0 . 920 0 . 947 0. 947 0 . 934 

CAMNO R115 MEADWD115 MEADW R115 NSTAN115 NSTA R115 HYLEBOS115 

0 . 934 0 . 944 0 . 944 0 . 937 0 . 937 0 . 925 

HYLE R115 PORTAN69 

0 . 925 1 . 013 

SUR LK12 . 5  SUR LK115 

0. 981 0 . 930 

CLAY C57 . 5  CLAYCK R57 

0. 912 0. 912 

PORTARR69 PAPN1 R69 SAPPH069 SAPPHO R69 

0. 985 1 . 013 1 . 013 0 . 985 

ANAC R57 . 5  ANACPUMP57 BOE AUB3 13 . 1  B AUB3 R13 . 1  

0 . 913 0 . 913 0. 955 0 . 955 

FIR57 . 5  

0 . 914 

FIR R57 . 5  SKYKOMSH115 SKYKMH R115.  

0 . 914 0. 957 0. 957 

• • . • • . • • • .  GENERATOR REACTIVE (MVAR & PER UNIT VOLTAGE)  • • • • • • • • • • • • • • • • • • • • • • •  

COULEE2 COULEE5 1 COULEE 52 CHIEF J5 CENTRALA20 TROJAN22 ROSS42 

338 187 134 408 181 240 2 1  

1 . 045 0. 996 0. 997 1 . 025 1 . 020 1 . 012 1 . 002 

CHIEF J2 ROSS44 UP BAKER CUSHMN1 CUSHMN2 BURRARD BONN PH2 

157 21 20 8 19 221 96 

1 . 000 1 . 002 1 . 050 1 . 004 1 . 008 1 . 029 1 . 001 

CHIEF JO BONNVIL2 DALLES 3 DALLES21 DALLES22 JOHN DAY 

157 66 -187 -111 -72 33 

1 . 000 1 . 001 0 . 95 9  0 . 950 0. 950 0 . 978 

• • • . • • • • • • • • • • • • • • •  SLACK BUS AND AGC BUSES (MW) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

�IUDGE2 COULEE 2 JOHN DAY CHIEF J2 CHIEF JO CHIEF J5 TOTAL PNW 

193 546 1976 561 561 1087 4730 

• • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOADS (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • • •  

NA AA AB sc SP TC NB NC 17 

p 1591 3230 496 1636 1219 1356 6979 3269 8419 

Q 551 1026 236 410 336 474 1780 988 3340 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 

P= 9528 Q= 3033 Pa19776 Q= 5801 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE GENERATION ( MW, MVAR )  • • • • • • • • • • • • • • • • • •  

NA AA AB sc SP TC NB NC 17 

p 1913 352 0 298 100 278 3038 700 9481 

Q 265 59 0 77 50 124 544 193 826 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC) 

P= 2941 Q= 575 pa 6679 Q= 737 

• • • • • • • • • • • • • • • • • •  NET MW LOAD ( LOAD - GENERATION ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

PUGET SOUND= 6587 WEST ORE & WA=13097 

. • • • • . . . • • • • • • • •  ZONE REAL AND REACTIVE LOSSES (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 ND+NE+NF+NG+NH 

p 225 74 1 19 7 14 167 111 590 356 

Q 1482 412 1 84 28 175 862 -270 -5276 -21 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) 

P= 340 Q= 2181 

. • . • . • . • • • • • • • •  ZONE SHUNT REACTIVE 

NA AA AB SC 

2484 939 97 576 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) 

QSHUNT= 4211 

WEST ORE & WA (NA+AA+AB+SC+SP+TC+NB+NC ) 

P= 619 Q= 2772 

(MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

SP TC NB NC 17 ND+NE+NF+NG+NH 

0 115 2111 703 -2634 37 

WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC) 

QSHUNT= 7025 



J9146, BASED ON J9145 , SYSTEM � DISTRIBUTION SYSTEM VOLTAGE REGULATOR ADJUST 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
• • • • • . • • • • • • • • • • • • • • • • • • •  BUS VOLTAGES ( PER UNIT) • • • • • • • • • • • • • • • • • • • • • • • • • • •  

STER500 MDNROE500 MAPLEVL500 RAVER500 PAUL500 TAOOMA500 

997 0 . 998 0 . 982 0 . 973 1 . 037 0 . 955 
0LYMPIA500 SATSOP500 ALLSTON500 KEELER500 PEARL500 OSTRNDER500 
1 . 034 1 . 034 1 . 043 1 . 046 1 . 048 1 . 044 
MARION500 CUSTER230 BELLNGM230 SEDR0230 MURRAY230 SNOHOMSH230 
1 . 049 0. 971 0. 965 0. 930 0 . 923 0 . 943 
BOTHELL230 MONROE230 SNOKING230 SAMMAMSH230 COVINTN230 TALBOTN230 

0 . 942 0 . 951 0 . 936 0 . 922 0 . 945 0 . 943 

TALBOTS230 TAOOMA230 OLYMPIA230 SHELTON230 FAIRMNT230 PORTANG 230 
0 . 943 0 . 934 0 . 980 0 . 966 0 . 968 0 . 95 8  

KITSAP230 CHEHALS230 LONGVW230 SEDR0115 SNOHMSH115 SNOKING115 

0 . 945 0 . 995 1 . 007 0 . 942 0 . 906 0 . 912 
AMESL R115 BROOK H115 BRK H R115 CLE �115 CLE E R115 E PT ORC115 
0. 979 0 . 851 0 . 920 0 . 925 1 . 000 0 . 884 

EPTOR R115 LANGLY115 LANGL R115 NBOTHEL115 NBOTH R115 CAMAN0115 
0 . 956 0 . 847 0. 916 0 . 887 0 . 959 0 . 874 
CAMNO Rll5 MEADWD115 MEADW Rll5 NSTAN115 NSTA Rll5 HYLEBOS115 
0 . 945 0 . 885 0. 957 0. 878 0 . 949 0 . 866 

HYLE Rll5 PORTAN69 PORTARR69 PAPN1 R69 SAPPH069 SAPPHO R69 
0 . 994 0 . 937 0 . 953 1 . 030 1 . 036 0 . 920 

SUR LK12 . 5  SUR LK115 �C R57 . 5  �CPUMP57 BOE AUB3 13 . 1  B AUB3 R13 . 1  
0 . 990 0 . 871 0 . 929 0 . 859 0 . 887 0. 959 
CLAY C57 . 5  CLAYCK R57 FIR57 . 5  FIR R57 . 5  SKYKOMSH115 SKYKMH R115 . 

0 . 845 0 . 913 0 . 85 9  0 . 929 0 . 902 0 . 975 
• • • . • • • • • •  �RATOR REACTIVE ( MVAR & PER UNIT VOLTAGE) • • • • • • • • • • • • • • • • • • • • • • •  

COULEE2 COULEE51 COULEE52 CHIEF J5 CENTRALA20 TROJAN22 ROSS42 
403 346 249 408 415 371 52 

1 . 045 0 . 996 0 . 997 
CHIEF J2 ROSS44 UP BAKER 

157 52 41 
0 . 972 1 . 002 1 . 050 
CHIEF JO BONNVIL2 DALLES 3 

157 102 -137 
0 . 972 1 . 001 0 . 959 

0 . 999 

CUSHMN1 
15 

0 . 974 

DALLES21 
-85 

0 . 950 

1 . 020 

CUSHMN2 
26 

0 . 969 

1 . 012 1 . 002 
BURRARD BONN PH2 

429 143 

1 . 05 1  1 . 001 

DALLES22 JOHN DAY 
-55 156 

0 . 950 0 . 978 
• • • • • • • • • • • • • • • • • • •  SLACK BUS AND .  AGC BUSES (MW) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

-�IDGE2 COULEE 2 JOHN DAY CHIEF J2 CHIEF JO CHIEF J5 TOTAL PNW 
�14 729 1991 585 585 1145 5035 
• • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOADS (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • • •  

� M � � � � � � n 
p 1633 3304 499 1549 1247 1378 7082 3308 8419 

Q 570 1056 238 373 346 483 1808 1002 3340 
SUM PUGET SOUND ( NA+M+�+SC+SP+�) WEST ORE & WA ( NA+M+�+SC+SP+�+NB+NC ) 

P= 9610 Q= 3067 P•20000 Q= 5878 

• • • • • . • • • • • • • • • •  ZONE REAL AND REACTIVE GENERATION (MW,MVAR) • • • • • • • • • • • • • • • • • •  

� M � � � � NB � D 
p 1913 352 0 298 100 278 3038 700 9503 

Q 561 102 0 195 50 138 819 267 1544 

SUM PUGET SOUND ( NA+M+�+SC+SP+�) WEST ORE & WA ( NA+M+�+SC+SP+�+�+NC ) 

P= 2941 Q= 1047 P= 6679 Q= 1087 
• • • • • • • • • • • • • • • • • •  NET MW LOAD (LOAD - GENERATION ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

PUGET SOUND= 6669 WEST ORE & WA=13321 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOSSES (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • •  

� M � SC SP � NB NC 17 ND+Nl�+�IF+NG+Nl 
p 254 84 2 21 8 16 180 118 611 
Q 2135 530 2 139 38 2 13 1076 -107 -4716 
SUM PUGET SOUND ( NA+M+�+SC+SP+�) WEST ORE & WA ( NA+M+�+SC+SP+�+NB+NC) 

P= 385 Q= 3058 P= 683 Q= 4027 

. . . . . . . . . . . . . . .  zo� SHUNT REACTIVE (MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

� M � � � � � � n 
2234 829 87 534 0 102 2027 671 -2586 

SUM PUGET SOUND ( �+M+�+SC+SP+� )  
QSHUNT= 3786 

WEST ORE & WA ( NA+M+�+SC+SP+�+NB+NC) 
QSHUNTz 6484 



J9161 BASEOON J9145 , SWITCH IN 3 RAVER CAP :BJINl<S 20 SECONDS INTO TEST 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
• • • • • • • • • • • • • • • • • • • • • • • • •  BUS VOLTAGES ( PER UNIT) • • • • • • • • • • • • • • • • • • • • • • • • • • •  

'STERSOO MONROESOO MAPLEVLSOO RAVERSOO PAULSOO TACOMASOO COULEESOO 

050 1 . 076 1 . 084 1 . 087 1 . 089 1 . 066 1 . 080 

uLYMPIASOO SATSOPSOO ALLSTONSOO KEELERSOO PEARLSOO OSTRNDERSOO 

1 . 089 1 . 090 1 . 084 1 . 078 1 . 076 1 . 070 

MARIONSOO CUSTER230 BELLNGM230 SEDR0230 MURRAY230 SNOHOMSH230 
1 . 07 3  1 . 029 1 . 032 1 . 003 1 . 000 1 . 02 1  

BOTHELL230 MONROE230 SNOKING230 SAMMAMSH230 COVINTN230 TALBOTN230 

1 . 020 1 . 029 1 . 018 1 . 010 1 . 050 1 . 043 

TALBOTS230 TACOMA230 OLYMPIA230 SHELTON230 FAIRMNT230 PORTANG 230 
1 . 043 1 . 041 1 . 043 1 . 039 1 . 05 1  1 . 044 

KITSAP230 CHEHALS230 LONGVW230 BEDROllS SNOHMSHllS SNOKINGllS 

1 . 024 1 . 035 1 . 034 1 . 014 0 . 986 0. 996 

AMESL RllS BROOK HllS BRK H RllS CLE ELMllS CLE E RllS E PT ORCllS 

1 . 010 0 . 94 1  0 . 94 1  1 . 009 1 . 009 0. 998 

EPTOR RllS LANGLYl lS LANGL RllS NBOTHELllS NBOTH RllS CAM11N0115 
0. 998 0 . 938 0. 938 0 . 972 0 . 97 1  0 . 956 

CAMNO RllS MEADWDllS MEADW RllS NSTANllS NSTA RllS HYLEBOSllS 

0 . 956 0 . 97 1  0 . 97 1  0 . 960 0 . 960 0 . 970 

HYLE RllS PORTAN69 PORTARR69 PAPNl R69 SAPPH069 SAPPHO R69 
0 . 970 1 . 040 1 . 040 1 . 040 1 . 012 1 . 012 

SUR LK12 . 5  SUR LKllS ANAC RS7 . 5  ANACPUMP57 BOE AUB3 13 . 1  B AUB3 Rl3 . 1  
1 . 028 0 . 974 0. 930 0 . 930 1 . 002 1 . 002 

CLAY C57 . 5  CLAYCK R57 FIRS 7 . 5  FIR RS7 . 5  SKYKOMSHllS S KYKMH  RllS . 

0 . 953 0 . 953 0 . 9 3 1  0 . 93 1  0 . 978 0 . 978 

• • • • • • • • • •  GENERATOR REACTIVE (MVAR & PER UNIT VOLTAGE) • • • • • • • • • • • • • • • • • • • • • • •  

COULEE2 COULEES! COULEE52 CHIEF JS CENTRALA20 TROJAN22 ROSS42 

300 147 105 362 -1 175 6 

1 . 045 0 . 996 0. 997 1 . 026 1 . 020 1 . 012 1 . 002 

CHIEF J2 ROSS44 UP BAKER CUSHMNl CUSHMN2 BURRARD BONN PH2 
157 6 14 2 2 135 85 

1 . 004 1 . 002 1 . 050 1 . 004 1 . 008 1 . 019 1 . 001 

CHIEF JO BONNVIL2 DALLES 3 DALLES21 DALLES22 JOHN DAY 
157 58 -196 - 1 16 -75 11 

1 . 004 1 . 001 0 . 959 0 . 950 0 . 950 0 . 978 

• • • • • • • • • • • • • • • • • • •  SLACK BUS AND AGC BUSES (MW) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

�RIDGE2 COULEE 2 JOHN DAY CHIEF J2 CHIEF JO CHIEF JS TOTAL PNW 

188 850 2001 601 601 1183 5236 

• • • • • • • • • • • • • • ZONE REAL AND REACTIVE LOADS (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • • •  

p 

Q 

NA AA AB SC SP TC 

1641 3395 501 1717 1264 1427 

574 1096 239 441 352 505 

NB NC 17 
7032 3281 8419 
1796 993 3340 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC) 
P= 9944 Q= 3208 Pz20258 Q= 5997 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE GENERATION (MW,MVAR) • • • • • • • • • • • • • • • • . •  

� AA AB � � TC NB � U p 1913 352 0 298 100 278 3038 700 9476 

Q 42 35 0 19 s o  83 440 181 529 

SUM PUGET SOUND (�+AA+AB+SC+SP+TC) WEST ORE & WA (�+AA+AB+SC+SP+TC+NB+NC) 

P= 2941 Q= 229 P• 6679 Q= 621 

• • • • • • • • • • • • • • • • • •  NET MW LOAD ( LOAD - GENERATION ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

PUGET SOUND= 7003 WEST ORE & WAzl3579 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOSSES (MW,MVAR )  • • • • • • . • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 ND+NE+NF+NG+NH p 238 76 1 19 7 14 169 1 12 585 363 
Q 1566 417 0 66 27 181 872 -270 -5469 103 

SUM PUGET SOUND (NA+AA+AB+SC+SP+TC) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC) 

P= 355 Q= 2258 P= 637 Q= 2860 

• • • • • • • • • • • • • • • • •  BUS SHUNT REACTIVE (MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

RAVER= 1 125 USED 0 UNSCHEDULED 

MONROE= 381 USED 0 UNSCHEDULED 

• • • • • • • • • • • • • • •  ZONE SHUNT REACTIVE (MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 ND+NE+NF+NG+NH 
3768 1003 101 615 0 127 2136 707 -2652 45 

SUM PUGET SOUND (NA+AA+AB+SC+SP+TC) 

QSHUNT= 5615 

WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 

QSHUNT= 8457 



J9163 BASEOON J9161, DIST VOLTAGE REGS ADJUST AFTER 3 RAVER CAP BANKS SWITCHED 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
• • • • • • • • • • • • • • • • • • • • • • • • •  BUS VOLTAGES ( PER UNIT) • • • • • • • • • • • • • • • • • • • • • • • • • • •  

·sTER500 MONROE500 MAPLEVL500 RAVER500 PAUL500 TACOMA500 COULEE500 
045 1 . 070 1 . 078 1 . 081 1 . 086 1 . 061 1 . 078 

JLYMPIA500 SATSOP500 ALLSTON500 KEELER500 PEARL500 OSTRNDER500 

1 . 086 1 . 087 1 . 080 1 . 074 1 . 071 1 . 066 

MARION500 CUSTER230 BELLNGM230 SEDR0230 MURRAY230 SNOHOMSH230 
1 . 069 1 . 023 1 . 024 0. 995 0. 992 1. 013 

BOTHELL230 MONROE230 SNOKING230 SAMMAMSH230 COVINTN230 TALBOTN230 

1. 013 1 . 022 1 . 010 1 . 003 1 . 045 1 . 037 
TALBOTS230 TACOMA230 OLYMPIA230 SHELTON230 FAIRMNT230 PORTANG 230 
1 . 037 1 . 035 1 . 039 1 . 035 1 . 046 1 . 038 
KITSAP230 CHEHALS230 LONGVW230 SEDR0115 SNOHMSH115 SNOKING115 
1 . 019 1 . 033 1 . 032 1 . 005 0 . 978 0 . 988 
AMESL R115 BROOK H115 BRK H R115 CLE ELM115 CLE E R115 E PT ORC115 

1 . 009 0 . 926 0 . 949 1 . 003 1 . 034 0 . 992 
EPTOR R115 LANGLY115 LANGL R115 NBOTHEL115 NBOTH Rl15 CAMAN0115 
0. 992 0 . 922 0 . 945 0 . 962 0 . 986 0 . 946 

CAMNO Rl15 MEADWD115 MEADW R115 NSTAN115 NSTA Rl15 HYLEBOS115 

0 . 970 0 . 962 0 . 980 0. 951 0 . 974 0. 965 

HYLE R115 PORTAN69 PORTARR69 PAPN1 R69 SAPPH069 SAPPHO R69 
0 . 965 1 . 034 1 . 040 1 . 040 1. 006 1 . 012 

SUR LK12 . 5  SUR LK115 ANAC R57 . 5  ANACPUMP57 BOE AUB313 . 1  B AUB3 R13 . 1  

1 . 021 0 . 970 0 . 938 0 . 921 0 . 996 0 . 998 
CLAY C57 . 5  CLAYCK R57 FIR57 . 5  FIR R57 . 5  SKYKOMSH115 SKYKMH R115 . 

0. 948 0 . 948 0 . 921 0 . 939 0 . 970 1 . 000 

• • • • • • . • • •  GENERATOR REACTIVE ( MVAR & PER UNIT VOLTAGE ) • • • • • • • • • • • • • • • • • • • • • • •  

COULEE2 COULEE51 COULEE52 CHIEF J5 CENTRALA20 TROJAN22 ROSS42 
325 166 119 390 26 196 10 

1 . 045 1 . 020 1 . 012 1 . 002 0 . 996 0 . 997 1 . 026 
CHIEF J2 

157 
1 . 000 
CHIEF JO 

157 
1 . 000 

ROSS44 
10 

1 . 002 

BONNVIL2 
66 

1 . 001 

UP BAKER 
17 

1. 050 

DALLES 3 
-186 

0. 959 

CUSHMN1 
2 

1. 004 
DALLES21 

-111 
0 . 950 

CUSHMN2 
4 

1 . 008 

BURRARD 
161 

1 . 022 
DALLES22 JOHN DAY 

-72 37 

0 . 950 0 . 978 

BONN PH2 
96 

1. 001 

• • • • • • • • • • • • • • • • • • •  SLACK BUS AND AGC BUSES (MW) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

�RIDGE2 COULEE 2 JOHN DAY CHIEF J2 CHIEF JO CHIEF J5 TOTAL PNW 

p 
Q 

1 90 910 2006 609 

. • • • • • • • • • • • • • ZONE REAL AND REACTIVE LOADS 
NA AA AB SC SP TC 

1643 3400 501 1705 1286 1419 
575 1098 239 437 360 502 

609 1199 5334 
(MW,MVAR) • • • • • • • • • • • • • • • • • • • • • • •  

NB NC 17 
7082 3304 8419 
1809 1001 3340 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 
P= 9955 Q= 3210 Pz20340 Qz 6020 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE GENERATION (MW,MVAR) • • • • • • • • • • • • • • • • • •  

� AA AB � � TC NB � D 
p 1913 352 0 298 100 278 3038 700 9478 
Q 76 43 0 35 50 91 491 202 623 
SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 

P= 2941 Q= 295 P� 6679 Q= 693 
• • • • • • • • • • • • • • • • • •  NET MW LOAD ( LOAD - GENERATION) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

PUGET SOUND= 7014 WEST ORE & WA=13661 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOSSES (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 ND+NE+NF+NG+NH 
p 243 77 1 19 8 14 172 114 587 367 
Q 1656 431 0 70 29 181 924 -221 -5402 191 
SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC) 

P= 362 Q= 2368 P= 648 Q= 3071 
• • • • • . • • • • • • • • . • •  BUS SHUNT REACTIVE (MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

RAVER= 1113 USED 0 UNSCHEDULED 
MONROE= 376 USED 0 

• • • • • • • • • • • • • • •  ZONE SHUNT REACTIVE 
NA AA AB SC 

3725 990 100 610 
SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC ) 

QSHUNT= 5550 

UNSCHEDULED 
( MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

SP TC NB NC 17 ND+NE+NF+NG+NH 
0 126 2118 697 -2646 43 

WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 
QSHUNT= 8365 



J9189 BASEDON J9146, 1\ CONSTANT R INCREASE 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
• • • • • • • • • • • • • • • • • • • • • • • • •  BUS VOLTAGES ( PER UNIT) • • • • • • • • • • • • • • • • • • • • • • • • • • •  

STERSOO MONROESOO MAPLEVLSOO RAVERSOO PAULSOO TACOMASOO COULEESOO 

994 0 . 995 0 . 978 0 . 970 1 . 036 0 . 952 1 . 064 

uLYMPIASOO SATSOPSOO ALLSTONSOO KEELERSOO PEARLSOO OSTRNDERSOO 

1 . 032 1 . 032 1 . 041 1 . 045 1 . 047 1 . 043 

MARIONSOO CUSTER230 BELLNGM230 SEDR0230 MURRAY230 SNOHOMSH230 

1 . 048 0 . 968 0. 962 0 . 927 0 . 919 0 . 939 

BOTHELL230 MONROE230 SNOKING230 SAMMAMSH230 COVINTN230 TALBOTN230 

0 . 939 0 . 947 0 . 932 0. 918 0 . 94 1  0. 939 

TALBOTS230 TACOMA230 OLYMPIA230 SHELTON230 FAIRMNT230 PORTANG 230 

0. 939 0 . 931 0 . 977 0 . 964 0. 965 0 . 955 

KITSAP230 CHEHALS230 LONGVW230 BEDROllS 

0 . 943 0 . 994 1 . 006 0 . 939 

AMESL Rll5 BROOK Hll5 BRK H Rll5 CLE ELM115 

0 . 975 0. 847 0 . 915 0 . 92 1  

SNOHMSH1 15 SNOKING115 

0 . 903 0 . 909 
CLE E Rll5 E PT ORC115 

0. 996 0. 880 
EPTOR Rll5 LANGLY115 LANGL Rll5 NBOTHEL115 NBOTH Rll5 CAMAN0115 
0. 952 0 . 843 0 . 911 0 . 884 0 . 955 0 . 870 

CAMNO Rll5 MEADWD115 MEADW Rl l5 NSTAN115 NSTA Rll5 HYLEBOS115 

0 . 941 0 . 882 0 . 953 0 . 87 4  0 . 945 0 . 863 

HYLE Rll5 PORTAN69 PORTARR69 PAPNl R69 SAPPH069 SAPPHO R69 

0. 933 0 . 950 1 . 027 1 . 033 0. 917 0 . 991 

SUR LK1 2 . 5  SUR LK115 ANAC R57 . 5  ANACPUMP57 BOE AUB313 . 1  B AUB3 Rl3 . 1  

0 . 986 0 . 867 0 . 925 0 . 856 0 . 883 0 . 955 

CLAY C57 . 5  CLAYCK R57 FIR57 . 5  FIR R57 . 5  SKYKOMSH115 SKYKMH Rll5 . 

0 . 84 1  0. 909 0 . 856 0 . 925 0. 898 0 . 97 1  

• • • • • • • • • •  GENERATOR REACTIVE (MVAR & PER UNIT VOLTAGE ) • • • • • • • • • • • • • • • • • • • • • • •  

COULEE2 COULEE5 1  COULEE52 CHIEF JS CENTRALA20 TROJAN22 ROSS42 
403 358 257 408 429 379 54 

1 . 045 0. 996 

CHIEF J2 ROSS44 
157 54 

0 . 970 1 . 002 

CHIEF JO BONNVIL2 
157 103 

0 . 970 1 . 001 

0 . 997 0. 997 

UP BAKER CUSHMNl 
42 15 

1 . 050 o .  970 

DALLES 3 DALLES21 

-136 -85 

1 . 020 1 . 012 

CUSHMN2 BURRARD 
26 445 

0. 966 1 . 052 

DALLES22 JOHN DAY 
-55 160 

0 . 959 0 . 950 0 . 950 0 . 978 

1 . 002 

BONN PH2 
145 

1 . 001 

• • • • • . • • • • • • • • • • • • •  SLACK BUS AND AGC BUSES (MW) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

-�IDGE2 COULEE 2 JOHN DAY CHIEF J2 CHIEF JO CHIEF JS TOTAL PNW 

� 17 738 1992 587 587 1148 5051 

• • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOADS (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • • •  

� AA � � � � � � U p 1642 3306 499 1550 1247 1378 7081 3307 8419 

Q 570 1049 238 371 344 481 1809 1002 3340 

SUM PUGET SOUND (NA+AA+�+SC+SP+�) WEST ORE & WA (NA+AA+�+SC+SP+�+�+NC) 

P= 9622 Q= 3052 P=20010 Q= 5863 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE GENERATION (MW,MVAR )  • • • • • • • • • • • • • • • • • •  

� AA � � � � � � U 
p 1913 352 0 298 100 278 3038 700 9505 

Q 579 104 0 203 50 138 833 268 1606 

SUM PUGET SOUND ( �+AA+�+SC+SP+� ) WEST ORE & WA ( NA+AA+�+SC+SP+�+NB+NC) 

P= 2941 Q= 1074 P= 6679 Q= 1101 

• • • • • • • • • • • • • • • • • •  NET MW LOAD (LOAD - GENERATION ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

PUGET SOUND= 6681 WEST ORE & WA�l3331 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOSSES (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • •  

NA AA � SC SP � NB NC 17 ND+NE+NF+NG+NH 

p 256 85 2 21 8 16 180 118 614 375 

Q 2185 538 2 146 39 2 15 1084 -102 -4660 465 

SUM PUGET SOUND (�+AA+�+SC+SP+�) WEST ORE & WA (NA+AA+�+SC+SP+�+NB+NC) 

P= 389 Q= 3 124 P= 687 Q= 4106 

• • • • . • • • • • • • • • • • •  BUS SHUNT REACTIVE (MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

RAVER= 0 USED 0 UNSCHEDULED 
MONROE= 326 USED 0 

• • • • • • • • • • • • • • •  ZONE SHUNT REACTIVE 

NA AA � SC 
2219 823 86 530 

SUM PUGET SOUND (�+AA+�+SC+SP+�) 

QSHUNT� 3759 

UNSCHEDULED 

(MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

SP � NB NC 17 ND+NE+NF+NG+NH 
0 102 2024 670 -2582 17 

WEST ORE & WA ( NA+AA+�+SC+SP+TC+NB+NC ) 

QSHUNT= 6453 



J93764 OUTAGE BEFORE DIST VOLTAGE REGS CHANGE 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
. • • • • • • • • • • • • • • • • • • • • • • • • •  BUS VOLTAGES ( PER UNIT) • • • • • • • • • • • • • • • • • • • • • • • • • • •  

'STER500 MONROE500 MAPLEVL500 RAVER500 PAUL500 TACOMA500 

012 1 . 011 1 . 012 1 . 025 1 . 061 1 . 019 

JLYMPIA500 SATSOP500 ALLSTON500 KEELER500 PEARL500 OSTRNDER500 

1 . 059 1 . 060 1 . 06 1  1 . 058 1 . 058 1 . 051 

MARION500 CUSTER230 BELLNGM230 SEDR0230 MURRAY230 SNOHOMSH230 

1 . 065 1 . 001 0 . 993 0 . 953 0 . 938 0 . 962 

BOTHELL230 MONROE230 SNOKING230 SAMMAMSH230 COVINTN230 TALBOTN230 

0 . 961 0. 980 0 . 958 0. 947 0 . 988 0 . 982 

TALBOTS230 TACOMA230 OLYMPIA230 SHELTON230 FAIRMNT230 PORTANG 230 

0 . 982 0 . 977 1 . 012 1 . 007 1 . 009 1 . 004 

KITSAP230 CHEHALS230 LONGVW230 SEDR01 15 SNOHMSH115 SNOKING115 

0 . 990 1 . 014 1 . 02 1  0 . 987 0 . 945 0 . 944 

AMESL R115 BROOK H115 BRK H R115 CLE ELM115 CLE E R115 E PT ORC115 

0 . 95 1  0 . 922 

EPTOR R115 LANGLY115 

0 . 929 0. 918 

CAMNO R115 MEADWD115 
0. 905 0 . 911 

0 . 922 0 . 950 

LANGL R115 NBOTHEL115 

0. 918 0 . 927 

MEADW R115 NSTAN115 

0 . 91 1  0 . 910 

0 . 950 0 . 929 

NI!OTH R115 CAMAN01 15 

0 . 927 0 . 905 

NSTA R115 HYLEBOS115 

0 . 910 0 . 912 

HYLE R115 PORTAN69 PORTARR69 PAPN1 R69 SAPPH069 SAPPHO R69 

0. 912 1 . 005 1 . 005 1 . 005 0 . 97 1  0 . 970 

SUR LK12 . 5  SUR LK115 ANAC R57 . 5  ANACPUMP57 BOE AUB3 13 . 1  B AUB3 R13 . 1  

0 . 966 0 . 918 0 . 901 0 . 901 0. 938 0 . 938 

CLAY C57 . 5  CLAYCK R57 FIR57. 5  FIR R57 . 5  SKYKOMSH115 SKYKMH R115. 

0 . 893 0 . 893 0 . 901 0 . 901 0. 930 0. 930 

• • • • • • • • • •  GENERATOR REACTIVE (MVAR & PER UNIT VOLTAGE) • • • • • • • • • • • • • • • • • • • • • • •  

COULEE2 COULEE51 COULEE52 CHIEF J5 CENTRALA20 TROJAN22 ROSS42 

403 312 223 408 218 2 7 1  4 1  

1 . 045 0 . 998 0 . 999 1 . 006 1 . 0 19 1 . 0 13 1 . 007 

CHIEF J2 ROSS44 UP BAKER CUSIIMN1 CUSIIMN2 BURRARD BONN PH2 

157 41 24 10 23  279 104 

0 . 978 1 . 007 1 . 050 1 . 004 1 . 008 1 . 035 1 . 002 

CHIEF JO BONNVIL2 DALLES 3 DALLES21 DALLES22 JOHN DAY MSASVC 

157 71 - 1 12 -85 -59 142 ??????? 
0 . 978 1 . 002 0 . 969 0. 956 0 . 954 0 . 983 ??????????? 
• • • • • • • • • • • • • • • • • • •  SLACK BUS AND AGC BUSES (MW) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

'�RIDGE2 COULEE 2 JOHN DAY CHIEF J2 CHIEF JO CHIEF J5 TOTAL PNW 

207 1022 2100 537 537 1029 5225 

• • • • • • • • • • • • • • ZONE REAL AND REACTIVE LOADS (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • • •  

NA AA AB sc SP TC NB NC 17 

p 1684 3622 528 1721 1451 1441 7 194 3276 8419 

Q 577 1142 248 425 400 501 1827 990 3340 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA (NA+AA+AB+SC+SP+TC+NB+NC ) 

Pz1Q448 Qr- 3292 Pz2Q918 Q= 6109 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE GENERATION (MW,MVAR) • • • • • • • • • • • • • • • • • •  

� AA AB � � TC NB � U 
p 1913 432 0 298 100 278 3038 700 9495 

Q 319 89 0 172 50 130 616 204 1094 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 

ps 3021 Qr- 760 P= 6759 Q= 820 
• • • • • • • • • • • • • • • • • •  NET MW LOAD (LOAD - GENERATION ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

PUGET SOUND• 7427 WEST ORE & WA=14159 
• • . • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOSSES (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 ND+NE+NF+NG+NH 

p 280 87 2 22 10 14 178 108 604 381 

Q 2447 493 12 156 42 177 1152 -346 -5007 548 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA (NA+AA+AB+SC+SP+TC+NB+NC ) 

P= 415 Q= 3328 P= 701 Qr- 4134 

• • • • • • • • • • • • • • •  ZONE SHUNT REACTIVE (MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • . • • • • • •  

NA AA AB SC SP TC NB NC 17 ND+NE+NF+NG+NH 

3189 915 95 548 0 400 2119 682 -2420 543 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) 

QSHUNT= 5146 

WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 

QSHUNTz 7947 



J93765 OUTAGE AFTER DIST VOLTAGE :REGS ADJUST, LDC 'S AT BCH BRIDGE R & MICA 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
- • • • • • • • • • • • • • • • • • • • • • • • • •  BUS VOLTAGES ( PER UNIT) • • • • • • • • • • • • • • • • • • • • • • • • • • •  

'STER500 MONROE500 MAPLEVL500 RAVER500 PAUL500 TAcct!A500 

958 0 . 941 0 . 935 0 . 950 1 . 015 0 . 941 

vLYMPIA500 SATSOP500 ALLSTON500 KEELER500 PEARL500 OSTRNDER500 

1 . 010 1 . 009 1 . 020 1 . 020 1 . 022 1 . 017 

MARION500 CUSTER230 BELLNGM230 SEDR0230 MURRAY230 SNOHOMSH230 

1 . 031 0 . 940 0 . 923 0 . 877 0 . 859 0 . 884 

BOTHELL230 MONROE230 SNOKING230 SAHHAMSH230 COVINTN230 TALBOTN230 

0. 884 0 . 904 0 . 880 0 . 865 0 . 907 0 . 900 

TALBOTS230 TACOMA230 OLYMPIA230 SHELTON230 FAIRMNT230 PORTANG 230 

0 . 900 0 . 895 0 . 953 0 . 940 0 . 930 0 . 921 

KITSAP230 CHEHALS230 LONGVW230 SEDR0115 SNOHHSH115 SNOKING115 

0. 915 0 . 975 0 . 988 0 . 910 0 . 862 0 . 864 

AMESL R1 15 BROOK H115 BRK H R115 CLE ELM115 CLE E R115 E PT ORC115 

0 . 930 0 . 827 0 . 895 0 . 869 0 . 940 0 . 833 

EPTOR R115 LANGLY115 LANGL R1 15 NBOTHEL115 NBOTH R115 CAMAN0115 

0. 900 0. 824 0 . 890 0 . 840 0. 909 0. 818 

CAMNO R115 MEADWD115 MEADW R115 NSTAN115 NSTA R115 HYLEBOS115 

0 . 884 0 . 825 0 . 892 0 . 823 0 . 890 0 . 829 

HYLE R115 PORTAN69 

0. 896 0 . 919 

PORTARR69 PAPN1 R69 

0 . 994 0 . 999 

SAPPH069 

0 . 879 

SAPPHO R69 

0. 951 

SUR LK1 2 . 5  SUR LK115 ANAC R57 . 5  ANACPUMP57 BOE AUB313 . 1  B AUB3 R13 . 1  

0 . 945 0 . 835 0 . 892 0 . 824 0 . 843 0 . 911 

CLAY C57 . 5  CLAYCK R57 FIR57 . 5  FIR R57 . 5  SKYKOMSH115 SKYKMH R11 5 .  

0 . 800 0 . 865 0 . 825 0 . 892 0 . 848 0 . 917 

• • . • • • • • • •  GENERATOR REACTIVE (MVAR & PER UNIT VOLTAGE ) • • • • • • • • • • • • • • • • • • • • . • •  

COULEE2 COULEE51 COULEE52 CHIEF J5 CENTRALA20 TROJAN22 ROSS42 

403 526 377 408 560 400 85 

1 . 045 0 . 998 0 . 999 0 . 972 1 . 016 0 . 998 1 . 003 

CHIEF J2 ROSS44 UP BAKER CUSHMN1 CUSHMN2 BURRARD BONN PH2 

157 85 50 15 26 537 178 

0 . 942 1 . 003 1 . 037 0 . 938 0 . 933 1 . 052 1 . 002 

CHIEF JO BONNVIL2 DALLES 3 DALLES21 DALLES22 JOHN DAY MSASVC 

157 128 -31 -43 -32 332 0 

0 . 942 1 . 002 0 . 969 0 . 956 0 . 954 0 . 983 0 

• • • • • • • • • • • • • • • • • • • SLACK BUS AND AGC BUSES (MW) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

�RIDGE2 COULEE 2 JOHN DAY CHIEF J2 CHIEF JO CHIEF J5 TOTAL PNW 

243 1013 2100 535 535 1027 5209 

• • • • • • • • • • • • • •  ZONE :REAL AND REACTIVE LOADS (MW,MVAR) • • • • • • • • • • • • • • • . • • • • • • •  

AA AA M � � � � � U p 1700 3561 527 1536 1422 1414 7326 3324 8419 

Q 584 1115 247 354 390 489 1865 1008 3340 

SUM PUGET SOUND ( NA+AA+M+SC+SP+�) WEST O:RB & WA ( NA+AA+M+SC+SP+�+�+NC) 

P=10159 Q= 3178 P=20810 Q= 6050 

• • • • • • • • • • • • • • • •  ZONE :REAL AND REACTIVE GENERATION (MW,MVAR )  • • • • • • • • • • • • • • • • • •  

NA AA M SC SP � NB NC 17 

p 1913 432 0 298 100 278 3038 700 9531 

Q 756 132 0 338 50 138 984 278 2179 

SUM PUGET SOUND ( NA+AA+M+SC+SP+� ) WEST O:RB & WA ( AA+AA+M+SC+SP+�+NB+NC) 

P= 3021 Q= 1413 P= 6759 Q= 1262 

• • • • • • • • • • • • • • • • • •  NET MW LOAD (LOAD - GENERATION) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

PUGET SOUND= 7 138 WEST O:RB & WA=14051 

• . • • • • • • • • • • • • • •  ZONE :REAL AND REACTIVE LOSSES (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • •  

NA AA M SC SP � NB NC 17 ND+NE+NF+NG+NH 

p 307 97 2 25 11 16 197 117 640 402 

Q 3155 620 16 210 55 2 18 1484 -90 -4123 1122 

SUM PUGET SOUND ( NA+AA+M+SC+SP+�) WEST O:RB & WA ( NA+AA+M+SC+SP+�+NB+NC ) 

P= 459 Q= 4274 P= 772 Q= 5668 

• • • • • • • • • • • • • • •  ZONE SHUNT REACTIVE ( MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

NA AA M SC SP � � NC 17 ND+NE+NF+NG+NH 

2725 763 80 463 0 332 1976 634 -2381 -81 

SUM PUGET SOUND ( NA+AA+M+SC+SP+� ) WEST O:RB & WA ( AA+AA+M+SC+SP+�+�+NC ) 

QSHUNT= 4364 QSHUNT= 697 3  



J93766 BASEDON 765, 1\ INCREASE IN CONSTANT R LOAD 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
• • • • • • • • • • • • • • • • • • • • • • • • •  BUS VOLTAGES ( PER UNIT) • • • • • • • • • • • • • • • • • • • • • • • • • • •  

'STER500 MONROE500 MAPLEVL500 RAVER500 PAUL500 TACOMA500 COULEE500 

. 954 0 . 93 6  0. 929 0 . 944 1 . 010 0 . 935 1 . 052 
OLYMPIA500 SATSOP500 ALLSTON500 KEELER500 PEARL500 OSTRNDER500 

1 . 005 1 . 004 1 . 015 1 . 016 1 . 018 1 . 014 

MARION500 CUSTER230 BELLNGM230 SEDR0230 MURRAY230 SNOHOMSH230 

1 . 027 0 . 936 0 . 918 0 . 87 1  0 . 853 0 . 878 

BOTHELL230 MONROE230 SNOKING230 SAMMAMSH230 COVINTN230 TALBOTN230 

0 . 879 0 . 899 0 . 87 4  0 . 859 0 . 901 0 . 894 

TALBOTS230 TACOMA230 OLYMPIA230 SHELTON230 FAIRMNT230 PORTANG 230 
0 . 894 0 . 889 0 . 947 0 . 934 0. 923 0. 914 

KITSAP230 CHEHALS230 LONGVW230 SEDR0115 SNOHMSH115 SNOKING115 

0. 909 0 . 970 0 . 983 0 . 904 0 . 857 0 . 858 
J\MESL R115 BROOK H115 BRK H R115 CLE ELM115 CLE E R115 E PT ORC115 

0 . 923 0 . 821 0 . 888 0 . 864 0 . 934 0 . 827 

EPTOR R115 LANGLY115 LANGL R115 NBOTHEL115 NBOTH R115 CAMAN0115 
0. 894 0 . 818 0 . 884 0 . 835 0 . 903 0 . 812 

CJ\MNO R115 MEADWD115 MEADW R115 NSTAN115 NSTA R115 HYLEBOS115 

0 . 878 0 . 820 0 . 886 0. 817 0. 884 0 . 823 

HYLE R115 PORI'AN69 PORI'ARR69 PAPN1 R69 SAPPH069 SAPPHO R69 
0 . 890 0 . 912 0 . 986 0 . 992 0 . 872 0 . 943 

SUR LK12 . 5  SUR LK115 ANAC R57 . 5  ANACPUMP57 BOE AUB3 13 . 1  B AUB3 R13 . 1  

0 . 939 0 . 829 0 . 886 0 . 819 0 . 836 0 . 904 

CLAY C57 . 5  CLAYCK R57 FIR57 . 5  FIR R57 . 5  SKYKOMSH115 SKYRMH R115. 

0. 794 0 . 859 0 . 819 0 . 886 0 . 843 0 . 911 

• • • • • • • • • •  GENERATOR REACTIVE (MVAR & PER UNIT VOLTAGE) • • • • • • • • • • • • • • • • • • • • • • •  

COULEE2 COULEE5 1  COULEE52 CHIEF J5 CENTRALA20 TROJAN22 ROSS42 

403 541 387 408 560 400 85 

1 . 045 0 . 998 0 . 999 0 . 970 1 . 011 0 . 994 0 . 999 

CHIEF J2 ROSS44 UP BAKER CUSIIMN1 
157 85 50 15 

0 . 940 0 . 999 1 . 032 0 . 933 

CHIEF JO BONNVIL2 DALLES 3 DALLES2 1 
157 134 -25 -40 

0. 940 1 . 002 0 . 969 0 . 956 

• • • • • • • • • • • • • • • • • • •  SLACK BUS AND AGC BUSES 

�'l.IDGE2 COULEE 2 JOHN DAY CHIEF J2 

247 997 2098 533 

CUSIIMN2 BURRARD BONN PH2 
26 553 186 

0 . 927 1 . 052 

DALLES22 JOHN DAY 
-30 346 

0. 954 0 . 983 

1. 002 

(MW) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

CHIEF JO CHIEF J5 TOTAL PNW 

533 1022 5 184 

• • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOADS (MW,MVAR) • . • • • • • • • • • • • • • • • • • • • • •  

AA M � � � � � � U 
p 1697 3547 526 1529 1417 1409 7329 3326 84 19 

Q 579 1100 247 348 385 484 1865 1008 3340 

SUM PUGET SOUND ( NA+M+�+SC+SP+� ) WEST ORE & WA (AA+M+�+SC+SP+�+NB+NC ) 

P=10124 Q= 3 143 P=20779 Q= 6016 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE GENERATION (MW,MVAR) • • • • • • • • • • • • • • • • • •  

NA M � SC SP � NB NC 17 p 1913 432 0 298 100 278 3038 700 9535 

Q 760 132 0 344 50 138 1010 280 2262 

SUM PUGET SOUND ( NA+M+�+SC+SP+�) WEST ORE & WA ( NA+M+�+SC+SP+�+�+NC) 

P= 3021 Q= 1424 P= 6759 Q= 1290 

• • • • • • • • • • • • • • • • • •  NET MW LOAD ( LOAD - GENERATION ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

PUGET SOUND= 7 103 WEST ORE & WA= 14020 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOSSES (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • •  

AA M � � � � � � U �+NE+�+N�� 

p 308 97 2 25 12 16 198 118 644 403 
Q 3191 626 17 216 55 220 1512 -69 -4044 1151 
SUM PUGET SOUND ( NA+M+�+SC+SP+� ) WEST ORE & WA ( NA+M+�+SC+SP+�+NB+NC ) 

P= 460 Q= 4325 P= 777 Q= 5768 

• • • • • • • • • • • • • • • • •  BUS SHUNT REACTIVE (MVAR) • • • • • • • • • • • • • • • • • • • • • • •  • • • • • •  • • • • • •  

RAVER= 571 USED 0 UNSCHEDULED 
MONROE= 288 USED 0 UNSCHEDULED 

. . • • • . • • • • • • • • •  ZONE SHUNT REACTIVE (MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

NA M � sc SP � NB NC 17 ND+NE+NF+NG+NH 

2691 753 79 457 

SUM PUGET SOUND ( NA+M+�+SC+SP+� ) 

QSHUNT= 4308 

0 328 1960 629 -2376 

WEST ORE & WA ( NA+M+�+SC+SP+TC+NB+NC ) 

QSHUNT= 6898 

-80 



J93837 BASE CASE FOR NORMAL SYSTEM PEAK, ONE RAVER CAP BANK IN RESERVE 

• • • • • • • • • • • • • • • • • • • • • • • • • . •  BUS VOLTAGES ( PER UNIT ) • • • • • • • • • • • • • • • • • . • • • • • • • • •  

'!USTER500 MONROE500 MAPLEVL500 RAVER500 PAUL500 TACOMA500 COULEE500 
047 1 . 069 1 . 069 1 . 083 1 . 086 1 . 075 1 . 090 

,YMPIA500 SATSOP500 ALLSTON500 KEELER500 PEARL500 OSTRNDER500 
1 . 087 1 . 087 1 . 082 1 . 077 1 . 076 1 . 069 

MARION500 CUSTER230 BELLNGM230 SEDR0230 MURRAY230 SNOHOMSH230 
1 . 081 1 . 037 1 . 033 0 . 996 0 . 989 1 . 018 
BOTHELL230 MONROE230 SNOKING230 SAMMAMSH230 COVINTN230 TALBOTN230 

1 . 014 1 . 037 1 . 012 1 . 001 1 . 044 1 . 039 

TALBOTS230 TACOMA230 OLYMPIA230 SHELTON230 FAIRMNT230 PORTANG 230 

1 . 039 1 . 029 1 . 043 1 . 039 1 . 044 1 . 039 
KITSAP230 CHEHALS230 LONGVW230 SEDR0115 SNOIIMSH115 SNOKING115 
1 . 023 1 . 034 1 . 035 1 . 026 1 . 000 0. 997 
AMESL R115 BROOK Hl15 BRK H R115 CLE ELM115 CLE E R115 E PT ORC115 
1 . 004 0 . 960 0 . 960 1 . 02 1  1 . 02 1  0 . 982 
EPTOR Rl15 LANGLY115 LANGL R115 NBOTHEL115 NBOTH R115 CAMAN0115 
0 . 982 0 . 956 0 . 956 0 . 981 0 . 981 0 . 958 
CAMNO R115 MEADWD115 MEADW R115 NSTAN115 NSTA R115 HYLEBOS115 
0 . 958 0 . 965 0 . 965 0 . 962 0. 962 0 . 962 

HYLE Rl15 PORTAN69 PORTARR69 PAPN1 R69 SAPPH069 SAPPHO R69 
0 . 962 1 . 040 1 . 040 1 . 040 1 . 006 1 . 006 
SUR LK12 . 5  SUR LK115 ANAC R57 . 5  ANACPUMP57 BOE AUB313 . 1  B AUB3 Rl3 . 1  
1 . 018 0. 967 0. 938 0 . 938 0 . 996 0. 996 
CLAY C57 . 5  CLAYCK R57 FIR57 . 5  FIR R57 . 5  SKYKOMSH115 SKYI<MH R115. 
0 . 943 0 . 943 0. 938 0 . 938 0 . 992 0 . 992 

• . • • • . • • • •  GENERATOR REACTIVE ( MVAR & PER UNIT VOLTAGE ) • • • • . • • • • • • • • • • • • . • • . • •  

COULEE2 COULEE51 COULEE52 CHIEF J5 CENTRALA20 TROJAN22 ROSS42 
236 36 24 388 13 173 9 

1 . 045 0. 998 0 . 999 1 . 047 1 . 019 1 . 013 1 . 007 
CHIEF J2 ROSS44 UP BAKER CUSHMN1 CUSHMN2 BURRARD BONN PH2 

157 9 10 3 5 91 72 
1 . 019 1 . 007 1 . 050 1 . 004 1 . 008 1 . 014 1 . 002 
CHIEF JO BONNVIL2 DALLES 3 DALLES21 DALLES22 JOHN DAY 

157 47 -160 -109 -76 21 
1 . 019 1 . 002 0 . 969 0 . 956 0 . 954 0 . 983 

• • • • • • • • • • • • • • . • • • • SLACK BUS AND AGC BUSES (MW) • • • • • • • • • • • • • • • • • • • • • • • • • . • . • •  

BRIDGE2 COULEE 2 JOHN DAY CHIEF J2 CHIEF JO CHIEF J5 TOTAL PNW 
186 1497 2 140 600 600 1180 6017 
• . . • • • • • • • • • • •  ZONE REAL AND REACTIVE LOADS (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • • •  

t? 
Q 

NA AA AB SC SP TC 

1764 3888 534 1866 1567 1527 
613 1255 253 479 440 539 

NB NC 17 
733 1 3328 8419 
1866 1009 3340 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 

P=11147 Q= 3578 P=21805 Q= 6453 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE GENERATION (MW,MVAR) • • • • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 

p 1913 432 0 298 100 278 3038 700 9474 

Q 64 36 0 48 42 98 417 152 396 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC) 

P= 3021 Q= 288 P= 6759 Q= 569 

• • • • • • • • • • • • • • • • • •  NET MW LOAD ( LOAD - GENERATION ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

PUGET SOUND= 8126 WEST ORE & WA=15046 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOSSES (MW,MVAR) • • • • • • • • • • • • • • . • • • • • • •  

NA AA AB SC SP TC NB NC 17 ND+NE+NF+NG+NH 
p 257 80 2 23 10 14 167 105 583 329 

Q 1358 436 10 155 40 188 937 -469 -5506 -417 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 
P= 387 Q= 2 187 P= 659 Q= 2654 

• • • • • • • • • • • • • • . • • BUS SHUNT REACTIVE ( MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

RAVER= 751 USED 0 UNSCHEDULED 

MONROE= 376 USED 0 UNSCHEDULED 

• • • • • . • • • • • • • • •  ZONE SHUNT REACTIVE ( MVAR ) • • • • • • • • • • • • • • • • • • • . • • • • • • • • • • • . • • •  

NA AA AB SC SP TC NB NC 17 ND+NE+NF+NG+NH 

3523 1005 102 613 0 443 2179 697 -2176 578 
SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) 

QSHUNT= 5686 
WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC) 

QSHUNT= 8562 



J93923 BASEOON J93765, MSC 590MVARS @ K)NR()E AND 781MVARS @ RAVER TO GET 

SYSTEM OUT OF VOLTAGE INSTABILITY STATE FOLLOWING DIST REG ACTION 
• : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  

• • • • • • • • • • • • • • • • • • • • • • • •  BUS VOLTAGES (PER UNIT) • • • • • • • • • • • • • • • • • • • • • • • • • • •  
,STER500 MONROE500 MAPLEVL500 RAVER500 PAUL500 TAOOMA500 COULEE500 

1 . 019 1 . 02 1  1 . 010 1 . 027 1 . 046 1 . 015 1 . 057 

OLYMPIA500 SATSOP500 ALLSTON500 KEELER500 PEARL500 OSTRNDER500 

1 . 042 1 . 041 1 . 043 1 . 033 1 . 03 1  1 . 024 
MARION500 CUSTER230 BELLNGM230 SEDR0230 MURRAY230 SNOHOMSH230 

1 . 037 1 . 000 0 . 982 0. 930 0. 911 0 . 936 

BOTHELL230 MONROE230 SNOKING230 SAMMAMSH230 COVINTN230 TALBOTN230 

0. 938 0 . 968 0. 936 0 . 924 0 . 976 0. 967 

TALBOTS230 TACOMA230 OLYMPIA230 SHELTON230 FAIRMNT230 PORTANG 2 30 

0. 967 0. 962 0 . 985 0 . 97 3  0 . 965 0 . 957 

KITSAP230 CHEHALS230 LONGVW230 SEDR0115 SNOI!MSH115 SNOKING115 

0 . 949 0 . 999 1 . 006 0 . 962 0 . 915 0 . 919 

AMESL R115 BROOK H115 BRK H R115 CLE ELM115 CLE E R115 E PT ORC115 

0. 998 0 . 87 9  0 . 950 0 . 9 1 1  0 . 985 0 . 897 
EPTOR R115 LANGLY115 LANGL R115 NBOTHEL115 NBOTH R115 CAMAN0115 

0 . 970 0 . 875 0 . 946 0 . 893 0 . 965 0 . 870 

CAMNO R115 MEADWD 1 15 MEADW R115 NSTAN115 NSTA R115 HYLEBOS1 15 

0 . 940 0 . 877 0 . 948 0 . 875 0. 946 0 . 893 

HYLE R115 PORTAN69 PORTARR69 PAPN1 R69 SAPPH069 SAPPHO R69 

0 . 965 0 . 956 1 . 033 1 . 039 0 . 915 0 . 990 

SUR LK1 2 . 5  SUR LK115 ANAC R57 . 5  ANACPUMP57 BOE AUB313 . 1  B AUB3 R13 . 1  

1 . 018 0 . 899 0 . 945 0 . 874 0. 913 0 . 986 

CLAY C57 . 5  CLAYCK R57 FIR57 . 5  FIR R57 . 5  SKYKOMSH115 SKYKMH R115. 

0 . 860 0. 931 0 . 874 0 . 945 0 . 889 0 . 961 
• • • • • • • • • •  GENERATOR REACTIVE (MVAR & PER UNIT VOLTAGE ) • • • • • • • • • • • • • • • • • • • • • • •  

COULEE2 COULEE51 COULEE52 CHIEF J5 C�20 TROJAN22 ROSS42 

403 466 334 408 335 392 56 

1 . 045 0 . 998 0 . 999 

CHIEF J2 ROSS44 UP BAKER 

157 56 33 

0 . 947 1 . 007 1 . 050 

CHIEF JO BONNVIL2 DALLES 3 

157 116 -45 

0 . 947 1 . 002 0 . 969 

0 . 981 
CUSHMN1 

15 
0 . 999 

DALLES21 

-50 

1 . 019 
CUSHMN2 

26 

0 . 995 

DALLES22 

-36 

1 . 01 3  

BURRARD 

205 

1 . 027 
JOHN DAY 

308 

0 . 956 0. 954 0 . 983 

1 . 007 

BONN PH2 

163 

1 . 002 

• • • • • • • • • • • • • • • • • •  SLACK BUS AND AGC BUSES (MW) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  
IDGE2 COULEE 2 JOHN DAY CHIEF J2 CHIEF JO CHIEF J5 TOTAL PNW 

201 1664 2154 622 622 1199 6261 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOADS (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • • •  
AA AA AB � � � � � U 

p 1818 3902 535 1695 1546 1539 7422 3 345 8419 

Q 638 1260 254 411 433 544 1894 1015 3340 
SUM PUGET SOUND ( AA+AA+AB+SC+SP+� ) WEST ORE & WA (AA+AA+AB+SC+SP+�+�+NC) 

P•11035 Q= 3540 P•21802 Q= 6449 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE GENERATION (MW,MVAR) • • • • • • • • • • • • • • • • • •  
AA AA AB � � � � � U 

p 1913 432 0 298 100 278 3038 700 9489 

Q 477 108 0 226 50 138 914 276 985 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+�) WEST ORE & WA (NA+AA+AB+SC+SP+�+�+NC ) 

P= 3021 Q= 999 P= 6759 Q= 1189 

• • • • • • • • • • • • • • • • • •  NET MW LOAD (LOAD - GENERATION) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

PUGET SOUND= 8014 WEST ORE & WA=15043 
• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOSSES ( MW, MVAR) • • • • • • • • • • • • • • • • • • • • • •  

NA AA AB SC SP � NB NC 17 ND+NE+NF+NG+NH 

p 340 102 2 23 12 16 201 119 598 418 

Q 3497 640 14 181 54 222 1522 -77 -5313 1466 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+� ) WEST ORE & WA (NA+AA+AB+SC+SP+�+NB+NC ) 

P= 496 Q- 4609 P= 815 Q= 6054 

• • • • • . • • • • • • • • • • •  BUS SHUNT REACTIVE (MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

RAVER= 1500 USED 0 UNSCHEDULED 

MONROE= 959 USED 0 

• • • • • • • • • • • • • • •  ZONE SHUNT REACTIVE 

NA AA AB SC 

4543 864 91  532 
SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC ) 

QSHUNT= 6414 

UNSCHEDULED 

(MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • 

SP � � NC 17 ND+NE+NF+NG+NH 
0 384 2016 6 3 9  -2486 -65 

WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 
QSHUNT= 9069 



J93924 BASEDON J9392 3 ,  DIST VOLTAGE REGULATORS ADJUST AFTER MONROE & RAVER MSC 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
. • . • • • • • • • • • • • • • • • • • • • • • • •  BUS VOLTAGES (PER UNIT) • • • • • • • • • • • • • • • • • • • • • • • • • • •  

ISTER500 MONROE500 MAPLEVL500 RAVER500 PAUL500 TACOMA500 COULEE500 

. 070 1 . 095 1 . 092 1 . 108 1 . 090 1 . 099 1 . 075 

0LYMPIA500 SATSOP500 ALLSTON500 KEELER500 PEARL500 OSTRNDER500 

1 . 090 1 . 090 1 . 081 1 . 066 1 . 062 1 . 053 

HARION500 CUSTER230 BELLNGM230 SEDR0230 MURRAY230 SNOHOMSH230 

1 . 065 1 . 058 1 . 050 1 . 005 0. 992 1 . 018 

BOTHELL230 MONROE230 SNOKING230 SAMMAMSH230 COVINTN230 TALBOTN230 

1 . 018 1 . 048 1 . 019 1 .010 1 . 061 1 . 05 5  

TALBOTS230 TACOMA230 OLYMPIA230 SHELTON230 FAIRMNT230 PORTANG 230 
1 . 055 1 . 048 1 . 044 1 . 040 1 . 045 1 . 03 9  

KITSAP230 CHEHALS230 LONGVW230 SEDR0115 SNOHMSH115 SNOKING115 

1 . 024 1 . 035 1 . 033 1 . 035 1 . 001 1 . 004 

AMESL R115 BROOK H115 BRK H R115 CLE ELM115 CLE E R115 E PT ORC115 

1 . 007 0 . 97 1  0 . 959 0. 992 1 . 023 1 . 001 

EPTOR R115 LANGLY115 LANGL R115 NBOTHEL115 NBOTH R115 CAMAN0115 
0. 982 0 . 967 0. 955 0. 982 0 . 982 0 . 960 
CAMNO Rll5 MEADWD1 15 MEADW R115 NSTAN1 15 NSTA R115 HYLEBOS115 
0. 960 0 . 966 0 . 966 0. 964 0. 964 0 . 979 

HYLE R115 PORTAN69 PORTARR69 PAPN1 R69 SAPPH069 SAPPHO R69 
0. 960 1 . 04 1  1 . 04 1  1 . 04 1  1 . 006 1 . 006 
SUR LK12 . 5  SUR LK115 ANAC R57 . 5  ANACPUMP57 BOE AUB313 . 1  B AUB3 Rl3 . 1  
1. 018 0 . 984 0. 936 0 . 948 1 . 014 0. 996 
CLAY C57 . 5  CLAYCK R57 FIR57 . 5  FIR R57 . 5  SKYKOMSH115 SKYKMH R115.  

0 . 958 0 . 94 1  0 . 948 0 . 936 0 . 973 0 . 991 

• • • • • • • • • •  GENERATOR REACTIVE (MVAR & PER UNIT VOLTAGE) • • • • • • • • • • • • • • • • • • • • • • •  

COULEE2 COULEE51 OOULEE52 CHIEF J5 CENTRALA20 TROJAN22 ROSS42 

403 234 167 

1 . 045 0. 998 0 . 999 

CHIEF J2 ROSS44 UP BAKER 
157 7 6 

0 . 987 1 . 007 1 . 050 

CHIEF JO BONNVIL2 DALLES 3 
157 69 -113 

0. 987 1 . 002 0 . 969 

408 -18 

1 . 019 1 . 019 

CUSIIMN1 CUSIIMN2 
0 -2 

1 . 004 1 . 008 

DALLES21 DALLES22 
-85 -60 

0 . 956 0 . 954 

198 

1 . 013 

BURRARD 
-53 

0 . 998 

JOHN DAY 

143 

0 . 983 

7 

1 . 007 

BONN PH2 
101 

1 . 002 

• • • • • • • • • • • • • • • • • • •  SLACK BUS AND AGC BUSES (MW) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

oqRIDGE2 COULEE 2 JOHN DAY CHIEF J2 CHIEF JO CHIEF J5 TOTAL PNW 
180 1628 2151 617 617 1188 6202 

• • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOADS (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 

p 1766 3890 534 1897 1570 1525 7325 3329 8419 

Q 614 1255 253 492 441 538 1864 1009 3340 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC) 

Pa1 1181 Qa 3592 P�21835 Q= 6465 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE GENERATION (MW,MVAR) • • • • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 
p 1913 432 0 298 100 278 3038 700 9468 

Q 29 22 0 4 1  4 1  67 521 2 1 1  3 1  

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA (NA+AA+AB+SC+SP+TC+NB+NC) 

P� 302 1 Qa 201 Pz 6759 Qa 732 

• • • • • • • • • • • • • • • • • •  NET MW LOAD ( LOAD - GENERATION ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

PUGET SOUND= 8160 WEST ORE & WA=15076 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOSSES (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 ND+NE+NF+NG+NH 

p 3 10 89 2 22 10 14 184 112 577 399 

Q 2704 491 10 135 40 174 1228 -283 -5941 899 
SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA (NA+AA+AB+SC+SP+TC+NB+NC ) 

pz 447 Qc 3555 Pz 743 Q= 4500 

• • • • • • • • • • • • • • • • •  BUS SHUNT REACTIVE (MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

RAVER= 1745 USED 0 UNSCHEDULED 
MONROE= 1104 USED 0 UNSCHEDULED 

• • • • • • • • . • • • • • •  ZONE SHUNT REACTIVE (MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 ND+NE+NF+NG+NH 
5288 1028 106 627 0 458 2135 677 -2526 -36 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) 

QSHUNT= 7507 

WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 

QSHUNT=10319 



J93928 BASEOON 765, ADJUST MAPLE VL TX BY ONE TAP 

FROM 534 . 38 TO 5 3 1 . 25 
- � : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 

• • • • • • • • • • • • • • • • • • • • • • • •  BUS VOLTAGES (PER UNIT) • • • • • • • • • • • • • • • • • • • • • • • • • • •  

JSTER500 MONROE500 MAPLEVL500 RAVER500 PAUL500 TACOMA500 COULEE500 
J . 958 0 . 940 0 . 932 0. 949 1 . 014 0. 939 1 . 052 

OLYMPIA500 SATSOP500 ALLSTON500 KEELER500 PEARL500 OSTRNDER500 

1 . 009 1 . 008 1 . 018 1 . 019 1 . 020 1 . 016 

MARION500 CUSTER230 BELLNGM230 SEDR0230 MURRAY230 SNOHOMSH230 

1 . 029 0. 940 0 . 923 0 . 876 0 . 858 0 . 883 

BOTHELL230 MONROE230 

0 . 884 0 . 904 

TALBOTS230 TACOMA230 

0 . 900 0 . 894 

SNOKING230 

0. 880 

OLYMPIA230 

0 . 95 1  

KITSAP230 CHEHALS230 LONGVW230 
0. 914 0 . 974 0 . 986 

AMESL R115 BROOK H115 BRK H R115 

0 . 930 0 . 827 0 . 894 

EPTOR R115 LANGLY115 LANGL R115 

0 . 900 0 . 823 0 . 889 

CAMNO R115 MEADWD115 MEADW R115 

0 . 884 0 . 825 0 . 892 

HYLE R1 15 PORTAN69 PORTARR69 

0 . 896 0 . 918 0 . 992 

SUR LK12 . 5  SUR LK115 ANAC R57 . 5  

0 . 945 0 . 834 0 . 891 

CLAY C57 . 5  CLAYCK R57 FIR57 . 5  

0. 800 0 . 865 0 . 824 

SAMMAMSH230 COVINTN230 TALBOTN230 
0 . 865 0. 907 0. 900 
SHELTON230 FAIRMNT230 PORTANG 230 

0. 938 0 . 928 0 . 919 

SEDR0115 SNOHMSH115 SNOKING115 

0 . 909 0 . 862 0 . 864 

CLE ELM115 CLE E R115 E PT ORC115 

0 . 868 0 . 939 0. 833 

NBOTHEL1 15 NBOTH Rl15 CAMAN0115 

0 . 840 0 . 908 0 . 817 

NSTAN1 15 NSTA R115 HYLEBOS115 

0 . 822 0 . 889 0 . 828 

PAPN1 R69 SAPPH069 SAPPHO R69 

0 . 998 0 . 878 0 . 949 

ANACPUMP57 BOE AUB313 . 1  B AUB3 R13 . 1  

0. 824 0 . 842 0 . 910 

FIR R57 . 5  SKYKOMSH115 SKYKMH R11 5 .  

0 . 891 0 . 847 0 . 916 

• • • • • • • • • •  GENERATOR REACTIVE (MVAR & PER UNIT VOLTAGE) • • • • • • • • • • • • • • • • • • • • • • •  

COULEE2 COULEE51 COULEE52 CHIEF J5 CE�20 TROJAN22 ROSS42 

403 531 381 408 560 400 85 

1 . 045 0 . 998 0 . 999 0 . 97 1  1 . 015 0 . 996 1 . 003 

CHIEF J2 ROSS44 UP BAKER CUSIIMN1 CUSIIMN2 BURRARD BONN PH2 

157 85 50 15 26 539 181 

0 . 941 1 . 003 1 . 037 0 . 938 0 . 932 1 . 052 1 . 002 

CHIEF JO BONNVIL2 DALLES 3 DALLES21 DALLES22 JOHN DAY 

157 130 -29 -42 -31 338 

0 . 94 1  1 . 002 0 . 969 0 . 956 0 . 954 0 . 983 
• • • • • • • . • • • • • • • • • •  SLACK BUS AND AGC BUSES (MW) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

IDGE2 COULEE 2 JOHN DAY CHIEF J2 CHIEF JO CHIEF J5 TOTAL PNW 

243 1015 2100 536 536 1027 5213 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOADS (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • • •  

� AA � � � re � � u 
p 1697 3558 526 1536 1421 1412 7330 3330 8419 

Q 583 1113 247 354 389 488 1866 1010 3340 

SUM PUGET SOUND ( NA+AA+�+SC+SP+re ) WEST ORE & WA ( NA+AA+�+SC+SP+re+�+NC ) 

P=10151 Q= 3174 Pa20811 Q= 6050 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE GENERATION (MW,MVAR) • • • • • • • • • • • • • • • • • •  

NA AA � SC SP TC � NC 17 

p 1913 432 0 298 100 278 3038 700 9531 

Q 757 132 0 338 50 138 994 279 2187 

SUM PUGET SOUND ( NA+AA+�+SC+SP+re )  WEST ORE & WA ( NA+AA+�+SC+SP+re+�+NC) 

P= 3021 Q= 1415 P= 6759 Q= 1273 

• • • • • • • • • • • • • • • • • •  NET MW LOAD (LOAD - GENERATION) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

PUGET SOUND= 7 1 30 WEST ORE & WA=14052 
• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOSSES (MW,MVAR )  • • • • • • • • • • • • • • • • • • • • • •  

NA AA � SC SP re NB NC 17 ND+NE+NF+NG+NH 

p 308 97 2 25 11 16 198 118 640 403 

Q 3165 621 16 210 55 218 1497 -75 -4123 1 134 

SUM PUGET SOUND ( NA+AA+�+SC+SP+re) WEST ORE & WA ( NA+AA+�+SC+SP+TC+NB+NC) 

P= 459 Q= 4285 P= 775 Q= 5707 

• . . . • • • • • • . • • . • . •  BUS SHUNT REACTIVE (MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

RAVER= 576 USED 0 UNSCHEDULED 

MONROE= 290 USED 0 

• • • • • • • • • • • • • • •  ZONE SHUNT REACTIVE 

NA AA � SC 

2719 763 80 463 

SUM PUGET SOUND ( NA+AA+�+SC+SP+re) 

QSHUNT= 4356 

UNSCHEDULED 

(MVAR )  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

SP re NB NC 17 ND+NE+NF+NG+NH 

0 331  1969 631 -2380 -78 
WEST ORE & WA ( NA+AA+�+SC+SP+TC+NB+NC ) 

QSHUNT= 6957 



J93929 BASEDON J93765 , EHV LTC' S  ACTIVE, MSC 590MVARS @ MONROE AND 

@ RAVER 
'" ! : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  

• • • • • • • • • • • • • • . • • • • • • • • •  BUS VOLTAGES (PER UNIT) • • • • • • • • • • • • • • • • • • • • • • • • • • •  

,STER500 MONROE500 MAPLEVL500 RAVER500 PAUL500 TACOMA500 COULEE500 

� . 056 1 . 069 1 . 061 1 . 079 1 . 077 1 . 069 1 . 071 

OLYMPIA500 SATSOP500 ALLSTON500 KEELER500 PEARL500 OSTRNDER500 

1 . 076 1 . 076 1 . 071 1 . 059 1 . 056 1 . 048 

MARION500 CUSTER230 BELLNGM2 30 SEDR0230 MURRAY230 SNOHOHSH230 

1 . 060 1 . 044 1 . 036 0 . 993 0 . 981 1 . 008 

BOTHELL230 MONROE230 SNOKING230 SAMMAMSH230 COVINTN230 TALBOTN230 

1 . 007 1 . 040 1 . 007 0 . 997 1 . 041 1 . 039 

TALBOTS230 TACOMA230 OLYMPIA230 SHELTON230 FAIRMNT230 PORTANG 230 

1 . 039 1 . 030 1 . 038 1 . 034 1 . 038 1 . 032 

KITSAP230 CHEHALS230 LONGVW230 SEDR0115 SNOIIMSH115 SNOKING115 

1 . 017 1 . 029 1 . 027 1 . 023 0 . 990 0 . 992 

AMESL Rll5 BROOK H115 BRK H R115 CLE ELM115 CLE E R115 E PT ORC115 

1 . 002 0 . 955 0 . 961 0 . 974 1 . 022 0 . 980 

EPTOR Rll5 LANGLY115 LANGL Rll5 NBOTHEL115 NBOTH Rll5 CAMAN0115 

0. 980 0 . 952 0 . 957 0 . 970 0 . 982 0 . 947 

CAMNO Rll5 MEADWD115 MEADW Rll5 NSTAN115 NSTA Rll5 HYLEBOS115 

0. 959 0 . 954 0 . 966 0 . 952 0 . 964 0 . 962 

HYLE Rll5 PORTAN69 PORTARR69 PAPN1 R69 SAPPH069 SAPPHO R69 

0 . 962 1. 033 1 . 040 1 . 040 0 . 999 1 . 005 

SUR LK12 . 5  SUR LK115 ANAC R57 . 5  ANACPUMP57 BOE AUB31 3 . 1  B AUB3 R13 . 1  

1 . 018 0. 967 0 . 936 0 . 935 0 . 994 0 . 996 

CLAY C57 . 5  CLAYCK R57 FIR57 . 5  FIR R57 . 5  SKYKOHSH115 SKYKMH Rll 5 .  

0. 938 0 . 944 0 . 936 0 . 936 0 . 95 9  0 . 989 
• . • . • • • • • •  GENERATOR REACTIVE (MVAR & PER UNIT VOLTAGE) • • • • . • • • • • • • • • • • . • • • • • •  

COULEE2 COULEE5 1  COULEE52 CHIEF J5 CENTRALA20 TROJAN22 ROSS42 
403 291 208 408 85 240 14 

1 . 045 0 . 998 0 . 999 
CHIEF J2 ROSS44 UP BAKER 

157 14 11  

0 . 978 1 . 007 1 . 050 
CHIEF JO BONNVIL2 DALLES 3 

157 78 -101 

1 . 009 
CUSIIMN1 

3 

1 . 004 
DALLES21 

-79 

1 . 019 1 . 013 
CUSIIMN2 BURRARD 

5 12 

1 . 008 1 . 005 
DALLES22 JOHN DAY 

-55 174 

0 . 978 1 . 002 0 . 969 0 . 956 0 . 954 0 . 983 

1 . 007 
BONN PH2 

113 
1 . 002 

• . • • • • • • • • • • • • • • • •  SLACK BUS AND AGC BUSES (MW) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

IDGE2 COULEE 2 JOHN DAY CHIEF J2 CHIEF JO CHIEF J5 TOTAL PNW 
184 1603 2149 614 614 1199 6179 

• • • • . • • • • • • • • • • •  ZONE REAL AND REACTIVE LOADS (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 
p 1764 3889 534 1861 1571 1526 7325 3329 8419 

Q 613 1254 253 477 441 538 1864 1009 3340 
SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 

P=11144 Q= 3577 Ps21799 Q= 6451 
. • . • • • • • • • . • • • • .  ZONE REAL AND REACTIVE GENERATION (MW,MVAR) • • • • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 
p 1913 432 0 298 100 278 3038 700 9472 

Q 148 41 0 67 50 98 601 230 292 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC ) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 
P= 3021 Q= 403 P= 6759 Q= 831 

• • • • • • • • . • • • • • • • • •  NET MW LOAD ( LOAD - GENERATION ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

PUGET SOUND= 8123 WEST ORE & WA=15040 
• • • • • • • . • • • • • • • •  ZONE REAL AND REACTIVE LOSSES (MW,MVAR) • • • • • • • • • • • • • • • . • • • • • •  

NA AA AB SC SP TC NB NC 17 ND+NE+NF+NG+NH 
p 3 14 92 2 22 11 14 186 113 581 401 
Q 2860 516 11  141 42 181 1273 -249 -5804 985 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC ) 
P= 455 Q= 3750 

. • • . • • • • • • . • • • • . .  BUS SHUNT REACTIVE 
RAVER= 1466 USED 0 
MONROE= 1052 USED 0 

. • • • . . . . • • . • . • •  ZONE SHUNT REACTIVE 
NA AA AB SC 

4898 998 103 609 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) 
QSHUNT= 705 1 

WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC) 

P= 754 Q= 4774 
(MVAR) • . • • • . • . • • • . • . . • • . • . • • • • • • . • • • • • • • .  

UNSCHEDULED 
UNSCHEDULED 

(MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • . • . . • . . . . .  

SP TC NB NC 17 ND+NE+NF+NG+NH 
0 442 2112 671 - 2 5 2 0  -42 

WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 
QSHUNT= 983 3 



J93EH1021 COLD WEATHER BASE, BOTH CENTRALIA UNITS OPERATING 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
• • • • • • • • • • • • • • • • • • • • • • • • •  BUS VOLTAGES (PER UNIT) • • • • • • • • • • • • • • • • • • • • • • • • • • •  

·sTER500 MONROE5 00 MAPLEVL500 RAVER500 PAUL500 TACOMA500 

. 043 1 . 049 1 . 051 1 . 070 1 . 080 1 . 049 

OLYMPIA500 SATSOP500 ALLSTON500 KEELER500 PEARL500 OSTRNDER500 

1 . 081 1 . 078 1 . 075 1 . 065 1 . 066 1 . 061 

MARION500 CUSTER230 BELLNGM230 SEDR0230 MURRAY230 SNOHOMSH230 
1 . 082 1 . 035 1 . 033 1 . 002 0 . 986 1 . 019 

BOTHELL230 MONROE230 SNO.KING230 SAMMAMSH230 OOVINTN230 TALBOTN230 
1 . 013 1 . 048 1 . 009 0. 995 1 . 036 1 . 03 1  
TALBOTS230 TACOMA230 OLYMPIA230 SHELTON230 FAIRMNT230 PORTANG 230 
1 . 03 1  1 . 029 1 . 041 1 . 040 1 . 04 1  1 . 036 
.KITSAP230 CHEHALS230 LONGVW230 SEDR0115 SNOHMSH115 SNOKING115 

1 . 043 1 . 03 1  1 . 034 1 . 025 0. 998 1 . 005 
AMESL R115 BROOK H115 BRK H R115 CLE ELM115 CLE E R115 E PT ORC115 

1 . 001 0 . 972 0 . 972 1 . 006 1 . 006 0 . 976 

EPTOR R115 LANGLY115 LANGL R115 NBOTHEL115 NBOTH R115 CAMAN0115 
0 . 976 0. 968 0 . 967 0 . 976 0 . 976 0 . 953 

CAMNO R115 MEADWD115 MEADW R115 NSTAN115 NSTA R115 HYLEBOS115 
0 . 953 0 . 958 0 . 958 0. 959 0 . 959 0 . 961 

HYLE R115 PORTAN69 PORTARR69 PAPN1 R69 SAPPH069 SAPPHO R69 
0 . 961 1 . 040 1 . 040 1 . 040 0 . 995 0 . 994 
SUR LK12 . 5  SUR LK115 ANAC R57 . 5  ANACPUMP57 BOE AUB313 . 1  B AUB3 Rl3 . 1  
1 . 008 0 . 964 0. 935 0. 935 0 . 997 0. 997 
CLAY C57 . 5  CLAYCK R57 FIR57 . 5  FIR R57 . 5  SKY.KOMSH115 SKYKMH R1 15 . 
0 . 957 0 . 957 0. 935 0. 935 0 . 988 0. 988 

• • • • • • • • • •  GENERATOR REACTIVE (MVAR & PER UNIT VOLTAGE) • • • • • • • • • • • • • • • • • • • • • • •  

COULEE2 COULEE51 COULEE52 CHIEF J5 CENTRALA20 TROJAN22 ROSS42 

264 190 126 408 91 297 10 

1 . 045 1 . 009 1 . 009 1 . 044 1 . 022 1 . 028 1 . 007 
CHIEF J2 ROSS44 UP BAKER CUSHMN1 CUSHMN2 BURRARD BONN PH2 

157 10 10 6 10 93 106 
1 . 014 1 . 007 1 . 050 1 . 011 1 . 012 1 . 014 1 . 009 
CHIEF JO BONNVIL2 DALLES 3 DALLES21 DALLES22 JOHN DAY MSASVC 

157 69 94 64 44 193 ??????? 
1 . 014 1 . 008 1 . 006 1 . 006 1 . 006 0 . 995 ??????????? 
• • • • • • • • • • • • • • • • • • •  SLACK BUS AND AGC BUSES (MW) • • • . • • • • • • • • • • • • • • • • • • • • • • • • • •  

�RIDGE2 COULEE 2 JOHN DAY CHIEF J2 CHIEF JO CHIEF J5 TOTAL PNW 
224 1503 2 140 600 600 1180 6023 

• • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOADS (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • • •  

� M � � � � � � U 
p 1919 4217 534 2032 1777 1750 8149 3629 8556 

Q 652 1361 253 522 500 615 2037 1096 3380 

SUM PUGET SOUND (NA+M+�+SC+SP+�) WEST ORE & WA (�+M+�+SC+SP+�+NB+NC) 
P=12229 Q= 3904 P•24007 Q= 7037 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE GENERATION (MW,MVAR) • • • • • • • • • • • • • • • • • •  

� M � � � � � � U 
p 1913 1047 0 298 100 278 3038 700 9632 

Q 162 176 0 52 44 113 646 154 521 

SUM PUGET SOUND (NA+M+�+SC+SP+�) WEST ORE & WA ( NA+M+�+SC+SP+�+�+NC ) 

P� 3636 Q= 546 P= 7374 Q= 800 

• • • • • • • • • • • • • • • • • •  NET MW LOAD ( LOAD - GENERATION) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

PUGET SOUND= 8593 WEST ORE & w.A=16633 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOSSES (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • •  

NA M � SC SP � � NC 17 ND+1\fll+•n:'+11J, 

p 285 89 1 27 13 18 214 130 604 

Q 1893 544 11 232 53 259 1610 -65 -5240 
SUM PUGET SOUND (NA+M+�+SC+SP+�) WEST ORE & WA ( NA+M+�+SC+SP+�+�+NC) 

P= 433 Q= 2992 P= 776 Q= 4537 

• • • • • • • • • • • • • • •  ZONE SHUNT REACTIVE ( MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

NA M � SC SP � � NC 17 ND+NE+NF 
3989 1004 103 702 0 441 2543 1206 -1935 -672 

SUM PUGET SOUND (NA+M+�+SC+SP+�) 

QSHUNT= 6239 
WEST ORE & w.A ( NA+M+�+SC+SP+�+�+NC) 
QSHUNT= 9988 



J93EH1023 - BASE WITH ONE CENTRALIA UNIT DOWN 

• • • • • • • • • • • • • • • • • • • • • • • • • • •  BUS VOLTAGES ( PER UNIT) • • • • • • • • • • • • • • • • • • • • • • • • • • •  

CUSTER500 MONROE500 MAPLEVL500 RAVER500 PAUL500 TACOMA500 OOULEE500 

040 1 . 044 1 . 042 1 . 062 1 . 080 1 . 036 1 . 090 

.YMPIA500 SATSOP500 ALLSTON500 REELERSOO PEARL500 OSTRNDERSOO 
1 . 081 1 . 078 1 . 073 1 . 058 1 . 057 1 . 051 

MARION500 CUSTER230 BELLNGM230 SEDR0230 MURRAY230 SNOHOMSH230 

1 . 075 1 . 044 1 . 04 1  1 . 004 0. 986 1 . 017 

BOTHELL230 MONROE230 SNOKING230 SAMMAMSH230 COVINTN230 TALBOTN230 

1 . 01 1  1 . 045 1 . 008 0 . 994 1 . 034 1 . 032 

TALBOTS230 TACOMA230 OLYMPIA230 SHELTON230 FAIRMNT230 PORTANG 230 

1 . 03 1  1 . 033 1 . 04 1  1 . 040 1 . 041 1 . 036 

KITSAP230 CHEHALS230 LONGVW230 SEDR0115 SNOHMSB115 SNOKING115 

1 . 042 1 . 03 1  1 . 033 1 . 027 0 . 997 1 . 003 

AMESL R115 BROOK H115 BRK H R115 CLE ELM115 CLE E R115 E PT ORC115 
1 . 001 0 . 973 0 . 973 1 . 002 1 . 002 0 . 977 

EPTOR R115 LANGLY115 LANGL R115 NBOTHEL115 NBOTB R115 CAMAN0115 

0 . 977 0. 969 0 . 969 0 . 975 0 . 974 0. 952 

CAMNO R115 MEADWD115 MEADW R115 NSTAN115 NSTA R115 HYLEBOS115 

0 . 952 0 . 956 0. 956 0. 957 0. 957 0 . 963 

HYLE R115 PORTAN69 PORTARR69 PAPN1 R69 

0 . 963 1 . 040 1 . 040 1 . 040 

SUR LK12 . 5  SUR LK115 ANAC R57 . 5  ANACPUMP57 

1 . 012 0 . 967 0 . 936 0 . 936 

CLAY C57 . 5  CLAYCK R57 FIR5 7 . 5  
0 . 958 0 . 958 0 . 937 

FIR R57 . 5  
0 . 937 

SAPPH069 SAPPHO R69 

0 . 995 0 . 994 

BOE AUB313 . 1  B AUB3 R13 . 1  

0 . 998 0 . 998 

SKYKOMSH115 SKYRMH R115. 
0 . 985 0 . 985 

• • . • • • • . • •  GENERATOR REACTIVE (MVAR & PER UNIT VOLTAGE) • • • • • • • • • • • • • • • • • • • • • • •  

COULEE2 OOULEE51 OOULEE52 CHIEF J5 CENTRALA20 TROJAN22 ROSS42 
277 288 192 408 112 308 11  

1 . 045 1 . 016 1 . 015 1 . 042 1 . 03 8  1 . 029 1 . 008 

CHIEF J2 ROSS44 UP BAKER CUSHMN1 CUSHMN2 BURRARD BONN PH2 

157 11 9 5 8 93 108 
1 . 011 1 . 008 1 . 050 1 . 009 1 . 011 1 . 014 1 . 010 

CHIEF JO BONNVIL2 DALLES 3 DALLES21 DALLES22 JOHN DAY 
157 70 -5 -3 -2 95 

1 . 011 1 . 008 0 . 998 0 . 994 0 . 993 0. 988 

• • • • • • • • • • • • • • • • • • •  SLACK BUS AND AGC BUSES (MW) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

BRIDGE2 COULEE 2 JOHN DAY CHIEF J2 CHIEF JO CHIEF J5 TOTAL PNW 
224 1497 2 140 600 600 1180 6017 

• • • • • • • • • • • • • • ZONE REAL AND REACTIVE LOADS (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • • •  

NA AA AB sc SP TC NB NC 17 

r 1890 4217 534 2032 1777 1750 8145 3628 8556 
Q 628 1361 253 522 500 615 2036 1095 3380 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC) 
P=12200 Q= 3880 

• • • • • • • • • • • • • • • •  ZONE REAL AND 

NA AA AB SC 

p 1244 1047 0 298 

Q 184 166 0 57 

P=23974 Q= 7012 

REACTIVE GENERATION ( MW,MVAR) • • • • • • • • • • • • • • • • • •  

SP TC NB NC 17 

100 278 3038 700 9632 

46 1 10 669 156 531 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC) 

P= 2967 Q= 564 P= 6705 Q= 825 

• • • • • • • • • • • • • • • • • •  NET MW LOAD (LOAD - GENERATION) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

PUGET SOUND= 9233 WEST ORE & WA�17269 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOSSES (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 ND+NE+NF+NG+NH 

p 299 90 1 26 13 18 230 133 604 3 7 1  

Q 2 0 5 1  552 10 2 3 2  54 2 6 0  1825 9 -5230 48 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 
P= 447 Q= 3 158 P= 809 Q= 4993 

• • • • • • • • • • • • • • • • •  BUS SHUNT REACTIVE (MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

RAVER� 1073 USED 0 UNSCHEDULED 

MONROE= 358 USED 0 UNSCHEDULED 

• • • • • • • • • • • • • • •  ZONE SHUNT REACTIVE (MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 ND+NE+NF+NG+NH 

3971 1005 103 702 0 444 2520 1204 -1889 774 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) 

QSHUNT- 6225 

WEST ORE & WA (NA+AA+AB+SC+SP+TC+NB+NC ) 

QSHUNT= 9950 



J93EH1038 POST TRANSIENT CJ-MONROE OUTAGE BEFORE DIST VOLTAGE REGS ADJUST 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
• • • • • • • • • • • • • • • • • • • • • • • • •  BUS VOLTAGES (PER UNIT) • • • • • • . • • • • • • • • • • • • • • • • • • • •  

lSTER500 MONROE500 MAPLEVL500 RAVER500 PAUL500 TACOMA500 

. 027 1 . 025 1 . 015 1. 033 1 . 065 1 . 012 
OLYMPIA500 SATSOP500 ALLSTON500 KEELER500 PEARL500 OSTRNDER500 
1 . 065 1. 062 1 . 064 1 . 057 1 . 058 1 . 054 
MARION500 CUSTER230 BELLNGM230 SEDR0230 MURRAY230 SNOHOHSH230 
1 . 077 1. 019 1. 017 0 . 983 0 . 959 0 . 987 
BOTHELL230 MONROE230 SNOKING230 SAMMAMSH230 COVINTN230 TALBOTN230 

0. 982 1. 018 0 . 978 0 . 963 0 . 999 0 . 993 

TALBOTS230 TACOMA230 OLYMPIA230 SHELTON230 FAIRMNT230 PORTANG 230 

0 . 993 0 . 993 1. 023 1. 022 1 . 021 1. 016 

KITSAP230 CHEHALS230 LONGVW230 SEDR0115 SNOHMSH115 SNOKING115 

1 . 02 3  1 . 020 1 . 027 1. 010 0 . 967 0 . 97 3  
AMESL R115 BROOK H115 BRK H R115 CLE ELM1 15 CLE E R115 E PT ORC115 

0 . 965 0 . 963 0 . 963 0 . 971 0 . 971 0 . 941 
EPTOR R115 LANGLY115 LANGL R115 NBOTHEL115 NBOTH R115 CAMAN0115 
0 . 941 0. 959 0 . 959 0 . 945 0 . 945 0 . 924 

CAMNO R115 MEADWD115 MEADW R115 NSTAN115 NSTA R115 HYLEBOS115 
0 . 924 0. 927 0 . 927 0 . 929 0 . 929 0 . 927 
HYLE R115 PORTAN69 PORTARR69 PAPN1 R69 SAPPH069 SAPPHO R69 
0 . 927 1 . 019 1 . 019 1 . 019 0 . 974 0 . 974 
SUR LK12 . 5  SUR LK115 ANAC R57 . 5  ANACPUMP57 BOE3 57 . 5  BOE3 R57 . 5  

0 . 97 3  0 . 9 3 1  0 . 921 0 . 921 ?????????????????????? 
CLAY C57 . 5  CLAYCK R57 FIR57 . 5  FIR R57 . 5  PACCAR57 . 5  PACCAR R57 

0 . 924 0 . 924 0 . 921 0 . 921 ???????????????????????? 
• • • • • • • • • •  GENERATOR REACTIVE (MVAR & PER UNIT VOLTAGE ) . • • • • • • • • • • • • • • • • • • . • • •  

COULEE2 COULEE51 COULEE52 CHIEF J5 CENTRALA20 TROJAN22 ROSS42 

347 327 226 408 213 350 28 
1 . 045 1. 009 1. 009 1 . 041 1. 022 1. 028 1 . 007 
CHIEF J2 ROSS44 UP BAKER CUSHMN1 CUSHMN2 BURRARD BONN PH2 

157 28 15 11 22 180 119 
1. 002 1. 007 1. 050 1 . 011 1. 012 1 . 024 1. 009 
CHIEF JO BONNVIL2 DALLES 3 DALLES21 DALLES22 JOHN DAY COWLITZ 

157 79 111 73 50 231 0 
1 . 002 1 . 008 1 . 006 1. 006 1. 006 0 . 995 0 . 941 
• • • • • • • • • • • • • • • • • • •  SLACK BUS AND AGC BUSES (MW) • • • • • • • • • • • . • • • • • • • • . • • . • • • • • •  

'1RIDGE2 
241 

COULEE 2 
1188 

JOHN DAY 
2114 

CHIEF J2 
558 

CHIEF JO CHIEF J5 TOTAL PNW 

558 1080 5498 

p 
Q 

• • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOADS 

NA AA AB SC SP TC 
1873 4040 530 1925 1698 1680 

632 1287 250 483 473 584 

(MW,MVAR ) • • • • • • • • • • • • • • • • • • • • • • •  

NB NC 17 
8082 3610 8556 
2018 1089 3380 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC ) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC) 
P=11746 Q= 37 10 Pm23438 Q= 6817 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE GENERATION (MW,MVAR ) • • • • • • • • • • • • • • • • • •  

NA AA AB � � TC NB � U 
p 1913 1047 0 298 100 278 3038 700 9650 
Q 314 234 0 123 50 130 742 179 888 
SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC ) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 

P= 3636 Q= 851 px 7374 Q= 921 
• • • • • • • • • • • • • • • • • •  NET MW LOAD (LOAD - GENERATION ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

PUGET SOUND= 8110 WEST ORE & WA=16064 
• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOSSES (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 ND+NE+NF+NG+NH 
p 307 101 2 29 13 18 217 130 621 345 

Q 2536 616 12 261 54 258 1676 -28 -4934 -247 
SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC ) 

P= 468 Qx 3737 
• • • • • • • • • . • • • • •  ZONE SHUNT REACTIVE 

NA 
3763 

AA 
950 

AB 
99 

sc 
654 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC ) 
QSHUNT= 5879 

WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 

P= 815 Q= 5385 
( MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • . • • . • • • • • •  

SP TC NB NC 17 ND+NE+NF+NG+NH 
o 412 2S11 1197 -2198 -679 

WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 
QSHUNT= 9587 



J93EH1039 POST TRANSIENT OUTAGE AFTER DIST VOLTAGE REGS ADJUST 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
• . • . . • • . • • • • • . • . • • • • • • . • •  BUS VOLTAGES ( PER UNIT) • • • • . . • • • • • • • • • • • • • • • . • • • • •  

TSTER500 MONROE500 MAPLEVL500 RAVER500 PAUL500 TACOMA500 
. 001 0 . 986 0 . 971 0 . 993 1 . 038 0 . 969 

0LYMPIA500 SATSOP500 ALLSTON500 KEELER500 PEARL500 OSTRNDER500 
1 . 036 1. 032 1 . 039 1 . 033 1 . 035 1 . 033 

MARION500 CUSTER230 BELLNGM230 SEDR0230 MURRAY230 SNOHOMSH230 
1 . 056 0. 990 0 . 984 0 . 948 0 . 916 0 . 942 

BOTHELL230 MONROE230 SNOKING230 SAMMAMSH230 COVINTN230 TALBOTN230 

0 . 938 0. 975 0 . 932 0 . 915 0 . 952 0 . 946 

TALBOTS230 TACOMA230 OLYMPIA230 SHELTON230 FAIRMNT230 PORTANG 230 
0 . 946 0 . 945 0 . 987 0 . 979 0 . 968 0 . 960 

KITSAP230 CHEHALS230 LONGVW230 SEDR0115 SNOHMSH115 SNOKING115 

0 . 976 0 . 995 1 . 004 0 . 980 0 . 919 0 . 926 
AMESL R115 BROOK H115 BRK H R115 CLE ELM115 CLE E R115 E PT ORC115 

0 . 967 0 . 943 0. 955 0 . 929 0 . 987 0 . 884 

EPTOR R115 LANGLY115 LANGL R115 NBOTHEL115 NBOTH R115 CAMAN0115 
0 . 901 0 . 939 0. 939 0 . 895 0 . 963 0 . 872 

CAMNO R115 MEADWD115 MEADW R115 NSTAN115 NSTA R115 HYLEBOS115 

0 . 921 0 . 877 0 . 916 0. 878 0 . 933 0 . 877 
HYLE R115 PORTAN69 PORTARR69 PAPNl R69 SAPPH069 SAPPHO R69 
0 . 942 0 . 961 0 . 961 1 . 039 0 . 912 0 . 957 

SUR LK12 . 5  SUR LK115 ANAC R57 . 5  ANACPUMP57 BOE3 5 7 . 5  BOE3 R57 . 5  

0. 920 0 . 880 0. 935 0 . 890 ?????????????????????? 
CLAY C57 . 5  CLAYCK R57 FIR57 . 5  FIR R57 . 5  PACCAR57 . 5  PACCAR R57 

0 . 870 0 . 924 0 . 891 0 . 907 ???????????????????????? 
• • • • • • • • • •  GENERATOR REACTIVE ( MVAR & PER UNIT VOLTAGE ) • • • • • • • • • • • • • • • • • • • • • • •  

COULEE2 COULEES! COULEE 52 CHIEF J5 CENTRALA20 TROJAN22 ROSS42 

403 502 351 408 430 400 55 

1 . 045 1 . 009 1 . 009 1. 023 1 . 022 1. 013 1 . 007 

CHIEF J2 ROSS44 UP BAKER CUSHMNl CUSHMN2 BURRARD BONN PH2 
157 55 27 15 26 332 168 

0 . 983 1 . 007 1 . 050 0 . 976 0 . 971 1 . 041 1. 009 

CHIEF JO BONNVIL2 DALLES 3 DALLES21 DALLES22 JOHN DAY COWLITZ 
157 116 160 98 67 344 0 

0 . 983 1 . 008 1 . 006 1 . 006 1 . 006 0 . 995 0 . 889 
• • • • • • . • • • • • • • . • • • •  SLACK BUS AND AGC BUSES ( MW )  • • • • • • • • • • • • • • • • • • • • • • • . • • • • . •  

�RIDGE2 COULEE 2 JOHN DAY CHIEF J2 CHIEF JO CHIEF J5 TOTAL PNW 

258 1220 2116 562 562 1090 5551 

• • • • • • • • • • • • • • ZONE REAL AND REACTIVE LOADS (MW,MVAR) . • • • • • • • • • • • • • • • • • • • • • •  

p 
Q 

NA AA AB SC SP TC 
1877 4056 530 1789 1713 1689 

632 1291 250 434 477 589 

NB NC 17 
8147 3632 8556 
2037 1097 3380 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC ) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC) 
P=11653 Q= 3674 P=23432 Q= 6808 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE GENERATION (MW,MVAR) • • • • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 
p 1913 1047 0 298 100 278 3038 700 9666 

Q 594 298 0 224 50 138 949 258 1428 
SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC ) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 

P= 3636 Q= 1304 P= 7374 Q= 1207 
• • • • • • • • • • • • • • • • • •  NET MW LOAD (LOAD - GENERATION) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

PUGET SOUND= 8017 WEST ORE & WAc16058 
• • • • • . • • • • • • • • • •  ZONE REAL AND REACTIVE LOSSES (MW,MVAR) • • • • • • . • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 ND+NE+NF+NG+NH 
p 328 109 2 29 14 20 229 136 638 353 
Q 3071 709 13  278 64 298 1896 131 -4514 40 
SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC ) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 

P= 501 Q= 4433 P= 867 Q= 6460 
• • • • • • • • • • • • • • •  ZONE SHUNT REACTIVE ( MVAR) • • • • • • • • • • • • . • • • . • • • • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 ND+NE+NF+NG+NH 
3451 862 92 594 0 369 2403 1145 -2176 -683 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC ) 
QSHUNT= 5368 

WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC) 
QSHUNT= 8917 



J93EH1040 OUTAGE AFTER 5\ CONSTANT R INCREASE, SIMULATING THERMOSTATS 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
. • • • • • • • • • • • • • • • • • • • • • • • • •  BUS VOLTAGES ( PER UNIT) • • • • • • • • • • • • • • • • • • • • • • • • • • •  

ISTER500 MONROE500 MAPLEVL500 RAVER500 PAUL500 TACOMA500 
. 987 0 . 968 0. 950 0 . 97 3  1 . 025 0 . 948 

JLYMPIA500 SATSOP500 ALLSTON500 KEELER500 PEARL500 OSTRNDER500 
1 . 021 1 . 021 1 . 017 1 . 026 1. 021 1 . 023 

MARION500 CUSTER230 BELLNGM230 SEDR0230 MURRAY230 SNOHOMSH230 
1 . 044 0 . 976 0 . 967 0 . 929 0 . 896 0 . 921 

BOTHELL230 MONROE230 SNOKING230 SAMMAMSH230 COVINTN230 TALBOTN230 
0 . 917 0 . 954 0 . 911 0. 894 0 . 930 0 . 923 
TALBOTS230 TAOOMA230 OLYMPIA230 SHELTON230 FAIRMNT230 PORTANG 230 
0 . 923 0 . 923 0 . 970 0 . 960 0 . 947 0 . 938 
KITSAP230 CHEHALS230 LONGVW230 SEDR0115 SNOHMSH115 SNOKING115 
0 . 955 0 . 983 0. 992 0 . 962 0 . 897 0 . 904 
AMESL R115 BROOK H115 BRK H R115 CLE ELM115 CLE E R115 E PT ORC115 
0. 942 0 . 925 0 . 936 0 . 907 0 . 964 0 . 861 
EPTOR R115 LANGLY115 LANGL R115 NBOTHEL115 NBOTH R115 CAMAN0115 
0 . 877 0 . 921 0 . 921 0 . 873 0 . 939 0 . 850 
CAMNO R115 MEADWD115 MEADW R115 NSTAN115 NSTA R115 HYLEBOS115 

0 . 898 0 . 856 0 . 893 0 . 85 6  0 . 909 0 . 855 
HYLE R115 PORTAN69 PORTARR69 PAPN1 R69 SAPPH069 SAPPHO R69 

0 . 932 0 . 919 0 . 938 0 . 938 1. 020 0 . 888 
SUR LK12 . 5  SUR LK115 ANAC R57 . 5  ANACPUMP57 

0 . 896 0 . 859 0 . 927 0 . 872 
CLAY C57 . 5  CLAYCK R57 FIR57 . 5  
0 . 847 0 . 900 0 . 873 

FIR R57 . 5  
0 . 889 

BOE3 57 . 5  BOE3 R57 . 5  
?????????????????????? 

PACCAR57 . 5  PACCAR R57 
???????????????????????? 

• • • • • • • • • •  GENERATOR REACTIVE ( MVAR & PER UNIT VOLTAGE ) • • • • • • • • • • • • • • • • • • • • • • •  

COULEE2 COULEE5 1  COULEE5 2  CHIEF J5 CENTRALA20 TROJAN22 ROSS42 
403 561 427 408 536 400 68 

1 . 045 1 . 006 1 . 009 1 . 013 1 . 022 1 . 001 1 . 007 

CHIEF J2 ROSS44 
157 68 

0 . 972 1 . 007 

CHIEF JO BONNVIL2 
157 136 

UP BAKER CUSHMN1 
33 15  

1 . 050 0 . 95 4  

DALLES 3 DALLES21 
186 112 

CUSHMN2 BURRARD BONN PH2 
26 416 193 

0. 949 1 . 049 1 . 009 

DALLES22 JOHN DAY COWLITZ 
76 404 0 

0 . 972 1 . 008 1. 006 1 . 006 1 . 006 0 . 995 0 , 868 

• • • • • • • • • • • • • • • • • • •  SLACK BUS AND AGC BUSES 
qRIDGE2 COULEE 2 JOHN DAY CHIEF J2 

268 1221 2 117 562 

(MW) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

CHIEF JO CHIEF J5 TOTAL PNW 

562 1091 5554 

• . • • . • • • • • • • • •  ZONE REAL AND REACTIVE LOADS (MW,MVAR) . . . . . . . . . . . . . . . . . . . . . .  . 
AA AA � � � � � � U p 1887 4056 528 1771 1704 1678 8152 3626 8556 

Q 615 1242 249 411 458 567 2038 1094 3380 
SUM PUGET SOUND (AA+AA+�+SC+SP+�) WEST ORE & WA (AA+AA+�+SC+SP+�+�+NC) 

P=11625 Q= 3541 P=23402 Q= 6674 
• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE GENERATION (MW,MVAR) • • • • • • • • • • • • • • • • • •  

AA AA � � � � � � U 
p 1913 1047 0 298 100 278 3038 700 9676 
Q 730 313 0 272 50 138 1030 271 1717 
SUM PUGET SOUND ( NA+AA+�+SC+SP+�) WEST ORE & WA ( NA+AA+�+SC+SP+�+NB+NC) 

P= 3636 Q= 1503 P= 7374 Q= 1301 
. . . . . . . . . . . . . . . . . .  NET MW LOAD (LOAD - GENERATION ) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 
PUGET SOUND= 7989 WEST ORE & WA=16028 

• . • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOSSES (MW,MVAR )  • • • • • • • • • • • • • • • • • • • • • •  

NA AA � SC SP � � NC 17 ND+NE+NF+NG+NH 
p 339 113 2 31 15 20 236 139 648 358 
Q 3360 7 5 2  14 310 68 311 2005 203 -4271 207 
SUM PUGET SOUND (AA+AA+�+SC+SP+�) WEST ORE & WA ( NA+AA+�+SC+SP+TC+�+NC) 

P= 520 Q= 4816 P= 894 Q= 7024 
. . . . . . . . . . . . . . .  ZONE SHUNT REACTIVE (MVAR) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

NA AA � SC SP � � NC 17 ND+NE+NF+NG+NH 
3309 824 88 564 0 351 2346 1117 -2163 -687 

SUM PUGET SOUND ( NA+AA+�+SC+SP+�) 

QSHUNT= 5137 

WEST ORE & WA ( NA+AA+�+SC+SP+�+�+NC ) 

QSHUNT= 8600 



J93EH1056 TROJAN OUTAGE, POST TRANSIENT BEFORE DIST VOLTAGE REGS CHANGE 

: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  
• • • • • • • . • • • • • • • • • • • • • • • • •  BUS VOLTAGES ( PER UNIT) • • • • • • • • • • • • • • • • • • • • • • • • • • •  

'STER500 MONROE500 MAPLEVL500 RAVER500 PAUL500 TACOMA500 
. 034 1 . 032 1 . 027 1 . 044 1 . 055 1 . 018 

uLYMPIA500 SATSOP500 ALLSTON500 KEELER500 PEARL500 OSTRNDER500 
1 . 056 1 . 053 1 . 042 1 . 029 1 . 031 1 . 027 

MARION500 CUSTER230 BELLNGM230 SEDR0230 MURRAY230 SNOHOMSH230 
1 . 055 1. 038 1. 035 0 . 997 0 . 976 1 . 006 

BOTIIELL230 MONROE230 
1 . 000 1 . 033 
TALBOTS230 TACOMA230 
1 . 016 1. 015 
KITSAP230 CHEHALS230 

1. 016 1. 009 
AMESL Rl15 BROOK Hl15 

0 . 986 0 . 970 
EPTOR Rl15 LANGLY115 
0 . 961 0 . 965 

SNOKING230 SAMMAMSH230 OOVINTN230 TALBOTN230 
0 . 996 0. 981 1 . 017 1 . 016 
OLYMPIA230 SHELTON230 FAIRMNT230 PORTANG 230 
1 . 016 1 . 015 1. 014 1. 009 
LONGVW230 SEDR0115 

0 . 996 1 . 021 
SNOHMSH115 SNOKING115 

0 . 986 0 . 991 

BRK H R115 CLE ELM115 CLE E R115 E PT ORC115 
0 . 970 0. 986 0 . 986 0 . 962 

LANGL Rl15 NBOTHEL115 NBOTII Rl15 CAMAN0115 

0 . 965 0 . 964 0 . 964 0 . 942 

CAMNO R115 MEADWD115 MEADW R115 NSTAN115 NSTA R115 HYLEBOS115 
0 . 941 0 . 946 0 . 946 0 . 947 0 . 947 0 . 947 

HYLE R115 PORTAN69 
0 . 947 1 . 012 
SUR LK12 . 5  SUR LK115 
0 . 994 0 . 951 
CLAY C57 . 5  CLAYCK R57 

0 . 943 0 . 943 

PORTARR69 PAPN1 R69 
1. 012 1 . 012 

ANAC R57 . 5  ANACPUMP57 
0 . 931 0 . 931 
FIR57 . 5  FIR R57 . 5  

0 . 931 0 . 931 

SAPPH069 SAPPHO R69 
0. 967 0. 967 

BOE AUB3 13 . 1  B AUB3 R13 . 1  
0 . 980 0 . 980 

SKYKOMSH115 SKYJIMH R11 5 .  
0 . 973 0 . 973 

• • • • • • • • • •  GENERATOR REACTIVE (MVAR & PER UNIT VOLTAGE ) • • • • • • • • • • • • • • • • • • • • • • •  

OOULEE2 OOULEE51 OOULEE52 CHIEF J5 CENTRALA20 TROJAN22 ROSS42 

360 383 260 408 216 0 18 
1 . 045 1 . 016 1 . 015 1. 033 1 . 038 01. 008 
CHIEF J2 ROSS44 UP BAKER CUSHMN1 CUSHMN2 BURRARD BONN PH2 

157 18 12 7 14 127 167 

1 . 003 1 . 008 1 . 050 1 . 009 1 . 011 1 . 018 1. 010 
CHIEF JO BONNVIL2 DALLES 3 DALLES21 DALLES22 JOHN DAY MSASVC 

157 115 48 25 16 213 0 
1 . 003 1. 008 0 . 998 0 . 994 0 . 993 0 . 988 0 
• • • • • • • • • • • • • • • • • • •  SLACK BUS AND AGC BUSES (MW) • • • • • • • • • • • • • • • • • • • • • • • • • . • • • •  

"'RIDGE2 COULEE 2 JOHN DAY CHIEF J2 CHIEF JO CHIEF J5 TOTAL PNW 
227 147 9 2162 605 605 1190 6042 
• • • • • • • • • • • • • •  ZONE REAL AND REACTIVE LOADS (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 
p 1846 4122 531 1988 1749 1715 7848 3554 8556 

Q 612 1322 251 506 490 600 1950 1068 3380 
SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC) 

P=11952 Q= 3781 P=23354 Q= 6799 

• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE GENERATION (MW,MVAR) • • • • • • • • • • • • • • • • • •  

AA AA AB � � TC NB � D 
p 1255 1055 0 303 100 278 1922 706 9695 

Q 347 198 0 84 50 119 564 228 703 
SUM PUGET SOUND ( NA+AA+AB+Sc;+SP+TC) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC) 

P= 2991 Q= 797 P= 5619 Q= 792 
• • • • • • • • • • • • • • • • • •  NET MW LOAD ( LOAD - GENERATION) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

PUGET SOUND= 8961 WEST ORE & WA=17735 

• • • • • • • • • • • • • • . •  ZONE REAL AND REACTIVE LOSSES (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 ND+NE+NF+NG+NH 

p 308 90 1 26 13 18 253 136 613 383 

Q 2324 562 10 230 54 258 2111 143 -5101 341 
SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC) WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC ) 

P= 456 Q= 3439 P= 845 Q= 5692 
• • • • • • • • • • • • • . •  ZONE SHUNT REACTIVE (MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

NA AA AB SC SP TC NB NC 17 ND+NE+NF+NG+NH 
3846 976 102 682 0 429 2389 1170 -2161 167 

SUM PUGET SOUND ( NA+AA+AB+SC+SP+TC ) 
QSHUNT= 6035 

WEST ORE & WA ( NA+AA+AB+SC+SP+TC+NB+NC) 
QSHUNT= 9593 



J93EH1057 TROJAN OUTAGE AFTER DIST VOLTAGE REGS CHANGE TAPS 
: : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : :  

. • • • • • • • • • • • • • • • • • • • • • • • •  BUS VOLTAGES ( PER UNIT) • • • • • • • • • • • • • • • • • • • • • • • • • • •  

3TER500 MONROE500 MAPLEVL500 RAVER500 PAUL500 TACOMA500 
003 0 . 983 0 . 967 0 . 983 0 . 984 0 . 954 

vLYMPIA500 SATSOP500 ALLSTON500 KEELER500 PEARL500 OSTRNDER500 
0 . 972 0. 983 0 . 978 0 . 973 0 . 965 0 . 971 

MARION500 CUSTER230 BELLNGM230 SEDR0230 MURRAY230 SNOHOMSH230 
1. 003 1 . 005 0 . 998 0 . 957 0 . 925 0 . 950 
BOTHELL230 MONROE230 SNOKING230 SAMMAMSH230 COVINTN230 TALBOTN230 

0 . 944 0 . 978 0 . 939 0 . 920 0 . 950 0 . 950 
TALBOTS230 TACOMA230 OLYMPIA230 SHELTON230 FAIRMNT230 PORTANG 230 
0 . 950 0 . 945 0 . 939 0 . 929 0 . 915 0 . 907 

KITSAP230 CHEHALS230 LONGVW230 

0 . 925 0 . 944 0 . 926 
AMESL R115 BROOK H115 BRK H R115 
0 . 971 0 . 949 0 . 960 
EPTOR R115 LANGLY115 LANGL R115 
0. 902 0 . 945 0 . 945 

CAMNO R115 MEAOWD115 MEADW R115 

0 . 930 0 . 886 0 . 925 
HYLE R115 PORTAN69 PORTARR69 
0 . 943 0 . 907 0 . 963 
SUR LK12 . 5  SUR LK115 ANAC R57 . 5  
0 . 973 0 . 880 0 . 938 
CLAY C57 . 5  CLAYCK R57 FIR57 . 5  
0. 867 0 . 921 0 . 898 

SEDR0115 

0 . 988 
CLE ELM115 
0. 927 
NBOTHEL115 
0 . 904 
NSTAN115 

0 . 887 
PAPN1 R69 
0 . 986 
ANACPUMP57 
0 . 898 
FIR R57 . 5  
0 . 915 

SNOHMSH115 SNOKING115 

0 . 928 0 . 932 
CLE E R115 E PT ORC115 

0 . 985 0 . 886 

NBOTH R115 CAMAN0115 
0 . 972 0 . 881 

NSTA R115 HYLEBOS115 
0 . 942 0 . 877 

SAPPH069 
0 . 858 

SAPPHO R69 
0 . 901 

BOE AUB313 . 1  B AUB3 R13 . 1  
0 . 901 0 . 957 

SKYKOMSH115 SKYKMH R11 5 .  

0 . 916 0 . 956 

• • • • • • • • • •  GENERATOR REACTIVE ( MVAR  & PER UNIT VOLTAGE) • • • • • • • • • • • • • • • • • • • • • • •  

COULEE2 COULEE51 COULEE52 CHIEF J5 CENTRALA20 TROJAN22 ROSS42 
403 561 483 408 280 0 5 1  

1 . 045 1 . 007 1 . 015 1 . 002 0 . 986 01. 008 
CHIEF J2 ROSS44 UP BAKER CUSHMN1 CUSHMN2 BURRARD BONN PH2 

157 51 24 15 26 296 242 
0 . 973 1 . 008 1 . 050 0. 975 0 . 971 1 . 037 0 . 986 
CHIEF JO BONNVIL2 DALLES 3 DALLES21 DALLES22 JOHN DAY MSASVC 

157 191 167 86 57 465 0 
0 . 973 0 . 989 0 . 998 0 . 994 0 . 993 0. 988 0 
• . . • • • • • • • • . • • • • • • •  SLACK BUS AND AGC BUSES ( MW )  • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

'�IDGE2 COULEE 2 JOHN DAY CHIEF J2 CHIEF JO CHIEF J5 TOTAL PNW 
l86 1417 2 162 605 605 1190 5979 

. . . • • . . • • • . . . •  ZONE REAL AND REACTIVE LOADS (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • • •  

� AA � � � � � � U 
p 1787 4016 527 1803 1735 1681 7814 3531 8556 

Q 589 1276 248 439 485 586 1938 1059 3380 
WEST ORE & WA ( NA+AA+�+SC+SP+TC+NB+NC ) SUM PUGET SOUND ( NA+AA+�+SC+SP+TC ) 

P=11550 Q= 3624 P=22895 Q= 6621 
• • • • • • • • • • • • • • • •  ZONE REAL AND REACTIVE GENERATION (MW,MVAR) • • • • • • • • • • • • • • • • • •  

NA AA � SC SP TC � NC 17 
p 1255 1055 0 303 100 278 1922 706 9654 

287 0 210 50 138 812 292 1285 Q 490 
SUM PUGET SOUND ( �+AA+�+SC+SP+TC ) WEST ORE & WA ( NA+AA+�+SC+SP+TC+�+NC ) 

P= 2991 Q= 1175 P= 5619 Q= 1104 
• • • • • • • • • • • • • • • • • •  NET MW LOAD (LOAD - GENERATION ) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

PUGET SOUND= 8559 WEST ORE & WA=17276 
• . • • • • . • • • • • • • • •  ZONE REAL AND REACTIVE LOSSES (MW,MVAR) • • • • • • • • • • • • • • • • • • • • • •  

NA AA � SC SP TC � NC 17 ND+NE+NF+NG+NH 
p 326 97 1 27 14 20 277 145 625 389 
Q 2956 653 12 246 64 296 2553 432 -4698 752 

WEST ORE & WA ( NA+AA+�+SC+SP+TC+NB+NC ) SUM PUGET SOUND ( NA+AA+�+SC+SP+TC ) 

P= 484 Q= 4227 

• • • • • • • • . • • . • • • ZONE SHUNT REACTIVE 

NA AA � SC 

3 3 6 3  852 92 600 

SUM PUGET SOUND ( NA+AA+�+SC+SP+TC ) 
QSHUNT= 5296 

P= 906 Q= 7212 

(MVAR) • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •  

SP TC � NC 17 ND+NE+NF+NG+NH 
0 368 2099 1046 -2141 136 

WEST ORE & WA ( NA+AA+�+SC+SP+TC+NB+NC ) 
QSHUNT= 8441 
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1 2/ 2 7/90 PF V60 1 1  

PFPLOT PFP33S : REVISED 1 1/1 1/90 

( 378 ) 378 

I .... 
... 
(I! 



325 (83 1  
( 2 )  

499 -39 INGLEOOW 
PORT WAY G-___...;:��;..._----. 
223 -42 CUSTER W

��-:-:t::E---e-----.. 

LOSSES 
BPA= 707 . 1 5  . 
PNW= 1 061 .87 

SYSTE.M= 351 1 . 42 

223 -�2 

221 -46 

BOTHELL 
216 -44 

217 -53 PORT ANG 220 -53 

FAIRM 
222 -51 

2 2 -44 

SHELl 

;;; (X) ..... 
<0 ;;; ..... ..... 

218 -44 EASTP 

218 -48 
K ITSAP 
217 -48 

SOUTH 
216 -44 

TAC A 

S : PQ R - 1 2-FEB-91 AT t o : oo : 08 HOURS 

J 9 1 89 
PSRGLC 

.... ,.., ' 
-.... 217 -40 

COVINGTN 
( �ll ) 

829< 364 1 

78 < 3 55 ) 
5 1 8  -34 

SEAT TLE AREA - ABOVE 2 3 0  KV 

2/1 1/91 PF V60 1 1  

PFPLOT PFP335 : REVISED 1 1/1�/90 



508 -42 INGLEDOW 
PORT WAY G----':;.:...;...:..io!;.;--, 
230 -45 ����-��------� 

LOSSES 

MAR PT 
215 -52 

BPA= 738 . 26  
PNW= 1082 . 21 

SYSTEM= 352 1 . 88 

228 -49 

BOTI-£LL 
221 -48 

230 -58 PORT t\NG 231 -55 

231 -54 
HAP V 

232 -46 
SHELT 

ABERD 

s : pc R-

..... 0 <n -
I ... 

224 -47 EASTP 

SOUTH 
224 -17 

225 -48 ( 1 02 ) 
1 02 

TAC A 

J93764 

PSRGLC 

PJ.UL 530 - 3 7  

227 -43 
COVINGTN ( J78 ) J78 

DIABLO 
238 -43 

SEAT TLE AREA - ABOVE 230 K V  

1 1 /  9/90 PF V6009 

Pfl'LOT Pfl'33S 1 1/1 '1190 

( 338 ) 538 

I 01 .... 



482 -45 INGLEDOW 
PORT WAY r+-__,;;;.;:....;..;"'"E''----... 
215 -49 CUSTER wst;>-=�:E---&----... 

LOSSES 

MAR PT 
196 -57 

BPA= 8 0 1 . 28 
PNW= 1 1 79 . 84 

SYSTEM= 3662 . 22 

215 -49 

21 1 -53 

121 ( 42) 

2 09 -61 PORT ANG 21 0 -61 

21s -so 
SHELT 

ABERO 

R- , PLOTTED 1 

204 -51 EASTP 

SOUTH 
204 -51 

205 -so 
( :� )  

TAC A 

200 -55 
SEDRO 1 1 2 < -

J93766 
PSRGLC 

,._·•,"; .,-

..... 0 ... 
207 -46 
COVINGTN ( 3 13 ) 313  

·:-� 82 ( 3 4 8 )  
P AUL 505  - 4 0  

DIABLO 
230 -47 

SEATTLE AREA - ABOVE 2 3 0  KV 

1 /3 0/91 PF V60 1 1  

PFI'LOT PFPJJS : REVISED 11/ '1/90 



522 -35 

PORT WAY {.r--�-r---""' 
238 -39 ts!WI�.:..;f�--&----.... 

LOSSES 

MAR PT 
225 -'45 

BPA= 652 . 03 
PNW= 987 . 28 

SYSTEM= 3102 . 67 

BOH£LL 
233 -40 

238 -<48 PORT ANG 239 -47 

239 -38 
SHELT 

ABE.RD 

.J> co 
... 

.... 
0 U) 
I (II 

237 -38 EASTP 

SOUTH 
237 -38 

238 -37 ( 1 1 3  ) 1 1 3  

CHEHAL IS 
238 -31 TAC A 

, PLOTTED 12-FEB-91 AT 09: 0 1 : 59 HOURS 

2"10 -33 
COV I NGTN ( 119 ) 

4 1 9  

.155(  - l  07 ) 
543  -29 

DIABLO 
2"12 -35 

SEATTLE AREA - ABOVE 2 3 0  K V 

J93837 1 1 /  8/9 0 PF V6009 
C Y89 P AL-MSB 

PFPLOT PFP335 : REVI SED 1 1/11/90 

( 378 ) 378 



391 ( 1671  
s12 -so 

( 2 )  

PORT WAY G---==�-� 
230 -541 t9;.,j;=.:.:..;f;,E---&----.... 

LOSSES 

HAR PT 
210 -62 

BPA= 855 . 07 
PNW= 1233. 71 

SYSTEM= 3671 . 24 

228 -58 

136( "7 }  

BOTI-£LL 
216 -56 

219 -68 PORT ANG 220 -66 

220 -841 
HAP V 

22'1 -55 
SHELT 

ABERD 

440 ( -4 )  

221 - 56  EASTP 

SOUTH 
221 -56 

222 -ss 

( :: ) 

T AC A 
S !PQ R- , PLOTTED 1 1 -FEB-91 AT 1 1 : 22 : 57 HOURS 

J93923 

PSRGLC 

523 - 46 

22'1 -52 
COV INGTN ( 387 ) 387 

69 < 52 )  

D I ABLO 
236 -52 

SEATTLE AREA - ABOVE 2 3 0  K V  

12/28/90 PF V60 1 1  

PFPLOT PFP335 : REVISED 11/1�/90 

( 959 ) 959 



357( -231 1 
533 -48 ( 2 )  

PORT WAY G-___:::..:.....:...:..o.o�;;.:--..... 
243 -49 �������------� 

LOSSES 

NAR PT 
227 -56 

BPA= 793 . 17 
PNW= 1 1 42 . 03 

SYSTEM= 3555. 94 

242 -52 

135< 51 1 

BOHE:LL 
234 -52 

238 -60 PORT ANG 239 -60 

239 -51 
SHE.LT 

ABERO 

..... co "' 

.... 
0 CD 

' 
<II 
� 

241 -51 EASTP 

242 -so ( 118  ) 1 1 8  

TAC A 

s : PQ R- , PLOTTED 1 1-FEB-91 A T  1 1 : 25 : 37 HOURS 

J9392'1 
PSRGLC 

983 ( 1 '14 1 

0 
79< - 2 0 2 1  

5 4 5  - 42 
SEAT TLE AREA - ABOVE 2 3 0  KV 

1 2/28/90 PF V60 1 1  

PFPLOT PFP335 : REVISED 11/14/90 

( 1 1 04 1 1 04 



346 ( 3461 
484 -45 ( 2 1  

PORT WAY e-___.;;;�...oo;.;.-----. 
216 -49 ����---@--------� 

LOSSES 

MAR PT 
197 -57 

BPA= 799 . 99  
P�= 1 177 . 35 

SYSTEM= 3656. 37 

21s -so 
SHELT 

ABERD 

212 -53 

122 ( 42) 

BOTHELL 
203 -52 

206 -5 1 E!.STP 

SOUTH 
206 -51 

206 -so 

( :g ) 

TAC A 

S : PQ R- , PLOTTED 1 1-FEB-91 A T  1 1 ! 19 ! 47 HOURS 

J93928 
PSRGLC 

0 

5 07 - 4 0  

209 -46 
COY INGTN ( 3 17 ) 3 17 

D IABLO 
231 -47 

SEATTLE AREA - ABOVE 230 KV 

1 / 3 1 /9 1  PF V601 1 

PFPLOT PFP335 : REVISED 11/1�/80 



528 -48 

238 -53 

136( 50 1 

LOSSES 

MAR PT 
22-4 -57 

BPA= 8 02 . 1 1  
PNW= 1 1 5 5 . 02 

SYSTEM= 3573 . 55 

237 -61 PORT ANG 237 -60 

BOTI-£LL 
232 -52 

237 -52 EASTP 

238 -51 
SHELT 

ABERO 

-
0 «< 
� 
' Cll 

235 -56 
K I TSAP 
23.. -56 

, PLOTTED 1 1  

SOUTH 
237 -52 

TAC A 

J93929 
PSRGLC 

0 
«< -

539 - 4 2  

239 --48 
COV I NGTN ( -417 ) 

-4 1 7  

88 < - 92 ) 

DIABLO 
241 -48 

SEAT TLE AREA - ABOVE 2 3 0  KV 

21 8/9 L PF V60 1 1  

PFPLOT PFP335 : REVISED 1 1/11/90 

( 1 052 
1 052 



521 -35 

POOT WAY G-�--�--�����--�------� 238 -38 "" 

LOSSES 

HAR PT 
227 --42 

BPA= 730 . 12 
PNW= 1 1 16 . 28 

SYSTEH= 3589.89 

238 -51 POOT ANa 238 -51 

BOTI-ELL 
233 -42 

235 -39 EASTP 

238 -so 
HAP V 

239 --41 
SHELT 

ABERO 

s : PC R- • PLOTTED 

.
N -... 

I co ...., 

2'10 --45 
K lTSAP 
2'10 -445 

SOUTH 
235 -39 

TAC A 

HOURS 

231 -.1!2 
SEDRO 53< 18> 

5 4 0  - 3 1  

238 -3-4 
COV I NGTN ( '1 13 ) '113 

388 < - tS O l  

SEATTLE AREA - ABOVE 2 3 0  K V  

J93EH1 02 1 1 1 /  8/90 P F  V60 09 

CY89 PAL-MSB 



520 -38 
PORT WAY G----:=�---... 
2�0 -39 .. ����----e-------� 

LOSSES 

MAR PT 
228 -�3 

SPA= 788 . 87 
PNW= 1 1 8 0 . � 0  

SYSTE.M= 37 0 1 . 05 

238 -53 

235 -� 0 

540  - 33 

238 -35 
COVINGTN ( 1 12 ) 112  

::;gH - 2 0  l 

SEATTLE AREA - ABOVE 230 KV 

J93EH 1 023 . 1 1 /  9/90 PF V60 0 9  

CY89 PAL-MSB 

( 358 ) 358 



5H -43 INGLEOOW 

P�T WAY G--����������----� 
235 -"6 

CUSTER W 
235 -46 

MAR PT 
22" -49 

LOSSES 
BPA= 760 . 75 
PNW= 1 16 0 .25 

SYSTE.H= 3652 . 97 

BOTI·ELL 
226 -47 

233 -52 P�T ANG 23" -52 

235 -42 
SHELl 

ABE.RO 

-
-
co � 
I ...., 

-

226 -"3 EASTP 

236 -46 
K I TSAP 
235 -46 

SOUTH 
226 -43 

227 -41 ( 108 ) 108 

CHEHALIS 
235 -34 

668 ( -60 ) 

99 ( 2 1 >  

TAC A 

s : Po R- 1 1 -FES-91 AT 1 1 : 3 0 : 06 HOURS 

226 -48 
SE.DRO H C -6> 

PA IJL 532 - 3 1  

230 -37 
COV INGTN ( J8i ) J8i 

SEATTLE ARE.A - ABOVE. 2 3 0  KV 

J93E.H1 038 1 1 / 1 3/90 PF V 6 0 09 
PSRGLC 

PFPLOT PFP335 

( 3i5 ) 3i5 



228 -51 

43U4 l 
MAR PT 
217 -52 

LOSSES 
BPA= 798 . 25 

PNW= 1 2 1 9 . 59 

SYSTEM= 3730 .31 

BOMLL 
21e -so 

220 -56 PORT ANG 221 -55 

225 -44 
SHELT 

<11 ,_ 
ABERD co 

� .... 0) I 

,_ 
,_ 
lD 
0 

498 < 1 2 1  

2 1 5  --45 EASTP 

225 -49 
K I T  SAP 
221 -49 

SOUTH 
215 -45 

216 -43 

( 33 ) 

42< 62 1  

669 < 12 ) 
OLYM 
518 -35 

lAC A 

PLOTTED 1 1 -FEB-91 AT 1 1 : 32 : 35 HOURS 

219 -51 
SEORO H C -2 

219 -39 
COVINGTN ( 3 .. 9 ) 3 .. 11 

297 < -353 ) 

SEA TTLE AREA - ABOVE 2 3 0  K V  

J93EH1 039 1 1 / 1 3/90 PF V6009 

PSRGLC 

Pfl'LOT Pfl'33S <t/90 

( 320 ) 320 

lD .... 
<-1 
t ... 

0 



497 -·'47 
POOT WAY����������--�------� 
224 -so 

LOSSES 

MAR PT 
212 -5'4 

BPA= 8 1 8 . 73 

PNW= 1 25 1 . 95 

SYSTEM= 3773 .60 

215 -57 PORT ANG 216 -57 

221 -'45 
SHELT 

ABERD 

<1'1 ... 
... 

--
Cl) -
... 

21 o -<46 EASTP 

SOUTH 
2 1 0  -46 

2 1 1  -'45 

( :l ) 

CHEHAL I S  
226 -37 T.A.C A 

HOURS 

5 1 3  -34  

2H -<40 
COVINGTN 

( 333 ) 333 

299( - 387 ) 

SEATTLE AREA - ABOVE 230 KV 

J93EH1 04 0  1 1 / 1 3/90 PF V60 0 9  

PSRGLC 



518 -36 

PORT WAY e--.=..;;....:....;.,J;r,._-....... 
239 -39 �F��---8------.... 

LOSSES 

11AR PT 
226 -13 

BPA= 829. 1 7 ·  
PNW= 1228 . 04 

SYSTEM= 3788 . 95 

238 -•H 
�2(38) 

BOTI-ELL 
230 -43 

231 -56 PORT ANG 232 -56 

232 -55 
HAP V 

233 -46 
SHEL T 

ABERD 

V1 -
... 

- I  .
(Jol N 0 I 

... .... 
... 
I ... 

231 --4 1 EASTP 

SOUTH 
231 -41 

58 7 ( -82 ) 

OLYM 
528 -37 

CHEHAL I S  
232 -39 TAC A 

s : PQ R- , PLOTTED 11-FEB-91 AT 1 1 : 26 : 30 HOURS 

() 

231 -36 
COV I NGTN ( 399 ) 399 

8 0 [ ( - [ 38 ) 
527 -36 

DIABLO 
241 -38 

( l 037 1 037 

SEATTLE AREA - ABOVE 230 KV 

J 9 3EH 1 056 1 1 / 1 5/90 PF V60 1 0  

PSRGLC 

PFPLOT PFP33S : REVISED 1 1/1�/90 

( 351 ) 351 



273 ! 196 1 
s os -38 ! 2 1  

PORT WAY G-___;;��----.. 
231 -41 �;;....::..��--1:'1�-----

LOSSES 

MAR PT 
219 -'16 

BPA= 872 . 23 
PNW= 1295 . 1 8  

SYSTEM= 384 7 . 38 

230 -44 

� L U7 l  

208 -60 PORT ANG 209 -60 

21'1 -'18 
SHELT 

ABE.RD 

II') ru OD  N 
<0 -

<r 

,., I 
II) 0) 

428 ( 1 )  

--
I\) 

� 

216 -43 EASTP 

sw 

SOUTH 
216 -43 

211  -42 

e re ) 

1 1 < 13 1 >  

228 1 l l l )  

TAC A 

S : PQ R- . PLOTTED l l -FEB-9 1  AT 11 :29! 1 5  HOURS 

-, .... 
� 

492 - 3 8  

219 -38 
COV I NGTN ( 318 ) 3'18 

8 0 1 < -5 7 ) 

SEAT TLE AREA - ABOVE 2 3 0  KV 
J93EH1 057 1 1 / 1 5/90 PF V60 1 0  
PSRGLC 

PFPLOT PFP33S : REVISED 1 1/11/90 

( 318 ) 318 



APPENDIX 1 

Deve lopment o f  the PSAERP " Supe rba s e s " 

with enhanced load and vo ltage regulat ing mode l s  

The dec i s ion to deve lop the " s up e rbas e s "  wa s made in the Fa l l  of 1 9 8 9 . Two key 

reasons we re involve d :  

( 1 )  Unc e rt a inty from P SAERP Techn i c a l  S tudies Team membe rs that a Puge t Sound 

a rea vo ltage s tabil ity p rob lem really exis t e d .  S ome memb e r s  b e l ieved that 
de t a i l e d  model ing could po tent i a l ly show a much l e s s  s eve re p roblem exi s t e d .  The 
ne ar t e rm wint e r  ope ra t ing p l an s  requi red uneconomic al gene ration dispa t ch from 

combu s t i on turbine s .  I f  no p roblem ac tua l ly exi s te d ,  the unec onomc ial CT 
ope rat ion would not be neede d .  

( 2 )  rec ognit ion that a detailed mode l could po tent i a l ly p rovide ins i ght into the 
p roblem ,  imp rove the accuracy in reac t ive add i t ions , l e a rn mo re about the 
sys tems of othe r u t i l it i e s ,  and e s tab l i sh c redib i l i ty . We recogn i z e d  that the 

de t a i l e d  c a s e  might p rovide nothing new . Le s s  de t a i l e d  c a s e s  c le a r ly showed 
that the p rob lem was due to the c ro s s  mountain main g r i d  l ine s and , to a l e s s e r  

extent , the local 23 0kV sys tem . Howeve r ,  we would neve r know unl e s s  we devo ted 
the re sourc e s  and went through the exe rc i s e . 

The u t i l it i e s  committed r e s ourc e s  to r e s ea rch and share the i r  sys tem data . BPA 

c reated a comprehens ive que s t iona i re . The u t i l i t i e s  r e sponde d with de t a i l e d  
informat ion o n  load c ompo s it ion , d i s t ribut ion voltage regulat ing t rans f o rme r s , 
mi s c e l lane ous vo l tage cont rol s ,  and gene rato r data . The Puge t S ound Area helped 
T ransmi s s ion Planning in obt a in s imil ar inf o rmat ion f rom othe r BPA c u s t ome r s . 
The BPA Powe r Forec a s t ing B ranch devo ted ve ry impo rtant re sourc e s  to re s earch 
load component informat ion f rom c on s e rvation re s earch ( End-Us e Load and Con s ume r 
As s e s sment P rogram o r  ELCAP ) . The total load magnitude s f o r  each u t i l i ty we re 

deve loped by the P SAERP Load Forec a s t ing Team .  

The EPRI LOADSYN p rogram wa s app l i e d  t o  obtain load mode l s . The p rogram used 

load compo s i t ion and component data to mode l loads for powe rflow and t rans ient 
s t ab i l i ty app l i c a t ion ( c on s t ant impe danc e ,  con s t ant cur rent , and con s t ant 
powe r ) . D i s t ribut ion volt age regulating t ran s f o rme r tap s e t t ing and tap range 
we re modeled f rom survey re s ul t s . Load and vo ltage regulat ion mode l s  we re 
expec ted to p rovide important s tudy r e s ul t s . 

bpa 6 5 : : di sk1 5 : [ e o fcglc ] p orte r . memo 



D a t a  f o r  1 9 9 3  

C L A S S  M I X  

R e s i. d en t i a l  
Comme r c i a l  
H e a v v  I n d . 
S t e e l M i l l  
Power P l an t  A u x . 
Ag . Pump i n o  
P r i ma r y  A l u m .  

RES I DENT I AL COMPOS I T I ON 

Res i s t a n ce H e a t  
H e a t  Pump 
F u rn a ce F a n 
A i r  Cond i t i on i n a 
T O T AL HEAT 

W a t e r· He a t  

Ra n g e  
Re f e r i g e r a t i o n 
D i s hv1 a s h e r  
C l o t he s  W a s he r  
D r y e r  
I n c a n d e s c e n t L i g h t s  
F l o u re s c e n t L i g h t s  
T e l ev i s i on 
T O T AL M I SCELLANEOUS 

f�EHT 
RSPM 
F F A N  
3 AC ' s  

ELWH 

ELRA 
R EF R  
DWSH 
CWSH 
ORYR 
! L I T 
F L I T  
'TVSN 

COMMERC I AL COMPOS I T I O N  

Res i s ta n c e  Heat 
H e a t  P u m a  
Fan / V e n t i l a t i on 
A i r  Cond i t i o n i n 9  
T O T A L  HVAC 

REHT 
CSP�l 
F F A N  
3 AC ' s  

I n c a n d e s c e n t L i o h t s  I L I T  
F l ou r e s c e n t  L i q h t s  F L I T  
T O T A L  L i g h ts 

R e f e r i q e r a t i on R E F R  

W a t e r  H e a t  ELWH 

R a n c e  ELRA 

O t h e r  METC 
T O T AL M i s c e l l an e ous 

19 J u l v  1 9 90 

P e rcent o f  U t i l i t v  Load 

1 ---- PUGE 'T ----\ 1 --- SEAT T L E ---\ 1 - SNOHOM I SH -- \ 1 ---- 'T ACOMA --- \ ! ------ NG N ----\ 
E x treme Norma l E x treme Norma l E x t r eme Norma l E x t r eme Norma l E >: t r eme N o r m a l 

57 . 9  57 . 7  5 1 . 1  5 1 . 1  63 . 4  63 . 2  43 . 3  43 . 3  68 . 4  68 . 4  

29 . 8  28 , 6  37 . 9  36 . 5  26 . 2  2 5 . 2  27 . 3  27 . 3  1 3 . 6 1 3 . 6  

1 2 . 3  1 3 . 7  6 . 9  7 . 8  1 0 . 4  1 1 , 6  29 . 4 29 . 4  1 7 . 9  1 7 . 9  

o . o  o . o  4 . 2  4 .  7 ' o . o o . o 0 . 0  0 . 0  0 . 0  o . o  

o . o  o . o  o . o  o . o o . o  o . o  0 . 0  o . o  (1 . 0  (1 . 0  

0 . 0  0 . 0  o . o  0 . 0  0 . 0  o . o o . o  0 . 0  (1 , (1 (1 . (1 

o . o 0 . 0  o . o  o . o 0 . 0  0 . 0  0 . 0  0 . 0  (1 . 0  o . o  

1 ---- PUGET ---- \  1 --- SEATTLE ---\ 1 - SNOHOM I SH -- \ 1 - P I ERCE , NGN -\ 
E x t r e m e  Norma l E x t reme Norma l E x t r eme Norma l E x t re m e  Norma l 

58 . 4  48 , 4  54 . 5  4 4 . 3  6 1 . 4  52 . 0  58 . 6  48 . 9  

4 . 2  4 . 2  5 . 1  5 . 1  5 . 2  5 . 2  4 . 9  4 . 9 
1 . 0 0 . 8  0 . 7  0 . 6  0 . 9  0 . 8  0 . 9  0 . 8  

o . o  0 . 0  0 . 0  o . o  0 . 0  o . o 0 . 0  0 . 0  

63 . 6  53 . 4  60 . 3  50 . 0  6 7 . 5  58 . 1  64 . 4  54 . 6  

1 5 . 8  23 . 1  1 7 . 1  24 . 6  1 1 . 9  1 7 . 9  1 4 . 2  20 . 9  

4 . 7  5 . 4  1 . 1  1 . 2  2 . 9 3 . 3 2 . 9 3 . 4  
8 . 2  9 . 4  7 . 5  8 . 5  7 . 5  8 . 8  7 . 9  9 . 0  

o . o  0 . 0  o . o  0 . 0  o . o 0 . 0  0 . 0  0 . 0  

o . o  o . o  0 . (1 o . o  o . o  o . o  o . o  0 . 0  

1 . 2  1 . 3 1 . 1  1 . 2 1 . 1  1 . 3 1 . 1  1 . 3  

5 . 9 6 . 7 1 1 . 9  1 3 . 3 8 . 3  9 . 7  8 . 7  9 . 9  

0 . 6  0 . 7  1 . 1  1 . 2  0 . 8  0 . 9  0 . 8 0 . 9  

0 . 0  (1 . 0  o . o  o . o  0 . 0  o . o  o . o  0 . 0 

20 . 6  23 . 5  22 . 6  2 5 . 4  20 . 6  24 . 0  2 1 . 4  24 . 5  

1 ---- PUGET ---- \ 1 --- SEATTLE ---� 1 ---- O T HER ---- \ 
E x t r e m e  Norma l E x t r em e  Norma l E >: t reme Norma l 

4 4 . 7  4 2 . 7  39 . 8  37 . 7  42 . 1  40 . 1  

., • 7 7 . 3  7 . 5  7 . 1  7 . 6  7 . 2  

1 2 . 8  1 2 . 2  1 1 . 8  1 1 . 2 12 . 3  1 1 . 7 

0 . 0  o . o  o . o  o . o  0 . 0  (1 . 0  

6 5 . 1  6 2 . 2  59 . 1  56 . 0  6 2 . 0  59 . 0 

4 . 0  4 . 2  4 . 8 5 . () 4 . 4  4 . 6  

20 . 1  2 1 . 0  22 . 8  2 3 . 6  2 1 . 6 22 . 4  

24 . 1  2 5 . 2  27 . 7  28 . 6  26 . 0  2 7 . 0  

2 . 7  3 . 6  .... .... .., , .., 4 . 4  3 . 0 4 . 0  

6 . 7  7 . 5  4 . 5  5 . 0  5 . 8  6 . 4  

1 . 3 1 . 5  0 . 9 1 . 0  1 . 2 1 . 3  

0 . 0  (1 . 0  4 . 5  5 . 0  2 . 0  2 . 3  

8 . 1  9 . 0 9 . 9  1 1 . 0 9 . 0  1 0 . 0  
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Introduction 

Planning and operating studies conducted in 1989 and 1990 at the Bonneville 

Power Administration have demonstrated that under winter peak load 

conditions, certain system disturbances can leave the Pacific Northwest system 

in a condition of voltage instability. The studies also show that the voltage 

stability problem will grow worse through time as the system load peak grows 

and is served largely from existing hydro generation to the east. 

In 1990 BPA engineers examined potential solutions and developed an 

economical plan to reduce the risk of voltage instability. This report presents 

the results of my review of that plan. 

Information on BPA studies and plans came from discussions with BPA 

engineers Marvin Landauer and Gordon Comegys and a review of three 

documents: 

• Load and LTC data survey 

• Voltage Collapse Report - Final Draft 1 1/18/91 

• Attachment 3 :  The Reactive Plan 

Reactive Plan Summary 

The reactive plan is very well conceived. It consists of a new intermediate 

substation at Naneum, the addition of series compensation, and a combination 

of switched shunt capacitors and static var systems. Breaking the long lines 

down into shorter sections reduces the impact of line outages. Series 

compensation is very effective at improving voltage stability because it 

effectively shortens the lines. Shunt compensation is also very effective so long 

as it is not used to excess. The combination of series and shunt compensation is 

economical and avoids excessive use of shunt compensation. 
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Reactive Plans - Observations 

The chief problem with heavy use of shunt compensation is that as the use 

increases, the reactive reserve that must be provided grows rapidly, and an 

increasing share of the total must be in the form of an SVS. The level of shunt 

compensation planned for the Puget Sound area is high, but is manageable. 

The V-Q curve is being used extensively in BPA's analysis of the voltage 

problems in the 1993-2004 period. This is an appropriate and effective tool. 

There are, however, some concepts associated with its use that are not 

discussed in the reports. To ensure that final studies, and future studies (and 

there will be future studies -- voltage stability problems are a constant battle 

once they appear) are as effective as possible, I will cover those I feel are 

particularly important to the problems BPA is facing. 

Critical Voltage 

SYSTEM V-0 
CURVE 

CAP 

The critical voltage is often considered to 0 
be the 'bottom' of the V-Q curve. The 

critical point is at the lowest Q value only 

when the V-Q curve is tangent to the zero 

M var line at its lowest point as shown in 

Figure 1. When the V-Q curve is above 

0 ,,__� --�---==----1--=::::::....L_ v 
the zero Mvar line, the critical voltage is 

the point at which a capacitor 

characteristic is just tangent to the V-Q 

curve, and occurs to the right of the 

Figure 1 

lowest point as shown in Figure 1. These are, in fact, the same point, and differ 

only in whether or not the critical amount of shunt compensation is included in 

the system model under test. 

V-Q Curve Shape 

The V -Q curve shape is heavily system 

dependent, and may vary from one 

operating condition to another in the 

same system. Post-contingency V-Q curve 

shap e may also be different for different 

disturbances. A sharp V -Q curve like (a) 

0 
SYSTEM V-0 

CURVES 

CAP 

in Figure 2 presents the problem keeping 0 Yf-------------
voltages in a narrow range to ensure V 

stability. If voltage is allowed to drop, 
Figure 2 

the reactive demand grows dramatically, making it difficult to restore voltages 

without load shedding. If the V-Q curve is quite flat in the desired operating 
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region as shown in (b) of Figure 2, that is, it is more-or-less parallel to the 

capacitor characteristic, normal load variations will require frequent trimming 

of the amount of shunt compensation that is on-line to keep voltages in the 

desired operating range. A flat V-Q curve will also require some banks to be 

constructed in relatively small sizes, about 100 Mvar for the planned Northwest 

500 kV system. There must be sufficient shunt compensation to always provide 

a stable intersection of the capacitor and system characteristics or an 

intersection with the 0 Mvar line if the on-line capacitors are all included in the 

V-Q curve development. 

The 'Critical' Voltage Can Be Above The Operating Voltage 

The reactive planning and operating strategy outlined in the previous section is 

not sufficient when the lowest voltage at which a stable intersection can occur is 

above an acceptable system operating voltage as shown in Figure 3. When this 

is the case, the system can be operated at the desired voltage by operating to 

the left of the critical voltage on the V -Q 

curve. Operation to the left of the 

critical voltage is feasible and practical 

and has been a planned operating 

condition in some systems. There is just 

one requirement for operation in this 

region, and that is that at least one 

generator, condenser, or SVS be actively 

regulating voltage. This means it must 

be operating below its maximum reactive 

limit. 

Q 

0 0 . 8  

DESIRED OPER. 
PONT \ 

0 . 9  1 . 0 I . I  
Figure 3 

SYSTEM V-0 
CURVE 

I .  2 v 

Comparing the characteristics of generator and SVS regulators with the system 

steady state V-Q curve would seem to indicate that operation on the left side of 

the V-Q curve will not be stable. Mter all, conventional wisdom would seem to 

indicate that these devices are supposed to provide increased reactive power 

when voltage falls, while the V-Q curve seems to show that increasing reactive 

Fpower would drive voltage lower. However, neither is true. 

The left side of the steady state V-Q curve is no different from the combination 

of an induction motor and a shunt capacitor. Dropping the voltage on either 

will increase the reactive power needed to hold voltage. Generators and SVS 

can handle this kind of load. A review of the steady state relationships in a 

voltage regulator on either will show why this is the case. For instance, 

reducing the voltage setpoint on a generator will reduce field voltage and the 

terminal voltage, but the terminal voltage fed back to the regulator will tell it 
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that only a small change in field voltage is needed to cause a large change in 

voltage. Because flux in the generator is changed a small amount while the 

terminal voltage drops a large amount, the reactive power delivered is 

increased. 

The stability of voltage controls on generators and SVS also seems questionable 

when they are faced with the left side of a V-Q curve. The answer here is that 

the V-Q curve we normally plot is a steady state curve, and generator and SVS 

regulators are dynamic controls that make corrective adjustments, effectively, 

dozens, or hundreds of times each second. They thus only interact with the 

system in a dynamic state. In the dynamic state the system V-Q curve is a 

positive slope as shown in Figure 4. 

From the point of view of any one 

generator or SVS, the dynamic 

characteristic is a combination of the 

system short-circuit impedance and the 

load transient characteristics (i.e.,  

resistance heat load is a resistance,  and 

motors are a voltage behind a transient 

reactance). All systems have a positive 

slope transient characteristic as shown in 

Figure 4. 

0 SYSTEM V-0 
CURVE 

' 

TRANSENT / V-Q MVE 

-'',' \ STABLE a>ERA TNG PONT REGlJ...ATING 

Figure 4 

v 

That operation with voltage regulation from an SVS is stable is most readily 

explained by recognizing that the SVS rapidly and continuously adjusts 

admittance in small steps. Assume that the system is operating at the stable 

operating point shown in Figure 4. The SVS admittance and the system 

transient characteristic are shown for 

that initial operating point in Figure 5. 0 
If system load increases, the transient 

curve will move to the left and val tage 

will fall toward the intersection of the 

SVS admittance and the new system 

transient V-Q curve. This voltage is 

below the setpoint of the SVS regulator, 

and will cause the SVS to increase its 

admittance. The intersection of the new 

system transient V-Q curve and the new 

SVS admittance will be at a higher 

voltage back on the SVS regulating 

characteristic. Mter this, the system, 
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through the slow dynamics of LTCs and loads, will adjust to the slightly lower 

voltage, causing voltages to drift even lower as the system approaches a new 

steady state operating point on a new steady state V-Q curve. Before, during, 

and following this process, the SVS continues to reset its admittance in 

response to the transient characteristic so that the voltage remains at some 

point on the SVS regulator droop curve. The SVS, in effect, never sees the 

steady state V-Q curve, but only the transient characteristic to which it 

responds in a stable manner. Though the SVS (or generator) may not recognize 

the steady state V-Q curve, when the system settles at a new operating point on 

the steady state V-Q curve, the SVS or generator average output will be on that 

curve, and, as noted earlier, it's steady state equations will be satisfied. 

Though it was stated above that automatic voltage control is required for stable 

operation to the left of the critical voltage, this is, strictly speaking, not true. It 

is, theoretically at least, possible for operators to regulate voltage on the left 

side of the V-Q curve with switched shunt capacitors. This is the case because, 

as noted above for generators and SVSs, the V-Q curve that we work with in 

power flow studies is the steady state system characteristic, and does not reflect 

how the system responds to changes in shunt compensation from second to 

second (see the transient characteristic in Figure 4). This is especially the case 

in the northwest when much of the load is resistance heating. As long as the 

effective "time constant" of operator response is shorter than the system time 

constant, operators can control voltage. The system time constant is dictated 

primarily by LTC response time at voltages above 92% and thermostats when 

voltages are below 92%. However, capacitor banks would have to be added or 

removed as frequently as once every few minutes, in steps as small as 50 Mvar 

(on the planned Northwest system). When the compensation is above the 

steady state V-Q curve, that is, the capacitor and system transient V-Q curves 

intersect above the steady state V-Q 

curve, voltage will drift up until the 

operator removes a bank. If removing a 

bank places the system under the steady 

state V-Q curve, voltages will drift down 

until the operator switches a bank on. If 

removing a bank leaves the system above 

the steady state V-Q curve, voltages will 

continue drifting up and another bank 

will need to be switched off. This 

phenomena is shown in Figure 6.  

Figure 6a shows how voltage will behave 

for a system operating right on the V-Q 
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curve. Because this is not a stable operating point, voltage will drift away from 

this point and may drift up or down. A slight increase in load will put the 

operating point below the V-Q curve, and voltages will drift down and the 

system may collapse. A slight decrease in load will put the operating point 

above the V -Q curve, and voltages will drift up and ultimately reach a stable 

point on the right side of the V-Q curve. 

Operators can control voltage if they continuously cycle banks on and off as 

shown in Figure 6b. When voltage is drifting down the Capacitor 1 curve and a 

bank is switched on, the voltage will jump up the transient V-Q curve to its 

intersection with the Capacitor 2 curve, then slowly rise further until the bank 

is switched off. When the bank is switched off, the voltage will jump down the 

new transient curve and then drift lower until it is switched back on to repeat 

the cycle. This burden on operators, and the capacitor switch duty are 

unacceptable for obvious reasons, and thus make automatic voltage control 

essential for operation below the critical voltage on the V-Q curve. 

SVS Need 

The SVSs planned for the Northwest will provide this automatic regulation if 

and when it is needed. Like the control suggested above for operators, the SVS 

could be designed to provide only step changes in shunt compensation. The step 

size would be limited primarily by the step change in voltage that customers 

can tolerate on a relatively frequent basis, probably on the order of 1 percent. A 

step size on the order of 50 Mvar in the 500 kV stations would probably be 

sufficiently close to the 'noise' to be acceptable. Thyristor switched capacitors, if 

used, would probably consist of, for instance, 50, 100, and 200 Mvar banks to 

provide 0 to 350 Mvar in 50 Mvar steps. 

Unless there is a significant cost advantage, including losses, of thyristor 

switched capacitors, the smooth control of thyristor controlled reactors is 

preferable. Thyristor controlled reactors are more effective at providing system 

damping, and avoid any question of customer tolerance for step changes in 

voltage. 

Providing for stable operation to the left of the V-Q curve critical voltage is 

essential in the Northwest. With the system that is planned, the 'critical 

voltage' point on the V-Q curve will be very close to the nominal operating 

voltage during contingencies. Hence a fairly minor second contingency, a higher 

than expected load level, an unexplored dispatch, an operator error, or any 

number of other events could place the system on the left side of the V-Q curve. 
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SVS Size 

The size and type of SVS capacity required in the Northwest is largely a 

judgement call. That is, there are no specific voltage stability studies that can 

be run to pin down explicitly or precisely the necessary SVS capacity. For a 

problem such as first-swing stability, one can establish criteria such as fault 

type and location and transfer level, and then increase series compensation or 

SVS size in, say, 5% steps, until the system is first-swing stable. For the 

voltage stability problem no analogous set of cases can be defined (though some 

very useful guidance may be available from extended-term simulations as 

discussed later in this letter). 

It is my opinion that the two SVSs that are planned for the Northwest ( +1- 300 

Mvar), combined with adequate controls for the mechanically switched 

capacitors, will provide adequate voltage control for the contingencies that have 

been identified as a threat to voltage stability, and for these contingencies 

combined with modest second contingencies or less than ideal system conditions. 

The adequacy of the planned SVSs cannot be proven by power flow cases, but I 

believe the SVSs are adequate and prudent because: 

• The dynamic range from the normal operating point to ceiling, 300 Mvar 

for each unit, will quickly provide about one third of the reactive power 

required to stabilize voltage following one of the limiting disturbances.1 

This leaves it necessary for relays, controls, or operators to apply several 

300 Mvar switched banks, or the equivalent, within about one minute to 

prevent continuing voltage decay. The planned SVS capacity, though it 

does not relieve the operators or undervoltage relays of the need to 

promptly switch on additional capacitor banks, does reduce the urgency 

somewhat, and will cover an error such as applying more banks than are 

needed. Also, operators will find the SVS reactive loading a more 

sensitive measure of system reactive need than system voltages. That is, 

they will find it easier to switch banks to keep the SVS in its regulating 

range than to switch banks to bring voltage into line. 

• The 300 Mvar SVS capacitive range matches the largest mechanically 

switched banks, so that the combination of one SVS and mechanically 

switched banks at 300 Mvar and below provides, effectively, dynamic 

1 The total 600 Mvar of SVS capacitive range would provide more than one third of 
the total requirements, however, because one SVS is at Keeler, near Portland, and the 
other is at Maple Valley, near Seattle, most disturbances will only drive one SVS or the 
other to ceiling. For instance, the Keeler SVS will contribute only 100 to 150 Mvar when 
line outages occur in the Seattle area. 
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control over a much larger range (potentially 1200 to 1800 Mvar). The 

inductive range will also be used because operators will want to switch on 

mechanical banks before the SVS hits ceiling, and switching on 300 Mvar 

banks will thus push the SVS underexcited by 50 to 100 Mvar in practice. 

In this respect, the size of the SVS is somewhat arbitrary. In the time 

frame of the slow dynamics of voltage instability, mechanically switched 

capacitors can be used as part of the dynamic var control without undue 

duty on the mechanical switches. The switched banks can be switched on 

to keep the SVS in its regulating range as the system responds to a line 

outage in the minutes following the line outage. If the largest 

mechanically switched banks were 200 Mvar, a 200 Mvar SVS ( +200/-200) 

could be used, but mechanical switching would be more frequent. 

Economics, burden on operators, control complexity, system step voltages 

upon bank connection and disconnection, site availability, and 

communications requirements thus play a role in selecting the size of SVS 

and switched banks. 300 Mvar appears to be a reasonable trade-off among 

these requirements. 

• The underexcited capability of the SVS is an even more difficult judgement 

call. As discussed elsewhere in this letter, the SVS will be critical to the 

limiting of equipment damage during system break-up. The two SVS can 
cover up to two capacitor banks, and this seems reasonable to me. As an 

aside, overvoltage withstand of the SVS is an important part of the SVS 

specification to ensure that it will remain on-line through system break-up 

overvoltages, or can bring potentially damaging overvoltages under control 

even when break-up does not occur. 

• Though some equipment protection would be lost if the SVS were operated 

underexcited during peak load conditions to provide a larger capacitive 

response range, this option is available. For instance, if winter peak loads 

exceed expectations and it is found that the 0 to 300 Mvar range is not 

adequate, the SVS can be operated underexcited to provide a larger range. 

• Another requirement that dictates SVS size is the shape of the V -Q curve 

in the vicinity of normal voltage under heavy system loading, and the 

normal area load variations. If normal system load variations would 

require excessively frequent switching of modest size banks (under 100 

Mvar) to keep the SVS close to zero Mvar, then some SVS capacity must 

be allotted to cover normal minute to minute load variations. I expect that 

BPA will find it necessary to allow the SVS to 'wander' between about -50 
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to +50 Mvar, or maybe even - 100 to +100 Mvar to limit the operations of 

mechanically switched banks. This means that only 200 to 250 Mvar of 

the SVS capacity can be relied upon to be available when a contingency 

occurs. This argument also suggests that the SVS controls need to have 

access to banks on the order of 100 to 200 Mvar in order to keep the SVS 

within the desired operating range ( +1-50 Mvar and +1-100 Mvar 

respectively). 

• Finally, the system Mvar per MW characteristic during the worst-case line 

outage contingencies should have some impact on the size of the SVS. For 

instance, if the load tends to vary 50 MW within periods of 5 to 10 

minutes, and changes reactive demand by 3 Mvar per MW, then the two 

+1-300 Mvar SVS should be capable of regulating voltage under such 

conditions without hitting ceiling or going underexcited. The switched 

capacitors would be selected to keep the SVS between 100 and 200 Mvar 

so that it can handle load variations with little attention from operators 

(operators will have plenty of other tasks to occupy their time during 

contingencies). If a control system will allow the SVS to switch 

mechanically switched banks on and off, and some of those banks are in 

the vicinity of 100 Mvar, then the 0 to 300 Mvar SVS size should be 

adequate to limit the frequency of mechanical switching to an acceptable 

level during severe contingencies. 

In addition to the above, I believe that the limited experience with operation of 

voltage stability limited systems, and the significant change in the character of 

the system in the Northwest over the next 10 years calls for highly conservative 

planning in the early years (early to mid 90's). Though I expect the system 

could be reliable with SVS smaller than those planned, the risks of inadequate 

voltage control are too high to base plans on 'expectations.' A conservative 

approach is needed. The two planned SVS provide this conservative approach 

in my opinion. If experience shows that the two SVS provide more dynamic 

range than is essential, then later in the 90's additional SVS capacity will not 

be needed or can be deferred.  On the other hand, experience or more in-depth 

studies in the early 90's may show that more SVS capacity is needed. 

Experience is unlikely to be very helpful because the kinds of contingencies that 

are being guarded against and which would provide a meaningful test may not 

occur. Further studies, including simulations, should be undertaken, and 

should provide reliable guidance for the late 90's. 
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SVS Operation and Overvoltages 

The two 300 Mvar SVS can be operated 'underexcited' when load is heavy so 

that they will each be able to provide 400 or 500 Mvar quickly when a 

disturbance occurs. This will increase the security relative to voltage 

instability. However, in heavily compensated (shunt) systems, there is another 

risk. This risk is possible system breakup, for any reason, that would leave 

long lines lightly loaded and with large amounts of mechanically switched 

capacitors at or near their terminals. This kind of breakup can cause severe 

overvoltages, and equipment damage that would delay full restoration, perhaps 

for days. The levels of shunt compensation planned for the Northwest system 

make consideration of such events, no matter how unlikely, very important. 

One possible scenario is voltage instability that triggers steady state angular 

instability. Angular instability is likely to cause line tripping in both the 

500 kV and 230 kV systems. This kind of separation will leave many, if not all, 

of the 500 kV lines connected to the system and with capacitors at their 

receiving ends, possibly including some capacitors on nearby 230 kV buses. It 

simply is not possible to get mechanically switched shunt capacitors off the 

system quickly enough to prevent large Ferranti-effect overvoltages and even 

self-excitation of remote hydro plants. And, once the overvoltages occur, circuit 

breakers are likely to fail if opened. The overvoltages will cause arrester 

failures or flashovers which depress voltages, but then when circuit breakers 

open to clear the faults, voltages will rise again, repeatedly, causing additional 

equipment to fail. Cable potheads and transformer bushings are particularly 

susceptible to overvoltage failure, and can delay restoration even more than 

failed arresters and insulators. 

It is essential that BPA, in planning and operating the Northeast system, take 

the possibility of the overvoltages described above into account. Mter looking at 

the potential for system breakup overvoltages, BPA will likely deem it 

unacceptable to operate the SVSs 'underexcited' when the system is heavily 

stressed. Not operating underexcited also implies fewer capacitor banks on-line 

as well as more SVS reactive range to control overvoltages. Fewer capacitor 

banks on-line also implies more reliance on operators or automatic controls to 

bring them on when necessary. It is possible to have the SVS controls extend to 

some of the capacitor banks, and this should be considered. The planned alarm 

system should be retained so operators can bring the banks on in the best 

sequence if automatic controls fail or they are able to perform the switching 

more quickly or in a pattern that is best for the present system condition 

(unless the SVS control over mechanical banks is quite sophisticated, it will not 

necessarily switch on banks where the voltage is lowest). 
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Load Characteristics - Summary of BPA Report 

Load characteristics are extremely important in designing a system to avoid 

voltage instability. Load characteristics are needed to determine how much 

time operators have to deal within a disturbance, how much automation is 

needed, and whether or not load characteristics will help protect a system from 

collapse. 

BP A load investigations have shown that L TCs in distribution substations have 

enough tap range to keep most customers at normal voltage with the bulk 

system as low as about 92%. They have also shown that it will take only about 

two minutes for LTCs to restore distribution voltage and drive bulk system 

voltages down to this level. 

The investigations have also shown that much of the area load, especially the 

resistance heating load, will return to its pre-disturbance power levels within 

about 20 minutes after it experiences a drop in voltage. Hence in a disturbance 

in which LTCs reach limits and allow utility customer voltages to drop, there 

will be only a temporary drop in load. Some utility customers, such as many of 

those in the Seattle area are not on LTCs, and will not be even partially 

restored by LTCs in the first minutes after a disturbance, but will self-restore 

over 20 minutes.  Self-restoration occurs through manual adjustment and 

thermostat action. Some loads will be restored in 5 minutes or less (e.g. , 

aluminum reduction loads). 

The conclusion from the above is that operators will have only a minute or two 

before substantial load restoration occurs, and drags voltage down substantially, 

possibly down close to 90% where area reactive demand will be very high. Also, 

if LTCs reach limits and leave some customer voltages below nominal, the 

remaining restoration will occur over the next 10 to 20 minutes dragging 

voltage down further. 

In summary, without remedial action, bulk system voltages will drop several 

percent when the disturbance occurs, then drop to about 92% over several 

minutes as LTCs respond, then drop more slowly over the next 10 to 15 minutes 

as thermostats restore resistance heating load. The voltages are likely to reach 

levels that will cause angular instability or motor stalling and complete collapse 

within 10 to 15 minutes depending on the extent of the reactive shortage. 

These changes can be visualized in terms of t�e V-Q curve. Figure 7 shows the 

V-Q curve at several points in time after a disturbance that leaves the system 

with insufficient reactive power to provide a stable operating point. In the first 
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minute or so the L TCs will remain at 

their initial settings, and the Q 
20 FINAL STEADY STATE V-0 CURVE 

thermostats will restore only about 5% of 

the drop in resistance heating load power 

(curve 1). After two or three minutes, 

the LTCs will have run to limits, and 

pushed bulk system voltages down (curve 

3). Then thermostats will continue to 
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minutes or so (curves 5, 10, 15 and 20). The system will reach curve 20 only if 

there is no load that remains voltage sensitive at the end of 20 minutes. 

Because, today, at least, most lighting load varies with voltage, the final V-Q 

characteristic of the Northwest system is probably somewhere between curves 

10 and 15. Whether or not this load varies enough with voltage to provide an 

'S' shaped V-Q curve with a stable operating point at a reasonable voltage 

(above 85%, preferably close to 90%) with the planned reactive compensation 

has not been determined. However, field tests conducted by BPA are not 

encouraging, and BPA plans to proceed on the basis that the system will 

collapse if a stable operating point above 90% isn't provided by compensation. 

Without convincing proof that load characteristics will provide a stable 

operating point, or some permanent load relief, this is a wise choice. Further, if 

a stable operating point were known to exist for a given load level and 

compensation level, depending on this operating point, even as backup to other 

solutions, may not be wise. This stable operating point, at best, would be very 

fragile so that even a modest additional contingency, or a slightly higher than 

expected load level could put the stable operating voltage so low that collapse 

through angular instability or motor stalling would occur. Any such operating 

point might become even more fragile or even cease to exist in the future as 

load characteristics move ever closer to constant power. 

Load Characteristics - Observations 

The first important conclusion from this knowledge is that operators have very 

little time to react to a disturbance that leaves the system short of reactive 

power. The second important conclusion is that the winter loads in the 

Northwest may not provide the system with a stable operating point down 

around 90% voltage as is typical today in some other portions of the country. 

The PJM system, for instance, has long had enough steady-state load relief as 

customer voltages drop (after LTCs have reached limits) to stabilize voltages at 

about 90%. In August 1988, the midwest experienced voltage instability on 6 

days when loads reached new peaks, and in each case 345 and 138 kV voltages 
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stabilized between 88 and 92%. From the load information collected by BPA, it 

appears that this may not be the case in the Northwest. 

The modeling done to date by BPA engineers takes into account that the Seattle 

City light system has few LTCs between the subtransmission system and 

customers. However, I understand the City is studying several options to 

improve voltage regulation, one of which is to add regulators to the system or 

replace transformers with LTC units. This would strengthen further the 

arguments used to justify use of constant kVA loads in BPA studies. 

Another aspect of load characteristics justifies the use of the constant kVA 

characteristics. Load characteristics are changing and more and more load 

devices are exhibiting a constant kVA characteristic. Computers are an 

increasing share of the load and are a constant power load. New electronic 

ballasts and high efficiency fluorescent lamps are being used in new 

construction and being retrofit to existing buildings, and impose nearly a 

constant kVA load on the system. New solid state switching of resistance heat 

is reducing thermostat cycle times from the traditional 20 minutes to 6 seconds, 

thus leaving only the room thermal time constant (on the order of a minute or 

two) to control the time required for resistance heat load to return to constant 

power after a change in voltage. This trend to constant power loads, or rapid 

self-restoring loads appears likely to continue at a steady pace, thus making a 

conservative approach to voltage control essential. 

Several utilities have observed this change in load characteristics. Consolidated 

Edison and utilities in the Northeast have long used voltage reduction to curtail 

demand when generation shortages occur, or transmission bottlenecks arise. In 

recent years they have had increasing difficulty confirming that there is a drop 

in demand when voltage is reduced 5% or 8%. 

There are differences between the load on the systems in the Pacific Northwest 

and the load on other systems. The load in the Northwest, during winter peak 

conditions when the system is at highest risk of voltage problems, contains a 

large amount of resistance heating load. This contrasts with systems in other 

regions, such as the Northeast where the motor content of the load is large due 

to heavy industry, heat pumps, conventional air conditioners, and other factors. 

However, though the loads are very different, the nature of the loads in terms of 

their sensitivity to voltage is not so different. Motors and resistance heat both 

exhibit nearly a constant power characteristic i!l the steady state. The chief 

difference is that resistance heat returns to its initial power in about 20 

minutes, while motors return to their initial power in several seconds. This 
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difference gives operators in the Northwest some time to deal with the voltage 

problem that may be useful, for instance, to manually reduce load through 

tripping of distribution circuits. 

The share of the load that is voltage-sensitive is important if consideration is 

being given to using load characteristics to provide a stable operating point 

when there is a reactive shortage. Loads in Pennsylvania, New Jersey, and the 

Midwest have demonstrated that there is enough voltage-sensitive load in these 

systems to provide a stable operating point below the voltage at which LTCs 

reach their limits (about 90% of nominal). However, how secure this operating 

point is and the relationship between amount of compensation and voltage (the 

slope of the V-Q curve at the stable operating point (curve 3 or 5 in Figure 7) 

have not been determined. As noted in the previous section, BP A studies and 

field tests raise doubts as to whether there is enough voltage-sensitive load to 

provide a sufficiently stable operating point to be useful. Though other systems 

have demonstrated that a stable operating point exists, and have unwittingly 

used it to prevent collapse on many occasions, to my knowledge, only Ontario 

Hydro has planned portions of its system to take advantage of it. Ontario 

Hydro uses LTC blocking in substations feeding voltage-sensitive loads to 

provide a stable operating point at a voltage of about 95% of nominal. I 

understand Ontario Hydro also provides undervoltage load shedding as backup 

to LTC blocking. 

BP A plans to proceed on the assumption that load characteristics do not offer a 

solution to the voltage stability problem are prudent. However, further 

knowledge of load characteristics would be helpful. If there are some 

distribution substation in the system that serve largely voltage-sensitive load, 

LTC blocking (see next section) in those substations could offer significant 

benefits including, possibly, the deferral of some of the planned shunt capacitor 

banks. 

LTC Blocking 

At this time BP A does not plan to use LTC blocking to provide temporary load 

relief when voltages fall. LTC blocking, or advanced LTCs that reduce 

distribution voltage when the upstream voltage drops below some threshold, 

have the foiiowing potential advantages: 

• Avoid the rapid drop in voltage that occurs in the first several minutes 

after a disturbance (after which voltages decay more slowly), instead 

providing a gradual voltage decay over 20 minutes, and 
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• Allows whatever voltage-sensitive non-restoring load there is to be taken 

greater advantage of (that load sees essentially the transmission voltage 

instead of a voltage 8 to 10% higher). 

The largest benefit is the additional time operators would have to deal with the 

disturbance. However, the low voltage on utility customer devices would 

provide some permanent load relief, and could, in a marginal situation, provide 

stability where it would not otherwise occur. The permanent load relief could, 

alternatively, save some investment in shunt capacitor banks. 

Modifying or retrofitting many existing distribution substation LTCs to provide 

blocking would be a major task. However, it would seem prudent to estimate 

the cost and benefit of this option. If it can be done for several thousand dollars 

per transformer, it might be worth doing. The cost may be not much over one 

million dollars (400 distribution substation transformers at $3000 each). 

LTC blocking should only be used in distribution substations serving load that 

is known to have sufficient voltage-sensitive component to provide a benefit. If 

the industrial content is high, the high concentration of shunt compensation 

and induction motor load may yield a load characteristic in which the drop in 

power factor more than offsets any drop in active load when voltage is allowed 

to drop. Tests at each substation are necessary to determine the best course of 

action for each substation. 

There are several approaches to blocking LTCs. The simplest may be to adjust 

the tap mechanism boost limit switch so that it operates at one or two tap steps 

below the highest boost tap that is normally used. If this can be done on most 

transformers, the total cost could be just several hundred dollars per 

transformer. 

Voltage Control of Capacitor Banks 

It would be highly desirable to automatically bring off-line capacitor banks on

line quickly and automatically when a disturbance poses a voltage stability 

threat. BPA engineers have studied the benefits of getting the off-line banks on 

quickly when a disturbance threatens voltage stability, but also has found that 

voltages only drop one or two percent in the first minute or two after a 

disturbance, and that a secure and reliable scheme to apply the banks during 

this period will be difficult to design. A scheme that would switch on capacitor 

banks following such small changes might switch them on inadvertently often 

enough to create a nuisance or overvoltage hazard. A disturbance that causes 
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capacitor banks to be switched on but also causes system break-up could 

aggravate break-up overvoltages. 

Capacitor banks near SVSs could be controlled by SVS controllers. In fact, 

capacitor banks some distance away might also be controlled by the SVS 

controllers. This approach would be less likely to cause nuisance switching of 

the banks, and should switch them off within minutes or seconds if they are 

switched on when not needed. If unnecessary bank switching occurs only a few 

times per year, it would be acceptable (that is, operators could deal with the 

events, and mechanical switch life and reliability would not be unduly reduced). 

Operators will, of course, also have control of the banks. If operators have 

enough information, such as SVS reactive loadings, coastal area generator 

reactive loadings, cogenerator reactive loadings, and key area voltages, they 

should be able to make prompt decisions about capacitor switching when 

disturbances occur. Because voltage instability occurs over a period of minutes, 

operators will be able to take actions to halt voltage decay that they cannot take 

for problems such as steady state monotonic instability (which occurs over a few 

seconds).2 

Also as recognized in BPA studies, inverse time undervoltage relays set 

somewhat above undervoltage load shedding relays can be used as backup to 

the operators and any extended SVS controls to ensure all capacitor banks are 

on-line before voltages reach the point where undervoltage load shedding 

begins. As long as there are enough banks available to meet system steady state 

reactive requirements with some margin at the voltage setting of the capacitor 

bank undervoltage relays, the system voltage decay will be halted by these relays. 

Capacitor Bank Undervoltage Relay Settings 

The undervoltage relay settings are somewhat arbitrary. The relays should be 

set in the vicinity of 95% voltage and have enough time delay to ride through 

faults, including reclosing on downstream distribution circuits. Banks in the 

same station should have different time delays to ensure they will not be 

switched on simultaneously. All banks can have similar voltage settings 

2 Steady state monotonic instability is the current IEEE term for what previously 
was called steady state instability. It is the problem of angles between voltage control 
points reaching 90 degrees, at which time a drop in voltage or any further attempt to 
increase transfer results in a drop in transfer, acceleration of the sending end machines, 
deceleration of the receiving end machines,  and the "slipping of poles" or operation of 
distance relays to split the system. The corresponding term for what used to be called 
dynamic instability is now steady state oscillatory instability. 
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because there will be enough voltage difference from one substation to the next 

to ensure that the bank in the substation with the lowest voltage will be 

switched on first. When that bank comes on the voltage will rise and additional 

banks will not be switched on until voltage again drifts down to the relay 

setting. The dynamics of voltage instability is slow enough, even while LTCs 

are moving, that banks will switch on one by one, even with time delays of just 

a few seconds. These considerations are discussed further in the following 

paragraphs. 

The capacitor bank undervoltage relays should be set somewhat below the point 

at which the SVSs hit ceiling. Hence the system will be operating without 

automatic regulation as the voltages fall toward the bank relay settings, and 

may be on the left side of the V-Q curve. However, this is not a problem so long 

as the total capacity of the banks exceeds the steady state reactive requirements of 

the system at the voltage at which the capacitor bank undervoltage relays are set. 

Once enough banks have switched on to provide some reactive margin above the 

steady state V-Q curve, voltages will stop decaying and will drift up as shown 

earlier in Figure 6a. 

Figure 8 shows how voltage will behave 

if the system is voltage-unstable and 0 
relays on capacitor banks begin 

switching them on at 95% voltage. The 

voltage will rise and fall as the banks are 

switched on. If the last bank does not 

provide enough capacity to take the 

system above the steady state V -Q curve, 

voltage will continue to fall until collapse O occurs. Also shown in Figure 8 is the 

voltage trajectory that will occur if one of 

the banks moves the system above the 

S
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300 Mvar Steps 

1.0 
Figure 8 

v 

steady state V-Q curve. When this occurs, voltages will drift up. It can be seen 

in Figure 8 that the level of compensation required to initiate upward 

movement of the voltage may be considerably larger than the reactive power 

needed to sustain nominal voltage. Also, an unacceptably high final voltage 

may occur unless one or more of the banks are switched off manually, or an 

SVS takes control as the voltage closes in on the nominal voltage. Figure 9 

shows how an SVS will take control of the voltage when voltage rises to the 

point that the SVS will come off ceiling. 
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The following points may help clarify the 

system dynamics that can occur if a 

disturbance lands the system in the 

vicinity of the left side of the steady state 

V-Q curve. 

0 

• Thermostats and similar loads and 

LTCs will cause the downward drift 0 
in voltage after each capacitor bank 

switching because of the dynamics 

shown in Figure 7. 

Power Technologies, Inc. 

SYSTEM V-0 
CURVE 

- - -

svs Regulating/ , 
SVS at Min. Mvar 

v 
Figure 9 

• If the voltages change as little as shown in Figure 8 when each bank is 

switched on, L TCs may not move significantly during this period because 

of the deadband that is included in their control to prevent unnecessary 

operation. If this is the case, thermostats will dominate the system 

response, and the process shown in Figure 8 will occur over 10 or 15 

minutes. 

• Once the system is above the steady state V-Q characteristic, voltage will 

drift upward with no further operator action or bank switching. Because 

thermostats are slow to respond, the voltage may move very slowly at 

first. 

• Once thermostats have responded sufficiently to allow the voltage to rise 

about 2%, through the LTC deadband, or into the LTC range if the voltage 

is in the vicinity of 92%, LTCs will respond and allow voltage to rise 

further. LTCs are likely to start and stop, as the voltage moves into and 

out of their deadband. This may slow the voltage rise because of the one 

minute initial delay on each LTC. 

• Figure 8 assumes the capacitor banks will be switched on at 95% voltage. 

It also assumes a V-Q curve shape and position. Neither are necessarily 

correct for the Northwest, but do indicate the behavior that can be 

expected. 

Because it is always desirable to keep voltages in the vicinity of nominal, an 

extension of the SVS controls to apply available banks when the SVS hits, or 

approaches ceiling, will be very attractive. Such a system could continue 

applying mechanically switched banks at intervals until the voltage is within 

the SVS dynamic range, even when a disturbance has put the SVS on ceiling. 
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This would have to be done at a pace that is fast compared to LTC response. 

For instance, if LTCs begin moving about one minute after a drop in voltage, 

the controller should be applying banks at intervals of 5 to 15 seconds so that 

several banks can be switched on during the one to two minute period of LTC 

activity that follows the trip of a line. 

The extension of SVS controls to control nearby capacitor banks can be made 

more secure by supervising signals to switch on banks with undervoltage relays 

at the bank locations. This would be a relay set 2 or 3% above the voltage at 

which the SVS controls are expected to start bringing on banks. For instance, if 

the SVS has a 3% droop and will start bringing banks on at about 98% of its 

voltage reference setting, the undervoltage relays at the banks would be set at 

about 100% of nominal voltage. Because the primary purpose of these relays is 

to avoid banks being inadvertently applied when voltages are above normal, a 

setting at the nominal voltage is appropriate. 

The bank inverse time undervoltage relays would not need to operate quickly. 

B ecause the LTCs move over a period of minutes (typically they will correct 

voltage and reset several times as voltages drop, thus extending the time it will 

take to reach limits), the delay on the undervoltage relays can be 15 to 30 

seconds or more which will allow them to ride through most normal voltage 

excursions. Also, voltage differences between substations will prevent more 

than one bank from coming on at a time. Instantaneous reset should not be 

used because it could delay the switching of the banks (when one is switched on 

the others would reset and then could not come on for another 30 seconds). An 
integral reset, or slow reset, would allow the banks to come on as quickly as 

necessary. 

I suggest that undervoltage relays, extensions to the SVS controls, and 

operators all have the ability to apply the large capacitor banks when voltages 

are low. The 1978 New York City blackout occurred in part because of a 

communications problem (people and equipment) that caused operators to think 

they had reclosed a line when they hadn't. The system might have been saved 

if the operators had known about the open line. Having undervoltage relays on 

the capacitor banks would help guard against problems in the control center 

and failure, or too slow operation of the SVS control. 

Undervoltage Load Shedding 

BPA plans undervoltage load shedding for the; Pacific Northwest. Undervoltage 

load shedding is absolutely essential, and should virtually eliminate the risk of 

voltage collapse and blackout from voltage instability. It will also virtually 
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eliminate the risk of angular instability if the system is stable at the settings of 

the undervoltage load shedding relays. 

Few utilities have experience with large scale undervoltage load shedding, so 

BP A will be largely breaking new ground in this area. The extended term 

simulations discussed later in this report will be very important to 

understanding the intricacies of undervoltage load shedding, and the selection 

and setting of undervoltage load shedding relays. 

Load should be shed in modest steps in order to minimize the load that must be 

shed. If load shedding is done at the distribution substation level (like 

underfrequency load shedding), load will inherently be shed in modest steps, 

regardless of relay voltage or time settings. The slow dynamic nature of the 

voltage changes will ensure this. Because voltages will be moving relatively 

slowly compared with relay timer settings, each relay will have ample time to 

operate before others once voltage reaches its setpoint. Because voltages vary 

slightly from one bus to another, even similar voltage settings will not cause 

several relays to operate in close time proximity. As each relay operates, the 

load it drops will raise voltage and delay the operation of nearby relays, even if 

they are set the same. 

With load shed in modest steps, the load shedding will, effectively, regulate the 

system voltage at the relay settings. As resistance heating load 'self-restores' 

over a period of 20 minutes or so, load will increase gradually, voltages will fall 

slowly, and load will be shed periodically. Each segment of load that is dropped 

will cause voltage to rise slightly. As resistance load increases further and pulls 

voltage back down, another segment of load will drop. Voltage will remain at 

the undervoltage relay settings and load will continue to grow and be shed until 

the steady state V-Q curve intersects the capacitor characteristic, or the 0 Mvar 

axis, at a point below the undervoltage relay settings. Once the steady state 

V-Q curve is below the capacitor characteristic at the undervoltage relay 

settings, voltage will begin rising and no further load shedding will occur. The 

voltage will slowly rise to a stable operating point on the right side of the V-Q 

curve. 

This process is demonstrated in Figure 10. Figure 10 is simplified in that the 

dynamics of self-restoration of resistance heating load is not shown, and load 

shedding is assumed to occur in three steps. Visualize the voltage below 92% so 

LTCs are on limits, and sliding down the capacitor curve as the resistance load 

is in the process of self-restoration (as shown in Figure 7). When a step of load 

shedding occurs, the operating point will jump to the intersection of the 
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capacitor and transient V-Q curve of 

the remaining load. As remaining load 

continues to increase, this process 

repeats. When the steady state V-Q 

curve drops below the capacitor 

characteristic, voltages will begin rising 

and no further load shedding will occur. 

The whole process of load shedding to a 

point where voltages will rise will take 

about 20 minutes - the time it takes 

self-restoring load to completely return 

to its initial power level. 

Figure 10 assumes that the 

undervoltage relay settings are to the 

left of the critical voltage of the V-Q 

curve. This may not be the case. 

Figure 1 1  shows a situation similar to 

that shown in Figure 10, except the 

system is to the right of the critical 

voltage at the undervoltage relay 

voltage settings. The process is similar. 

In the above discussions, it has been 

assumed that there is little or no load 

that is not self-restoring. That is, the 

V -Q curve is roughly a parabola. If 

there is more non self-restoring load 

0 

0 

0 

0 

0 
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stabilize at a voltage slightly above the 0.90 
load shedding relay setpoints rather Figure 1 2  

v 
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v 

than drifting up to a higher value. This is shown in Figure 12. The V-Q curve 

in Figure 12 has the 'S' shape (perhaps somewhat exaggerated) that has 

provided a stable operating point in some systems. There is enough shape to 

the S curves in Figure 12 to provide two stable operating points for a small 

range of system load, though the actual S curve may be too flat for this to be 

the case. In any event, operators could drop additional load until the system 

moves up to a higher voltage. 

The order in which various feeders in a given substation are to be tripped to 

provide undervoltage load shedding can be controlled by selecting three voltage 
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levels such as 92 , 91 and 90% and the same time settings. It can also be done 

by selecting time delay settings such as the 3.5, 5, and 8 second settings 

presently being considered by BPA, and the same voltage settings. A 

combination of staggered time and voltage settings could also be used. 

Neither time delay or voltage settings will provide good selectivity among loads 

in different substations. There are two reasons for this: 

• There will be normal differences in voltage from one substation to the next 

across the system, and these voltages will not be known well enough to 

take them into account in selecting the relay voltage settings. The voltage 

relays would have to have settings differing by 2% or more to provide even 

modest selectivity from one substation to the next. Also, attempting 

significant coordination of load shedding across large areas is not desirable 

if load dropped in the area where voltages are the lowest will be most 

effective (see further discussion of this below). 

• Because reasonable timer settings will be very short compared to the 'slow 

dynamics' of unstable voltages (see Figure 7), they will have little impact 

on the order in which relays in different substations will operate. Once 

LTCs are on limits, voltages will decay so slowly that timer settings of 

several minutes would be needed to overcome voltage differences from one 

substation to the next. 

Voltage or timer settings will provide selectivity within a substation. Voltage 
settings will provide some selectivity from one substation to the next in an area. 

Attempts to provide selectivity from one area to another are unlikely to be 

successful and may be undesirable. 

Allowing undervoltage load shedding to occur where voltage is lowest is not a 

safe approach in some systems, but appears reasonable in the Northwest. The 

concern is that load shedding may increase loading on the weakened portion of 

the system. For instance, if load shedding along the coast could occur because 

of transmission outages to the south, and could also increase flows on those 

lines because power from the north (Canada) is not reduced, then the 

undervoltage load shedding could accelerate the decline in voltage. If load 

shedding along the coast will result in reduced loading on the weakened 500 kV 

lines across the Cascades, then it will improve voltages. That AGC systems will 

reduce loading on the stressed portion of the system following load shedding 

should be confirmed. 
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Timer setting need to ride through faults, including the last re-close that may 

be prolonged to force lateral fuses to blow. As noted, undervoltage load 

shedding timer settings are somewhat arbitrary, but delays in the 5 to 15 

second range seem reasonable. Extended term simulations may provide 

additional insights. 

Reactive Power Margin 

The 500 Mvar reactive power margin planned for the system appears 

reasonable. For instance, there will still be a 200 Mvar margin if one of the 300 

Mvar banks, or an SVS, initially floating, does not respond to a disturbance or 

fails during a disturbance. 

However, I suggest that this margin be checked in terms of the additional load 

it will support, and the risk that loads may exceed that level. The errors in 

annual load forecasts that have occurred over the last 10 years or so should be 

reviewed. A credible margin for error in the MW prediction should be 

established, then the reactive plan should be set to cover this load, plus provide 

a modest reactive margin. For instance, the reactive power could cover the 

largest anticipated error in load forecast, plus provide 200 Mvar of margin to 

ensure continuous automatic control if that load level does occur. As a point of 

reference, if the reactive losses are about 3 M var per MW of load in the mid 

nineties, a peak load 167 MW above the expected peak would exhaust the 

presently planned reactive margin (500 Mvar). An additional 200 Mvar, or a 

total of 700 Mvar would be indicated in this case. However, some other action 

such as manual load shedding by operators or undervoltage load shedding could 

be considered as a means to deal with such load forecast errors. 

Extended Term Simulations 

Though I feel confident that my knowledge of voltage stability is adequate to 

confirm that BPA analysis of load and LTC characteristics and power flow 

studies have resulted in good decisions regarding system adequacy to avoid 

voltage instability, I also urge that present BPA work on extended term 

simulation models continue and ultimately be used to confirm and refine 

present plans. 

Extended term simulations will be very useful for a variety of reasons: 

• Simulations will provide a full understanding and confirmation of the 

impact of load and LTC dynamics on reactive requirements. 
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• The selection, location, and setting of inverse time undervoltage load 

shedding relays will be much more reliable if tested in simulations. 

• The selection and setting of primary and backup systems, including 

operator actions, to switch capacitor banks on following disturbances will 

be greatly eased by simulations. 

• Simulations would confirm to the satisfaction of all that operation on the 

left side of the V-Q curve is feasible and can be achieved by the planned 

compensation, 

• Extended term simulations will very effectively show the adequacy of the 

shunt capacitor banks and the SVSs. For instance, successive cases might 

be run with capacitor bank and SVS sizes changed to see the impact on 

voltages and show the reactive margins available through time after a 

disturbance. 

• Cases showing the effect of normal load variations on reactive loading of 

the SVS during contingencies could help confirm SVS adequacy and 

indicate the best operating point for SVSs during the contingency. 

• Cases with different initial SVS settings (voltage and Mvar) may help 

define the best defensive settings for the SVSs under winter peak and 

other conditions. 

The extended term simulations will require large amounts of engineering time 

and will take many months to complete. However, they provide the only means 

to set SVS controls, to set undervoltage relays on capacitor banks, and to set 

undervoltage load shedding relays with confidence. The confidence in final 

settings will be much higher than it could be with the conventional approach 

using power flows and stability type simulations. 

Closing 

The material presented in this report covers a wide range of voltage stability 

concepts and comments and recommendations. The presentation of this 

material is not intended in any way to imply any short-comings in the work 

done by BP A engineers. The voltage stability problem is a new one for the 

industry, and few engineers have experience with it. BPA engineers have done 

well in defining the problem and identifying solutions, and I hope this material 

will help them continue on a sound basis, understand all aspects of the problem 

and choose the best solutions. 

-----------------11-----------------
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EX EC UTIVE SUMMAR Y  

The p o te n t ia l  fo r vol tage col l apse m the Puget S o u n d  area d u r i n g  c o n d i t i o ns o f  

a b n o r m al ly c o l d  weath e r  has been revealed th rough rece n t  engi n e e r i n g  s tu d i es b y  

PSP&L, l3 PA and o th e rs i n  WSCC. Concerns a b o u t  th is  c o n d i ti o n  l ed to the " Puget 

Soun d Rei n fo rc e m e n t  Proj ec t".  The proj ect  is to eva l ua te m eas u res for c o p i n g  wi th 

these extre m e  condit ions.  

The i nteres ted part ies were parti c u l arly concerned abo u t  the level of u nd e rs ta n d i n g  

o f  t h e  vo l tage col lapse pheno m e na a n d  t h e  suitabili ty o f  tools fo r analyz i ng such 

behavior. On behalf of th e proj ec t  participants ,  PSP&L c o n tracted this s tudy to GE 
because o f  rece n t  G E  ac tivi ty in  the development o f  new powe r sys tem software for 

the analys is o f  vo ltage s tability and related phenomena. 

The obj ec tive of this study was to address the followin g  questions: 

l .  Is there a problem? 

2. How will the system behave, if there is a problem ? 

3. Which measures will be most effective in  correcting the problem, if there 
is one? 

In order to answer these ques ti o ns, a relatively detailed m odel o f  the Puget Sound 

area system was developed from a large data set provided by PSP&L. The behavior  of 

the system in response to severe loading and cri ti cal disturban ces ,  u nder a range of 

conditions and proposed rem edial m easures was examined. The answers to these 

questions, based o n  the results o f  this study are as fol lows: 

Yes, there is a problem. 

The syste�' behavior is typical o f  highly stressed, winter peaking n e tworks. The total 

import of power
' 

to the Puget Sound area in the base case is very close to the s teady

s tate maxi m u m .  Loss o f  cri tical system compone nts ,  m ost notably b oth of  the 

Coulee-Raver 500 kV lines, s tresses the system b eyond i ts abil ity to serve the load. 

Once such an o u tage occ urs, the voltage regulating ac tion of the LTC 's at  the 

-11-
39-91H 



• 
d i s t r i b u ti o n  vol tage l evels through o u t  t h e  svs t c m  d rives t h e  svs t c m  m t o  \ o l Ltgt ·  
c o l l apse,  over a period of about  five m i n u tes. 

S u bseq u e n t  to the action of the load LTC 's ,  therm ostatic e ffe c ts on t h e  l oads wi l l  

te n d  to d rive t h e  system i n  to progress ively m o r e  dis tressed c o n d i t i o n s .  lJ n l ess 
correct ive act ions are taken,  s u c h  as s tart-u p of l ocal ge n e rati o n ,  the s ys te m  w i l l  

even tually ( 2 0  m i n u tes fo r o u r  mode l i ng ass u m p ti o n s )  breakup. The n o r m al acti o n  

of  t h e  sys tem dispatc hers t o  adj ust  th e taps on th e E HV trans form ers s u bs u n  tial ly 

aggravates this vol tage col l apse. 

The to tal Puget So u n d  area i m port capab i l i ty,  fo r the base sys tem as m o d e l e d ,  is 

reduced to around 7800 MW, m o re that 500 MW less t han the base case i m port ,  

fol lowing trip of the Coulee-Raver do uble circu i t. 

The candidate measures for correcting the problem fal l  i nto two categor ies:  

l .  Sti ffen the system, so that the voltage is supported and the load i s  served 
u nder the condition of i ncreased stress . 

2. Rel i eve the stress on the system by redu cing the amount  of load to b e  
served. 

Remedial m eas u res of the first type i nclude shunt  and series com pensatio n  o ptions,  

while remedial m easures of the second typ e  i nclude undervol tage l oad s hedding 

( UVLS)  and locking of LTC taps. 

A summary ranking of the effectiveness of the proposed measures is presented below 

in  Tables 1 and 2. De tails o f  the various schemes are i ncluded i n  Sections 2 and 3. 
The ranking presen ted i n  Table 1 is based o n  the steady-state "System N o rmal" 

capaci ty of the sys t e m .  N o  l i n es o r  p l an ts are tr ipped,  and normal m an ual 

regulation o f  the E HV transforme r  taps is assumed.  T he res u l ts sum marized i n  

Table  2 are based on the system response following loss o f  the Coulee-Raver double 

circuit  l ine. Tht ranking here is  based on the voltage of the Maple Val ley 500 kV bus 

20 min utes after the disturbance. T hese results i n clude the assum p tion that sys tem 

dispatc hers will  not m ove the EHV taps, and that thermostatic e ffec ts wi l l  slowly 

c hange the system loads. Comparison of the two classes of remedial action m us t  be 
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d o n e  wi Lh care ,  s i nce L h c  I a ue r  c aLcgory n ecess a r i l y  i nvo lves so m e ;tdvc rse 1 111 pa c L'i 

o n  the u ti l i ty cusLo m e rs ( i . e . ,  Lr ipped loads o r  dep resse d vol tages ) . 

Table 1 
E ffect  of Candidate Rem edial M eas ure 

on Maxi m u m  Power Transfer into the Puget Sound Area 
( i n  increasing order of effec tiveness ) 

Condi tion 

Base w /Taps Loc ked 

Base 

Maxi m u m  Power I mpo rt (M\\T) 
8600 

Base w/ UVLS ( l ) 
Ki tti tas Rei n forc e m e n t  

Base w/Sh unt Caps o n ly 

Base w/Shunt  Com pe nsation 

Ki tti tas w/Shu n t  Com p e nsation 

( 1 )  UVLS does not affec t the maxi mum transfer 

Table 2 

8700 
8700 
8950 
9100 
9250 
9650 

Effect of Candidate Remedial Measures 
on 500 kV System Voltage for D ouble Circuit  

Ou tage of the Coulee-Raver Lines 
( in increasing order of  effec tiveness ) 

Maple Valley 500 kV Voltage Power fl ow (@ 20 mins )  
Conditio n I nitial 5 m in 20 min C ross Mtn Total I m port 

Base 1 .07 .94 .84 6620 6850 
Base w/ Shunt Caps only 1 .07 .99 .94 7500 7750 
Kittitas 1 .08 1 .0 .95 7620 7820 
Base w/ UVLS 1 .07 .97 .97 7380 7650 
Base w/ Shunt Comp 1 .07 1 .02 .98 7800 8 1 20 
Base w/ UVLS Modified 1 .07 1 .00 1 .01  7500 7750 
Kittitas w/ Shunt Comp 1 .08 1 .04 1 .06 8220 8400 

The first 25 minutes of system time response for the trip of the 500 kV lines eao;t from 

Raver over the mountains is  shown i n  Figure E-1 .  The solid curves are for the base 

system and the dotted curves are for the system with all of the planned shunt and 
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senes c o m p e nsati o n  i n s talled. These c u rves d r a m a t i c a l l y  i l l us t ra t e  t h e  c o l l apse o r  
the base sys te m and the satisfac tory recovery o f  th e fu t u re svs tern . 

This study sup po rts the overall p lans for rei n forcem e n t  of th e Pu ge t  So u n d  area b u l k  

power syste m ,  including additi o n  o f  mechan i cally swi tc hed c apac i tors , SVC 's ,  s e r i es 

capaci tors and new swi tc h i n g  s tat ions.  The locatio n a n d  s i z e  o f  these devices 

appears to be wel l  c hose n.  Substan tial potential  benefi ts fro m u n d e rvol tage l oad 

shedding and c e n tralized or m ore sophisticated LTC con trol were i d en t i fi ed .  W i th 

further design effort, these could be exploited in a fashion which is com pleme n tary 

to the reinforcement plans. 

T h e  n e t  res u l t  o f  i m p l e m e n tat ion o f  the p l a n n ed sys tem re i n forcem e n ts a n d  

undervol tage load shedding wil l  be a system which i s  substantial ly better  pre pared to 

h andle conditions of abnormal cold in the Puge t Sound area than is the base system. 
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Figure E-1. Response of System to Trip of Raver � East 500 k V Double Circuit. 
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