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DOCKET NO. .

2003 POWER COST ONLY RATE CASE

WITNESS: WILLIAM A. GAINES

" BEFORE THE
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of Contract Resources

Cumulative

Total

ized

sources Annual

Expiring Re:

2002 2003 2004 2005 2006 2007 2008 2009 2010

0

25 139.3 3.2

33 2304

0 307

8.9
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APPENDIX

Customer Sales Forecast
Resources Summaries
- Resources

Contract Abstracts

—~ Selected Transmission_ Studies

Frederickson — 270 MW
Frederickson - 50/100/150 MW
Frederickson - 25 MW

- Fredonia - 110 MW
March Point — 50 MW

~ Sumas Il - 720 MW
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CUSTOMER AND SALES FORECASTS
(F2001)
| 2002-2009

SALES FORECAST SUMMARY

~ Electric

Electric sales from fixed rate schedules is eXpected to slightly decline ’by

-0.4% in 2002 (-82 GWHs) including ISPs (-0.6% or -108 GWHs
without ISPs), while customers are expected to increase by 1.5% or
14,341 customers over 2000. :

In F2000, sales was projected to increase by 5.9% (1,313 GWHs,
including ISPs), while customers was expected to increase by 12,416
over 2001. )

8 year forecast is 1.9% average annual sales growth with ISPs (1.7%
without ISPs) versus 2.6% in F2000. :

Gas

Gas sales is expected to increase by 1.5% (14,781 Mtherms) in 2002 and
customers are expected to rise by 18,410 (including sales and marketing
goals) over 2001.

F2000 sales forecast for 2002 was 0.5% growth (5,253 Mtherms) and
customer addition of 19,243 over 2001.

8 year forecast of growth is 2.5% average annual versus 1.1% in F2000.
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F2001 is different from F2000 forecast due to the removal of schedule 48
(except for 3 small customers), special contract and Seatac from the
projected loads, following the settlement agreement. A separate forecast
for retail wheeling customers (schedule 449: all Boeing, Air Liquides,

- Air Products, Intel, Seatac and other small customers) is developed
however.

Forecast of further slowing in Puget Sound population and employment
slightly declining in 2002 but slightly increasing in 2003. Adjustments
were made for the negative impacts of the terrorist attacks on the national
economy and the Boeing layoff on the Puget Sound regional economy.

Projection of retail electric rates increasing in the near term and gas
prices declining in real terms; for electric, rates were adjusted for the
BPA credit on the residential and projected rate increases due to the
emergency rate relief (18%) and a general rate case after that (22.5%); for
gas, rates are projected to decline given the PGA adjustment plus a
forecast of declining spot gas prices, even after increasing the margin by
5. 1% after the general rate case.

Downward adjustment in the forecast of ISP loads (for 2002, F2001
forecast of ISP load is 51 GWHs versus 1,418 GWHs for F2000 and 184
GWHs in F2000R).

Inclusion of the estimated effects of PEM/Conservation on the electric
forecast. Based on GPI analysis, PEM/Conservation effects start at about -
3% reduction in January 2001 and declining to zero by June 2003 spread
over residential and commercial classes using monthly sales are relative
weights. Time of use rates are assumed to affect load shifting only.

- Reductions in loads due to savings from conservation programs adjusted
for average measure life and price overlap effects. New savings for 2001
is assumed to be 8.1 aMW and 5.5 aMW annually for 2002 and beyond.

Additions to gas customers due to marketing programs. Marketing goal
for 2002 is to add 2,050 customers over forecasted customer additions.
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FORECAST MODEL OVERVIEW Paged2 of219
: Forecast Inputs : , Forecast Outputs -
Population By class/sector:
'Employment Customer Growth
Energy Prices | Customer/Sales (also by county for
. _ Model N electric)
Conservation/Codes —> , >
(end-use/econometric) .
Discrete Changes Billed Sales
‘ ‘Surveys/Hastoncal System Peak Loads
Actuals - ' . . - (peak hour/day)

- F2000 models utilized combination of end-use and econometric models
using quarterly or annual data at the 2 digit SIC level.

- F2001 models used econometric approach using monthly revenue class
data. The basic structure of the equations are:

Use per Customer = f(Weather, Prices, Economlc/Demographlc
Variables)

Customer Counts = f(Prices, Economic/Demographic Variables)

Where prices or economic/demographic variables could enter as
polynomial distributed lag variables

Estimated Price Elastlcmes
Electric: Residential = -.18; Commercial = -.33; Industrial = -.46
Gas Core Sales: Residential = -.21; Commercial = -.26; Industrial = -.27

Other Model Revisions: Updated for new normal weather variables using the
last 30 years up through first quarter of 2001 (F2000-4851, F2001-4847,

HDD65); Streamlined the model runs and processing of model outputs.
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Conperison of Population and Errployent Forecasts, P00 vs. Fzm(mwseco
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Bleciric Savice Area_ Gas Service Area
N Population I N Popuiation Enplo ‘

Forecasts(000} | GrowthRates | Forecasts(000) | Growth Rates Forecast(000) | Growth Rates | Forecasts(000) | Growth Rates
Yer| FO | FO1 | EO| RO | RO | FO1 | FO| RO Ko | |0 Rt | RO | B | 0| Aot
200 B2 NG 12694 1019 17207 17402 234 34 | 2109| AB3| 12°4 1284 1759| 17745] 2004 23%
201 302 204 1274 124 1 17676 194 1694 | 3510] 3M89| 1254 1264 17586| 17833 124 1.7°4
P 30 B 124 024 17879 17620 200 Q34 | 00| P4| 12P4 024 1736 17572] 2004 034
203 302 11774 13194 181 17003 1724 1074 | 3X79| 32| 1154 1384 1889| 1754 1684 1.0%4
204 34007 3XD4 12094 1304 1863 18184 2074 21% 33B3| BU72] 1224 1374 186860| 18134] 2194 21%
00 62 U072 1344 12094 1844 186544 219 2004 | 34128 308| 13224 12°4 19075 18508 234 21%
A0 AN 308 134 1209 1925 1884 2004 1.9% 3406| HR0| 1374 127°4 19483] 1887.3] 2194 20°4
07 BRY HABQ 1334 12674 1909 19219 194 174 | BR7| 34773] 1.5 12P4 19671 19205| 204 1.8%
ﬁ TN BHI 1.BA 1219 064 1949.1 184 1.4%4 B2 BN4| 1.339 12494 2234 19481] 184 14%

370 1319 11794 20068 19861 164 184 | 389 1.2/ A549| 19845] 164 1.9%

Macroeconomic forecasts are based on DRI-WEFA’s First Quarter 2001
Long Term Projections which before the terrorist attacks, assumed no
recession but a slower GDP growth in 2001 (1.8%) and a faster growth in
2002 (3.1%).

Also before the terrorist attacks and despite of the February earthquake,
the Boeing shuffle, energy price spikes, dot com meltdown, and the burst
in stock market bubble, the Puget Sound regional economy was expected
to grow 1.7% in employment in 2002 with the help of steady Boeing and
Microsoft employment and assuming that the national economy avoids
recession.

With the terrorist attacks, recession is now projected for the national
economy, with the US economy declining in the last two quarters of 2001
and recovering immediately after that. Boeing has also recently
announced layoffs of about 30,000 jobs given the decline in air travel.
Given these, service area employment is now expected to decline by .3%
in 2002 but increases by 1.0% in 2003. The implication is that the full
effects of Boeing’s layoff will be spread over two years. Population is
expected to be close to flat and income growth will be zero.
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RETAIL ELECTRIC AND GAS PRICES
Comparison of Forecasts of Retail Rates (nominal)

2006

6.69

F2001 6.47 709 . 707 707 7.07 7.07 7.07 7.07 7.07

6.49 6.48 6.54 6.60 6.69 6.80 6.92 7.05 719
F2001 6.62 7.63 7.88 7.88 7.88 7.88 7.88 7.88 7.88
F2000 7.27 6.35 594 553 5.60 5.69 579 590 6.02
F2001 6.09 7.03 725 725 725 725 725 725

7.25

2005
1.00

101

F2001 0.96 0.92 0.84 0.83 0.83 0.83 0.83 0.85 0.86
Commercial F2000 0.91 0.89 0.89 0.93 0.94 0.94 0.96 0.98 1.00
F2001 0.89 0.86 0.77 0.75 0.76 0.75 0.75 0.77 0.78
Industrial F2000 0.86 (3.2 o8 0.87 0.87 0.88 0.90 0.91 0.94
F2001 0.68 0.67 0.59 0.58 058 0.58 058 0.59 0.60

Retail electric rates are expected to rise due to the emergency rate relief
(18% over current rates from Nov. 2001 to October 2002) and then due to
the general rate case (22.5% over current rates starting November 2002),
even after the residential BPA credit. They are assumed to be flat beyond
2003. '

Gas retail rates account for the most recent PGA filing reducing rates by
11%, then following DRI-WEFA’s projection of retail rates.for 2003 and
beyond. The decline is mitigated by the expected rate increase (5.1%)
due to the general rate case effective November 2002. DRI-WEFA
expects gas retail rates to decline in the next 2-3 years. In F2000, gas
retail rates were expected to increase over time.

- 1.3%

-1.3%
12%
1.7%
1.1%

-15%

(WAG-4)
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Bectric Sales and Customers Gas Sales and Custormers

5YrAvg Growth | 2000 Shares SYrAgGoamh| 1999 Shares
_|Class Sales| Customer] Sales| Customer] |Class Sdles| Customer] Sales| Customer
Residential 04 194 454 886% [Residertia 234 44% 46 9165%
Commerdial 204 254 3% 108 |Commerdal 194 294 194 7684
industrial 1194 104 184  04% |industial | 32% ‘o.e%, 24 __048%

StligtsPesde | 15% 28%W 19 024 [ ToeCoe | 23d @ 43% 6% 908
Total 16% 1% 100% 1000°d [Inemptibes |-1.0d -1 =4 11 014%
T ion | 6.1% 374 aoo/ 002%
Total 1.5% 43°/ 100°/ 10000°/

The tables above show a summary of the five year (1976- 2000) average
growth rate by class and load shares in 2000.

- Electric sales have grown an average of 1.6% per year in the last five
years with growth coming mostly from non-residential sector.

- Residential electric customers account for 45% of sales and about 90% of
total number of customers.

- Gas sales have grown about 1.5% per year in the last five years with
growth accounted for mostly by core sales sector.

- Again, residential gas customers account for 46% of sales and 92% of
total customers. Non-core customers (interruptibles and transports)
account for 30% of gas sales but less .2% of total customers.
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F2001 Electric Forecasts
Forecast of Customers (year end)
2001 2002 2003 2004 2005 2006 2007 2008 2009 aal
Total - Fixed Sched 939,665 854,006 968,890 985,752 1,003,497 1,020,970 1,038,659 1,056,682 1,074,403 1.7%
Additions 16,055 14,341 14,883 16,863 17,745 17,473 17,689 18,023 17,721
% Change 1.7% 1.5% 1.6% 1.7% 1.8% 1.7% 1.7% 1.7% 1.7%
Residential 831,400 843,904 856,155 870,422 885,634 = 900,572 915,738 931,250 946,464 1.6%
Commercial 102,408 104,206 106,744 109,182 111,583 113,984 116,371 118,741 121,087 21%
Industrial 4,038 4,003 4,012 4,077 4,105 4,122 4,129 4,124 4,120 0.3%
Street Lights 1,810 1,886 1,970 2,063 2,167 2,283 2,414 2,560 2,725 5.3%
Resale 8 8 8 8 8 8 8 8 8 0.0%
Retail Whing Sves™ 12 12 12 12 - 12 12 . 12 12 12. . 0.0%
*aver annual rate of growth from 2002 to 2009 ** Not icluded in Total Fixed Sched
Forecast of Billed Sales with ISPs (GWHSs)
2001 2002 2003 2004 2005 2006 2007 2008 2009 aal
Total - Fixed Sched 19,117 19,035 18,309 19,636 20,173 20,591 20,980 21,377 21,800 1.7%
% Change 0.4% -0.4% 1.4% 1.7% 2.7% 2.1% 1.9% 1.9% 2.0%
Residential 9,476 9,593 9,748 9,846 10,0156 10,178 10,342 10,510 10,681 1.5%
Commercial 8,010 8,018 8,170 8,346 8,545 8,760 8,974 9,190 9,430 2.1%
Industrial 1,434 1,276 1,204 1,209 1,231 1,241 1,249 1,256 1,264 -1.5%
Street Lights 85 88 93 % 100 104 108 13 118 4.2%
Resale 87 ‘ 9 9 9 10 10 10 10 10 *0.7%
ISPs 25 _ 51 84 129 273 297 297 297 297 42.5%
Retail Whing Sves™ 376 1,034 1,047 1,072 1,096 1,115 1,120 1,119 1,110 22.8%
“aver annual rate of growth from 2002 to 2009 ** Not icluded in Total Fixed Sched
F2001 and F2000 Comparisons )
2001 2002 2003 2004 2005 2006 2007 2008 2009 aarg'_
Customer Additions __ (year end)
F2000 14,912 12,416 12,416 12,775 13,134 13,328 13,620 13,714 13,368 )
% Change 1.6% 1.3% 1.3% 1.3% 1.3% 1.3% 1.4% 1.3% 1.3% 1.3%
F2001 16,055 14,341 14,883 16,863 17,745 17,473 17,689 18,023 17,721
% Change 1.7% 1.5% 1.6% 1.7% 1.8% 1.7% 1.7% 1.7% 1.7% 1.7%
Sales in GWHs
F2000 with ISP 22,238 23,551 24,470 24,918 25,388 25,866 26,329 26,855 27,371
% Change 3.4% 5.9% 3.9% 1.8% 1.9% 1.9% 1.8% 2.0% 1.9% 2.6%
F2000 no ISP 21,758 22,133 22,574 23,021 23,492 23,969 24,432 24,959 25474
% Change 1.4% 1.7% 2.0% 2.0% 2.0% 2.0% 1.9% 2.2% 2.1% 2.0%
F2000R with ISP 20,294 19,605 20,672 21,489 22,258 22,880 23,305 23,798 24,286
% Change -5.5% -3.4% 5.4% 3.9% 3.6% 2.8% 1.9% 2.1% 2% 2.3%
F2000R no ISP 20,254 19,421 20,165 20,614 21,031 21,456 21,881 22,374 22,863
% Change -5.7% 4.1% 3.8% 2.2% 2.0% 2.0% 2.0% 2.3% 2.2% 1.6%
F2001 with ISP 19,117 19,035 18,309 19,636 20,173 20,501 20,980 21,377 21,800
% Change 0.4% -0.4% 1.4% 1.7% 2.7% 2.1% 1.9% 1.9% 2.0% 1.7%
F2001 no ISP 19,082 18,984 1 9.225 19,507 19,900 20,294 20,683 21,080 21,503
% Change 0.3% -0.6% 1.3% 1.5% 2.0% 2.0% 1.9% 1.9% 2.0% 1.5%

*aver annual rate of growth from 2002 to 2009 ** Not icluded in Tota! Fixed Sched
F2000R - Revised F2000 forecast for Sched 48, PEM and ISPs in March 2001.

- Average sales gfowthin the next 8 years is about 1.7%/yr, but growth
pattern follows forecast of the economy and assumptions about rates,
PEM and ISPs. Customer growth also follows growth pattern in

economy.

- Main source of growth continues to be the commercial sector, although
residential and the remaining industrial are expected to grow slightly.
- Load levels, even without ISPS, in 2001 are lower in F2001 vs F2000 by

about 12% due to lower use per customer and the exclusion of schedule

48, special contracts and Seatac in F2001.
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F2001 Gas Forecasts
( Forecast of Customers (year end)
Tota 607991 626401 644,600 603238 661,406 699247 71682 734031 750,642 o
Additions 19,081 18,410 18,280 18,548 18,168 17,841 17,585 17,199 16,612
( % Change 32% 30% _29% 2% @ 2T%  26%  25% _ 24% _ 23%
‘l Residential 558443 576383 594,308 612308 629860 647,051 664,014 680637 = 696654 28%
Commercial 45978 - 46529 46,797 47,20 47,791 48423 49,005 49,559 50138 1.1%
Industrial 2,615 2545 2,638 2,745 2,769 2,769 2,788 2,789 272 08%
E Com Interrupt 7% 784 789 803 & - s 861 880 08 16%
| Ind interrupt 47 47 49 49 5 . 51 82 53 54 1.8%
Coml Transpo 2 2 21 21 21 21 21 21 21 06%
Ind Transpo R 93 3 124 R R 92 ® 2 0.0%
“aver annual rate of growth from 2002 to 2009 :
, Forecast of Billed Sales (Mtherms)
2001 2002 2003 2004 2005 2006 2007 2008 2009
Total 1,002278 - 1,017,089 - 1,056,147 1,@,481 1,125,767 1,155,726 1,183010 1,208572 124500 25%
% -5.2% 1.5% 38% 38% - 27% 2.7% 24% 1.7% 1.7% -
Residential 473873 483444 505644 524230 537,865 550973 563474 574075 584233 27% .
Commercial 22288 207,165 21533 219815 223225 227686 231,614 234353 287,290 20%
Industrial 41561 30186 41,234 43980 45601 4638 47016 47111 4678 15%
Coml interrupt . 89,193 ' 86,880 92,389 98,738 105,536 113616 121,846 120308 137544 56%
Ind interrupt 16,568 14,935 15,185 16,269 17,128 17,885 18,454 18,732 1888 1.7%
Comi Transpo 2638  %6% 7467 2836 B8 20401 20798 007 0384 3%
Ind Tm 156,156 154834 15883 165113 167,564 169833 170808 169,926 180,370 1.0%
*aver annual rate of growth from 2002 to 2009
Customer Additions  (vear end)
{ F2000 20,061 19,243 17,442 18,190 18,063 18,912 19,281 17,331 17,373 o
| % Change 34%  31%  28%  28% . 27%  28% = 27% = 24%  25% 27%
\ F2001 19,081 18410 18,289 18,548 18,168 17,841 17,585 17,199 16,612
% Change 3.2% 3.0% 29% 2% 27% 2.6% 2.5% 24% 23% 27%
Sales in Mtherms i ;
F2000 1,081,375 1,006628 1,105376 1,122,808 1,133909 1,149,865 1,166,609 1,181,629 1,195,199
% Change 0.8% 0.5% 0.8% 1.6% 1.0% = 14% 15% . 1.3% 11% 1.1%
F2001 1002278 1,017,089 1,056,147 1,006481 1,125,767 1,155,726 1,183,010 1,203572 1,224,500
%G‘BL . 5.2%. - 1.5% 3.8% 3.8% 27% 2% 24% 1.7% 1.7%  25%
“aver annual rate of growth from 2002 to 2009 :
- Average growth in gas sales is 2.5%/yr in the next 8 years, higher than
last 5 year history due to expected decline in gas ratés. Near term growth
pattern in sales and customers is influenced by assumptions about rates,
marketing goals, and economic factors.
- There is a decline in load levels from in 2000 to 2001 because of fuel
switching in transport/interruptibles and lower residential use per
: customer.
- - F2000 and F2001 differences are due to different forecast of rates,
. economy and marketing goals.
K )
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The next two tables compare F2001 forecasts vs. normalized actuals, and
2001 forecasts vs. 2000 actuals for each class and by month and year, hence,
shows monthly shapes and model calibration effects.
Comparison of F2001 BedricSals Forecasts versus Weather Adjusted Actuals
dn  Fb Mr  Ar My 4p 44 Ag S0 O My D VD ot

2000Actuals 19564 18988 18403 15326 14058 13857 13200 14300 14001 14756 15537 17986 11387 190348 '
2000-F01 19678 < 19029 18002 15446 14533 13851 13381 14199 1366 14111 15726 17894 114020 190007

%, ACtvFO1 088% 021% 22% 07% [ 005% 068% 135% 09™% 45% 120 005% -038% 018%
2001 Actusls 19992 19635 17078 16557 15051 14080 13662 0.0 0.0 00 . 0.0 00 116114

2001-F0t 19963 19558 17144 © 16236 14791 14308 13336 13283 13852 13785 15787 18521 115886 191173
%Dif, ActvFO1 015% O7% -038% 19%%. 17% -1.6F -1.97% -10000% -100.00% -100.00% -100.00% -10000%  0.15%
oo _ 2

2000Actudls 11328 10618 o874 821 7058 6533 €09.0 600.4 601.6 6395 7R9 125 5722 968200

2000-F01 11405 10478 o826 836.2 1.1 651.5 607.4 5808 601.5 644.3 7991 10218 50872 96345

%0if, ActvFO1 068% 134% 049% -168% -212% 02Z/% 026% 338% 0% -074% 07B% 00/% 025% -006%
2001 Actuals 11825 10406 9208 8347 7425 634.4 o816 00 00 00 00 00 89172
201-F01 . 11385 10411 9123 806 7176 . -6549 6122 5682 5888 6309 7972 988 58972 94760
%eDif, ACVFO1 128% 005% 094% 173% 347% B313% -3.36% -10000% -100.00%. -100.00% -100.00% -10000%  0.34%

00Acuds 6759 6722 6947 5647 5516 6910 5B03 6797 6408 6728 6089 . 6304 4304 75830
2000-F01 6823 614 630 5658 SB70 - 5053 569 6M6 6310 ¢ 6071 646 6359 43808 75630

%N, ACVFO1 094% B0F6 478% 021% 604%  O71% 22 -056% 155% 108% -251% -086% -1.15% 000%
2001 Acluals 0.9 7724 6532 6833 6244 6350 6334 00 00 00 00 00 47086

2001-F01 7128 780 6674 6652 624.0 6369 = 6402 6282 600 6244 6539 7403 47045 80103
VDI ACVFO1 -154% 191%  212% 272% 006% 02%6 -107% -10000% -100.00% -100.00% -100.00% -10000% -0.02%
ial . :
2000 Actuals 1281 1464 1404 1271 1304 1340 217 1406 147.7 1448 136 1253 8201 18211
2000-F01 126.1 1430 1371 1242 1274 108 1188 137.3 43 1414 1304 124 o074 15833

%0t At 01 239% 23% 23% 23% 23% 23% 23% 23 23% - 23% 23% 239% 23% 23%
2001 Actuals 1245 1362 1149 1174 173 1188 1207 0.0 0.0 0.0 00 00 8407

200101 124.4 1361 1150 1170 17.0 1185 1200 121.9 127.6 1142 1163 1063 8479 14342
9D, AChFO1 005% 004% -006% . 031% 030% 021% 058% -10000% -10000% -100.00% -100.00% -100.00%  0.20%
Street Lights :
2000 Actuais 6.4 61 67 66 65 62 6.1 62 64 65 66 70 46 774
2000-F01 6.7 65 65 64 6.3 63 62 6.2 63 63 87 71 448 774

%Dit ACVFO1 45r% S71% 360% 28% 254% -145% O51% Q1% 208% 313% 0N% O054% 050% -001%
2001 Actuals 67 66 62 6.1 73 63 6.4 00 00 00 00 00 454

2001-F01 73 74 70 70 6.9 68 68 68 69 70 74 78 489 847
%D, ACVRO1 176% 128% -1238% -128% 525% 83I% -601% -100.00% -10000% -100.00% -100.00% -10000%  -7.04%
Pesde ) ‘
2000 Actuals 123 124 12 12.1 114 13 1.9 122 126 18 1.8 120 826 1430
2000-F01 122 123 111 120 114 112 18 121 125 1.8 1.7 1.9 818 . 1418

%Dif, ACVFO1 07%% O7%% O07% 07% O7% O7% O7%% 079% 07% 07% 079% O07% O7%% O07% .
2001 Achuals 126 126 14 123 116 114 120 00 . 00 00 00 00 &9

2001-F01 - 125 125 13 122 115 113 120 06 05 03 1.2 09 83 8.8
%Dif, ActviFO1 079% O7% 07% 07% Q7%  07% Q7% -100.00% -10000% -100.00% -100.00% -100.00%  0.79%

2000 Actuals 0.0 00 0.0 00 00 00 0.0 00 00 00 Q0 13 00 13

2000-F01 00 00 00 0.0 00 00 00 00 00 01 02 04 00 07
%DiACMFD1  #DIVO #DIVOL #DIVDL  #DIVOL #DIVDL #DIVOL #DIVID. #DIVOL - #DIVDL -100.00% -100.00% 2087%% #OIVIOL  83.16%

2001 Actuals 1.0 12 13 1.8 20 21 21 00 00 0.0 00 00 116 ‘

2001-F01 08 1.0 14 17 21 23 25 26 26 27 27 29 11.8 54

%D A1 BR% 1741% B74%  1253% 442% -10.3%% -1598% -100.00% -100.00% -100.00%.-100.00% -100.00% -1.63%




(Mtherms)

Jotal
2000 Actuals
2000-FO1

%Dif ActvFO1
2001 Actuals
2001-FO1

{ %Dif ActvFO1

‘ Besidential
2000 Actuals
2000-F01

%Dif ActvFO1
2001 Actuals
2001-FO1

%Dif ActviFO1

Commercial
2000 Actuals
2000-FO1

%Dif,ActvFO1
2001 Actuals
2001-FO1

%Dif ActvFO1

2000 Actuais
2000-FO1
%Dif ActvFO1
2001 Actuals
y 2001-FOt
TN %Dif ActvF01

2000 Actuals
{ 2000-FO1
%Dif ActvFO1
2001 Actuals
2001-FO1
%Dif ActvF01

2000 Actuals
2000-FO1
%Dif ActvFO1
2001 Actuals
2001-FO1
%Dif, ActviFO1

2000 Actuals
2000-FO1
%Dif ActvF01
2001 Actuals
2001-FOt
%Dif, ActvF0O1

2000 Actuals
2000-FO1
%Dif ActvF01
2001 Actuals
2001-FO1
%DIf ActvFO1

—

E

dan

148,775
142,606
4.33%
138,878
133,384
4.14%

79,432
77,249
2.83%
77,735
71,954
8.04%

20,672
28,061
5.74%
28,849
28,854
0.33%

5,708
5,398
5.73%
5,211
5,280
-1.31%

11,806
11,379
3.75%
11,147
10,963
1.68%

1,980
1,758
12.82%
1,250
1,533
-18.44%

1,778

1,541

15.38%
1,625
2,217

-26.72%

18,399
17,221
6.84%
12,962
12,663
317%

1 Gas For

Eeb  Mar  Apr

141,261
136,398
3.56%
136,089
142,550
-4.53%

72,791
68,506

6.26%
74,906
77,259
-3.05%

27,597
26,458

4.31%
27,976
29,896
6.42%

5,065
5,140
-1.46%
4,965
5,427
-8.51%

13,313
15,272
-12.83%
10,583
11,540
-8.29%

2,283
1,837
24.28%
1,298
1,601
-18.91%

1,867
1,748
6.85%
1,806
2,283
-20.90%

18,343
17,437
5.19%
14,555
14,545
0.07%

119,745
121,408
-1.37%
108,346
118,378
-7.63%

59,580
62,748
-5.05%
57,691
61,389
-6.02%

23,997
24,423
-1.74%
23,813
25912
-8.10%

4,754
4,933
-3.61%
3,609
3977
-8.24%

10,542
10,418
1.18%
7,834
10,064
-21.17%

1,849
1,684
15.03%
1,340
1,458
-8.11%

1,636
1,666
4.50%
1,676
2,067
-18.85%

17,286
15,625
10.63%
13,284
13,513

-1.69%

101,670
97,650
4.01%
97,628
96,567
1.00%

46,160
43,904
5.14%
46,299
46,063
051%

18,980
18,334
8.98%
20,204
18,982
6.43%

4,083
4,123
0.97%
3,725
3,836
-5.36%

10,092
8,206
9.62%
9,716
8,816
10.21%

2,151
1,801
19.42%
1,499
1,510
-0.70%

1,650
2,045
-19.31%
1,990
2,218
-10.08%

17,455
18,237
-4.29%
14,096
15,047
-6.32%

sts v
May  Jun

74,416
76,655
-2.92%
75,577
70,468
7.25%

30,268
31,703
4.53%
31,138
29,947
3.98%

13,735
14,368
-4.40%
15,034

13477 -

11.55%

3,368
3484
-3.34%
3,812
3,117
22.30%

7641
8,097
-5.63%
7.743
7.272
6.47%

1,943
1,631
19.10%
1,767
1,308
35.04%

1,626
1,629
0.13%
2,151
1,924
11.80%

15,834
15,742
0.58%
13,933
13,423
3.80%

W

59,432
61,742

-3.74%

55,330
53,307
3.80%

18,954
21,792
-8.44%
20,084
19,514
2.82%

10,610
11,226
-5.49%
10,872
9,777
11.20%

2,840
3,001
-5.35%
2,753
2,582
6.64%

6,456

7,298

-11.53%
5,853
5,811

0.72%

1,768
1,628
7.78%
1,483
1,200
14.94%

1,624
1,399
8.92%
1,581
1,669
-5.22%

16,283
15,397
5.82%
12,724
12,664
0.47%

Adjusted Actual.
Jul Aug Sep Oct Nov

45,770
46,389
-1.33%
43,086
40,407
6.58%

13,647
13,344
2.27%
12,530
11,888
5.41%

8,918
8,826
1.04%
8,098
7,618
6.29%

2,633
2712
-2.90%
2,742
2,391
14.67%

4,864
5,267
-7.65%
4,958
4,364
13.62%

1,665
1,493
11.55%
1,208
1,228
-1.66%

1,394
1,338
4.17%
1,450
1,583
-8.39%

12,648
13,408
-6.67%
12,081
11,336
6.58%

10

41,332
42,925
-3.71%

0

35,607
-100.00%

10,880
9,803
10.99%
.0
7,919
-100.00%

8,042
7,838
2.60%

0

6,661
-100.00%

2,501

2484

0.67%

0

2,175
-100.00%

4,299
6,527
-34.13%
0

4,617
-100.00%

1,330
1,466
-9.32%

0

1,194
-100.00%

1,360
1,341
1.40%

0

1,568
~100.00%

12,921
13,465
-4.04%

0
11,477

44,381
48,327
-8.16%

0

39,240
-100.00%

12,263
18,741
-10.76%
0

" 10,135

-100.00%

8,582
9,145
-6.15%

0

7,692
-100.00%

2,472
2,692
-8.17%
0
2,333
-100.00%

4,191
4,768
-12.11%
0

4,200
-100.00%

1,664
1,782
+6.60%

0

1,209
-100.00%

1,380
1,365
1.10%
0

1,53
-100.00%

13,830
14,834
6.77%

0
12,134

59,960
65,751
7.55%

0

52,134
-100.00%

23,028
19,853
16.41%

0

19,662
~100.00%

10,568
10,319
2.41%

0

10,117
-100.00%

2,775

2,824 ’

-1.76%

0 -

2,574
~100.00%

5792

5,542
4.52%

0

4,952
-100.00%

1,431
1,489
-3.94%

0

1,316
-100.00%

1,361
1,418
-3.98%

0

1,472
-100.00%

15,006
14,208
5.63%

0
12,040

-100.00% -100.00% -100.00%

92,103
96,580
-4.64%

0

89,474
-100.00%

44,066
46,537
-5.31%

0

44,340
-100.00%

17,227
17,383
-0.90%

0

17,180
-100.00%

3,703
3,836
-3.46%
0
3,382
-100.00%

7,588
8,736
-13.15%
o

7,069
-100.00%

1,587
1,599
0.74%

0

1,415
-100.00%

1,578
2,154
-26.76%
]

1,909
-100.00%

16,354
16,335
0.12%

0

14,169
+100.00%

FINAL 9/28/01
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126,727
130,958
-3.23%

0

130,781
-100.00%

68,753
68,761
-1.44%

0

73,804
-100.00%

24,698
25,684
-3.84%

0

26,112
~100.00%

4,580
4,564
0.36%

0

4,388
-100.00%

10,254

10,694

“4.12%

0

9,625
-100.00%

1,384
1,727
-19.88%
0

1,505
-100.00%

1,905
2,905
-34.44%
0

2,200
-100.00%

15,163
16,623
-3.01%

0

13,246
-100.00%

690,969
€82,848
1.18%
656,816
655,042
0.12%

321,833
319,247
0.81%
320,363
318,013
0.74%

134,509 -

131,696
2.14%
134,945
134,516
0.32%

28,452
28,791
-1.18%
26,817
26,708

1,055,472
1,057,388
0.18%

1,002,278

480,822
479,042
0.37%

473,873

203,626
202,064
0.77%

202,288

44,483
45,192
157% - .

41,561

0.40% .

64,713
66,939
-3.32%
57,933
58,830
-1.52%

13,726
11,840
15.93%

9,845
. 9,928
-0.84%

11,476
11,265
1.87%
12,279
13,857
-12.02%

116,259
113,070
2.82%
93,633
93,089
0.58%

96,838
103,206
€.17%

89,193

21,122
19,904
6.12%

16,569

19,059
20,448
-6.79%

2263

189,523
187,533
1.06%

156,156
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CONTRACT ABSTRACTS:

Avista

Description: Thermal

Delivery Point: Mid-C between Wells and Priest Rapids hydroelectric projects and any other

point where WWP has available transmission

Firm Capacity = Contract Demand = 100MW (1988-2000); 67MW (2001); 33MW (2002)

Energy = Contract Demand x .75 x # of hours in contract year
75% annual load factor; 75% weekly load factor; PSE may schedule energy at a delivery
rate of not < 30% of Contract Demand and must maintain weekly load factor;
Contingency for delivery interruption due to uncontrollable events: Seller shall make
available the difference above 10%.

Scheduling: Preschedule by 12:00pm

Fifteen Year Agreement for Purchase & Sale of Firm Capacity and Energy dated 10/16/95
Price: $32.11/MWh Average /Power Cost for 1985-2002

Term: 1/1/1988-12/31/2002

Expiration: 12/31/2002

Baker River Replacement Power
Description: Hydro, Upper Baker flood control extension, PSE compensated for storage space

. provided in excess of 16,000 (11/1-3/1), + an additional 58,000 acre feet between 11/15-3/1).

Compensation provided in the form of replacement energy (capacity + losses).
Point of Delivery: Sedro Woolley o
Capacity: Not to exceed 7MW hourly rate, unless agreed to by PSE and BPA
Energy: d
Scheduling: November-February, 1750 total MWhr/month

(7000 total MWhrs for the term 11/1-3/1)

Memorandum of Agreement between the Corps of Engineers, Department of the Army acting by
and through the Division Engineer, Northwestern Division and PSE for Upper Baker Additional
Flood Control dated 10/31/2000 .
(Agreement Between the Corps of Engineers and BPA for Replacement Power for Upper Baker
Flood Controi date 10/27/2000)
Price:
Capacity: Corps pays BPA for the firm capacity scheduled to PSE pursuant to BPA's
wholesale firm capacity tariff ' _ _ :
Energy: Corps pays BPA for non-firm energy at the higher of: 1)avg of the 16 highest
days of the DJ Mid —C Index for HLH firm power or 2) avg of the 16 highest days average
of hours 7-22 of the Cal PX Day Ahead Unconstrained Market Clearing Prices.
Term: 9/30/2000-9/1/2003; may be extended on an annual basis until 9/30/2006 to coincide
with the issuance of a new FERC license. ' :
Expiration: 9/1/2003 or 2006 ‘

Columbia Storage Power Exchange (CSPE)

Description: Hydro, entity was incorporated in 1964 with objective of purchasing for a term of
years Canada’s rights (one-half) of the downstream power benefits under the Columbia River
Treaty (signed by the US 1/17/61) and incurring indebtedness to finance such purchase. CSPE
assigns to Participants the Canadian Entitlement based on Participant's percentage. Participants
pay BPA for use of BPA's transmission. The treaty and the notes exchanged provided pursuant
to the Treaty provide for the construction, maintenance and operation by Canada of storage dams
and reservoirs in B.C. on the Columbia River at Mica Creek, Arrow Lakes and near Duncan Lake.
The benefits of the Treaty are created in the US due to the construction of the Projects ability to
improve usability of water out of Canada.

Delivery Point: PSE's system or Rocky Reach Project .
Capacity: approximately 20MW (2001-2002); 30MW (2002-2003)

1
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Energy: approx. 20MW (2001-2002); 16MW (2002-2003)

Losses: Energy 3.5%; Peak 5.5%

Transmission: BPA to deliver energy and capacity less losses to the point of delivery. BPA
capacity charge: $0.125/month x kilowatts of capacity

Term: 4/1/68 — 3/31/03

Agreements:

1. Canadian Entitlement Purchase Agreement between CSPE and BC Hydro dated 8/13/64 for
purchase of Canada’s entitlement benefit for a specified number of years (through 3/31/2003)

2. Canadian Entitlement Allocation Agreement — to implement the Treaty it is necessary for the
Administrator to make available to the District certain amounts of capacity as stated in this
agreement in order to return one-half of the dependable capacity resulting from the construction
of the Canadian storage projects and to realize the benefits of such construction

3. Canadian Entitlement Exchange Agreements between BPA and CSPE dated 8/13/64 - provide
for payments by the Participants to BPA for the use of the Government's transmission, -
transformation and related facilities in making capacity and energy available , also contains
provisions describing the character of service and the scheduling arrangements for capacity and
energy to be supplied by BPA and provisions whereby the participants and BPA may effect |
exchanges

Price:

Term: 8/13/64- 3/31/03

Expiration: 3/31/03

CSPE - Supplemental and Entitiement Capacity
Description: BPA to provide additional capacity rather than install additional units for capacity.
Allows for shaping capability.

- Capacity: approx.10MW (2001-2002); SMW (2002-2003)

Energy: -PSE returns 10MW on LLH and receives 9 MW on HLH — net transfer “0" at month end
Losses: Energy 3%; Capacity 5.5%

Transmission: BPA to deliver energy and capacity less losses to the point of delivery; -
$1.50/kw/month; transmission charge, $4.50/kw/month of supplemental capacity charge.

Term: 4/1/68 — 3/31/03 ‘

Expiration: 3/31/03

"~ Delivery of the Canadian Entitlement

Description: Treaty terms: U.S. and Canada each entitled to receive one-half of the average
annual usable energy and one-half of the dependable hydroelectric capacity for the next 60
years. (Canada sold its half for first 30 years to CSPE 4/1/68-4/1/98). BPA to deliver Canada's
half from US projects.

Capacity: 2001- 41MW; 2002-38MW 2003-68MW 2004-68MW 2005-66MW 2006-61MW
Energy: approx. 40aMw

Points of Delivery: Nelway,Waneta, Blaine 1, Blaine 2

Scheduling: Daily preschedule basis; B.C. Hydro to provide a weekly and a mid-week estimate.
Weekly provided by 10am Friday thru following Friday. Avg. annual energy prorated based on
number of days. Total deliveries in any hour will not exceed Canadian Entitiement capacity
Term: 4/1/98-9/15/2024

Expiration: 9/15/2024

Conservation Credit with Snohomish PUD

Description: Hydro, conservation transfer pilot program with certain utilities and BPA. The .

amount of power purchased will roughly match the conservation savings during the first 5 years.

Beginning March.2001, Snohomish will sell supplemental power to PSE.

Delivery Point:  BPA to deliver to Monroe/Sammish and Sedro Woolley (Murray/Belhngham) thru
2001; Beverly Park 2001-

Capaclty/Energy 12 MW during HLH (0600-2200) and 8 MW during LLH
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Contract Energy | Supple- | Total
Year in MWh | mental -
3/01-2/02 52,563 - | 27,921 80,484
3/02-2/03 52,563 | 20,288 | 72,851
3/03-2/04 52,747 {40,429 | 93,176
'3/04-2/05 | 52,563 | 40,288 | 92,851 ) | /
3/05-2/06 52,563 | 40,288 | 92,851 :
3/06-2/07 52,563 | 40,288 | 92,851
3/07-2/08 52,747 | 40,429 | 93,176
3/08-2/09 52,563 | 40,288 | 92,851
3/09-2/10 52,563 | 40,288 | 92,851

Conservation Power Sales Agreement dated 12/11/89

Amendment No.2 to the Conservation power Sales Agreement dated 12/28/2001 - establishes
new price methodology

Price: Base Rate-$32.00 + Adder

$/MWH
2002 $40.50
2003 $40.80
2004 $41.10
2005 $41.40
2006 $41.70

Term: - 3/1/90-2/28/2010
Expiration: 2/28/2010

Montana Power Company
Description: 10 year contract; Montana has 30% share (210MW) i in Colstrip 4 (700MW), not

dedicated to serve Montana’s jurisdictional load

Delivery Point.  Montana Power has the obligation to provide firm contractual rights to
transmission paths from Garrison to the Point of Delivery. PSE has IR Agreement with
BPA which satisfies this obligation thru the Term.

Displacement: Yes

Contract Capacity: 97MW (Amendment 7/1 3/98 increasing capacity from 94 to-97MW). No

additional fixed monthly charge for additional 3MW upon a one time payment of the lessor a) one-

half of the capital cost of such replacement or b) $300,000

Energy: Amount scheduled shall be a) contract capacity or b) contract capacity x net

~ generating /nominal rating. Supplemental energy up to 120MW

Scheduling: PSE submits hourly preschedule

Power Sales Agreement dated 10/1/89
Settlement Agreement dated 2/21/97 - monthly fixed charges reduced by $6500/mo.
Amendment No.1 to Power Sales Agreement - increases capacity
Price: Energy: Based on the Existing Coal Agreements or any modifications thereto
Monthly Fixed Charge Rate:
2002 - $24,935
2003 - $26,358
2004 - $27,692
,2005 - $29,078
2006 - $30,434
2007 - $31,750
2008 - $33,040
2009 - $34,321
2010 - $35,574

Term: 10/1/89-12/29/2010
Expiration: 12/29/2010
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PacifiCorp

Description: 15 year term

Delivery Point: Mid-C and additional points which PacifiCorp has available transmission rights or

facilities

Contract Capacity: 200MW (8/1/91-10/31/03); 100 (12/1/88-7/31/91)

Energy: Monthly load factor of 70%, weekly load factor of 75%

Scheduling: By Feb 1, PSE shall submit to PacifiCorp a nonbinding monthly estimate for 12 mos.
beg. 7/1. Preschedule by 12:00. PSE shall receive energy at a load factor of 60% for
each year (Aug-July).

Fifteen Year Power Sales Agreement dated 10/27/88

Price:
Energy rate- approximately $18.00/MWh; calculation and data submitted by PacifiCorp.
based on the Centralia production expense and Bridger production expense on
PacifiCorp’s FERC Form 1
Capacity rate-
2002 capacity rate = $15 08/kw/mo.
2003 capacity rate = $16.13/kw/mo.

Term: 11/1/88-10/31/03

Expiration: 10/31/2003

PG&E Seasonal Exchange Agreement

Description: Seasonal exchange of power, no monetary exchange

Delivery Point: BPA/Southern Intertie (COB or NOB), PSE holds transmission contract (network

transmission) Puget/Bonneville intertie & Network Transmission Agreement

Capacity: 300MW

Energy: PSE receives 413,000 MWh of energy Nov-Feb.

PSE delivers 413,000 MWh of energy to PG&E June-Sep
Scheduling: PG&E delivers to PSE November-February
, PSE delivers to PG&E June —September

Most of the energy is delivered during HLH. Hourly energy schedule submitted
for Monday-Sunday. Not to exceed 300 MW for any hour, nor more than 2
changes during any day (best efforts), and not less than 25% of the highest rate
of delivery scheduled for any hour delivered for such day

Capacity and Energy Exchange Agreement dated 10/4/91
Puget/BPA Intertie Network Transmission Agreement dated 10/4/91

Mitigation Agreement between BPA and PG&E dated 10/4/91

Price: nl/a

Term: 10/4/91-12/31/2006. PSE has given PG&E notice of termination as of 12/01
Expiration: 12/31/2006

Point Roberts/BC Hydro/Powerex

Description: power purchase to serve Pt. Roberts Ioad (physncally isolated from PSE's system)
Delivery Point: US/Canadian Border, south end of 56 Street, B.C. Canada where the electrical
facilities of PSE and BC Hydro are interconnected.

Capacity: 8SMW

Energy: 3aMW

Scheduling: Full requirements

Agreement for Power Purchase dated 10/1/2001
Price: . $67.00/MWh

Term: 10/1/01-9/30/2004

Expiration: 9/30/2004
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WNP3 Settlement Exchange Agreement
Description: Seftlement of BPA nuclear project whereby PSE had a 5% ownership and BPA

terminated the project. Allows PSE to be in essentially the same power supply situation

proportionate to its investment if construction had been completed by 1983.

BPA Exchange: PSE receives an equivalent amount of power based on availability factor of 4

surrogate nuclear units Palo Verde, Unit 1, Arkansas Nuclear One- Unit 2, Waterford Unit 3, and

San Onofre 3. The minimum amount of replacement energy PSE is entitled to receive is

5,833,333MWh.

Delivery Point: Maple Valley or Satsop

Scheduling: BPA delivers to PSE November-April. Rate of delivery Nov-Feb shall not exceed
82MW during HLH. During March and April HLH shall not exceed 41MW. Preschedule
to BPA by 11:00am. Final preschedule by 2:00pm

PSE'’s price to BPA: Based on formula calculation in contract.

Transmission:; 32,220 kw, transmission charge $0.375/kw/mo.; BPA's rate schedule FPT-02.1

PSE Exchange: BPA has a call on PSE's CTs except in the months of May, July and August and
pursuant to resource availability. ‘ ,

BPA's price: all incremental generating costs including gas cost, pipeiine transport, taxes, O&M
Scheduling: BPA submit preschedule by 9:00am, PSE shall respond by 11:00 am. Final
preschedule by 2:00pm. Maximum rate of delivery 117MW

Settlement Exchange Agreement dated 1985
Term: 9/30/2000-6/30/2017

. Expiration: estimated to be 6/30/2017

WASCO

Description: hydro

Generating Capacity: 5MW, 1 unit

Licensing: FERC license issued 12/31/87 (#7076-002)

Location: The Dalles Dam

Outages/Maintenance: May-July (coordinated with PSE), notice provided on or before Jan. 1 of
each year for 18 month maintenance schedule

Point of Delivery: Where the project is interconnected with BPA (Klickitat switching station

directly connected to BPA's Spearfish sub)

Transmission: from POD to PSE's system, wheeled by BPA under a separate wheeling contract

Agreement for Firm Power Purchase dated 10/24/88 - entiré net electrical output. Operation of
the project is limited by governmental agencies having jurisdiction over the project (i.e.Corps of
Engineers) :

‘Transmission Agreement between Klickitat and WASCO dated 7/25/89

Price: $.0077/kwh x escalation quotient + Exhibit C (below) x amount

WASCO reimburses PSE for losses plus any costs or expenses for wheeling -
Exhibit C :

Winter Summer
2001-2012 | $68.76 $33.23
Term: 7/1/91 - 12/31/2012; 21 year contract
Expiration: 12/31/2012
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QUALIFYING FACILITIES (Q_F’s[

Cogens

March Point Phase |

Description: 20 year contract, cogeneration, 2 GE Frame 6 units each 35-45MW

Displacement: Yes. Prior to each delivery month Seller shall provide PSE with written notice of
its incremental generation rate for such month. PSE shall displace Seller if it determines that
replacement power may be less than the incremental generation rate and that such displacement
shall not interfere with the operations of the Sellers facility

Generating Capacity: 80MW

Heat Rate: 8400-8500 full capacity; 11,200-11,700 under displacement conditions

Location: Anacortes, WA

Outages/Maintenance: May-July, scheduled 18 mos. in advance; notice provided 1/1 each year
Scheduling: Flat, around the clock .

Point of Delivery: Where the project is interconnected with PSE's electrical system

Agreement for Firm Power Purchase dated 6/29/89 - entiré net electrical output
Price: Summer (April-Aug) = quotient index x base rate of 7.70 mills+ Exhibit B rate
Winter (Sept-Mar) = quotient index x base rate of 7.70 mills + Exhibit B rate

$/MWhr (Estimated)
2001 | 60.72 43.32
2002 | 61.03 43.63
2003 | 61.35 43.95
2004 | 61.67 44.27 -
2005 | 62.01 44.61
2006 | 62.35 44.95
2007 | 62.71 45.31
2008 | 63.07 45.67
2009 | 63.45 46.05
2010 | 63.84 46.44
2011 | 64.24 46.84

Term: 10/1/91-12-31/2011
Expiration: 12/31/2011

March Point Phase Il

Description: 20 year contract, cogeneration, 1 GE Frame6 turbine 40MW, 1 steam turbine 20MW
Displacement: Yes. Prior to each delivery month Seller shall provide PSE with written notice of
its incremental generation rate for such month. PSE shall displace Seller if it determines that
replacement power may be less than the incremental generation rate and that such displacement

_ shall not interfere with the operations of the Sellers facility

Excess Energy Sales Agreement - Yes

Generating Capacity: 60MW

Heat Rate: 8400-8500 full capacity; 11,200-11,700 under displacement conditions
Location: Anacortes, WA

Outages/Maintenance: May-July, scheduled 18 mos. submitted Jan1

Scheduling: Flat, around the clock

Point of Delivery. Where the project is interconnected with PSE's electrical system

Agreement for Firm Power Purchase dated 12/27/1990 - entire net electrical output
Price: Summer (April-Aug) = quotient index x base rate of 8.0 mills+ Exhibit B rate
. Winter (Sept-Mar) = quotient index x base rate of 8.0 mills + Exhibit B rate
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$/MWhr (Estimated)

2001 | 63.52 52.92
2002 | 65.24 54.24
2003 | 66.97 55.57
2004 | 67.91 57.21
2005 | 68.65 58.25
2006 | 70.51 59.51
2007 | 71.48 61.48
2008 | 72.36 63.46
2009 | 73.45 65.35
2010 | 74.46 67.16
2011 | 76.57 - | 69.27

Term: 11/1/91-12-31/2011
Expiration: 12/31/2011

Sumas

Description: 20 year contract, cogeneration, 1 gas turbine, 1 steam turbine
Displacement: Yes

Generating Capacity: 125MW; cannot exceed 135MW

Heat Rate: 8208 @ 125MW full capacity;

Location: Anacortes, WA

Outages/Maintenance: May-July, scheduled 18 mos. submitted Jan1

Scheduling: Flat, around the clock

Point of Delivery: Where the project is interconnected with PSE’s electrical system

Agreement for Firm Power Purchase dated 2/24/1989 - entire net electrical output
Amendment to Agreement for Firm Power Purchase dated 9/30/91: operating period shall be 20
years after date of commercial operation.
Price:  Summer (April-Aug) = quotient index x base rate of 7.70 milis+ Exhibit B rate
: Winter (Sept-Mar) = quotient index x base rate of 7.70 mills + Exhibit B rate

$/MWhr (Estimated)
2001 | 82.10 | 59.00
2002 | 81.22 58.32
2003 | 82.74 59.54
2004 | 84.28 60.88
2005 | 85.93 62.23
2006 | 87.59 63.6
2007 | 74.96 49.86
2008 | 76.34 50.94
2009 | 77.73 51.93
2010 | 79.23 53.03
2011 | 80.64 54.24
2012 | 81.07 54.67
2013 | 81.51 55.11

Term: 4/16/93 -12/31/2012
Expiration: 12/31/2012




Ex.

(WAG-4)

Page 59 of 219

Tenaska/PSE

Description: Qualifying Facility (QF), 2 combustion turbines, 1 steam turbine. 1998-Contract
restructuring, PSE supplies natural gas (approx. 50,000 MMBtu)

Capacity: 245MW; Maximum of 280MW

Delivery Point:. Where the project is interconnected with PSE’s electrical system
Displacement: Yes

Energy: 117 aMW

Heat Rate: 8.7 full capacity; 11.4 for excess energy

Location: Ferndale, WA

Maintenance: May and June unless otherwise agreed to

Scheduling: Prescheduling by 9:00am, Tenaska shall notify PSE of hourly estimates of
project generation for next 7 succeeding days.

Agreement for Firm Power Purchase dated 3/20/91 — entire net electrical output

Gas Purchase Agreement between PSE and Tenaska Washington Partners, L.P. dated 1/1/98
DCQ = 50,000 MMBtu; terminates 12/31/2011; coincident with Power Purchase; delivery
point: 1) NWPL-Sumas; 2) NWPL/Cascade at Bellingham; 3) Westcoast/Cascade at
Sumas; price is Gas Daily index for NWPL-Sumas + $.06/MMBtu

Amendment No. 2 to the Firm Power Purchase dated 1/1/98 — establishes new contract rate

Amendment No.3 to the Firm Power Purchase dated 12/1/99 — Displacement formula -

Amended and Restated Excess Energy Sales Agreement dated 8/1/2001 — price = Excess

Energy Generation Cost + (Market Price -EEGC)/2

Excess Sales Agreement 6/1/2001 — When not displaced then (a) if 1 gas turbine and 1 steam
turbine on line then excess is quantities over 140MW (b) if 2 gas and 0 steam on line then
excess is quantities over 164MW; (c) if 1 gas on line then excess is quantities over 86MW

Pricé/Contract Rateé rate+ (heat rate x fuel costs)/1000

Year Rate/$/MW | HeatRate
2001 31.30 8303
2002 32.20 8340
2003 31.70 8377
2004 33.50 8414
2005 33.90 8450
2006 35.60 - -8266
2007 33.90 8303
2008 32.70 8340
2009 31.20 8377
2010 29.10 8414
2011 26.80 8450

Term: 4/1994-12/31/2011
Expiration: 12/31/2011
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QUALIFYING FACITILITIES (CONT.)

Small Hydro/Biomass

Kingdom Enerqy Products - Sygitowicz Creek
Description: 'smail hydro, 1 generating unit

Generating Capacity: 400 kw

Licensing: 7/14/82; transferred to Kingdom (5069-001) Order Grantmg Exemption from licensing
requirements under the Federal Power Act

Location: Van Zandt, Whatcom County

Outages/Maintenance: May-July or as otherwise requested by PSE; written notice of 12 month
outage schedule

Point of Delivery: Where energy from Project is to be delivered to PSE's electrical system
Scheduling: N/A; Energy supply does not schedule volumes less than 1 MW

Agreement for Firm Power Purchase dated 1/1/95 - entire electrical output of the Project (less
any energy used in connection with the operation of the Project)
Purchase Price:

2001 - $47.90

2002 - $49.60

2003 - $51.50

2004 - $53.50

2005 - $56.07

2006 - $58.76 .

2007 - $61.58

2008 - $64.54

2009 - $67.63

2010 - $70.88

2011 -$74.28

2012-$77.85

. 2013 - $81.58

Term: 1/1/1/95-2/2/2014; 19 year agreement; can be extended
Expiration: 2/2/2014

Koma Kulshan

Description: small hydro, - diversion dam ‘ .
Generating Capacity: 13.7 MW nominal rating.

Licensing: FERC license issued 4/13/87 (#3239)

Location: near Concrete, WA

Outages/Maintenance: May-July or as otherwise requested _

Point of Delivery: where the Pro;ect is interconnected with PSE’s system

Agreement for Purchase of power dated 2/21/85

Price: Capital component of 66.7mills/kwh + any additional capital costs + O&M (based on GDP
implicit price deflator)+ taxes and insurance. Price is generally in a range of $74-$79/MWhr)
Term: 12/1/90 — expiration of FERC license 50 years

Expiration: 12/1/2037

PERC

Description: 3 units, 925 kw each (3516 Caterplllar uprated landfill gas engines)
Generating Capacity: not less than 2,775kw

Location: Puyallup, WA , Hidden Valley Landfill

“Outages/Maintenance: May and June; submitted to PSE 60 days prior to the next calendar year

Point of Delivery: Interconnected to PSE, retail purchasers Land Recovery, Inc. and Puyallup
Sand & Gravel, inc. :

Agreement for Firm Power Purchase - entire electrical output less energy used for project
Energy Price: - Dow Jones on/off peak and 24 hour firm pricing, werghted average of the 3

9
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Capacity Payment: $3.00/kw/month multiplied by the sum of the capacity of all the Units

Option Price: $5,000/monthly; $49,950.00 as an advance payment of part of the price for
capacity for the first six calendar months of the Operating Period .

Right of First Refusal: $15,000/month during Operating Period

Provision for Green Power

Term: 4/15/99-4/15/2009, 10 year contract
Expiration: 4/15/2009

Port Townsend Pager Corporation
Qualifying Facility (QF) status

Description: small hydro, 1 unit

Generating Capacity: 375 kw nominal rating

Licensing: Project is exempt from licensing requirements under the Federal Power Act
Location: Port Townsend, WA '
Outages/Maintenance: v

Point of Delivery: where the project is interconnected with PSE's electrical system
Scheduling: N/A; Energy supply does not schedule volumes less than 1 MW

Agreement for Firm Power Purchase dated 1/1/99- for entire net electrical output generated
Price: electrical output x long term avoided cost rate

$/MWh

2001 2002 | 2003
Jan 30.7 324 33.6
Feb 28.1 30.7 31.9
Mar 22.8 24 25.4
Apr 20.1 20.9 21.9
May 17.6 19.2 20

1 Jun 18 19.3 21.4
July 24.5 26 27.3
| Aug 26.1 27.6 314
Sept 28.3 31 34.6
Oct 26.5 28 29.6
Nov 28.5 29.6 30.9
Dec 30.3 31.7 34.1

Should PSE extend the contract beyond 2004, which is Iikely,- Port Townsend Paper will be
moved to Schedule 91 which prices the resource according to the lesser of (a) market (Mid-C firm
for on peak/off peak) or (b) Sumas gas index for applicable month x heat rate proxy of 10.2

Term: 1/1/99 - 12/31/2003
Expiration: 12/31/2003

STS Hydropower Ltd. —Hutchison Creek
Qualifying Facility (QF) status

Description: small hydro, 4 generators, 225 kw each, diversion.dam, uses Nooksack River
Generating Capacity: Approx. 900 kw

Licensing: FERC exemption from licensing

Location: Bellingham, WA

Outages/Maintenance: 4 :

Point of Delivery: Where the project is interconnected with PSE's electrical system
Scheduling: N/A; Energy supply does not schedule volumes less than 1 Mw

Power Sales Agreement dated 9/20/84
Price: Winter (October-March) - $0.045/kw
- Summer (April-September) - $0.027/kw

10
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. Penalty provision if Seller does not deliver as much energy during the second half of the Term as

during the first half. Seller shall pay PSE $0.01 for each kilowatt hour undelivered.

Should PSE extend the contract beyond 2004, STS will be moved to Schedule 91 which prices
the resource according to the lesser of (a) market (Mid-C firm for on peak/off peak) or (b) Sumas
gas index for applicable month x heat rate proxy of 10.2

Term: 10/1/84 — 9/30/2004; 20 year contract
Expiration: 9/30/2004

Spokane Project
Qualifying Facility (QF) status; 21 year contract

Description: thermal, regional solid waste refuse combustion project

Generating Capacity: 22.9MW

Location: Spokane County, WA '

Outages/Maintenance: Written notice shall be provided on or before Jan 1 of each year for all

outages for next 18 months :

Point of Delivery: interconnection with WWP's system

Scheduling: Hourly Preschedule submitted by PSE to BPA by 12:00pm

Transmission: Wheeled from project by BPA to Kitsap Substation )
PSE incurs energy losses at a rate of 1.6% of the amount of all energy delivered to PSE
by BPA under the Transmission Agreement, Spokane reimburses PSE for wheeling
costs.

Aéreement for Firm Power Purchase dated 1/4/88—# purchase of entire net electrical output less
plant use

Transmission Agreement by BPA, WWP,PSE and City of Spokane dated 7/28/88

Price:  $0.0074/kwhr x escalation quotient (GDP/1987 base year) + Exhibit C (below)

Exhibit C

Winter (Sep-Mar) | Summer (Apr- Aug) |
2001-2008 | $96.40 $52.80

Term: 3/1/90-2/28/2011
Expiration: 2/28/2011

Twin Falls

_Description: hydro, 2 units, run of the river (Snoqualmie)

Generating Capacity: 20MW

Licensing: FERC license issued 9/22/86 (#4885-003)

Location: South Fork Snoqualmie River, King County, WA ( 5 miles east of North Bend)
Outages/Maintenance: May-September, generally August and September N
Point of Delivery: where the project is interconnected to PSE’s system

Agreement for the Purchase of Power dated 10/29/84 — for the entire net electrical output
Price:  $75.00/MW

Term: 3/8/1990-3/8/2025, 35 year contract
Expiration: 3/8/2025

Weeks Falls

Description:  hydro

Generating Capacity: 4.6MW

Licensing: FERC license issued 4/24/85 (#7563)

Location: South Fork Snoqualmie River, King County, WA '
Outages/Maintenance: May-September, generally August and September with notice on.or
before January 1 of each year

11
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Point of Delivery: Where the project is interconnected to PSE's system

Agreement for Purchase of Power dated 10/29/84 - entire net electrical output
Amendment No.1 to the Agreement for the Purchase of Power from the Weeks Falls Hydro

Electric Project dated 12/12/85 increasing capacity, updating one line and delivery voltage
Price: $75.00/MW

Term: 12/1/87 (COD) - 12/31/2022; 35 year contract -
Expiration: 12/31/2022 :

12




Ex.
Page 64 of 219
CONTRACTS TO NOTE: '

BPA Residential Exchange
Description: NW Power Act establishes a Residential Exchange Program to provide benefits to

residential and small farm consumers through the Residential Purchase and Sale Agreement.
Pursuant to this Amended Settlement Agreement (Agreement), instead of delivering firm power to
PSE, BPA will make cash payments to PSE during the period July 1, 2001- September 30, 2006.
The Agreement also extends the term from 10/1/2006 thru 9/30/2011 on the same terms and
conditions in the Residential Exchange Settlement Agreements and Firm Power Block Sales
Agreements (monetary benefits and firm power). Unless notification is given to BPA by October
2005. BPA will use the power not sold to PSE to meet its firm load obligations in the PNW

10/1/2001-9/30/2006: Monetary Benefit

10/1/2001-9/30/2002 — Monthly Cash payment by BPA to PSE = $14,142,786
10/1/2002-9/30/2006 — Monthly Cash payment by BPA to PSE = $14,628,966
10/1/2006 - 9/30/2011: Firm Power and Monetary Benefits

BPA shall provide to PSE Firm Power or Monetary Benefit payments, or both. PSE must
notify BPA by October 2005

Total of Firm Power and Monetary Benefit for Puget = 648 annual aMW

Amended Settlement Agreement executed by BPA and PSE date June 11, 2001
Term: 7/1/01-9/30/2011 '
Termination: 9/30/2011

Note condition in the Agreement for:

Conservation and Renewables Discount = Total Net Requirements Loads (700aMW) x .5mili/kwh
discount rate x 8760 = $3,066,000 annually = $255,500/monthly for 5 year term.

PSE is required to submit an annual C&R Discount report specifying the amount of expenditures
claimed under the program and amount of C&R Discount received to date. First report is due
10/1/2002.

MEGA- Merchant Energy Group of the Americas, Inc.

Description: (7) LM2500 turbine units to be operated by Pierce Power LLC

Capacity: 154MW

Energy: 50% of the Available Capacity

Point of Delivery: 115kv terminals at Fredrickson site

Non Winter Supply Period: 3/1/2002-9/30/2002 )

Scheduling: Not later than 5:30 am PPT on the Prescheduling Day Buyer may notify Seller that
' Buyer intends to purchase and take delivery of whatever energy is produced during that

day in the amount associated with 50% of the available capacity.

Electric Capacity and Energy Confirmation Agreement dated July 31, 2001
Capacity Price -Supply Period: $1.00/month/turbine ($7.00)

Energy Price- Supply Period: Seller's actual costs including fuel and transportation
Variable O&M: $0.71/MWH

Term: 7/31/2001-9/30/2002

Termination: 9/30/2002

Eleétric Capacity and Energy Confirmation Agreement dated April 20, 2001
Winter Period: 12/1/2001- 2/28/2002 ’

- Energy: 100% of the Available Capacity

Point of Delivery: Same as above ’

Market Charge: Dow Jones, Mid-C Index for Firm On-Peak, Firm Off-Peak and Sunday 24 Hour
Firm for the period in which such hour occurs. ,

Outage Strike Price: $/mWh (payment for outages)

Variable O&M: $0.71/MWH

13
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Capacity Price-Winter Period: $419,931.00/month /turbine for each month of the winter period.
This amount shall be reduced prorata, MW for MW, day for day, if unabie to generate
normal rated output

Energy Price-Winter Period: Seller’s actual costs including fuel and transportation

Scheduling: Same as above : ’

Term:; 5/2/01 - 11/30/2002

Termination: 11/30/2002

Black Creek Hydroelectric
Description: Storage and Transmission. Letter Agreement between WWP and PSE dated

7/14/98 in which PSE shall store the power generated by Black Creek during the year (July-June
period) and return all power to WWP during the month of August of each year. The Agreement
for Power Sale is between WWP and Black Creek Hydro (HEDC, Hydroelectric Development
Corporation, an affiliate of PSE)

Capacity: 3.7MW, 1 generating unit

Storage charge: PSE bills WWP $6. OOIMWr

" Scheduling: product is shaped when delivered to WWP

Term: 7/14/98-6/30/04
Termination: 6/30/2004

Skookumchuck

Description: Thermal. Part of the Centrailia Steam Electric project, 2 year letter agreement with
PacifiCorp expired on 10/31/95

Capacity: 980 kw

Location: Centralia, WA

Price: $16.00/MWhr

Transmission:

Agreement for Firm Power Purchase dated

Term: 7/1/93-10/31/95 or until a long term agreement can be agreed upon

Termmatlon Upon notlce?

14
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~ SYSTEM IMPACT STUDY
QASIS Reference No. 17855
270 MW GENERATION ADDITION TO FREDERICKSON 115 kV BUS

September 29, 2000
PSE Electric Transmission

INTRODUCTION

This study is in response to OASIS Reference No. 117855 and the System Impact Study
Agreement executed by PSE's merchant function on May 17, 2000 requesting, among
other things, 270 MW of Firm Point-to-Point Transmission Service for proposed new
combined-cycle generation located at PSE’s 115 kV Frederickson Substation located in
Pierce County, Washington. This study summarizes the results of analyses done to
develop reliable transmission altematives that integrate the proposed generation at
Frederickson. The generation studied includes six levels of generation: (1) 0 MW; (2)
149 MW of existing Frederickson generation; and (3) 200 MW; (4) 250 MW; (5) 270 MW;
and (6) 300 MW from the proposed generators, with levels (3) — (6) all including 149 MW
of existing Frederickson generation.

CONCLUSION

With certain transmission improvements, the proposed generation at a 270 MW level
can be reliably integrated into the transmission system through a 115 kV connection at
PSE’s Frederickson Substation. A single 115 kV line would be constructed between the
proposed generator substation bus and the Frederickson Substation bus, with substation
breakers at both ends of the line.

Two alternative transmission improvement plans have been identified. The preferred
plan is: (a) construct a line from Frederickson Substation to Woodland Substation (north
of Frederickson); (b) convert the Fern Hill-St. Clair 55 kV line to 115 kV; (c) install
substation breakers for the lines; and (d) upgrade several other lines to higher ratings.

The alternative plan is: (a) reconductor the Frederickson-St. Clair 115 kV line; (b)
reconductor the 4/0 copper portions of the Electron Heights-Blumaer line; and (c)
upgrade several lines to higher ratings. The preferred plan is less expensive, can avoid
the need to trip generation for most transmission outages, and can support generation
output under a greater number of planned and unplanned transmission outages. '

For the condition of highest flow across the Raver-Paul path, generator tripping is not
required for a West Side Northem Intertie (WSNI) import up to 2850 MW. With pre-
existing line outage conditions, the proposed generation may need to be tripped by an
electronic signal supplied by BPA for high West Side Northem Intertie imports.

An estimate of the cost for transmission interconnection facilities and transmission
improvements is $16,500,000 for the preferred plan, and $19,300,000 for the alternative
plan. The major difference between the two plans is that the preferred plan provides a
second transmission circuit west to St. Clair, and north to White River and Alderton.
Therefore, the system will be able to sustain transmission system outages and continue
to support generation output from the proposed generators much better under the
preferred plan, than with the altemative plan.

Frederickson Il.doc . Page 1
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STUDY ASSUMPTIONS

Summer and winter seasons were studied with high Raver-Paul loading and high north
to south flows on lines going through Pierce County. Flow conditions with high south to
north flows to Canada were also checked for the summer. The summer season included
heavy and light load conditions for both north to south and south to north. The winter
season studies were with heavy loading. The existing two combustion turbines were
included as generatmg 74.4 MW each in most of the simulations. The proposed 270 MW
generation is in addition to the existing 149 MW from Frederickson.

The lines that cross Pierce County toward Thurston and Lewis Counties in the south are:

Raver-Paul 500 kV line

White River-Cowlitz-Olympia 230 kV line
Covington-Cowlitz-Chehalis 230 kV line
Frederickson-St. Clair 115 kV line
Electron Heights-Blumaer 115 kV line
White River-Fermn Hill 57.5 kVline

The time frame used for simulations was 2002 with the following improvements assumed
to be completed:

Chief Joe-Monroe #4 line re-converted to 345 kV operation.

Bothell-Snoking #2 and Snoking-Mapie Valley #2 230 kV lines energized.
Schultz-Raver #2 500 kV line rerouted from Raver to Echo Lake.

Bothell #2 and #3 230-115 kV transformers replaced with 300 MVA transformers.
Novelty 115 kV substation bus.

Shelton-South Bremerton 230 kV line, South Bremerton 230-115 kV transformer.

Reactive power margin and voltage stability were not determined. It is anticipated that
the addition of the proposed generation with full reactive capability will improve voltage

- regulation in the area. This can be confirmed with reactive margin studies. Transient

stability was not confirmed, and would be done when stability models, and machine
specific parameters are provided.

OUTAGE ASSUMPTIONS

Outages taken included single contingency (N-1) outages and common mode outages.
The single contingency outages are taken automatically, and include all lines in southern
King, Pierce and Thurston Counties. The common mode outages are:

White River north 230 bus, south 230 bus, north115 bus, and south 115 bus
Alderton 115 bus, Frederickson 115 bus, Woodland 115 bus
Krain Comer 115 bus, Electron Heights 115 bus, Saint Clair 115 bus
Blumaer 115 bus, West Olympia 115 bus, Plum Street 57.5 bus
PSE Olympia north 115 bus, and south 115 bus, Tono 115 phase shifter
BPA Olympia east 230 bus, west 230 bus, and 115 bus
All 115 kV double circuit outages in Pierce County.

The following use govemor load-flow following WSCC guidelines.
Raver-Paul 500 line; Trip BC Hydro, FDG/WHG 1
Raver-Paul 500 line; Trip BC Hydro, FDGMWHG, PG
Raver-Paul-Centralia G2 500 BKF; Trip BC Hydro, FDG/WHG
Raver-Paul-Centralia G2 500 BKF; Trip BC Hydro, FDG/WHG, PG
Raver-Paul-Centralia G2 500 BKF & Centralia G1; Trip BC Hydro, FDG/WHG
Raver-Paul-Centralia G2 500 BKF & Centralia G1; Trip BC Hydro, FDG/WHG, PG
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Paul-Aliston 1&2 500 lines on common right-of-way;.Trip BC Hydro

The formula for tripping BC Hydro generation is:

_ Trip generation = 1.3 x (West Side NI north-to-south — 1450 MW)
FDG/WHG stands for tripping Fredonia and Whitehom combustion turbines.
PG stands for tripping the proposed generation.

BKF stands for breaker failure.

FINDINGS

The Frederickson Substation 115 kV bus is currently interconnected to the local
transmission system through three 115 kV lines. They are: Alderton - Frederickson,
Electron Heights -Boeing Puyallup - Frederickson, and Frederickson - St. Clair. The
usual flow on these lines is from the northeast to the southwest, corresponding to the
flow pattern on the 230 and 500 kV lines across the same area. With the addition of 270
MW of generation connected at Frederickson, these three lines can become overloaded
above their thermal capabilities, especially during conditions when other facilities are
out-of-service. Out-of-service conditions may be those that are planned for maintenance
needs, or those that are unplanned, such as due to wind or lightening.

To operate the system reliably, reliability criteria are used by WSCC member utilities that
specify, among other things, single element outages, and common element outages that
should be accommodated when planning transmission facilities. Operator actions and
remedial action schemes (RAS) may be used to adjust the system to operate itin a
reliable condition. One RAS used on this path is to automatically trip selected generators
to the north, if the BPA Raver-Paul 500 kV line is lost from service during a period of

" high north to south flow on the Raver-Paul line. By tripping generation to the north, the

flow that shifts from the 500 kV line to the underlying 230 and 115 kV line is reduced.

Two alternative transmission improvement plans were developed that will support the
interconnection of the proposed generation to the Frederickson substation 115 kV bus.
The preferred plan is: (a) construct a line from Frederickson Substation to Woodland
Substation (north of Frederickson); (b) convert the Fern Hill-St. Clair 55 kV line to 115
kV; (c) install substation breakers for the lines; and (d) upgrade several lines to higher

“ratings. The alternative plan is: (a) reconductor the Frederickson-St. Clair 115 kV line to

a much larger conductor; (b) reconductor the 4/0 copper portions of the Electron
Heights-Blumaer line; and (c) upgrade several lines to higher ratings.

The preferred plan results in two paths from Frederickson to St. Clair, and from
Frederickson to Alderton, whereas the other alternative plan results in single paths from
Frederickson to St. Clair, and to Alderton. As a consequence, the preferred plan can
support generation output under many planned and unplanned outages that the
alternative plan cannot. The preferred plan can avoid generator RAS tripping for most
transmission outages, and is less expensive. Line item details of both plans are given in
the COSTS section that follows.

Simulation Results

The pre-outage flows on lines can be seen in Table 1, which shows MW flows before
outages are taken for the preferred and altemative plans. Heavy and light summer cases
are represented with WSNI in the north-to-south (at 2850 MW) and south-to-north (and -
1500 MW) directions. In the winter cases the WSNI is 1450 MW north-to-south. Line
flows on the Raver-Paul 500 kV line, as an example are about 1800 in the heavy
summer north-to-south case, and 2000 MW in the light summer north-to-south case.
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Raver-Paul 500 kV line in the winter case is goes down to about 1200 MW. When the
winter import OTC rises above 1450 MW, then transmission through-flows will increase
and loading on the Raver-Paul line will increase.

During the summer season the loading on lines in the Raver-Paul path is generally
closer to their ratings than during other seasons. This is because the transmission
through-flow is higher, and because the line ratings are often significantly lower in the
summer, especially on lines having low conductor temperature ratings. The summer
season then presented the worst case conditions and became the focus for developing
alternative improvements.

The difference in distribution of MW loading on the transmission lines between the two

‘plans can be seen by comparing the numbers separated by a slash “/ in Table 1. For

example, in the heavy summer, north-to-south case with the proposed generation at 270
MW, the loading on the Frederickson-St. Clair 115 kV line (labeled FREDRICK ~ TILCM
TP 115) is 135/ 184. Flow on this line under the preferred plan is 135 MW, and on the
alternative plan, it is 184 MW.

“The sensitivity of line loading to Raver-Paul flow levels can be determined from this

table. For example, in the heavy summer north-to-south case, with the proposed
generation at 270 MW, loading on the proposed Woodland-Fern Hill line is 109 MW,

‘when loading on the Raver-Paul fine is 1822 MW. In the heavy summer south-to-north

case, loading on the Woodland-Fem Hill line is 49 MW, when loading on the Raver-Paul
line is 723 MW. A 60% reduction of flow on the Raver-Paul line is accompanied by a
55% reduction of flow on the Woodland-Fem Hill line.

The results of outage simulations are given in Table 2, for single contingency outages
(N-1), and common mode outages, except that the Raver-Paul 500 kV outage resuits for
summer are given in Tables 3-6, and are discussed later. The outage results for other
than the Raver-Paul 500 kV show that line loadings remain within their ratings up to an
addition of 270 MW of generation. An exception is the double line loss of the Alderton-
Frederickson and Frederickson-St. Clair 115 kV lines for the altemative plan. This
outage is an N-1 outage only if one of the other two lines to Frederickson is already out
for some reason. Because of the severity, a RAS should be installed to trip the proposed
generation if the alternative plan is implemented and this outage occurs. -

Other overloads in Table 2 are the Covington-Tacoma A 230 kV line and the White
River-Tacoma B 230 kV line. These lines are actually both parts of separate three-comer
lines. They are the Covington-Cowlitz-Chehalis (Tacoma A) and the White River-Cowlitz-
Olympia (Tacoma B) 230 kV lines. These overioads would only occur in the event that
either of the line breakers at Cowiitz Substation were to open without its entire three-
comer line tripping. By installing relays to open the appropriate Covington or White River
breaker or the appropriate Olympia or Chehalis 230 kV breaker when its Cowlitz breaker
opens, these overioads would not occur. As indicated in the table, these overloads are
insensitive to the existing Frederickson and proposed generation levels.

Raver-Paul 500 kV QOutage

The most severe outage is the Raver-Paul 500 kV outage, and combination outages, in
which the Raver-Paul 500 KV line is inciuded. The combination outages studied are a
breaker failure at Paul that trips both the Raver-Paul line and the Centralia #1 generator,
and the same breaker failure when the Centralia #2 generator is also out-of-service.
Results are given in Tables 3-6, and include heavy and light summer load with the
preferred plan (Tables 3 & 4), and heavy and light summer load with the altemnative plan
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(Tables 5 & 6). The tables show when lines overload both without, and with tripping the
proposed generators.

BPA arms a generator tripping RAS when there are high north to south flows on the
Raver-Paul 500 kV line. The RAS sends trip signals to selected generators north of this
line when the RAS detects that the line is lost from service. The generators that are
armed are determined according to the flow level on the Raver-Paul line, and other
factors, as described in BPA Dispatcher Standing Order (DSO0) 307. In the power system
simulations, for high flow levels on the Raver-Paul line, the generators that were tripped
included Whitehom, Fredonia, 1024 MW at Chief Joseph, and units in Canada following
the formula:

MWioTrip =1.3(IngledowCusterflow— 1450MW)

The results indicate that for heavy or light summer loads, with the existing Frederickson
CT's on, and with the proposed generators at 270 MW, the preferred plan will support a
WSNI level that is 100 to 140 MW higher than the alternative plan. For the Raver-Paul
single line outage, and Raver-Paul and Centralia Unit 2 breaker failure outage, tripping
the proposed generators is not required with the preferred plan, and is probably not
required with the alternative plan. E

When the Centralia Unit 1 is out-of-service, the Raver-Paul pre-outage flow modeled is
above 2000 MW. In practice, BPA would reduce the flow on the Raver-Paul 500 kV line,
following DSO 307 for Level 4, so that the overloads would not happen if the outage
were to occur. But running the outage at this high leve! illustrates the need for a Raver-
Paul flow threshold that results in significant overloads if violated. From Table 3, with
Centralia Unit 1-down, and following the breaker failure outage, loading on the Tacoma
A-Centralia 230 kV line is at 104.8% of its rating when Frederickson CT’s are on, but
with the proposed generation at zero. When the proposed generators are at 270 MW, for

 the outage, loading on the Tacoma A-Centralia 230 kV line is at 107.5% of its rating. By

tripping the full 270 MW, loading on this line reduces to 105.3%. In practice, when the

- Centralia Unit 1 is out-of-service, the flow level on the Raver-Paul would be reduced

before any outages.

The percents of overioad for the light summer cases are higher than the heavy summer
cases. However, the increase is only 3 to 4%. During light load conditions, ambient
temperatures are lower, and line ratings increase. For the lines that overioad, a
reduction in ambient air temperature from 35C to 20C resultts in a 10% increase in rating.
During winter conditions the line loading on the Raver-Paul is relatively much lower.

The White River-Fem Hill 57.5 kV line overloads for the altemative plan with outages of
the Raver-Paul line. A relay is installed at White River to detect when the line is being
overloaded and the relay will sent a signal to automatically trip the line breaker at White
River. All the power system simulations on the altemative plan were done with either the
White River-Fem Hill line open, or with the relay modeled to open the line up if the flow
level on the line is above its seasonal rating.

. Winter

Some common mode outages do not achieve a solution for winter loading conditions.
The Olympia 230 kV bus is divided between east and west segments with both 230-115
kV transformers on one bus segment, the east bus. Loss of the Olympia 230 east bus
resuits in no solution. Loss of the Olympia 230 west bus results in depressed voltages
and severe overloads. The depressed voltages may be remedied by inserting capacitors
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that are not in the case. The combination outage of the breaker failure loss of the Paul-
Raver line and Centralia unit #2, when Centralia unit #1 is out-of-service fails to solve in
the winter case. The voltage collapse is too severe to get a power flow solution. The
conclusion is that during winter heavy loads, Centralia unit #1 must be running.

COSTS

Transmission costs for improvements to connect the proposed 270 MW of generation at
Frederickson for the preferred and altemative plans include the following. This does not

include the cost of 115 kV breakers at the proposed generator bus, or generator step-up
- transformers. «

Preferred Plan ($ x1000)
Cut over Femn Hill-St. Clair 55 kV line to 115 kV
Woodland-Fem Hill, rebuild 55 line to 115 with Bittern \ 2,200
~ Fern Hill-South Gate Tap, uprate Bittern to 100C 20
- South Gate Tap-Gravelly Lake Drive, reconductor 2 miles to
Bittern, and uprate existing Tem to 100C 700

Gravelly Lake Drive-Holden Tap, reconductor 2.5 miles to Bitten 900
Holden Tap-Dupont-St. Clair, uprate Bittern and Tern to 100C 70
Woodland Substation, construct 115 kV bus with 3 breakers 1,600
St. Clair Substation, install a 115 kV breaker 400

Gravelly Lake Substation, install two 115 KV breakers 700
Fern Hill & South Gate, construct distribution facilities 1,000
) 7,590
Construct Woodland-Frederickson 115 kV line
Construct 0.5 and 1 mile sections of double circuit Bittern 700
Reconductor 2 miles of Tem to Bittern ' 260
Construct 4.7 miles of Bittemn 1410
Breakers at Woodland and Frederickson 800
Additional right-of-way costs .= 150
' 3,320

Frederickson-Proposed Generator 115 kV bus ,
- Frederickson-Proposed Gen., construct 115 kV Lapwing % mile . 90

Frederickson Substation, install 115 kV breaker 450
540
Up-Rate several 115 kV lines to higher conductor temperature
Electron Heights-Bosing Puyallup-Frederickson, 17 miles to 100C 340
Frederickson-Hemlock-Alderton, 12 miles Tem to 150C 360
White River-Gardella-Alderton, 7.4 miles, Temn to 100C - 150
White River-Sumner-Pioneer, 4.7 miles, Tern to 100C . 100
Alderton-Stewart, reconductor 0.5 mile 4/0 to Bittern 120
St. Clair-Johnson Hill, 5.7 miles, Tem to 100C 120
St. Clair-Patterson, 2.7 miles, Tem to 100C - ‘ 60
1250
Total for preferred plan $ 12,700.
Total for preferred plan with 30% contingency buffer . $ 16,500.
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Alternative Plan ($ x1000)
Frederickson-St. Clair 115 kV line

Reconductor 29.7 miles to Lapwing (may require switch replacement) 7,430
Electron Heights-Blumaer 115 kV line )

Reconductor 4/0 copper is 23.5 miles to Tem 5860
Up-rate Merlin conductor, 15.9 miles, to 125C 320
6,180
Frederickson-Proposed Generation 115 kV bus
Frederickson-Proposed Gen., construct 115 kV Lapwing % mile 90
Frederickson Substation, install 115 kV breaker 450
v » 540
Up-Rate several 115 kV lines to higher conductor temperature
Electron Heights-Boeing Puyallup-Frederickson, 17 miles to 100C 340
Frederickson-Hemlock-Alderton, 12 miles Tem to 150C 360
Alderton-Stewart, reconductor 0.5 mile 4/0 to Bittern 120 v
820
Total for second altemative ' $ 14,970.
Total for second alternative with 30% contingency buffer $ 19,460.
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Table 1. Line flows on both Plans with
Incremental levels of Proposed Generation

Proposed Generation MW Level & Frederickson CT MW Level

0&0 0&149

200& 149 250& 149 270& 149 300 & 149

Line loading in Mw ( Preferred Plan Cc / Altemative Plan Ec)

2002 Heavy Summer, West Side NI North to South
West Side NI, Ingledow-Custer 182 | 2851/2850  2851/2850
RAVER - PAUL 500 1787/1807 1800/ 1816
OLYMPIA - TACOMA B 230 - 308/ 317 312/ 319
TACOMA A - CENTR SS 230 202/ 296 297/ 300
. FREDRICK - BOE_PUY 115 3/ -1 27/ 84
FREDRICK - SW2BTIE 115 39/ -81 17 8
FREDRICK - TILCM TP 115 64/ 17 90/ 116
FREDRICK - WOODLND 115 B4 24
WOODLND-FERNHILL 115 79 20
WOODLND-PIONEER 115 % 81
WOODLND-FRUITLAND 115 23 12
2002 Light S West Side NI North to Soutt
West Side NI, Ingledow-Custer 182 | 2851/2850 2851 /2851
RAVER - PAUL 500 1997/2018  2008/2026
OLYMPIA - TACOMA B 230 334/ 344 338/ 346
TACOMA A - CENTR SS 230 310/ 314 315/ 318
FREDRICK - BOE_PUY 115 0/ 4 24/ 32
FREDRICK - SW28TIE 115 42/ -87 1/ 13
FREDRICK - TILCM TP 115 73/ 88 89/ 126
FREDRICK - WOODLND 115 34 . 23
WOODLND-FERNHILL 115 88 . 29
WOODLND-PIONEER 115 " g3 58
WOODLND-FRUITLAND 115 84 2
Dec, 2002 Heavy Winter, West Side NI North to South
West Side NI, Ingledow-Custer 182 | 145071450 - 1451/ 1450
RAVER - PAUL 500 114871161  1159/1170
OLYMPIA - TACOMA B 230 185/ 191 189/ 183
TACOMA A - CENTR SS 230 771 79 82/ 84
FREDRICK - BOE_PUY 115 10/ 5 37/ 44
FREDRICK - SW28TIE 115 29/ 66 15/ 16
FREDRICK - TILCM TP 115 45/ 50 72/ 92
FREDRICK - WOODLND 115 37 27
WOODLND-FERNHILL 115 53 65
WOODLND-PIONEER 115 105 66
WOODLND-FRUITLAND 115 -1 12

2852/ 2851
1816/1829
316/ 322
303/ 306
60/ 82
56/ 83
124/ 167
102

105

-13

‘ .

2851 / 2851
2017 /2034
343/ 350
322/ 324
571 79
54/ 88
132/ 177
102
113
r
7

1450/ 1450
1173/1180
193/ 196
89/ 90
69/ 81
70/ 117
105/ 142
108
79
17
28

- 2851 /2851

1820/1833
317/ 323
305/ 307
68/ 94
70/ 118
132/ 179

122

108

-1

8

2851 /2850
2021 /2035
345/ 351
323/ 326
65/ 91
67/ 113
140/ 189
121
116
3
3

1451/ 1451
1177/1183
184/ 197
80/ 92
77/ 103
84/ 143
114/ 155

126
&
-5
31

2851 /2850
1822/ 1834
318/ 324

806/ 308

7/ 99
75/ 128
135/ 184
130
109
4
9

2851 /2851
2022/ 2036
345/ 351
824/ 327

68/ 96

73/ 123

143/ 194
129
118
‘8
-1

1451 / 1450
117971184
1957 197
81/ 82
80/ 108
89/ 153
117/ 160
134

84
0
33

2851 /2851
1825/ 1836
319/ 324
307/ 309
76/ 106
83/ 143
1407 182
141

111

11

11

2850 /2850
2024 /2038
346/ 352
325/ 327
73/ 103
81/ 139
148/ 201
141
120
15

1451/ 1451
118171186
195/ 188
92/ 83
85/ 115
g7/ 168
122/ 167
145

86
7
35
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Seasonal case -

ELEMENT OR PATH

West Side NI, Custer-ingledow 182
RAVER - PAUL 500
OLYMPIA - TACOMA B 230
TACOMA A - CENTR §S 230
FREDRICK - BOE_PUY 115
FREDRICK - SW25TIE 115
FREDRICK - TILCM TP 115
FREDRICK - WOODLND 115
WOODLND-FERNHILL 115
WOODLND-PIONEER 115
WOODLND-FRUITLAND 115

West Side Ni, Custer-ingledow 1&2
RAVER - PAUL 500

OLYMPIA - TACOMA B 230
TACOMA A - CENTR SS 230
FREDRICK - BOE_PUY 115
FREDRICK - SW28TIE 115
FREDRICK - TILCM TP 115
FREDRICK - WOODLND 115
WOODLND-FERNHILL 115
WOODLND-PIONEER 115

WOODLND-FRUITLAND 115

Table 1. Line flows on both Plans with
Incremental levels of Proposed Generation

Proposed Generation MW Level.& Frederickson CT MW Level

0&0 . 0&149

200&149 250& 148 270& 149 300 & 149

Line loading in Mw ( Preferred Plan Cc / Altemative Plan Ec)

1506/1506 1500/ 1500
704/ 705 705/ 706
89/ 90 89/ 90
8/ 86 86/ 86
27/ 36 27/ 36
30/ 52 30/ 52
39/ 54 39/ 54

47 47

30 30

s "

19 19
150171501 1501 /1501
686/ 690 676/ 677

87/ 89 67/ 88
84/ 85 85/ 95
4/ 2 23/ 33
8/ 20 a2/ 56
16/ 19 39/ 56

-9 50

20 30

34 3

1 13

150171501
719/ 716
93/ 92
82/ 92
59/ 84
85/ 153
72/ 105

8232Q

1501/ 1501
690/ 687
91/ 90
101/ 101
85/ 80
87/ 187
72/ 106

B8 &R

1501/ 1501
722/ 718
94/ 83
94/ 93
67/ 96
99/ 178
80/ 118

8832

1502/ 1501
693/ 690
92/ o1
103/ 102
63/ 82
. 101/ 183
80/ 118
149

47
64
33

1502/ 1501
723/ 719
85/ 83
‘84/ 93
711 101
104/ 188
83/ 123

5988

1501/ 1501
695/ 691
92/ o1
103/ 103
e/ 97
106/ 183
84/ 128

R88& Y

1501 / 1501
726/ 721
85/ 83
85/ 94
75/ 108
112/ 203
88/ 130
165

51
64
43

15017 1501
€97/ 683
83/ 91
104/ 103
71/ 104
114/ 208
89/ 131
168
50
76
37
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Table 2 Outages with Incremental levels of
oy Proposed Generation and Frederickson Generation

Proposed Generation MW Level & Frederickson CT MW Level
iQutageA . 0&0 0&149 200&149 250&149 270& 149 300& 149

Element at % of rating Facility loading in % of rating

SV Preferred Plan (Convert Fem Hill-St. Clair 55 KV line)
BUS WHITE RIVER SOUTH 230, 2002 Light Summer, North-to-South -

COWLITZ - TACOMA B 230 111.6/2100 1121/2070  113.3/2000 113.6/1880 113.7/1980 113.8/1970

1( COWLITZ - TACOMA B 230 111.6/2090 - 1123/2060 113.7/1970 114.0/1960 114.1/1950 114.2/1940
g v . M )
COWLITZ - TACOMA A 230 107.5/2360 109.2/2250 111.7/2100 112.3/2060 112.6/2050 112.9/2030

Alternative Plan (Reconductor Frederickson-St. Clair 1 15 kV line)

L. : BIIE & FREDRICK- v iy Q02 1.1gn mmer, Nortn-1{o
e BLUMAER -OLY VAIL115 96.8 1079 1123 119.1
~ ELECTHTS - FRED TAP 115 : 160.1 185.2 195.4 2109
o ELECTHTS - ORTING 115 1438 1733 185.3 203.6
L3 WHITE RV - BONNEYLK 115 85.7 1189 129.8 144.8
FRED TAP - BOE_PUY 115 121.4 140.5 1482 159.9
FREDRICK - BOE_PUY 115 ) 126 145.1 1529 164.7
WR-KCTAP - BONNEYLK 115 1008 125 1349 = 150
WR-KCTAP - RHODESLK 115 - 126.6 155.6 167.4 185.3
f% : | ELECTHTS - WILKNSON57.5 1014 177 1244 1345
i KAPOWSIN- YELM 115 : ' ©1115 1227 1272 134
LONGMR T - OLY VAIL 115 97.8 108.7 113.1 119.9
fj LONGMRT-YELM 115 104.4 1155 120 126.8
L. ORTING - RHODESLK 115 1 ; 1357 164.6 176.4 1843

116.0/1870  116.0/1860 116.1/1860

. COWLITZ - TACOMA B 230 116071850  116.2/1840  117.0/1800 117.4/1780 117.5/1780 117.5/1780
" COWLITZ - TACOMA A 230 409.5/2240 111.0/2150 113.2/2020 113.8/1980 114.0/1970 114.4/1850
)

b
—

b
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BKF Raver-Paul & Ctr2

BKF Raver-Paul & Ctr2
- and Centraiia 1 off line

BKF Raver-Paul & Ctr2

BKF Raver-Paul & Ctr2

BKF Raver-Paul & Ctr2

BKF Ravef-Paul & Cir2

BKF Raver-Paul & Ctr2
and Centralia 1 off line
BKF Raver-Paul & Ctr2
and Centralia 1 off line

Preferred Plan

% line loading at 2850 MW Northem Intertie / NI at 100% loading
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Table 3. Raver-Patil 500 kV Related Outages - 2002 Heavy Summer
nvert Fem Hill-St. Clair 55 kV line
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/ Table 3. Raver-Paul 500 kV Related Outages - 2002 Heavy Summer
referred Plan vert Fern Hill-St. Clair 55 kV line
. . . " Ad-Ad=
% line loading at 2850 MW Northem Intertie / NI at 100% loading e
i Page2/2 : 39228
A ;5 rageaapeEze fit
- ® O Q =
;L g £ s & g g 2 g 3 l§l g 2 (é“ %? g @
3 5 & 8 5 5 O > 25
§ 27 2% 5 p R 08 T r L % gEggi
|Proposed < 0 < o4 § € 4 € = B o Z 9 & 2
GeperstionLevel B X E & 3 3 B 3 S : g g 2 §§:§§
i . < a E ) o} > E o Qo
= 2 2 4 2 B a4 %2 = g Z » g =
: & F & I = T 2 2 L 8 v o 2
- - o = = o Z = § 2
Outage o & o o - o B § £
. wore e
BKF Raver-Paul & Ctr2 97.5 * % %
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Table 6. Raver-Paul 500 kV Related Outages - 2002 Light Summer
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SOUND : '
ENERGY July 17, 2000

Puget Sound Energy, inc.

411 108th NE

Bellevue, WA 98004-5515

Attn: Douglas K. Faulkner, Manager Energy Contracts

Re: Requests for Transmission Service ~ Frederickson
OASIS Assignment Reference No. 117855
Preliminary Study Results

Dear Doug:

This is in response to your letter to me dated June 16, 2000 in which you
requested an additional study pursuant to your OASIS Request No. 117855.
Specifically, you asked us to first study the effects of adding 50 MW, 100 MW,
and 150 MW at the Frederickson site, before studying the remainder of your
request. The preliminary study is enclosed.

For the System Impact Study Agreement for the Frederickson OASIS
Assignment Reference No. 117855, please see the attached preliminary study,
“Frederickson Steam Generator Addition.” This study explores the transmission
capacity that would be needed to reliably interconnect a steam turbine at the
PSE Frederickson Generation Station. Steam turbine sizes studied included 50,
100, 150, and 200 MW :

The results of studies showed that with minor improvements the existing Pierce
and Thurston County transmission system can reliably interconnect a steam
turbine with up to 150 MW output on the Frederickson Substation 115 kV bus.
Above that level, several lines exceed their limits, and costs to increase ratings
and build additional lines would be high. If this project is chosen additional
studies will be needed using data that must be obtained specifically for the
generator selected. Because generator tripping is required for a BPA outage,
BPA must also be involved, and agree to it being added to their trip scheme.

Before finalizing the study, we would like to meet with you at your earliest
convenience. In the meantime, we will proceed with studying the remainder of
your request for 270 MW or 600 MW at Frederickson, and lastly 50 MW at

Tenaska.
Sincerely,

Puget S nd Energy, Inc.

Its: Manager Transmission Contracts
and OASIS Trading

Enclosure v
Puget Sound Energy * 10608 N.E 4t~ Steet o Bewsv.z Wk 58004
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FREDERICKSON STEAM GENERATOR ADDITION

Scoping Study
PSE Electric Transmission

 INTRODUCTION

PSE Electric Transmission has been asked to assess the affect to the transmission
system of additional generation at the existing Frederickson combustion turbine site in
Pierce County. This report is a scoping document that summarizes studies done to find
threshold levels where new generation could be added with large impacts to the existing
transmission system. The added generation would be a steam unit with possible sizes
being 50, 100, or 150 MW (200 MW was included to explore sensitivities).

CONCLUSION

If a new generator is installed at Frederickson Generating Station and connected to the
existing 115 kV bus, and if the size is 150 MW or smaller, then impacts to the existing
transmission system are expected to be minimal. A requirement for this addition is that
during conditions of high north to south flow on the Raver-Paul 500 kV line, an
equivalent amount of generation at Frederickson should be tripped automatically if an
outage of the Raver-Paul 500 kV line were to occur. The generation could be tripped by
an electronic signal supplied by BPA, but BPA must agree to this. The only line requiring
conductor temperature upgrade is the Electron Heights-Boeing Puyallup-Frederickson
115 kV line. Also, at the highest generation level, a Remedial Action Scheme should be
employed to trip or ramp generation at Frederickson in the event that two of the three
115 kV lines to Frederickson becomes out-of-service. An estimate of the cost for
transmission interconnection facilities and improvements is $800,000.

 STUDY ASSUMPTIONS ‘

Summer and winter seasons were studied, with a focus on higkh Raver-Paul loading and
high north to south flows on lines going through Pierce County. Load sensitivity was
performed for the summer season. The lines through Pierce County are:

Raver-Paul 500 kV line ‘

White River-Cowlitz-Olympia 230 kV line

Covington-Cowlitz-Chehalis 230 kV line
_Frederickson-St. Clair 115 kV line

Electron Heights-Blumaer 115 KV line S

White River-Fern Hill 57.5 kV line ‘ . A

The time frame was 2001 with the following improvements assumed to be completed:

Chief Joe-Monroe #4 line re-converted to 345 kV operation.

Bothell-Snoking #2 and Snoking-Maple Valley #2 230 kV lines energized.
Schultz-Raver #2 500 kV line rerouted from Raver to Echo Lake.

Bothell #2 and #3 230-115 kV transformers replaced with 300 MVA transformers.

Reactive power margin and voltage stability was not determined, it is anticipated that
addition of generation with full reactive capability at Frederickson will improve voltage
regulation in the area. This can be confirmed with reactive margin studies. Transient
stability was not confirmed, and would be done when stability models, and machine
specific parameters are provided.

Fred steam.doc - Page 1 o g Preliminary
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The proposed Westcoast generator was studied as a sensitivity, to understand the
combined impacts of the Frederickson steam turbine generator and the Westcoast

~ generator. The total MW output of the Westcoast generators was modeled as 270 MW.

OUTAGE ASSUMPTIONS.

| Outages taken included single contingency (N-1) outages and common mode outages.

The single contingency outages are taken automatically, and include all lines in southern
King, Pierce and Thurston Counties. The common mode outages are:

White River north 230 bus, south 230 bus, north115 bus, and south 115 bus
Krain Corner 115 bus, Alderton 115 bus, Frederickson 115 bus
Electron Heights 115 bus, Saint Clair 115bus, Blumaer 115 bus
West Olympia 115 bus, Plum Street 57.5 bus
PSE Olympia north 115 bus, and south 115 bus, Tono phase shifter
BPA Olympia east 230 bus, west 230 bus, and 115 bus '

The following use governor load-fiow following WSCC guidelines.
Raver-Paul 500 line; Trip BC Hydro ,
Raver-Paul 500 line; Trip BC Hydro, FGStm, WC
Raver-Paul-Centralia G2 500 BKF; Trip BC Hydro
Raver-Paul-Centralia G2 500 BKF; Trip BC Hydro, FGStm, WC
Raver-Paul-Centralia G2 500 BKF & Centralia G1; Trip BC Hydro
Raver-Paul-Centralia G2 500 BKF & Centralia G1; Trip BC Hydro, FGStm, WC
Paul-Allston 1&2 500 lines on common right-of-way; Trip BC Hydro

The formula for tripping BC Hydro generation is:

Trip generation = 1.3 x (Westside NI north-to-south — 1450 MW)
FGStm stands for tripping the proposed Frederickson steam turbine and gen.
WC stands for tripping the proposed Westcoast generator.

BKF stands for breaker failure. '

FINDINGS

The transmission through flow can be seen in Table 1, which shows line flows before
outages are taken for heavy summer, lighter summer, and heavy winter. Line flows on
the Raver-Paul 500 kV line, as an example are 1800 to 1900 MW in the summer, and
decrease to 1200 MW in the winter. In these seasons, the West Side Northem Intertie
(WSNI) is 2850 MW in the summer cases, and is 1450 MW in the winter cases. If the
winter import OTC goes above 1450 MW, then transmission through flow will increase in
the winter. Load sensitivity that was performed for the summer season was to reduce the
area load by 1000 MW, from 5758 to 4758 MW, an 18% reduction. The results indicated
that for lines at or near overload, the overioads increased slightly as loads were scaled
down by 1000 MW. This is a favorable result because as loads go down in the summer,
ambient air temperatures also cool, as in night-time conditions, and line ratings go up.

Summer

During the summer season loading on lines can be closer to line ratings than during
other seasons because of transmission through flow, and because the line ratings are
significantly lower in the summer on lines having a lower conductor temperature rating.

The results of outage simulations are given in Table 2, for single contingency outages
(N-1), and common mode outages, except that the Raver-Paul 500 kV outage results
are given in Tables 3-6, and are discussed later. The outage results for other than
Raver-Paul 500 kV show that line loadings remain within their ratings up to an addition of

Fred steam.doc : . Page 2 Preliminary
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150 MW of generation. An exception is the double line loss of the Alderton-Frederickson
and Frederickson-St. Clair 115 kV lines. This outage is an N-1 outage if one of the other
two lines to Frederickson is already out for some reason. The temperature rating of the
Electron Heights-Boeing Puyallup-Frederickson 115 kV line should be raised to
significantly increase the threshold levels at which generation can safely generate during
conditions such as line maintenance, unplanned outages, and the doubie line outage.
The 1272 kem Narcissus conductor portions should be uprated to 75C conductor rating,
and the 795 kcm Tern portions to 100C conductor rating.

Raver-Paul 500 kV Qutage

The most severe outage is the Raver-Paul 500 kV outage, and combination outages, -
which include the Raver-Paul 500 kV line. The combination outages studied are a
breaker failure at Paul that trips both the Raver-Paul line and the Centralia #1 generator,
and the same breaker failure when the Centralia #2 generator is also out of service.
Results are given in Tables 3-6, and inciude summer heavy load, summer light load,
without and with a proposed Westcoast IPP connected to BPA South Tacoma Switch.

- The tables show when PSE lines will overload without tripping the Fredenckson steam
generator, or an equ:valent amount in MW at Frederickson.

BPA arms a RAS when there are high north to south flows on the Raver-PauI 500 kV .
line. The RAS sends trip signals to selected generators north of this line when the RAS -
detects that the line is tripped out of service. The generators that are armed are
determined according to the flow level on the Raver-Paul line, and other factors, as
described in BPA Dispatcher Standing Order (DSO) 307. In the power system
simulations, for high flow levels on the Raver-Paul line, the generators that were tripped -
included Whitehorn, Fredonia, 1024 MW at Chief Joseph and units in Canada following
the formula:

MWtoTrip =1.3(IngledowCusterflow — 1450MW)

The results indicate that for fight summer loads, or for Frederickson steam generator
sizes above 100 MW, PSE lines overioad for the breaker failure outage of the Raver-
Paul 500 kV line and Centralia generator unit 2, unless the Frederickson steam
generator is tripped. If the Westcoast generator is installed at about 270 MW, and if it is
tripped for the same outage, then the above holds true for Frederickson steam generator
sizes above 50 MW. The Frederickson steam generator, or one of the combustion
turbine .generators will need to be tripped during summer load and temperature
conditions when the Raver-Paul 500 kV line loading is high. Tripping will not be needed
during winter conditions because the Raver-Paul line loading is low.

The Tables 3-6 show overloads for the breaker failure outage and when the other
Centralia generator unit 1 is off line. The Raver-Paul pre-outage flow is above 2000 MW.
In practice, BPA would reduce the flow on the Raver-Paul 500 kV line, following DSO
307 for Level 4, so that the overloads would not happen if the outage were to occur. But
running the outage at this high level illustrates the need for a Raver-Paul flow threshold

that results in significant overloads if violated.

The White River-Fern Hill 57.5 kV line overloads with outages of the Raver-Paul line. A
relay is being installed at White River to detect when the line is being overloaded and the
relay will sent a signal to automatically trip the line breaker at White River. All the power
system simulations were done with either the White River-Fern Hill line open, or with the
relay modeled to open the line up if the flow level on the line is above its seasonal rating.
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Winter

“Some common mode outages do not achiéve a solution for winter loading conditions.
_ The Olympia 230 kV bus is divided between east and west segments with both 230-115

kV transtormers on one bus segment, the east bus. Loss of the Olympla 230 west bus -
results in no solution.

COSTS

Transmission costs to install up to 150 MW of new generation at Fredenckson are
expected to include the following:

RAS for Frederickson generator tripping for Raver-Paul outage,

and for loss of two lines $50,000
Breaker and line bay at Frederickson for generator, 115 kV $300,000
Conductor temperature upgrade of Electron Heights-

Boeing Puyallup-Frederickson 115 KV line $400,000

POWER FLOW DRAWINGS

Schematic type power flow drawings of selected conditions are given following the
tables. The drawings provided are a few that represent the thousands of unique
combinations of conditions that could be shown. For each season, hundreds of outages
were simulated for each level of proposed steam generation at Frederickson, without
and with the proposed Westcoast project. The drawings include summer No Outage
cases without and with Frederickson steam generator at 150 MW, and without and with
the proposed Westcoast project. '

They are given in the following order:

Figure | Condition Season | Frederick- | West-
- son Steam | coast
1 No Outage HS ) 0
2 | No Outage HS 150 0
3 No Outage HS 0 270
4 _| No Outage : HS 150 270
5 | No Outage ) - HW 0 0
6 No Outage : - HW 150 0
- 7 [ No Outage ‘ HW 0 270
8 | No Outage HW 150 270
9 | BPA Olympia 115 kV Bus HW 0 0
10 | BPA Olympia 115 kV Bus HwW 150 0
11 Freder-SW 28.Tie & Freder-Tillicum Tap HS 150 0
12 | White River-Cowlitz-Olympia B 230 kV HS 0 0
13 | Bkf Raver-Paul & Centr G2 HS 0 0
14 | White River-Cowlitz-Olympia B 230 kV HS 150 0
15 | Bkf Raver-Paul & Centr G2 HS 150 0
16 | Bkf Raver-Paul & Centr G2, trip F.Steam HS 150 0
17 | White River-Cowlitz-Olympia B 230 kV HS -1000 | 0 0
18 | Bkf Raver-Paul & Centr G2 HS -1000 0 0
19 | White River-Cowlitz-Olympia B 230 kV HS -1000 150 0
20 | Bkf Raver-Paul & Centr G2 HS -1000 150 0
21 Bkf Raver-Paul & Centr G2, trip F.Steam | HS -1000 150 0
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Table 1. Line flows with Incremental levels of
Frederickson Steam Generation |
’ Facility loading in MVA
Seasonal case Frederickson Steam Level (without / with Westcoast)
Element or path OMW  50MW  100MW 150 MW 200 MW ’

2002 Heavy Summer

West Side. NI, ingledow-Custer 1&2 2850/ 2B50 2850/ 2850 2851/ 2850 2851 /2851 . 2851/2851

RAVER - PAUL 500 1827 / 1867 1830/ 1871 1833/ 1874 1837/ 1877 184171882

OLYMPIA - TACOMA B 230 325/374 326/ 375 327/ 376 3287377 329/378

TACOMA A - CENTR SS 230 303 /321 304 /322 306/ 324 307 /325 309/ 327

FREDRICK - BOE_PUY 115 34/34 45/45 57157 69/70 82/82

FREDRICK - SW28TIE 115 30/30 31 129 49/46 71/68 95/92 .
FREDRICK - TILCM TP 115 1177120 130/133 142/ 145 1585/ 158 167/170
2002 Heavy Summer, lighter load case ‘

West Side NI, Ingleaow-Custer 1&2 2850/2851 2849 /2850 2850/ 2851 2851 /2852 2851/ 2851

RAVER - PAUL 500 1920/ 1957 1922/ 1960 1924/ 1963 1928/ 1966 1932/ 1970

OLYMPIA - TACOMA B 230 ' 341/390 342 /391 343 1392 344 /393 3457394

TACOMA A - CENTR SS 230 326/344 3271346 329/347 . 3307348 332/350

FREDRICK - BOE_PUY 115 31/32 43/43 k 56/56 68./ 68 80/80

FREDRICK - SW28BTIE 115 29/30 - 28/27 45742 68/65 92/88 i
FREDRICK - TILCM TP 115 1237126 135/138 1477 151 160/ 163 172/175 v
West Side NI, Ingledow-Custer 1&2 =~ 1450/ 1449 145171450 1451/ 1451 1451/ 1450 1451/ 1450

RAVER - PAUL 500 ) 1174/ 1210 117771213 1179/1216 118271219 1185/ 1222

OLYMPIA - TACOMAB 230 - 198/ 246 : <193 1246 . 199 /247 200/ 247 200/ 248

TACOMA A - CENTR SS 230 87 104 88/ 106 90/ 107 91/108 92/110

FREDRICK - BOE_PUY 115 44 /44 56 /56 68/68 81/81 93/83

FREDRICK - SW28TIE 115 24/20 45/42 69/66 94 /91 B 1197116

FREDRICK - TILCM TP 115 80/93 103/ 106 1157118 " 1287130 140/ 143
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Table 2. Outages with incremental levels of
Frederickson-Steam Generation
Facility loading in % of rating Notes
[Outage ‘ Frederickson Steam Level (without / with Westcoast)
Element at % of rating oMW 50 MW 100 MW 150 MW 200 MW
ST CLAIR- QUARRY 115, 2002 Heavy Summer |
ELECTHTS - FRED TAP 115 96.6/97.7 - 111.5/1126
same line with lighter summer load k 114471155
FREDRICK - TILCM TP 115, 2002 Heavy Summer
ELECTHTS - FRED TAP 115 100.8/101.8 115.7/1167
same line with lighter summer load 117.8/118.8
GRAVELLY -TILCM TP 115, 2002 Heavy Summer ,
ELECTHTS - FRED TAP 115 99.4/100.4 114.3/1153
same line with lighter summer load ‘ 116.6/117.7
FREDRICK - HEMLOCK 115, 2002 Heavy Summer
ELECTHTS - FRED TAP 115 ' 106.6/105.3
same line with lighter summer load 105.7/104.3
FREDRICK - TILCM TP 115 ‘ 101.0/101.7
same line with lighter summer load ’ 102.9/103.7
BUS SAINT CLAIR 115, 2002 Heavy Summer '
ELECTHTS - FRED TAP 115 ' 105.7 / 106.8
BUS ALDERTON 115, 2002 Heavy Summer
ELECTHTS - FRED TAP 115 102.5/101.1
BUS OLYMPIA 230 EAST, 2002 Heavy Summer - lighter load case »
TACOMA A - CENTR SS 230 196.3 196.6 1971 197.4 191.9
FREDRICK - TILCM TP 115 196.0 99.2/102.1
FREDRICK-SW2BTIE & FREDRICK-TILCM TP 115, 2002 Heavy Summer
ELECTHTS - FRED TAP 115 115.3 159.2 203.1 247.3 Not Run
FREDRICK - FRED TAP 115 . 130.5 164.4 1985 ..
WHITE RV 115 - WHITE RV57.5, Dec. 2002 Heavy Winter
KRAINCOR 115-57.5 XFMR 102.4/1032 1009/101.7 99.4/100.3 98.0/988  96.6/97.4
BUS WHITE RIVER SOUTH 115, Dec. 2002 Heavy Winter
KRAINCOR 115-57.5 XFMR 104.6/105.4 102.6/1035 100.7/101.6 988/997  97.0/97.9
STEVNSON - KRAINCOR 57.5, Dec. 2002 Heavy Winter ‘
ELECTHTS - WILKNSON 57.5 105.3/105.2 - 105.2/105.1 105.1/105.0 105.1/105.0 105.1/105.0 #
CRW PAUL - ALLSTON 500 1&2, Dec. 2002 Heavy Winter
ABERDEEN - COSMOPLS 115 C1115/1138  111.9/1143 1123/1147 1127/1151  113.1/1155
Notes: # - Line loading is insensitive to proposed generation.'
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Frederickson Steam

Generation Level

Outage

Raver-Paul 500 outage
BKF Raver-Paul & Ctr2

BKF Raver-Paul & Ctr2
and Centralia 1 off line

BKF Raver-Paul & Ctr2
and Centralia 1 off line

Raver-Paul 500 outage
Raver-Paul 500 outage
BKF Raver-Paul & Ctr2
#BKF Raver-Paul & Ctr2
BKF Raver-Paul & Ctr2
and Centralia 1 off line
BKF Raver-Paul & Ctr2
and Centralia 1 off line

BKF Raver-Paul & Ctr2
and Centralia 1 off line

Table 3.a. Raver-Paul 500 kV Related Outages -
Frederickson Steam Generation

% line loading at 2850 MW Northern Intertie / NI at 100% loading

- o -
© o ¥ § 2 8 3 9@ p g ¥ 2 ¢
Z Z T » ¥ I M o M € O X m
& O 0O < =] O £ 06 £ =T

o O

gg‘smzzz;*>§2>
=38 E 55 §5 28 ¢ 2 g

- = oot . wm R
o5 0D L 88 Lo :s o5y og
< . - = = 0
P2 5 E 3 25 s %<8 88
§<§‘23mg§o§§.§g
= Z 2 4 92 Lo X =2 F O2OF g

r

= - o &
o o LT :"‘ggg
(¢4

With existing Frederickson 2 CT's, 149MW total: Raver-Paul 500 kV line = 1820 MW pre-outage

101.9 100.2 109.0 108.2 105.2
2790 2850 2450 2750 2620

103.5 101.6 983 95.1
2760 2810

87.4

Wi i MW m unit adi 1 W {; Raver-Paul 500 kV line = 1824 MW pre-outage

99.1

953 |

98.7

107.5 1058 101.8 101.4 98.0 995 1037 97.0 1054 104.5 109.4 108.4 105.6
2650 2700 2790 2790 2690 2680 2740 2430 2740 2600

103.0 101.0 98.0 95.0 97.0 '102.0 100.0 109.0 108.0 105.0
2740 2800 ° 2780 2B40. 2440 2740 2610

hun weels uosyouepes dy|

MW 022 vab eanoy dyy
MW 001t sueb ydasor yayy disy
MW 64€ elUopes @ wioyenym diz).

»
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BKF Raver-Paul & Ctr2

BKF Raver-Paul & Cir2
and Centralia 1 off line
BKF Raver-Paul & Ctr2
and Centralia 1 off line
BKF Raver-Paul & Ctr2
and Centralia 1 off line

Raver-Paut 500 outage
[Raver-Paul 500 ;)utage
BKF Raver-Paul & Ctr2
BKF Raver-Paul & Ctr2

BKF Raver-Paul & Ctr2 .
and Centralia 1 off line
BKF Raver-Paul & Ctr2
and Centralia 1 off line
BKF Raver-Paul & Ctr2
and Centralia 1 off line

Table 3.b. Raver-Paul 500 kV Related Outages -
Frederickson Steam Generation

% line loading at 2850 MW Northern Intertie / NI at 100% loading-

. =
e &6 & .2 28 3 9 p 2 3 p 2
Z Z T » I 3 M o m € O =x m
8 & ¢ = ¢ 9o § ¢ 9 § ¢ & 2
< < b3 m 4 Z ) > I > < 3 >
) ] o f = — O 5] 5 o > > c
- - 3 < : ‘ P . 7] . > f (2
. 0 . . + 2 [9) ’ [o) . ¢ -] ¢
FredericksonSteam <« o L 4 € 2 4 € = 82 o =2 @9
) . m T W £ 3 2 5 2 2 < g z
Generation Level = £ 92 3 m 2 38 < § g =
> 3 s 2 £ £ 2 2 3 3 5 3
& F 3 3 2 X 3 = &8 £ o o @
B = ¢ 2w 2 =2 O B N
Outage & o o o = g © §
jori 100MW i 49MW ; Raver-Paul 500 kV line = 1827MW pre-outage
Raver-Paul 500 outage :
Raver-Paul 500 outage
BKF Raver-Paut & Ctr2 86.4 87.5 95.6 99.8 95.8 995 952 95.7

98.8 ~ 95

1115 1102 105.2 107.7 104.3 105.7 110.0 103.2 108.8 108.8 109.9 108.8 1086.1
2540 2600 2690 2520 2670 2600 2420 2710 2580 2630 2410 2740 2580

103.7 1019 985 953 97.6 102.1 100.5 109.1 108.3 105.4
2730 2790 2770 2840 2430 2740 2600

With Frederickson 150MW Steam unit added, 299MW total; Raver-Paul 500 kV line = 1830MW pre-outage

96.2

100.3 88.0 857 103.7 100.3 101.8 106.0 99.3 99.2 969 999 954 8962
2840 2620 2830 2740 2480 B

98.9 95.1

1155 1145 108.7 113.9 1105 112.0 116.2 109.5 112.2 113.1 110.3 108.1 106.5
2440 2490 2580 2260 2400 2340 2160 2450 2470 2520 2390 2740 2560

103.8 102.0 98.6 954 97.7 102.2 100.6 109.2 108.4 1054
2720 2790 2760 2830 2430 2740 2600

MW 022 uab eajnoy duy

MW 0011 suab ydssor jeo duy,

Hun weels uosiouepaly duy
MW 6+E ®B1UOpeI B UIOYSYYM dit)

*

MW 0281 Susb oipAH Hg du).
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Table 4.a. Raver-Paul 500 kV Related Outages -
Frederickson Steam, and Light Load
' ' , d3z33
% line loading at 2850 MW Northem Intertie / NI at 100% loading ° -g g 1’:2‘ g
& & ¥ 8 g g 2 g p B 5 2 2 2gz2Q
Z 4 o > bl D m e} m [ Q < m o o =0 g
6 2 ¢ 3 ¢ ¢ 8 8§ 5 ¢ § § s2sék
5 3 3 £ 5 5 § 5 3 m ¥ s £ 2883,
- - b3 < . . A , U ’ » ' . i~ d g1
N ] ] . . o Q . O 1 O ‘ -4 !}_ 8 « I‘ 173 -
[FredericksonSteam < o L 4 § 2 2 € z 2 9o 3 B g2832
. m £ m £ 3 2 5 3 3 < & 8 Z 53288
Generation Level g 3 £ 2 3 -@ 2 2 3 s 5 2 3 22238
- > - < = 20 > 3. e <
5 F 33 z < 3 2 F°C g o= p = S8%
- - - : (5] i
Outage & = & @ 2 o B 8 8 g z
With existing Frederickson 2 CT's. 149MW total; Raver-Paul 500 KV line = 19MW pre-outage
Raver-Paul 500 outage-. 96.4 . % *
BKF Raver-Paul & Ctr2 -~ | 98.0 97.3 950 96.3 106.5 100.1 102.8 . % w
2460 2860 2690 : .
BKF Raver-Paul & Ctr2 - [113.1 113.7 105.1 100.1 97.3 98.5 1020 96.4 108.0 1124 1169 1138 113.1 " % =
and Centralia 1 off line | 2520 2530 2710 2860 2780 2620 2560 2150 2690 2310
BKF Raver-Paul & Ctr2 .« % * %
and Centralia 1 off line
wm_mm__&mmm_aw_w_m, Raver-PauI 500 kV line = 1916MW.pre-outage-
Raver-Paul 500 outage 96.9 * % *
Raver-Paul 500 outage 96.5 * * %
BKF Raver-Paul & Ctr2  [102.0 101.6 955 96.2 98.1 98.4 100.6 107.0 100.4 103.2 v w
2790 2810 2840 2430 2850 2660
BKF Raver-Paul & Ctr2 98.1 97.4 - 851 964 106.6 100.2.102.9 - . % %
2450 2860 2680
PBKF Raver-Paul & Ctr2 ~ [117.1 118.0 108.6 106.4 103.5 104.8 108.3 102.7 1115 116.7 117.3 114.1 113.6 - % o
and Centralia 1 off ine {2420 2430 2600 2600 2710 2660 2520 2750 2520 2460 2130 2680 2290
BKF Raver-Paul &Ctr2  [113.2 113.9 105.2 100.2 §7.4 986 1021 965 108.1 1126 117.0 1139 1132} . . , .
and Centralia 1 offline {2490 2500 2680 2850 2750 2600 2530 2140 2690 2300
BKF Raver-Paul & Ctr2 « % * £ =
and Centralia 1 off line
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Frederickson Steam
Generation Level.

Outage

Raver-Paul 500 outage
[Raver-Paul 500 outage
BKF Raver-Paul & Ctr2
BKF Raver-Paul & Ctr2
BKF Raver-Paul & Ctr2
and Centralia 1 off line

BKF Raver-Paul & Ctr2
and Centralia 1 off line

BKF Raver-Paul & Ctr2
and Centralia 1 off line

Raver-Paul 500 outage
Raver-Paul 500 outage
BKF Raver-Paul & Ctr2
BKF Raver-Paul & Ctr2

BKF Raver-Paul & Ctr2
and Centralia 1 off ljne
BKF Raver-Paul & Ctr2
and Centralia 1 off line
BKF Raver-Paul & Ctr2
and Centralia 1 off line

Table 4.b. Raver-Paul 500 kV Related Outages -
Frederickson Steam, and Light Load

% line loading at 2850 MW Northern Intertie / NI at 100% loading

SLLWI3A- L HV\!E)NO"I
SHAVAAIO- L HW9N61
SLLWT3A - NISMOdWYA
St dL WOTLL - ATIAVHD

> Raver-Paul 500 kV line = 1919MW pre-outage

Fi i n 100MW m uni 4

St AHHYND - INOdNa

SHL ATI3AVHD - INOdNa
SH d1 WOTIL - MOIHG3YS
S AHHYND - HIVID 1S
St NISMOdJVY) - S1H10313
Qlll TUYA ATO - HavANIe
0EC SS HINID - ¥ YWOOVL
0£Z 8 YWOOVL - YVIdWATIO
0€2 SS HINID - SIYHIHD

97.3

96.6

105.9 105.8° 98.9 1024  99.6 100.8 104.3 98.7 101.8 104.8
2650 2670 2900 2720 2880 2810 2610

100.6 103.7
2850 2630

107.4
2930 2780 2700 2410

98.2 97.6

100.3 102.9
2850 2670

85.2 96.6 106.7
2440

121.1 1223 112.0 1126 109.8 111.0 1145
2320 2330 2500 2340 2460 2410 2270

1143 114.0
2690 2270

117.8
2120

108.9 1149 121.0
2480 2420 2360

2460 2470 2670 2840

113.4 1140 105.3 1003 97.5 98.7 1022

114.0 1133
2690 2290

1171
2130

96.6 108.3 112.7

2720 2570 2500

al; Raver-Paul 500 kV line = 1922MW pre-outage

98.7 959 97.1 100.7 95.1

97.8
2780

9.7

109.9 110.1 1023 108.6 105.8 107.0 110.5 104.9 105.2 109.1
2510 2530 2760 2360 2520 2450 2250 2570 2640 2560

100.9 104.1
2850 2610

107.9
2380

984 977

100.4 103.0
2850 2670

106.8
2430

953 96.7

125.1 126.6 1155 1189 116.1 117.3 120.8 115.2 1184 12533
2220 2230 2400 2080 2210 2160 2020 2240 2320 2260

118.3 114.6 1145
2100 2680 2250

2420 2430 2660 2820

1135 1142 1054 1004 97.6 98.8 1023 96.7 108.4 1129

117.2 1141 1134

2650 2540 2470 2120 2690 2280
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BKF Raver-Paul & Ctr2

BKF Raver-Paul & Ctr2
and Centralia 1 off line
BKF Raver-Paul & Ctr2
and Centralia 1 off line
BKF Raver-Paul & Ctr2
and Centralia 1 off line

Raver-Paul 500 outage
Raver-Paul 500 outage
BKF Raver-Paul & Ctr2
BKF Raver-Paul & Ctr2
BKF Raver-Paul & Ctr2
and Centralia 1 off line
BKF Raver-Paul & Ctr2
and Centralia 1 off line

BKF Raver-Paul & Ctr2
{and Centralia 1 off line

2640 2800- 2840

107.1 1055 101.5 975 956 99.8 105.1 104.1 1144 117.6 110.6
2670 2720 2810 ) : 2700 2750 2300 2640 2440

With Frederickson SOMW Steam unit added. 199MW total; Raver-Paul 500 kV line = 1863MW pre-outage

96.1 96.0 95.6 104.4 104.2 100.6
2610 2790 2820

9.4 953 956,

111.2 109.8 105.0 103.8 100.4 101.9 106.1 99:4 108.5 1084 114.8 117.9 111.0
2570 2620 2700 2700 2830 2770 2600 2880 2600 2650 2280 2640 2430

104.3 v102.6 98.1 957 : 98.0 102.6 101.2 108.7 108.9 105.9{ ,

2730 2780 . 2760 2820 2420 2740 2580

. _(WAGH)
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Table 5.a. Raver-Paul 500 kV Related Outages - .
Frederickson Steam, with Westcoast 270MW
| : 3553
% line loading at 2850 MW Northern Intertie / Nl at 100% loading El -g g 2 g
6 5 £ 3 ¢ ¢ 32 % L B ¥ 2 2 BLzg?
8 6 o 2 8 8 © ¢ 9 £ 9 & I 3&8sZ%§
£ £ g m =z =z 2 » £ > 2 I 3 x€ e3¢
T 2 4 £ S 4 9 3 5 o> > L 83538 2w
- - Z < o o A . [ . > : ., 2 NT 3 s
FredericksonSteam <« o6 L. 4 € 2 o4 2 x o 45 ¥ o g8¢gg7a@
=< o < = 5 . d c = 4 o .2 & @ 22 o
: g T @ 5 3 = 5§ 3 3 x 0 o Z §§sagg
Generation Level z < &£ 2 3 2 3 3 £ 5§ g 3 2T-:28 ’
» =z =z 3 - kE 3 X £ B 2 > 5 2 Bet
& ¢ &7 v zZz X T = %’ -~ B e ) z 5=
= = d = @ & 8
Outage o i o & = “ 8 & g £
With existing Frederickson 2 CT's, 149MW total; Raver-Paul 500 kV line = 1860MW pre-outage
Raver-Paul 500 outage * ® %
Raver-Paul 500 outage - * * %
BKF Raver-Paul & Ctr2 104.0 103.9 100.2 . . ]
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Frederickson Steam
Generation Level

Outage

Raver-Paul 500 outage
[Raver-Paul 500 outage
BKF Raver-Paul & Ctr2
BKF Raver-Papl & Ctrzl

IBKF Raver-Paul & Ctr2
and Centralia 1 off line

BKF Raver-Paul & Ctr2

BKF Raver-Paul & Ctr2
and Centralia 1 off line
BKF Raver-Paul & Ctr2
and Centralia 1 of-f line
BKF Raver-Paul & Ctr2
and Centralia 1 off line

Table 5‘.b. Raver-Paul 500 kV Related Outages -
Frederickson Steam, with Westcoast 270MW

| f333
% line loading at 2850 MW Northern Intertie / NI at 100% loading ??“ -(b; g -;
© o & % g2 g 3 g9 p B ¥ 2 @ 2gZFs
4 Z ° > o o m I} m c Q =< m o =0
(2} [2] Q < (o] (o) o] Q < o] Z I I J
2 £ £ m 2 2 2 % 4 3 2 3 3 28t
5 3 3 F 3 5 5§ 5 F m ¥ 5 £ &8s83
2 3 ¢ £ ¢ 7 F 3 8 7 Y G &
. 5 - L 88 38 1o 5 F oo 28s7
i 2 £ 8 2 = £ § £ 2 8 g z B=zii
z : E 9 ) m 2 3 3 < 5 2 = 2.3
> = < £ X £ 2 3 > X 5 s
&2 F 2 ¥ =z ¥ 3 2 % Tt o w @& = 8¢
Tt 2 & 2 4 5 2 2 2 on 2 3
& & o @& = “ 8 S 8 b3
¥ 100M m ynit add 4SMW. |; Raver-Paul 500 kV line = 1867MW pre-outage

: ' ‘ * %
* * * *

100.1 97.8 955 100.0 96.6 98.1 1023 955 99.0 96.6 104.8 104.4 101.1
* *

2850 2850 2960 2720 2590 2790 2790
995 954 957, ., . =

115.2 114.1 108.4 110.1 106.7 108.2 ‘1124 1056 1120 1127 115.2 118.1
2470 2520 2600 2450 2580 2520 2350 2620 2500 2550 2270 2640

115 . »
2410

2710 2790 2900 2500 2680 2610 2370 2750 2750 2820 2570 2790

BKF Raver-Paul & Ctr2 104.4 1027 98.2 958 98.1 102.7 101.3 109.8 109.0 106.0}, . - x
and Centralia 1 off line 2710 2770 2750 2810 2410 2740 2580 '
BKF Raver-Paul & Ctr2 “ . *x K * *
and Centralia 1 off line

With Frederickson 150MW Steam unit added, 290MW total; Raver-Paut 500 KV line = 1870MW pre-outage

Raver-Paul 500 outage 96.3 98.6 95.1 . %
Raver-Paul 500 oﬁtage . ® * ®
BKF Raver-Paul & Ctr2 104.1 102.0 989 106.2 102.8 104.3 108.5 101.7 1024 100.9 105.3 104.7 101.5 - ‘ -

2770

895 955

9581, . . %

104.6 1029 893 859
2700 2760

98.2

102.8 101.4 109.9 109.1
2740 2810 2400 2740

106.1 . w
2570

119.2 1184 111.9 116.3 112.9 114.4 1186 111.9 1154 117.0 115.7 1184

2370 2420 2510 2200 2340 2280 2110 2380 2400 2450 2250 - 2640

11190, + o+ »

2400

MW 0281 susb oipAYy Dg dyy.
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% line loading at 2850 MW Northern Intertie / NI at 100% loading 1_53: é' 1(5:: g g
B § £ 8 g 28 3 9 ¢ B § g ¢ jg2gs8
5 5 3 2 § § B g B £ 8 8 28287
5 5 5 F 33 3 3 2§ § 3 E gufsc
. DR S-S S RS U SUNCN SR 0 3
Fredenck.son Steam. 5 e x 2 g g,. 2 ¢ z 2 2 2 § g22 gz
Generation Level g S E @ 2 @ 2 3 ¢ s 5 g 5 g 2 = g
s F 3333357 g =g * oBgi
Outage o o & & 7 = 7 g8 & 8 ol
_Mmm_wm Raver-Paul 500 kV lme = 1949MW pre-outage
Raver-Paul 500 outage 101.8 96.1° 98.1 . % %
2710
Raver-Paul 500 outage 97.2 . %
BKF Raver-Paul & Ctr2  [101.8 101.4 95.4 98.3 100.4 111.9 109.4 108.2] - . v =
2790 2810 2840 2260 2730 2440 |
BKF Raver-Paul & Ctr2 | 98.8 .98.2 95.7 '97.2 107.3 100.8 103.5 . % o=
. , 2420 2840 2640
BKF Raver-Paul & Ctr2  116.9 117.8 108.4 102.6 99.8 101.0 104.5 98.9 111.3 1165 122.4 123.2 1186| . %
and Centralia 1 offline  |2440 2450 2620 2750 2860 2810 2680 2830 2530 2480 2040 2580 2180
BKF Raver-Paul & Ctr2  [114.0 114.7 1058 100.7 97.9 99.1 1027 97.0 108.8 113.4 117.6 114.4 113.9 . % %
and Centralia 1 off line 2500 2510 2680 2820 2940 2890 2740 2970 2590 2530 2120 2680 2280
BKF Raver-Paul & Ctr2  [108.2 108.5 100.8 96.7 95.1 987 103.8 107.3 110.9 108.6 107.1 « w % %
and Centralia 1 off line  |2610 2610 2820 2720 2650 2380 2580 2540
_MEMMMMM I; Raver-Paul 500 kV line =.1952MW pre-outage
Raver-Paul 500 outage 1022 964 985 . % %
» 2680
Raver-Paul 500 outage 97.3 * . %
BKF Raver-Paul & Ctr2  {105.8 105.7 98._8 987 959 97.1 1006 95.1 101.7 1047 112.4 109.7 108.6 . % =
2660 2680 2820 2780 2710 2240 2730 2420
BKF Raver-Paul & Ctr2 | 99.0 98.4 858 974 1074 1009 1036], . ., « «
. 2410 2840 2630
BKF Raver-Paul & Ctr2 . [120.9 1221 111.9 108.9 106.1 107.3 110.8 105.2 114.8 120.8 122.8 123.5 119.1 « * w
and Centralia 1 off line | 2350 2360 2520 2510 2620 2570 2440 2650 2440 2380 2030 2590 2160 ‘
BKF Raver-Paul &Ctr2  [114.1 114.9 106.0 100.8 98.0 99.2 102.8 97.1 108.9 113.6 117.7 114.5 114.0 « . e %
and Centralia 1 off line - [2470 2480 2660 2810 2710 2570 2510 2110 2680 2270 '
BKF Raver-Paul & Ctr2  |108.3 108.7 1009 96.9 95.3 "98.8 103.9 107.4 110.9 1087 107.2], . ., + « «
{and Centralia 1off tine | 2600 2610 2820 2720 2640. 2370 2590 2540

Table 6.a. Raver-Paul 500 kV Related Outages -

Frederickson Steam, with Westcoast 270MW, and Light Load
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Table 6.b. Raver-Paul 500 kV Related Outages -

Frederickson Steam, with Westcoast 270MW, and Light Load

% line loading at 2850 MW Northern Intertie / NI at 100% loading

Sdzgd
TS T T
. 3oQoswvo
§ 56 £ 8 g 2 3 9 m 2 3 o o 78258
Z z 3 £ § § m o m S Bd X & SF5EZ5z
g 2 ¢ = 2 ¢ ¢ ¢ 9 £ 9 g I 38578
= Z s m b4 2 e > I > = X b3 %9 ® 38
2 2z a4 E 4.4 o 3 5 B ¥ » £ 288372
<+ A4 ko : x5 v T » L0 59> Pe
. ' 0 B ] [9] 0] ¢ D [ 0 -y ! v N o m a
FredericksonSteam <« o L 4 € 2 4 R £ o 4 3 o 583 2
. g @ £ 3 2 = > > T om 8 o £ 8 g
Generation Level s I E 2 3 O g 2z 8 s 5 2 3 £t 2228
s £ 3 3 z <3 2§ F g o g 2 8gf
Outage z = % 3 F ® 2 3 5 B n gz
g o 2} o z 8 © & s
wi i n_100MW Steam unit added, 249MW total; Raver-Paul 500 kV line = 1955MW pre-outage
Raver-Paul 500 outage 85.1 95.1 97.0 102.7 96.7 99.0 « % %
2640
Raver-Paul 500 outage 97.4 - . % %
BKF Raver-Paul & Ctr2  |109.8 110.0 102.3 105.0 102.2 103.4 106.9 101.3 105.2 109.0 112.9 110.0 109.1 . v =
2530 2550 2770 2590 2740 2670 2490 2780 2660 2580 2220 2730 2400
BKF Raver-Paul & Ctr2 . | 99.1 98.6 96.0 975 107.5 101.0 103.7{, ., . « «
2390 2840 2620
BKF Raver-Paul & Ctr2  |125.0 1264 1153 1152 1124 113.6 117.1 111.5 1183 125.2 123.3 1238 1195 . *® =
and Centralia 1 off line {2260 2270 2430 2070 2380 2330 2200 2410 2340 2290 2010 2580 2150
BKF Raver-Paul & Ctr2  1114.3 115.1 106.1 101.0 98.1 99.4 1029 7.3 109.0 113.8 117.8 114.7 114.1 v e ox %
and Centralia 1off line .- 2430 2440 2640 2790 2970 2890 2670 3020 2540 2480 2100 2670 2260
BKF Raver-Paul & Ctr2  [108.5 108.6 101.1 87.0 954 99.0 104.0 107.6 111.0 1088 107.3], , . . « &
and Centralia 1 off line . |2600 2610 2810 ‘ 2710 2640 2370 2590 2530
Wi i MW Steam un MW tofal; Raver-Paul 500 kV line = 1958MW pre-outage
Raver-Paul 500 outage 99.0 984 101.2 984 99.6 103.1 975 958 97.4 103.2 969 99.4 « * ®
E 2750 2590 2610 ° '
Raver-Paul 500 outage 97.4 - « %
BKF Raver-Paul & Ctr2  |113.7 114.2 105.7 111.1 108.3 109.6 113.0 107.4 108.6 113.2 113.3 110.3 109.6 . =
2410 2430 2640 2270 2410 2350 2160 2460 2530 2460 2200 2720 2380
BKF Raver-Paul & Ctr2 933 987 8.1 97.7 107.6 101.2 1038, . x &
2380 2840 2610
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BKF Raver-Paul & Ctr2 -~ |108.6 108.8 101.2 97.1 955 99.1 104.1 107.8 1111 109.0. 107.4], , , . . .
(and Centralia 1 off line 2600 2610 2810 2710 2640 2370 2580 2530




Ex. (WAG-4)
_ Page 101 of 219

MERILEIH

kit CCOVINGIN noven
20129 5.5 35bf| 420394
: T 80.2y & -
1.032 -
H1DWAYP 63.5 [° -95.6 Im g; 613
2)254 6.5 g3 g -102}
| o 3sefl_~3 = N
| s ) 0.0 34 Es. 5y !
| STAR_TCL oo ) 094,077
1 23032 121]1-5. 4 ERRYDAL 0.01[b6.1
: 66.5]1137 20045 !
i 127}}-22.8 BERRYDAL ¥ 2|2
| . 13.0|hy3 20045 >l
/ st 122{-23. 6 il &
| 2] WHITE RV 130}
| 20546 ']
\ P m.el._z.s .
; £z v.i0-14.97 Y v ¥
i 32 36.2)l0.0 | WHiTE AV
. Ex p20-208-0 1 n20850
i x 9 :
{ o d R / .4 i
! . N-ERST - -222 ‘ -18.4 Kl &P
: 4.3 4 fope g 35 e
H -127 o F2Nr - Ian Za a4 g‘_,»
: STH] i . 4 ~E
! < -127 F —t .y ©
ST TRCOAR ALDERTON! 3. |
Lﬁié 512320“7 ZE 21420 7 N Zi.B-1v.
5 -39.1 COWL 112 Sz i \_/ .0
0.56% 16 20132 f08 VT -4 .
$9.5 -25.9  gruTe K -1G.3 !
o |kos__ g20urs " 2s.0fhiy 2-.801,. 01 t I
1.0330-16.4 ¥ -E.BJ-16.8 \ Z.0]jei.0 : ; j
. 2.1 l t :
H ! 1} i
i =
WEST v PLUM - ST CL3iA : ! ’
“zmx 21385, 21287 qgizie /7
17.8 __, Z A o 33.7HIL0 I
1 7 v v v -0.% .
] 5 g22
WEST OL ENQT
T 121‘910 T
|
-9
o
» “
{ < 57,1
! Z- <15 1fhv.o ¥
| S LT3 . -28.4
- < 11 . .
¢2 13.4 ) ? . 109 payr  --2V1.03
&z, 20358 53,0
; o X 88. 1 1|-1602
N we -id. N . -8,5! g -5, 3170
0 > . . -3
* 14131670 oSy A
-37. 04222 HOSSY RX
sR1S0P 1524|570 3 CHewaLls - 20328 150
Soute - 54,21 222 20093 1oy 5.0 MRYFIELD
-1.8 w1l a3l 5.5 82.0[|2%298
; ST B[S ST a1 560y ~2.61/40.0
-;‘;’a 1saz'nl 080 -2761]-95.6 . 103Jz.:
-17. . N A y 1 4
' 040 7.8 5i.7 S 71.3[]-0.1 2.9 1.085
- 50.5 BLLSTON LONGVIEW WODDL AND 50.
. 152:'.|52 - 20012 ¢ ALLSTON (20277 220 20554 SHIFT
- ‘ 20013 -448 ~30.3 -81.1}l-270 20492
@ 17.olJ 17.0 -2, . |
< . 1 5.7 237 26.1]-2.1  jl274
1. 0%y -1812 = 3 67.0 o314 .
50.5 76 TROAN ! 162
’, SN (-1 3.3 182
| ) . 3.0 BEAVER -
‘ 20484 a5 313 [, " 20587 g
3.4 ¢ 3] 30 7~ z
3:3JH0. 5 27.6 By 1LE
r 0.8V1.03¢ aivRGATE 11135 NRVIL
302 2.3 420408 4.1 0.0, fPe =S
‘ V.3t s s 89.1{@2.2 * 16.6 ﬁ-q—-gg
! SHERWODD 2.8 TAOUTOAL -t.2jh.3 LI g
20455  fi- caeswan 120 20515 1.030l33.0 16.8|{25C
- PERAL MCLOUGLN 20209 s 4 317 32.8 222}{57.6
s 122)] 226790120360 20303 (13c I v 80.8 -20.2|[235
! ge 182 3.4 ST 51534137 : €.7 " 4 357 222]{53.1
i geo 188 122 ® 4279 505 a8 ' By 107 - TROUTDRL -28-2 ;.og‘!
c 31.4 -1243,701 = Bw Si 212 20516
Ld -16.5 ©. - W gy enffmrmne
262 -3¢ 3.2)|- 128 267 > HCLOUGLN M2+ o8 7-10.8
) - 1.ouol-56.2|| -61.5P;.0h2 - V1,083 29.6 = 576420304 = =~ o 1.038 5
i 4 32,7 ‘ 7 . 30.1 0
i 30.0 30.b 172 1561 nS
T PERRL x 5.80;. 038 J So
\ 20953 28.8 w2 &
,~3.81-1140 =5
20291 © 20321 ‘ 1. 084151 1
; WARION HONTTDR 3% a
99HSNS0Y ‘BCH=2850/300 WRSK=1123,5CL=650 ) 1007 _RATER
v NO QUTRAGES - . 0.950UV 1.0500V
wes P L T T T R Y R N et a) oo Ve D ANNA AR AR =) I R ,n9n . ,2US




Ex.

(WAG-4)

. Page 102 of 219

} - mvu"n’n o ) . -

i 22020 EERIH [;xlv;N:.\r. nAavi A

! ~as Ao e ¢ awof] fl2e3ay

| ol 2 an.2y & —

s’ e | B . GunIEN 1.032 N =t
nioHAYP A * TS 20343 ei.h S _32.y = £5 5ol
21254 5.8 s3 bt ey i
‘ Ei'% aaf &3 £8 71,
= 69.9y =
ot STAR_TCL 370 g )
!
f 23032 -4.9 EARYDAL
[ = 118 20045 ‘
i -22.1 BERAYDAL 2]

, 122 20045 3|

| STRRNOOD oy -22.9 ' i
i 20485 | “H|TE Ry
‘ I ! 20345

b ] PR

. 43 o R HE I j 7 ~ - b

' g:’_\_‘ 4 ' v L4 v v L L4 7 LA 4 “HIIE HV

! &~ 7T 1RZ0MA 7 7 77 iz 20550 = :
! L 2049 (1 7 55, ‘kRAINCOA =LA .01y i
] - -z25 NN & 1242 i
' R o P 51.9
- %58 308fFu.y AP I 1 135 o e i

i | :'5'? -128 AT N 10.4 7 g“;‘, cle oix

; I ";és 1, b 16 ~g T 0.y
[ , o w TACONE l g?gi"wﬁl\}“ 0% 1
| ¢ T 5420857 zs f -bO.B .
B ~> . - o - .

) Qs .Ei ol of—

2 :
. . 4 ;
1 <« v 1 ; :

< i

N = I H

i - |
q i2 1c. 2 ~ < - <
ib. 2 4 s . : PRLETRE RS EREDRICA ELEt,TH‘S

. 5.3 o * : T, d 3.5021225 ., LeffPOT NEILEE

; ¢ ¥ 18, 31 748 = v : N

: KEST OLY N yals 3 g. 'x7"“1/\ 13.1]5.2 L G

i - 21510 ODLYMPR P : i5+:1B.2 S1jit.3 >
, 2 =12.8 21263 % 2|loL yrr 717,58 .

! S°= 5.9]-31.3 avefl o 21384 : 150
~ -1.2 ¥ 8.9F— 53 6. 3|k

' 7 aa . g25.8F b5

| San=
)

//«- ! " : *
i i i
| : !
i IR - :
{ TCND PAR 1 =g, .
i Z. £23083 1S, i
! —un £1.1il-12.0 .12 '
{ - VRRERE ni sl £ 12, !
! 22 -s.b” ..t TCND oLl "=- '
1 woEe 1.035 b= 20508 .. 20358(

- o i3] s0.7 iéi'gi 3.2} Jeg— 72811812
: g: -13.2 - ow 1.030 Q\JS.BU S & -3.21R7¢

] -224% 2y 54.9 = b 125,1670

. 6.2% 3 -97. 1) 234 MOSSY RK
| - ~3 rai] 570 $  cHedALls 20328 1,5
| 30i50p - 93, 71234 20093 110y 6.0 HAYELELD
' “’;%43 125f-125 1340/ 50 62.9

SN NI IR 7.3y ~2.8)|40.0

: 2.4 14074 -281]}-95.6 103227
| 13l e ) B0.5¥): 080 72.3)]-0.3 ¥ 31 1,08
| - 51.5 ALLST LONGVIEW WOODLRAND .

i N

S pusfiey 255?20 -1331 ALLSTON [|20277 225 20554 SWIFT
Beioe = -458 [ -30.4 -85.7}1-270 20492
< J T 242 27.9([-2-8 274
1. 044 1851 18670 £7.0 <31.4
. 51.4 3 . TROJAN -1654 62
csi2 186
. 1.6 BEAVER
-312 . 20587
5.6 0.0[-430 360
318]]36. 5 28.7
0.4 1.035 RIVRCATE 135
307 43. 20408 24.b
vo32.9
SHERNOOD 3.4 TAOUTDAL
20455 caesman 130 20515
- PERRL MCLOUGLN 20209 4 4 316

. = 121 2,se77gzoabo 20303 - v 4 B1.6

! 2c__ 182 31.2]] 5 5 1501}-122 7.7 7 . 3ss

; g8 16.3 121 ®  I3s 6. L o2 ° . 108 - TRouTDAL -28-3°%)

% g 32| -12802s =5 g SR _g118 411420516 :

. L2ss (| -uss 10.4)|-130 2297 "2 weipupk 82 o8 AT %e.@m' y11 OSTANDE
1.0390-55.9] -60.0), of2 V1. 082 [25.3 . 5751203“ «© H 10390 -~ 9987 .-
30.4 30.F 33.1 176 155Y 30.5 575,134, 0 ne
/,«ﬂ‘w i, PERRL N7 l.Oﬁg ) 14%4[-26.5 Se
{ ! 20963 29.3 1221 -

‘ STON113 =S
‘ 20291 20321 155 oz

‘ HARION MONTTOR 15083 ~g

| 9gHSNSOY4 BCH=2850/300 WASK=1123,5CL=650, FRED=288

L WA

| NO OQUTRGES . v

auea AARIICNICAA D Ml s MAvNAD ret HIAL D2 2"NN 1601 R 2 Vi, e11C <230 <348§




i,

Ex. (WAG-4)
| Page 103 of 219
.-!:;;_i(;!,ruw ;g;:!u:;lli: N CoviKiTn . anvEn
20124 o< 3221 420344
S S N S JOBRIEN  1.032 ¢ 86.9) & 0
G J— ? ? 20043 65.2 ©-es.0 I® £0 sss,
21254 . S-b o> ©g 1071,
325l ~3 ER 10
) 0.0/ 5 5 88.5) 1
0.0[i64" ) 0.0f,.078
118]1-3.8 ERRYDQL 0.0H67.7
/" 68.0}]109 20045 §
i “SJI"“-"--" BERRYDAL ¢ 3|®
‘ Ve TE 20045 8|=
116ff-24. 1
l / WHITE AV 12.9)
. P 2.0 PPN
Ze R RN | b I
:z'jz : 14 g v : 1% // 38.6 ! ‘wHITE RV
: .efio.c ! 1
g~ ‘ 2 - — -0t ;( 29550
v N 42.blR. o 116
137 -15.3 $-29.3 [
-3-5 bt o pp o a3 =]
EEEY VvV v VoV Y g
! C1e.8 3i.8 S
! -1is 57 u
i ST E TACOWA ALOZRTON y 8.1
;i = 554420487 ZE (aisad Z9.6 1.8
g < -92.3J LOWLITZ  oa a.s ‘
0.3:3/ 3z% 20132 fhsp M° IR
6.t 23.7  souim w 6.5 TACOMR § 2.0
: 20678 52.4fl-26.6 20433 120 <
- paw ~7.4j)-i3.0 ] !
2203 Ao =
= '
i 1. =
v hrd
FREORICK :
121224 ) -23.3
.4 = v 18.3
. -20.7
. 7 -2.3
TR . 53.3
32. 6 . “.19.5
: 4
/2
N BLURAER / ) :
2 .
‘= ; — F ' |
b : Ly ..aﬁ‘ze.az i
o2 -13.2 5 v -e.1 0.8% TOND eaue 0-5Up.cm !
ooz 4:.033 - 420508 — 20358 54,4 :
s 170] 5.0 px82l .o B3.Eilleu
gL ~-i3.8 - 6” 1.032! S~-8.14 Y -5.l' 80
@ -2218 = 54.9 ° ° 114,670 HOSSY AKX
20.13% |g a3 -9y 91246 .
- ~3 1391]70 $  cuewalis o 20328 g0
e -82.5)( 246 20082 110y 5.0 nerEseLe
11010y 5.9 “g2.0[|20%%°
~49.6,H0.6 T2.9)[40.¢C
-294)|-95.6 103207
é.oao 75.3]-0.5 ¥ :
LONGVIER WOODLAND
ALLSTON 20277 20554
200iz
§
[
1.044 - 1881 1897
51.8 351 an  -i521
asgoEall T KEELER . 20815 !
ZDEHS 0?“4 ST. MRAYS 5
v
mo'm a 02 20484 1.5
12. )I 57.4 7 -0. xH--no
i.08< —37 [} B5.0 3231]37.3
36.1 f -30.1) 0.2V1.035 g yRgATE
212 43.3 :
1043 312 20405
32.6 v235.0
SHERWODD 37.2 TROUTDAL .
20455 N ET 20515 1030
GACSHAM 315 33.4
PERRL MCLOUGLN 20209 ¢ s -
= 120 8678{20350 20303 27 62.3
. 2s.__182 31.0 1464-102 6.6 4 352
S8 160 120 +32.0 ~g > 109 - TROUTORL
[ -37.0 wo Sx :
; e~ 31.0 -1305'731 o Sa_glol __;e_ﬁ_u‘zos:s
(%) : - w —9—-
255 -438 15.3;-132 9l 188 o ®e o8 -1Ed w1 411 O3IRNDER
1.039)F55.5]| -58.5); of2 Y1.082 26.6 _%_é_gl_g'zoaoq ® = 1.039 ~ 95.8, 5
30.5 3i.p 33.2 182 153 - 576,b0.2 as
PERRL 3.6);, 038 ¥ 421f-28.7 )
20463 2.3 1024 nE ®
20201 20321 —o.o.;;:so 82
MRRION MONITOR l'“a' n~E
- = N J -~
s 9gHSNSQY BCH=2850/300 WRSK=1123,5CL =650, NCG=27O LQQ_-BBIOE.S":C ov
, NO OUTRGES . 0.850UV 1.050(
M s GANHGNGNAD NRIL - MY/ MVOR FRI1 HING 22 200N k.10 R lu.-vie  ¢2an <aus




—an aeire

cnAnnucMnen Nl

Ml

/. mMunD

Ex. (WAG-4)
o Page 104 of 219
MLAIDLIN TN T B .
22020 N COVINGIN RavLit
. 20129 A% ¢ 55,1 420394
ol oBRtEn  1.032 LR 880 £ 4
HIDHOYY 1]e 20342 66.0 ‘ 12 -2 So_ 538
21254 - 3 Sz —rs :
ole & ~g T 1| ;
sls # ' ) |
stRR_TcL LT | ) 0.09;,077 l
23032 — 2l bgngypm 0.0lle8.3 |
- 20045 ¢ i
BERRYDAL v ==
20045 e
st 23
20 :
P>
s
3 s
u‘,’: l 14 4 v <
FL
= o
KRAINCOR =4 .0:
/ o Biaia o T 150
~
$pt og| 2
=34 o
Ne
¥ = )
TRZOMF RLDERTON ;?;;
420487 = 21420
JooConiTz 22 -56. 4
0.969) 20i32 fher V% Lonalmit
. .3 SOUTh M -8.2 TRCO g 4.1 .
(120478 52.2{i-31.2 20488 L 14
1,53 v -7.4))-13.3
8.8
WEST OLY £ ry
fisi £ ) <
16.7 = ELECT
FREORICK .
5. 021224 . -0.3f]2° ™
RN R
-53.2[fl.g 3
5.0
L by.2li1i.9
~20.8/{0.0
1.026
62.3
~-3&5|l 2.8 AIAPCORTP
.. 73.5 12.2 I]?ls U]
gx_ 121 v 0.04F0.3 v
Ez -16.7 E-4%.7)-34.3 TOND PHA
B 1.038410.7 T 23093
=0 )71 3.5 L—pssoll -89,
¥R e 3.7 -3.67 TOND pauy -3- 701,028
&z - 20508 . 20358 55.€
=i < :‘gbs.ql Z‘.E b'a.s;l;xssx
v 1.03005 &~-5.3 52 -2. 870y
7 = = e MOSSY A
-85, 04| 2¢ Y AK
?3]: b:g < CHE~ALIS 20328 150
SATSDP 20093 KRYF JELD
20446 -g2.0Y 260 108 5.0 2’0298 [
1380, 6. 1 -62.9
...... 93. 04 -3.0[[40.0
14501 -298|l-95.6 103)[21
97,074,080 76.2[-0.7 © 3.3));.033 -
ALLSTON : LONGVIE HODDLAND 52.0
20012 131 ALLSTON . (|20277 236 20554 SHIFT
e 2001) -480 -31.0 -94.2[}-270 20492
i 1440 182 105 253 .qffu.y 274
1937 s 5.6 57.0 B
TROJAN -157) 173 162
2 157-4"’5 % DS 4 196 .
MIREAA 191 1.2 BEAVER ‘
— 326fP1.2 2
~0.3|}-490 360
2293576 30.9
0.1V1.03%  pyyponre 135
317 43.7 430405 25.8 -
ve37.4 ¢ =&
SHEAWGOD 6.8 Sz
o nanunLn "“‘3:“" 4
v t
= 26508 map 292 L v 83.2 ~28.6
2% 18} 5.4 — 350 228 ‘
55 7.7 329 3§ v é.-v élg - mg?znm -28.6¥1.039 :
1 W 0.5 B
(=] o - —6—-—
. 252 oML punn®e GBI )
1.0360-55. 3| -56.9¥;. of1 v1.081 28.5]] 2. o 574420304 o ER P o
30.7 31, -3 186 MIELH 30.6 i
2EAAL SV 03 Se
20983 29.4 87.0¢ ne B
2.%:-1!52 -c
20291 20321 67 o%
HAR1ON WON11DA 15082 Re
X 99HSNSO4 BCH=2850/300 WASK=1123,5CL=650, FRED=298, WCG=270 100% RATER
: NO OUTAGES ' . 0.950UV 1.0500)
H coa HiIn 9 AAAN Te. TN A% ST aan sane




-

Ex. _ (WAG4)
e e S R — e _____ Page1050f219
X » 1D o
H 22000 CUVINGIN BV
i o 2mas  fin ¢ gyufl A20334
, w~|s 0BRIEN  1.038 ’f“’& 122 % PR
o 20342 -27.1 © -187 -2 o 10714
Jn 43 A 2Z7 1090
' 750}1 N E8 )
0.0 —
) 0.04,. 081
] REARYDAL -38644|-20.0
f 20045 Y
BERRYDAL 4
, 20045 =8
! WHITE RY
20549
prd . L 49.5
| :‘;:‘g ‘=r vl & £ £ A v 1.6 —b—F— Jﬂ‘
! ‘i’,:\', ] 12 ' v v 14 ® L B5.2 0 l WHITE RV
! g 1ACOMA i v A A4 TR uu,q( 20550 oo
20338 / Nou9:3k o 252 KARINCOR 5[ 1,00
N-EAST = - -11.7 ~24. 4 e pray2 T 339
p1354 }—26-&——'“ f PEVEPEPEPPRPY . i) g2, @S TR
72,7 e 328 S S B
< e L V] o~
& = . 3.9 237f:50 < 0.9500
. '%2 ALDERTON v -1 z.0f[7. 1 KRAINCOA :
Lid. o b
3 e 21420 & k2.0 1,037 212
s ” ey gw R 228 7.7 s “26.6 ;
; <5 E L oo <. & R 36. 2 SWHITE] RV ol
| 09730 5 S 1.5kt 0132 f.5e ¥< 1.o1sl-15.2 -49.8 '-b.—lg'bg_ﬁzzwo
J -31.2 7C SpuTe -23.¢  7acoMR B -31.8 0.8]98.8 7 HEN 4 "
¢ 20878 14al3s.s 20408 < 2501, 0165.7 ] 16.00°5.0 4 (A
.= v ‘ T
1.033lF3 ¢ 55.3-40.0 2.0/|-30.5 INGED I 003
.?7_0 <5 < J3y,
i
i N - 7
L 12 vV o«
FREDRICK ELECTHTS
ST CLAIA 18.8q21224 L, -5.1 -
20483 © 15.51181.8 v 173 2
-s0.2, | 85.51(9.6 N _-33.b[F2.2 S8
18.9 V> ] ° ¥  i6.2{81.8 7 e
0. ( 5.8 .sjl12.0
1. M3.B 7|[0.2
I -72.7 i.0255-8 1.020
; an.a -31.6 -33.2
- 328
| . .
l 5 AIRPIAT?
i — 55 5 f2is08 558225“ )
-3 - H ’ Y
. gg—2se g -\l oo R
r =g -8.20R07 =S¢ if-u.E|l-42.0 TONG PHA 73.2ll26. 7
| z., = 5.6 : 1.pa2bi 7.2 23093 -16.3)3.6 ¥
< 20 358 23703 . xcnl-ne, 119
; w3 5.7 sfite.7” TOND pauL 13-201, 025
3 &z -, 20508 .. 20358 -34.3
i =k ox 219 P 2201]-1164
| €8 102705 ew-3.9 b4 10.8Y)75.6
f & -3 © e 6074670
| ~86.3)159 nossY AK
4373870 T ogaEneLls o 20328 f15,,
97.51/ 159 20083 () ags 29.9 mareles
573 17.9 118
‘ 9.6]l170
! -67.8J1-265 288)[32°5
I 15880 15.0|¢7.6 °* 1.9l 03¢
aLLsTo LONGVIER HOODLRAND -2%.7
f SLLaioN 20277 127 S54 SKIFT
| | -261 ~25.0 ub.4{l-231 4920492
| i NGy 136 o133 234
i 3774 1e7.0 < j‘ -25.9 Juu.s
TR0JAN <4Y.2] 0.0 1,032
20512 105 -31.4
J 6.5  pravea
-150 20587 gggf,
0.7 0. 360
. 26.0
0.9V1.040 Arvagare 1135 BONNV‘ B «
L140 -34.3 gz0u0s 21.0 . . ey ou
¥6. 8 85.1p0.9 276l gg‘
; SHERKOOD hean -77.4] TROUTDAL -48.3(-74.2 243 g
‘ 20455 (235 L -128 20515 1.0260B1.8 27.8[{4)0
] 20359 GAE SHAM 456 -38.3 18978, 1
E.2 PEARL HCLOUGLN 20209 ¢ # - 0
[ 26b 2,,81072120350 20303 6 v v 109 ~25.0}]290
i gs__ ol £3.9575 32311-688 : - 418 18s|[sw.3
:z 7.4 266 '129 gg v EN 1cl - TAOUTORL ~-25-0 !3?32
= 3.9 329,i-713 3 gv SR =270]l 2.5 720420516
-568 -539 21.8¢- 141 146 o MCLOUGLN N2 g @ 55.0f 575179 721 gg;::«nsn
’ <102 ~125 v1.068 .0} 2,5 740420304 ® s 1.039 ° 153} =
1,038 1. 0HY 33,8 @ o -36.8 -5
; -38.0 -3710 -a3. -30. 1] ST &3, - 741 41112 s2
' PERRL 13.60; .04 ¥ 3674]-28. | Se
20563 ~38.7 5891 w2 &
13931040 =8
20291 20321 Lop31.0 oF
‘ HRAION MONITOR 15982 ~E
4 .
]
Ry JOONS052 BCH= 1550/200 WASK=1200,SCL=650,5PUD=125 1007 _RATERA
L.~ 1 NO DUTAGES 0.950UV 1.0500V
over ML! /7 MVUQR THII it 1R Dmm 1u.ER c Y118 €230 €3US

EE A TET

CNANXHAGNCNAD NRL




Ex.

(WAG-4)

Page 106 0f 219

HMIRIGHTH 1t 0r ®

22020 :-a_l,";“, ! g;:;v;:cm . .
2012 In < ,?nq '
ACTEYEY — -

N = o 1

> -1y Ie Eo 10554

3 g8 I

- |}

)
9f1.082
¥11-19.3

BERRYDAL I P s
13. 7H?5 2004 =le
140 h
WHITE AV 13. 7))
20549 r .
pd 59.4l57.0 , . :
we T s 5 e t—op i 0.1 -zo.slv " :
ze s WHITE RV
2 A . 77.7][0.0 1
g™ TACOMA 7 7 7 V.2 -qs.q( 20550 mla !
: / N_6l.0fR e 225 RAINCOR K12
-13.6lf & -23.5 e E1292 .
VISP 0 ) | B I-183 =2
VVVy Vv vyr 0.8 - ;—-6——2_3 gﬁ
" L 440D = 2137 ~e
LA I.E‘TS"',‘:’Q':.:- 7.3
Lpearon . 2.l ~ 1.038
3 4 X 35.0, -i.1 ° -25.7
oz -£B. S 2.0 35.28.¢ wH1TE| AV
-55. 9% 1.0160-C.5 -ys.8{F5 5 57%  Ha2u80
-22.9  TRCONR B -29.7 d 0.8(g1.2—~ 17.2 -
30.7 20499 O 25.0(l; o19fF3.6.] 18.0[F%.5 v
2.0[1-29.3 - /| 3.6 N
1 /“ 3373 :
Ar Y
Pild N . Ve !
v v L4 <
FREDRICK :
2y, ST CLAIR | 93. 7421224 -_ - .
R TreT)20u83 3.71181.8 .
- RS P2l-8p.2 o 127|877 ;
o308 ¥ 8.6 © Y IV Y _1579]le:.8 i
3 s.Eli-sy.e 85.1710.0 J( 150|(5.1 |
; -6.0 -4, 3f-41.y 10.3]|B0.§ 1
P 52.5}-68.5 1.02500-9 .
1,031 -12.3|17.8 -26.9 i
-37.3 guyme;s 1.031
gLysPiR 20343 s8% S350
03uys !
_1e5lhibe s1APQATe ;
.. 41.3 fla1508 BLUMRER !
g2 2ssfl 26055- .
g 82 TOND_PHR 63.0llib.5 :
Zn 23063 -15.4[p. 7
oa 357 L1001 -104, -104 .
o3 5.0 N 3.2 |
g2 5 R pau 3.2, p2u
&% o= 20358 -32.9 '
t
SR 352 2061-1172 \
we 5.9 - 1.027 10.2:71.B h
& -30.5 5901670 —_ .
=86, 7| 156 HOSSY AK . ;
' S . CHEWALIS 20328
ATSOP 42811670 : 32
Sars ~9B.51Ts6 -265 29.3
597} 7.9 : 118
t4.3y 3.6|117¢
5271 -72.14-285_ 288[32. -
7.5 1.082 14.8]R7.9 v -1.%
" LONGYIEW WOODLAND
ALLSTON 20277 132 20554
20012 *g-595 RALLSTON ¢
s 20011 271 I -%5.2 y1.9}l-23
H 1.2 142 .
1.04% 4-uip 41 7R 57.0 26,1
-32.1 TROJAN ~47.8] 0.0 1.032
20512 109 -30.8
¥ . MS5. B BEAVER
-156 = 151 20587 SSE?-, S
8 7 0.3}-490 360
8 152]62.3 26.1 . .
-23. .sVi.080 fo.2
>l P s
4145 1.1 s =<
0 82.5]60.7 27.3 - g
SHERWOOD -75.4 TRDUTDAL -47.84-72.3 24) g
20455 -129 20515 1026817 37.6]141C
2 GRESHAM 455 -38.0 191 Z
T PEARL HCLDUGLN 20208 ¢ $ -~
a 253)] 2.5 1070420360 20303 y v 169 -25.9
2o__309 B9.1] S & 3244-673 — Y1 191
ge7 674 2ot VER o2 ' B IDE TROUTORL -25.9
c B4.1 29 J-689 ow Sp , -26? 717420516
(%] w _-‘——
-555 -S40 27.5)|- 144 148]Pe ! g nCLOUGLN NE g 7 53.8 §a§wo' 718 QSTANDER
“ y.039l-104 1250, .0by  V1.068 73.8]| 2.5 739420304 ® = 1,039 e 5H -
-37, -36 8 -33.3 -25.6f 5 & 371 -36.6 740,)-1089 =
PEARL 12805 042 4 3%eif32.6 S
20363 -3k, 6741 mE =
SIEEL STTEIR
20261 20321 . ] s
_ HARION MONT1OR 139063 ~E
3 . . -~
JOONSDS2 BCH=1450/200 WASK=1200,SCL=650, FRED=299 1007 _RATE=
I —t 055 0V
w1 ND OUTAGES ) ) OQSOUV L.;La
Meacts] SOOHSNSO2 . NRW : MW 7/ MVAR  THII. Il 13 2000 13:48 (» hu.ciie <>an g3y




Ex. (WAG-4)
Page 107 of 219

CTTTTT ' Wemintne ’ M.BG1 ¥ .
! _ 22020 21301 :mmcm . 1 .
3 g i‘»< 210 030
: Jlo VBALEN | 1.039 TR 12y & —
o I8 20343 0 -2507 e -1a1 zz £5 1013
: . > = T o4 3 c ‘
- 7)6‘] 3'5: E‘g %.'4:
§ @ 4 )
(! ) 0.08,.083
\ ol L) bERRYDAL ~3651]-18.8
! 20045 !
! SERRYDAL ]
l 20045 rujen
f WHITE RV -2
i _ 20549
| B 51 n 51.5 5 Y .
' ’ £ Pl -18B. v K4 v ¥ :
[*3d v H
g~ M 57'7 0. LI WHITE RV i
i E™ T 18coua 7 7 7 7 152 -Hs.q{( 20850 ‘ :
Y - 4.
! 48.4 2568 ofm .
‘ ‘ i KRAINCOR DT 1.0:5
\ NoeRst _ -  |-87.5 / Tiz.z|pi8 226 R R T :
| P1354 f; 2. 1804i-36.1 ~w .
1223 Lol m:
' STYlie.sfl-122 L 25 :
bl -13.5 p ~g i
x"» .5 182]k-127 i w 0.950¢ -
' SOz, 71135 TACONMA ALDEATON g?g}‘;mﬁ .
= <101 420487 ze 21420 !
| 240 18} 136 towL 112 o 3 N
0.57s0 5 <13.5[381 % 20132 3= ;
| -29.¢ = o 1
~f v :
1.036102.7 T
L -25.4 ] ;
' ‘? :
[ AlR 5 AN A ! !
! 10.4 v < i 5
4.5fk. 5 ELECTHTS } i
2.8)l5 “as.0 g;qcm'a 4 201 ;,— 2822 | |
WEST DLY 1.7 13.0 L 3 !
: QLYNPA P -52.8, " -2.3 S° v :
i 0 2110 21283 je.g v v | vV 2 > 4 i
: 12.0
; 0.1
I 1.021
;’ -31.8
! OLYKP IR
oo 26346
! o -242
; o 43902 4 | BLUMRER
i G528 5 ) .olB. 2°°55/
i =g ] |- T -S4, 5[l-40. 8 1OND PHR 72.0]i24.7
1, z, -25.55_.°'§ 1.o3uli7.1 r ﬂzaoas 16. 3.2
; 245 gs; -35.8 SINPLTXCH TS TN -115
| e 5. -8.4|[12.2 TOND eay, 12-60), 02
| s E. 1.035 o - 20508 . 202358 ~33.1 : 1
| il gs-; -36.1 ox_ 215 < 2id1f-1200
L wo - 1.020W5 ow-4.3 9.8%p49.8 .
! FAS lL2s22 g I S sso'fero '
i 35.4° 83 w853 MDSSY RK
i - 2.3¢|153 HrE
| . 4231670 T ggg:gUS 362
! -50.2][153 -265 29.0 ;g;;lsw
| 613! 6.2 <118
: 9.6/[170
-85.61-265 288|{32.1
' légﬁg 15.3)26.2 7 S1.80;. 039
! ALLSTON LONGVIEW WDODLAND -25.7
20012 (611 ALLSTON 20277 138 20554 SWIFT
f =25.3 . 31.8ll-en 20492
| 148 16.0}-13.3 || 234
Y46 ~-26.2 44,7
TROJRN ~49. 7'
. i 4.7
Jiv7 . BEAVER
a0 2%84 . 140 ; 20587
1.9 0.0}-450 - 360
. | 1s7iB2 1 ~ 8.3
i 0.271. o‘lo AIVRGATE 135
- 150 -33 20405 21.2
4.5
SHEAWDOD -74.8 TAOUTDAL
20455 CRESHAN ~129 20515 . ‘
PEARL MCLOUGLN 20209 a A 453 -38.0 193] 76.1
s 20360 20303 93 v v 109 ~26.8|1230
2s 654 415 ) 193ff52.9
82 122 N 102 T YROUTORL -26-8 iégzg
g 585 D, -25b 719420516 .
C143 148 we—ttas -§4°S T79) 721 gg;g;‘w‘
1.069 73.9 ~ 1,039l e 153 - -5
-33.3 -18.4 -36.7 - 7431086 wo
AT 10.8 3bbi[-36.9 =
iy -3b, 5551 o o
‘ ) “131)}-1052 pu=
' 20291 20321 ) . 5.5 of
‘ WARION MONITOR 1'3‘,""3" ~e
b JOONSO052 BCH=1450/200 WRSK=1200, SCL 650, SPUD=125, WCG=270

NO DUTRGES

i SANLANMEND NRL . ML/ MUOR THI nnoo1a annAn w-.?n 7




Ex. . (WAG-4)
. Page 108 of 219 1

ng}g'a]o"‘ o T ow T W*(wmrn. ’
2191 COVINGEN Hav: b
20179 ] $ h“rl 720304
= o \
Ie o993
=3 264,01
~Ng g8 7Ty

) 9.94;. 08y
b O S — BERRYDAL -3%: -18.1
BERRYDAL v ZI=
20045 o
‘ WHITE RV .
. zoswe L $ i
r L . 1iss.8
wg 77 —s o o s g G s' t—t— v
'i'; < [ v . . v ~ - 4 i .., 80.2{|C.0 KHITE RV < I
g j Tacona d 777 gy [29%50 nls !
5 -90.6 / b0.4 232 ancon“‘ Z .0 =
_ . / -138.2 -e' o Er2y2 T -3001 '
-45.b tbpaa ‘lb 8 -183 ;E === '
“ifj-128 CZNE 200 B ‘e T. EJ.EA" 35.5 33 ol & i
" b g :
19.0 , o o ww7doc 2igllay. 3 ~E "I 0.3500 i
178)l-528 v MR - ] KARINCOR AXA  1.015 :
N | SN T ALocaToN ; 214y - 1040 z124p " 333 5
: 3 P 99!320"97 .’;§ " I 7 X 25.0, -0.5 . - T :
“5TG10b CCHL 172 13 b \_/ 2.0 3s.8 WHITE i S|
- = 2 . . H1TE] RY
e = 20122 (25,87 ol T STX -s.&g,ag Y i |
4.1 SOUTH -25.5  7aco -28.2 : 0.6(83.867 17.2 . . i
272 20478 i754-113 20439 120 y 25.0|l, o1el-3-£ 1 18.5[I4.5 A g !
1.03s0B0-5 ¥ 35,5023 5.5 3 7.0-21.¢ oy Y = ||
o S : ) 100
< :
PLUN 2 g
»2}355 12K < LN ! !
- i ELECTHTS l i
30921224 2ffPor I I
2.1 5.21115.8 2. L]
T
ST oLvmen » 129 SlEre s |
21263 S16.1 . s i
-k P 218 150 .3j112.0 /7 |
;9;0 10.8 5.1 _5{[0.0 i
A 2 1,025 .
omloe TV -1 -25.5 1325 i
-38.1 gLynPIR i3.2 h
oLywF1R  2034S ﬂ55 ] 7.8 " 7 -3ug !
20346 0.8 |
-2ualhes N . !
oo G9-3f-25. o°'al : : BLUMAER |
gf,\.’ 2s8 : " 20055 H
23 e fhas [g 5410 TOND PHR 67.8lh4.6 ;
Zem -23.7 \ : 033,'16-9 l 23093 -15.3)7.2 ¥ :
20 357 I} e 98,6 -101, - 101 |
= v
£2 5.7 i : -5.2)[ .37 TOND pay. B-601.025 !
Zm 20358 -31.7 \
s 201 1-1208 ;
o2 5.4TET.6 !
“ 55311670 bssy |
-63. 4,150 HDSSY RK
sisie70 $  cHEWRLls 20328 fla.5 i ¢
~50. 27150 20093 "-zes 29.-4@ RATFIELD
537} 17.8 SELY | i
67.04 . T 4.5[1170
5691 -89.5[l-265 288|372, 6
70.2v!;980 16.4|7.6 : “1.30;. 0309
3 " LONGVIEW HDODL AND -25.1
- . RLLSTON i
wrufl-uiy 20612 4-635 20277 i43 20554 SWIFT
TR %56 33.3}k-231  g204a2 | -
LT une. ] I|-128
& : {607 154 17.0[F13.9  J{234
1.04Y 486 -26.5 - Puu.s
-31.0 TROJRN ~52.9] 1.032
. 20512 -29.7
5T MARYS
BERVER e
166 . 20587 noss, B
4 T0.3j-490 30 s=
162[E1.7 26.5 aowt' .
-0.1V1,.040 RIVRGRTE [[13% NNV IL
455 -33-2 gaoq0s 0.3 . 20t g
¥3.2 76.89[p0.0 26.9 25
SHERKOOD -12.9 TROUTDAL -46.5]I-68.2 239 S
20455 CRESHA 130 20515 1.02600.9 27.2]{410
MCLOUGCLN 20209 ' " " 4§52 -37.7 195]{?5.2
e 20303 a1 v v 109 T27.6|[290
23__308 ‘ . i3 19s[f52°2
U 67.5 wl VX 102 TORL -21-8V1.039
a ne Sn TROUTDAL -32.0
] 3 ew S 4 253 716420516 .
. 151P% % mcounn®2 8 T §a§xso' 718 OSTANDER
1.039 737|240 741420304 o = 1,040 ° 1547 oS
37.5 -13.9] S #2370 -3.5 42,1 1044 nS
9.9)); 4% 4 - 3b674-41.5 go |
-3b.4 5391 -2 s
~T2a)}-1085 =5
20291 20321 106482 SE
HAR1ON MONITOR -31.2 ~E
\v ; JOONSO0S2 BCH=1450/200 WASK=1200.,S5CL=650, FRED=299, WCG=270 1007 _RARTER
_____ 1 ND OUTAGES oo 0.950Uv 1.0500V
WA [, AmccmaicAA D MIt / mMuAD T TR - T TaYaYa) 1U.NA £ Wi, e11T DD <IUK




_ Ex. (WAG-4)
o . - o . Page109of219

mmmlu ’ C |.u [THANEN
. 2202 EEE IS COVINGIN v i
i . hd TP n ¢ 7,“‘(] 203494
ole R
| e Sl ouRien v, osh “? < te7y & = 1
~ P02 270 > .199 Im 55 1076y
; ! Caa il 42.85 a3 2&7 1Sy
i ! © A~ ) ?,e760ﬂ NS - [
vy LN L' - <
l 3.75 ) 0.0 $“w125J |
. 875 oy 0.0]139 @ ) 0.04,. 080
i M -31t8 3sole EARYpAL /[ -363}-20.5
, 1. 81239 20045 !
136g11.8 BERRYDAL v jod b
TH. 3|48 ) 20045 =
isfliza d
| WHITE RV re.3))
! / 20549 <
i in 39.9]ko.
S SO IS IS ) € Y ¥ .
ot v L4 14 v 4 v L4 4 =
| ER < 5 5 . 52.5
; £ TACOMA A A4 V10.9 =in
A d 20498 _ / N30 nnnmcoa’z ER ooa
i\ N-ERST - = - 105 -13.8 [A4tiH L =342
Py p135y 183f-x2.7 B st a4 s s . ?B.5 ;g o =
i ) §e‘§513.s -135 vy Y §; 9'7 ;3'_..:;
: d = -15.1 . ., 8.8 S 0.5500
! .o 186{-138 vor T 0.2 KRR TNCCA , 1.005
b §°§13.5 50 TACONA ALBERTON 88.9 25248 T 38.7
i = = 1074 420497 zs 21420 NPT = )
i o185 §Ei§ 148, COALiiZ oz kG, 5 Q/ 2.0]| |8
! 0.9n0 5 314 4lle 20132 (54, %% 1.c08l-10.5] -45.8 l
-31.8 - 3.8 3 | {
. SCUTH W 2.. € TACOMR B -33.¢ - 0.8 L
20478 isullic.7 20458 T 25.0)l: . 0y2 v Y
1.03} v Se.5)-35.0 PN 2.0]-31. 5 b
-27.5 < ¢
.
KEST OLY 2Lum ST CLAlA v N\ ’
rzm 21385 212¢7 0.2 ’ v v v D A
. 7.8 T ELECTHTS
-8 FREDRICK
-3, 1821224 . -35.9f1201™ _ 21832
0.8} v 2. 5iho.s > L0 | GREENWTA|
- (S J3ff-2 4 STEY
v .o | B c
;.5)|12.¢
S|i1.0
1.004
-3s.2
1 BLUMAZR
[:0055
, i3sls. 3 /
y z -2.1)j<0.6 ¥
i = -159
: E Pay. 3. 1Vo. 980
& 20358 -39.9
3384)-1137
i 93.01[77.%
: 502|570
-b4.9y) 229 HOSSY RK
4o2i&70 $ . CHEHALLS 20328 362 ’
= 11239 20083 © MAYFIELD
) 5712 -119 20298
' bl.by 9.6)170
sooy 2891(36.3
67.571,080 2.3 15038
ALLSTON LONGVIER WOODL AND -2b.
20012 (-569 ALLSTON (j20277 133 20554 SWIFT
05 20011 -273 ~26.9 45, 4231 20492
t-ca8 143 15.2|]-13.7  |[23u4
380 4= =27.9 45.0
TADJRN “45.2Y
) 20512 !
SLpeArs ST ) BEAVER
-
2048¢  flas : 20587 SE
0.1 * 0. 3[l-490 360 8z
148518 26.5 NE
0.5V1.040 - pyypgate ||13S BONNVILE
141 -34.5 420405 21.3 -75.6 242 2:’:;" :‘E
6.3 - . B4.6/80.7 ~ © 27. Th="¢ 35
ggeggooo -«77.0 ]gguquL -47.9H-23.8 22'45 | ‘o g
- 3 7 ~o|ls1
Y 20359 : GRESHAK 128 2081 56 "302" ' asq ;a [
- _ PEARL MCLOLGLN 20208 4 4 4 -38.6 1 «
& 26b]] 3.5 10724120360 20303 9 v v 109 ~25.1{}290
S 310 64.0 S.. 3241{-685 — Y17 189]{54.2
28767.6 266 el . NER 101 TRQuTOAL -25-171:093
e® 9.0 s2slf-112 3 v S3_g-210 720420516 -32.
_ - 568 -539 23,24 142 146 o MCLOUGLNNE oS 550 §i§l79' 721 O3TANDER
< 1.038b-104 =125 ohy 1.068 [TT4O)|_ 200 740420304 @ = 1, 039 ° - 153 -
‘ -38.2 .37 2 -33.7 -29.6] S &3 -37. 741,]-1111 S
. , i PEARL  x 13,4l oy? - 3674|-28.1 S
S 20963 -31.0 6871 -
STau)i037 28
20291 20321 2.1 o
MARION MONITOR 1,063 ~E
: ¥
, JOONSQ0S52 BCH=1450/200 WRSK=1200,5CL=650,5PUD=125 ~100% _RATER
. BUS OLYMPIR 115 BUS a =_0=59_0_X.
v e e e

wetes{ SOOHSNSO2. DRW : MW / MVAR THIL. 1 1R 2n0NnT qu. =2




| : , ' o , Ex. (WAG-4)
e e e e e e - Page 110 0f219 ‘

. . - ) RO ;
22020 EUVI:J(JN ~
’ 20124 LN .'th
: OBRIEN 1,030 ALY S T
{ R 20342 -26.7 S . 195 Zz £5 10594
AT Jed .‘3; gg o}
IR
\ : ) 0.04, cey
i #ERMDRL T3641-16.7
. -2004S N
| BERRYDARL V I
l 20045 Zla
f | WHITE AV i
; 20546
i e 5).bﬂ§0.5 W s
by 4 P ¢ gt 7SS, e
= 87.8{{0.0 (
z £ ra
' ™ 3 TACOMA b . - s 7 7 11.3][ =% 1| 20550
[ d 2049 S1. 1R = 248
b -10¢ -sz.sfF‘g-z;.a [
W P -41.3 - ,’,‘,g
; -137 | ] 23
| -14.8 “‘5
P 137 !
NTH] TRCOMA
) - 1057920497 z=
. '§€§ N6y COAL1TZ o=
I 48> 20132 (-65.5%
: 7.2 sputH -22.8  1ac0 .
294 420478 15317.3 20485 4
1.033k4.5 ¥ 54, 1J-35.2 :
} wEST OLY PLUX ST CLAIR
;?)‘lll 213955 21297 1.7
’ 2.7 ; : — 7.3 FREDRICK
i 7.5 3u.g 57 CLAIS 4§79, 421224 o -8.]
! : J > 20483 1 81.6
f . . WEST CLY wi3d:.3 1_137
Py T 810 2
! (30267 s~
; [57% 9.1}-52.0 121100 i
" o (6.6 1.4[{-37. %
j Mg
s -5 102|-120
i 0.97510-& -7.0[iv.8
i -46.8 gLyMpIR R 0.58¢
{ pLYMP]R 20345 -43.7
; 20346
- 165 AJRPORTP
| - 21508 BLUNRER
i -3 20055 :
i ok . / ;
! I TOND_PHA 22418
4 z. < 2309 EERY
| = -139, -139
| g2 1.s% ToND paui 2-2lo, 363
! S Z. - (120508 _ 20358 -37.8
| a4 o 3040 S o 30511-i150
i Le S<i5.6)] S'8  74.3110.5
| ° - - LIH L MDSSY RK
‘ 67.34|21%
" 401 170 T CrewaLis | 20326 fl5., .
] 3oasor - T3z 1) 20 20093 fl.2es 320 MAYFIELD
146 sy olb o y9afl-usee 595! 5.2 T11qf}202°8
-b.4[p 5 -30.7J30.7 65.54" : 9.6]1170_ /7
! -se.8f b5y oo =63.11-265 289)(35.9
i 7.5 6.7V, 12.5|p%.5 ¥ 1.9 o
1.036 -28.7 . ' 15038
ALLSTON LONGVIEd HOODLAND .
20612 (1583 ALLSTON f]20277 137 20554 SKIFT
{ 20031 -282 [ -Ze.8 y1.0{-231 - 420492
) 5. 3 148 16.0][-13.7 |23
: 4204 57.0 37.8 Jus.0
TAQJAN ~4B.8] 0.0 1.03)
ot wonys 2502 . L1 3007 ] 1,993
‘ 20484 vIie o< fi4. 9 BEAVER ADSS ‘
‘ 157 % 20587 hoss,
1.3 ~0.0]-450 360 ; -
183fET.5 26.6 ..
. g 0.2V1.040  ‘myymoate [L135 . . BONNVILZ
L14b “34.C 420405 21.3 . =<
Y1 82.1{K0.5 3 z&
SHERWOOD -5.1 TROUTDAL 47,51l 5
20455 Ti29 20515 1.026lB1.5 27.7|{u10
20359 LRESHRN uss -3802 191[76.9
7.9 - PERAL MCLOUGLN 20209 " -+ : .
& 264 1070120360 20303 94 109]f ~%6.0]}290
25__ 309 54.3]| 5 & 3241-670 - 416 191 15374
£2767.6 264ff  © 124 g | B 101 - TROUTDAL -26-0713033
g~ 0.3 288688 5 Sv  Sppo2bbll 2.0 TITHR0SIE o rawoER |
-565 -541 268.8¢-145 148 o . MCLOUGLN N2 g @ 537 55180y 718023,5,
" y.0390-105 -12501. ohy 1.068 73.B) 2 . 739420304 ®. .3 ligsg he 154 z
-38.0 -370 -33.§ -25.2l S &3t} -3b. 739,|-1088
Vs PEARL  « 1250, 042 : 3eey-32.7 =
{ ‘ 20963 =38, 724 .2
i ) , STEEL ST TTRR]
! 20291 20321 1.06300.4 oz .
_NRAION MONITOR -31.5 z
y JOONSO0S52 BCH=1450/200 WASK=1200,SCL=650. FRED=289 LQQ/;-EEIE.SQO ov
BUS OLYMPIAR 115 BUS . _ OQSOUV‘J_Q___,Q
fSC-._a-m QNANKENCAD NQLL . ML 7 MuDR T (XNY! 1D DNNA T2, ln AL RS N sonte




Ex. (WAG-4)
Page 111 0f 219

LR 0t N
22020 21911 COVINGIN any
i 20129 " < 331‘] 120398
e §3.9) € —
S.91.2 ' =B £5 5o,
s3 £5756.51
2ea 33"" ~E S !
) 0.0 93,6y —
0.0}181¢" ) 0.04, 077
119ff-4. 4 ] Fssnmm 0.01[56.3
B6.0))108 20045 '
1304-10.3 BEARYDAL vooom
/13802 20045 ol
130-10.6 T
WHITE RV 13.8
_ 20549
T 33.oli0.8 , .
wy . -7.4]-21.8v v V¥
oz v
§~ L 581
a

20637 .
CASCNDEP

<

i

f TACOMA RLOERTON

l: 590420497 ze 21420

;‘ =-33.0y conLiz g .6
0.967 o132 ﬂ 3‘ 1.0020-1.0
0.0 SOUTH u 0.5 TACDAR B 5!.5

gaoir8  22.9 120 20433 <
b i1 .
. \ < I
S

FREDR; K
. pereas
4.4
12.

v

1 ostl

8L uv"tn 4

/]

= ==
ofn mler Arfe

T

-
n
o

@
Y

23093

FApL-20. 'Ux 05

203584  53.3
79.61)-16847
9. 11288
158 e70 HOSSY R
<93.4y( 248 #
l&l: 570 A CHEMALIS 20328 iSO
20093 n O
-33.0%2ye -104 8.0
1329} [5.8 .9
.2y .G
13964 -287/l-95.6 103f[2-1
77,371,080 76.3]-0.9 _° 390103
ALLSTON LONGVIEW HOODLAND 42.%
20012 fA-1321 RLLSTON  f120277 222 205%= SHIFT
=5 20 - fl-usa: ~31.3 -£3.5[}-270 20492
o128 5.0 239 . ;
1848 =i 57.0 O T32.4
TROJARN -167H °° 162
20512 y ) By
d . BEAVER
31y — 313lpo.? 20567
T 0.0 [}-450 360
‘ 316393 28.4
0.3V). 03‘ rivacate (1135
4305 2. 20408 24.5
¥32.0
SnERWDOD 35- 3 TROUTDAL
usg -
2018 20353 peany MCLOUGLN A aaAn . . 205153!5
(3 1214 2.5 6780420360 20303 2 20209 | v 81.4 ~26.3]
- &2 __ 182 31.2|| S wisiif-128 'tv.a ¢ — 355 223
TN 121 -28.3 1.2 FEE 107 TRQUIDAL -28-3
gn ETp} S TYH 1 F) w1 gw 8% 184 41242083 3.8
L =17.1 o “‘o—f———%ﬁﬁﬁ b
. -250 -434 6.64-128 28" Tt MCLOUGLN V€ 8 -1 o 145 412 OSTANDER
1.0390-55.8]| -60.50;.0k2 1,082 F—zq.a 576420304 o =" 1.039 ~ 100; 5
29.6 30. 32.3 17y §‘§|5q]' 29.6 576,19.0 28
. PEARL = S.2l;.038 ¥ 144¢[-26. 1 Sio
; 20963 - 28,5 128/ e Vg
i 35 uue TS
20291 20321 1.0839157 o
MRRION MON]TOR . 32.6 ~ne
; 99HSNSOY BCH=2850/300 WASK=1123,5CL=650, FRED=299

[ o—

P ——

2 LINE FREDRICK-SW2BTIE & FREDRICK-TILCM TP 115

CNNAUGANCAND NRL . ML /7 MyOR T 1 12 2nNN 11U,

]
e eries 1R




Ex. (WAG-4)
Page 112 of 219

LI IRED C LB N

rzzlo)?.lo lenzu:': COVINGIN R i
20129 [g s :wz'] 20394

¢ R BS54y & P

= 4

" — %00 I L350y

2 f 5 e3 25 -0t

2o %8 SR

0. "85.0y |

~ . P % .
STAR_TCL W / - ) 094,07
23032 ' . . 133177 beRryoaL 0.0Heb. 0
i R L L o - 69.8]b0.b | 20045 !
Faed 3 ; 126]|-26.2 BERRYDAL -V  Q|%
: ‘ ‘ i5.1]63.0 20045 el
1 1.015 g : 125"-27.2 :
30 80.6 WHITE RV 15.1)
9 — 20549 T
5 23.sle.8 . o .
£ 5 et vallos ) e v <
&< 40.8/{0.0 (
g 2 p
E~ % —~—— o 20550 nl
/ 1 RAINCOR lm  1.015 :
] e bizs2 VT si.2 :
2 H
5 €l 2 i
TE.q . g
v
. KAR1
9 TACOMA RLDEATON z12y
550120497 g - 21420
-40.4¢  CORLITZ A 32, 1
: 20132 fhpg VT 1.01ub-21.8
-2 SpUTH & b1.0 .
2078 T 4 v
L8 ¥
<
: p——tp <
i ELECTHTS
: FRAEDRICK
: -23.3021224 . -3y, 5(0M
H N 3.2 .y < v 20.0[j1.2 P L
: . 135 : -19.0]. 7 € i
H oL YHPA w7 7 VYT -18.7)| s 4 -3.1 g |
: 21384 0.0 ( 4. 60.7111.9 !
: -4z, 31.0 T20.7{[0.0 ;
: -53.5 1.03018-8 " i.025 |
: Te.2 0.0 58.0
: 1.039 Y
: 44,5
‘ i RIAPORTP .
i 21509 BLUMAER
o.0f0s 1 B zooss/
B -4y .7 4.0, TOND PHA $3.8{-34.4
= ig 1.03s012.5 nzaoez T17.3]0.6 ¢
=3 i I L . 89.81-24.5 -24.5
e ——— : N v
os «11.3 i -8.9) -1.17 TOND eru -1-201 029
Yz J - 20508 .. 20358 52.0
- oL 9%.4 ¢ §5.01§-1961
wd
w 1.031 o -3.l|3?b H
n $2.6 ° 286,1670 HOSSY RK i
<103y(237 ;
2221|670 < CHEwALls 20328 59 !
Souae S1000237 20083 (1 0y 50 nare 1.
e 369 2e51.286 1285! _ 5.7 “52.9(|%9%°
60.3450.3 60.24 ~2.8|[40.0
13501 -316j-95.6 103|12.7
62,671,080 88.1)-0.3 ¥ 3.10y. 035
' LONGVIEW WDODLAND (49.3
TN 297 ALLSTON ([20277 214 20534 SHIFT
= 20011 -436 I -31.7 -74.94-270 __g20482
o 187 5.8 230 24, 3| 1.4 274
RAAE s 5.8 7.0 ~32.9 ,
T EIACL 178 162
20512

©
:anglg TR 175
Ji78% 186 -3 BEAVER
~ 304yhi9.9 20587

{
8. 1]-490 360
soe(fi1.8 26.7
5.301.037  q)vRcare 138
295 41.7 420405 23.5
veE.0
SHERKDOD 33.8 TROUTDAL
20455 “128 20515
MCLOUGLN 28532“" . " 3i8
[ 20303 (132 ‘ v 4 80.7
25 183 6.6 . 359
o V> - N
gr 1 L53.¢ 22 8o -2;0‘7’ T uipqeonie 1%
© 161 e WG —Eé-ﬁ-—n 0STANDER
. 264 - MCLOUGLN NE =g -10.5 P-EET) ui? 20351
1,040 29.6]| 2.5 579420304 ] = 1,039 ~ 101 5
23.7 167 S w1541 24.9 $79,-0.5 S
T)1.038 4 . - 1444]-23.5 2o
. 1584 nE
o1, 71184 T3
N
20291 20321 ) 1. 083161 S
MRAION MONTTOR 3578 g

99HSNSO4Y BCH=2850/300 WRSK=1123,5CL=50 | UL _BHEIEE
SL WHITE R-COWLITZ-OLYMPIAR B 230 : .

CNANHENAND NRL. .  MLE 7/ MUDR FR1 s A2 200NN 16.2R

{4 V. eirE  emaN c2ul

€
P TATE




Ex. (WAG-4):
Page 113 0of 219

\

o T ) WERIDTIN T T 1NLB0T N ] ,
I 22020 2131 COVINGIN . navea !
I . 20124 :»C S SS:‘I [ ELELD) '
¢ . 130 9 —
o e 2103 2 "::,: 8'49:
S s 53 SS9, 2
; I.__Eq.g’ sssf] 3 - !
‘ 0.0t 5130y !
] 0.0ip3s © - ) 0.081. 103
( : 187M5.6 ERRYDAL 0.01}38.3
il 58. 9,209 20045 !
i 14LR2.0 11 BERRYDAL oy
l 22.51P218 20045 $
11 fR.2 H
/" 22.5y
é &« -8 . I :
H 'i"§ T . L T LA A :
l e I S B 0.0 |[ AMLIEAY s
; g TACOMA d vt 420550 !
{ 20456 SN :
<3 [~ .
' N-EAST - y-21i4 REEE) e !
. 1354 §5'S 3414-34.1 Cl ne 1
i 5% -5.9-140 _ 3;, :
. ~ N . . a2 s
i d '| ¢ 23:3 = i 2 :
: | IR ALDERTON 2 :
; 233 TRCOMA . bs.4l[ = :
| " W2, o Bsepq20497 ES 21420 AWK :
! It $ = :3.2J  COWLIIZ s 73,5 5.2 k.c :
‘ H | = i . B 2. & H
. 0. 9gol 5885 30132 gy V= L. 026l 17,5 R ;
! 3.s B souta w 1.0 36.9 555, 5 . i
263 20478 -33.3|j29y T 27.601y . 027010, v :
0518 -24.0033.5 Tools2.5 0 P
3.0 R 8 :
i ' .
: WEST OLY PLU¥ ST CLRIA P4 N . T e
{ nzl'ul 21355} 21287 12,8 & 4 v v < 3 H
1b.5 4 - 5 1S TH L [ =y ELECTHTS H
; z " . £DR1CK H HE
: : A -5y, 3121224 L -po.uf]fOVTY _ 21832 1
! i 18.8){771.2 . v 1b. 7Tfi~2. B 2.¢ | GREENWTA! !
! Y 183 [14.6 -15.5[2.6 S o H ;
| vvo-es)l1r.2 ” 0.8 g H
¢ 4.6 o 3.4fiie? /N H
| 31.5 -21.8[jc.0 \_/ s
' i.030l4.9 1,028 L
! 28. & LIS I
FiRPOATR :
fj2rsee BLUMRER. | i
o ———V (120055 I
1 TOND_PHA 32.3 -seJ P
;l . -14.bf32.1 ¥ .
I 28.7 .
) pauL-15-5U1. 010 HE
203584 16.0 ) i
18.41) S
| g9}
<205!673 vossy Ae ;
5 T23. -1 '
-31.240.0 $  grEdaLrs o 20328 o4y I
. 20093 NAYFIELD
3044 - ~49,010.0 -109 5.0 el i
;_ 73.9)| 3. -205kos 419! 5.5 5u.sff?02® :
-4 5 CE0.6-20.0 ~-2.8|l42.8 .
‘ - _ -q03fl-101 108][2.1 [
}i?g° : 103fp.2  * 2.8;.032
ALLSTON LONGVIEN WDODLAND 16.1
20012 ALLSTON [|20277 215 54 SHIFT
20011 -438 411 120492
117 117 231 217
i . I
d 553 oo 9.8 43,0 3.8
TAg AN -31907° 0.0
20512 ' 39y
16.3 BERVER -~
0 20567 2s
3 363 cZ
o~
5 6.7 . = e
- ] BONNVIL
20.3”].?‘!3 Ri1vRoATE |L138 R 30064 o
143 . 20405 18.% sz.2 , sefl°)y o
P57 317 LB G
SHEANDOD TROUTDAL =58.311-51.1 LEX |
20455 38 <163 20515 1.032053-€ Z.0]|253
i GRESHAN 323 y.6 1874231
MCLOUGLN 20209 4 P - 2 .
[ ' 20303 LMY 4 v 73.5 T45.0f| 238
Sx 194 402 1874[21.3
[ ).
S8 14, 7y ~2 ' B 907 —  _TAouTDAL -945.0V}.039
A i 3 sv SR8 §i"ﬁ%s 20516 .
. ! 167" = wCLOUGLN V2 g 6. %L1 468 gg;g?nia
3.056V 23.61 o 594420304 @ s 1.047 ~ 131 -5
.0 56.60 S & 14BY 8.0 595,1-336 *S
T JPERRL 40.9J;.0s% : 1374k4. 0 So
: w 20963 3.2 T 2 s
‘ SINO)-1214 =6
20291 20321
MARION HONTTOR
Q9HSNSOY BCH=2B50/300 WRSK=1123,SCL=650
BKF RAVER-PRUL-CENTR G2 500, TRIP BCH, C.J0, FDG/WHG
A el AALICMCAN MDY L MLE 7 mMunD Ccot 1IN NS AN AN tE LN "?




Ex.

(WAG-4)

. Page 114 0f 219

T MO I
; 23020 LOVINGIN
| 20125 " < ?u:“]
H e o
D 0OMIEN  1.032 < 85.3) &
¢ M2 5.2 ° -86.6 e
S 4B =3
e —ie—;%—"’ﬂ ~3
; ® ) 0.0 564.8) !
STAR_TCL | OBRIEN 0.0])180 : , ) 0.08; 077
? 23032 ' 20341 133{f-1.3 EARYDAL 0.00p7.«
! 70.3)38. 4 20045 §

i ;28(f-25.8 BERRYDAL J B
' /5. 2|P39.9 20045 HH
l st ;2su-zs.7 ™

4 2 WHITE AV 5.2
£- T / 20549 .
i = 1 . 33.5[15.5 P
" L TT s + ot | T e T
W an v
2= A L 53.40[0.0 (
‘ R TACOMA ? 7 7 7 as|os ]\ [[205°
§ o 20496 / 57.8{D . 107
: N-EAST - 2le “16.2[5 5 -21.5 &
L 2135‘.! 306{l-B.7 f L N . 25.4 & -130 . :‘E
e 1 YTV VYTV P9y - 7.8 14 gg
l d . 8.9l e 1o ~g i
; A N T : i
/ I;chﬂrox ' g.ull & - owy |
: | 1420 TTES0.6] o . db.
: J 4.3 2.0 £ SWRTTES AV
| 0.568 i, 0140-19.5) 459,y = ¥22480; H
; 5i.5 63.3 0.8 2= : !
) 1,011 R .
' 1,023 63.4 : !
: £2.5 :
] e .
! Y WEST OLY ST CLAIR AN . .
N ﬂ?!wll 21297 12.8 /¥ v 4 0 <
Plhe2 . o L8200 : FREDAICK
. H N ’ v TV s > T 29.0 51 CLAIA 50. 7021224 ; . -8.6
| : WEST DL~ 9 B 720u83 = R K Y v 9.7
i : a0 S Pl L L 193)[EE . -55.6
: ' 212 OLYMPR P MB.B T 7 vy MM ﬁ Y. 2
! H 3 97.4]l0.0 ( 3.2 .8
i : ETH .4|L7.9 .B
| : -49.3 1.030)3.8
) H 17.3 .7
I :
o :
g BLUMRER 4
26055 /
g TONG PrA 43.6 -qu.s/ |
/ z. {23093 o. 724.4 ¥
}v s 162 -10.1
' o -1i.2 TOND PRU, -5-B)1. 027
&% =z 20508 .. 20358 53.5
. w187 2,"3 80. 71|-1973
/ oe -11.1 - ST 0. 81329
; z 241 % g ‘ ° 271 Y670
2.6% ~1044] 299 MOSSY RK
- 2151|670 $ cuesALls 20328 f,qp
T-100} 248 20033 £ 1oy .0 HArYFIE -
- 1309 5.6 ~62.0[|202%¢
8.2y -2.81140.0 /7,
13751} -320|[-95.6 ., 103171 \_/
i.0v]. 080 83.2][-0.9 ¥ 3101, 03y
ALLSTON LONGVIER HDOOLAND 50.0
SLLos p ALLSTON (120277 218 20554 SWIFT
£ 26011 -445 I -31.8 -73.4]|-270 20492
. 186 8.3 235 25. 0)-2. 1 27 ~
1.085 - 1801 1816 —==2 6.1 57.0 ~33.0
4g.9 272 TRgJAN -1700 " 177 162
KEELERN ~KE . 20512 thso 2 .7 180
20245 t 22‘ SI MARYS 178 195 ] BEAVER
12381565 & ¢ llbgr 204BY  fla)p = 305(p0.3 20587,
22. 7). 1272 [B6.3 2.9 7 0. 0{l-490 360
1. 085 Toofl3s.1 _su:s 3111K0.3 - 25.7
3c.. O‘—‘—: -29.7)) 0.4%1.036  givrpAatE |135
> L300 42.3 420405 29.1
e:3 T
snaggooo 352-): gggx{gcm
. 204 R B
3 GRESHRM 317
- ERAL MCLOUGLN 20209 ¢ 6
[ 1234] 22679420360 20303 (4130 v v 6:.9
| So__ 183 31.:]] 5 B51514-143 7.6 - 157
| gas" e 123 ®  Fezs 45,2 CEEN 107 - TRQUTDAL ~28.2
! s f 97 S gv SE_g20.0 1442051 TANDER
-262 C126 2670 T~ wmeLouoln®E g -10.8 w143 U e
1.030l-55.4 082 i _zq.a"_gq_'a_sgilzo:oq = = 1,039 96.3 wE
30.0 -7 SN 5163 30.1 578,00.8 a2
/,,‘-»...\ 6.0 1.103? J l'(Z:~2b.b 8o
, | 29.0 143 ne &
i '9.1‘.'”57 ;e
20291 20321 165 oz
MARION MONITOR ;5??3' ~e
} Q9HSNSOY BCH=2850/300 WASK=1123,5CL=650, FRED=299 10Q% _RATER ~
™17 'SL WHITE R-COWLITZ-OLYMPIR B 230 _. 1.0505Y
Toeots SANHSNSND NRW : MK / MVAR  FRI . HIN 02 200N 1/.20 14 WU oan <aus




Ex. (WAG-4)
Page 105 0f 219

\ . . HI Nl"llll Lol N COVINGIN Wi

22020 a1an 20824 4R ¢ a1 qran
| - dopd b3
ol ooniee 1,054 8 2,00’3‘%‘ .= &~ b
£ MIDWAYP v 20342 .0 2 ] S;_ﬂ_:
{ . 21254 f - 53;‘] '?'5' Es-’“.?'
- d §e$’ 48
> 130y —
236 ) 0.041.103
1’ 16.6 ERRYDRL 0.0M40.2
| 190 20045 ;-..-...
y -2 BERAYDRL ¥ :
197 20045 :
N !
. WHITE AV ;
{ 20549 + :
! - . 22.6lb.9 . :
] wit . v -b.Bfj-24.0° v ¥ v < :
| zE # , 39.60.0 I( AaMlIE RV P
i ™ i : 7 7 7 e |\ i :
’ i 43.3|R o 111 kRAINCOR Biot  1.032 H
i Y-tast : “20.00p 2 -28. 3, “api2ug_ O[T 328 P
X p1354 B PP - 1] g3 4 of L -
b \ A AAAEN! - iRer.s 232 o R :
: . o 29.2[R o 1051313 g 0.9037 :
i < VT RS -2 0. 2 KRRINCOR 1.02¢ &
f TRLONA LoERTON L 1.058 2124p 3r: i,
L 832420487 : : \
‘ | L S TTAR -3.5 WHITE
: 0.986 £ 20132 1.0z70-5. 22480
) 2.4 5  stulh w 3.2 8.3
o 420478 -34.0jhac €3
! 14 ~24.5}35.1 \ 1011
3k,
. ,
H 14
! WEST DLY sLym ST _CLAIR 6 hN
i (21411 27385 21257 giz.8 A 4 ;
15.8 (1| i
b. 6 = 8
; e >0 g 5. ST CLAIA 5 |
' - v S\w T“ 195 . :
: P2ge i
f Se CLYMPR F .2 i
s = 2138y 108]10.9 ( i
| ~ ‘ -12.2]{-40.6 H
i . 85.91-27.8 |
. . . -16.3([13.0 )
i 13,1 giymers 1.023 e |
ol 20345 g-i i6.0 . P : |
R i . 4 . H
o S1RPOATP . P
; 2i508 BLumAgh | 4 HE
‘ s 20055 P
H - HE
! ES 27.9 -75.1/ N
¢ z =" T13.8|P36.4 ¥ : i
‘ 22 ¥3.1 ) H
! zz pRuL-20-50) piy i
: &z 2038 . 17.4 i
i 2a 4.04 S
i P-4 4.7} !
: " 22231012 HOSSY AK !
: Zaosho.0 < cHEmaLls 20328 f,q, i
i $ATSOP TiE.61(0.0 20093 fl.)0g 5.0 marelewn .
l 20448 5 4 439! : 5.6 84.8 |
‘ -39.1 ~87.84 ) . 2.9 32._90
78.9 e : 4610 ~4oBll-101 108fi2.1
; ~35.8 ) ) -52.1v],080 1e5)0.0  * 2.9); . 032
| 15e’ ' pssss;'" o BB e
- 3. : - ALLSTON SHl
! -40.5,10.5 20012 - 438 36531 4ug ¥2.0 4s.3ll-272_ g20492
G 65.8185.8 . . 21 237 3.8]13.9 |[277
589 9.8 439 31.6
1203 3231 0.0 1.027 -225
1.039
3.5 15.1 2.9 v)-9
15.1  BERVER ~
20587 oE
217|496 363 g2
156[FB. 2 16.8
- ! BONNVILE
-21.2V1.043 RIVRCRTE {138 20064 o
ALL 6.6 20405 8.4 . NETM
7.4 » s
. TROUTORL 55 a|l-4a.5 issff®5 S5
30458 Cgas. 0 ~165 20515 ,‘,,37"5-4 Tt 8)|2se
3. ; GRESHAM 322 4.9 189121.7
o.8 - PERRL - MCLOUGLN 20208 # $ TR e 511238
& ! 165! z,'gl?;zoaeo 20303 - 4172 ‘ . ; b 2li2ze
25__ 193 2.0/ 5 g 1740 u Ty pu.2 =—p 20— 6.201.039
STy 1664 s Lite ~2 ' &, 8-S = TROUTDRL -4b-271-939
: e T, 2e.0! -107!-1&& [ gv  OR_gend 25311;5:205:& uso OSTANDER
Lass | -urs!] [F153F190 169 cLour.LuNg o8, 5 L R .
g -43.91 -85.0 0 vi.101 T340 2.+ 594420304 = 1. J : nE
1.gs7v ‘39 6.3 60,27 S R 147 9.3 594,}-316 ze
: . : ] e
o JreRAL  « 90.6y;.05% . o o e
Sk 20963 38 mg ®
| . Ta1Yy-1218__ =S
20291 20321 , 1.006¥1%! 2z
WARION MONiTOR 7.6 z
T
i = = 7% RBATER
99HSNSO4 BCH=2850/300 WASK=1123,5CL=650, FRED=299 0 qlé,%obi/"fb"s'o o
L AA— . 9550 R,
; BKF RAVER-PRUL-CENTR G2 500, TRIP BCH, C.J0, FDG/WHG |5 iR m
’::‘-_::;amts.SOOHSNSO?.DRW . MW / MVPAR FRI.. JUN 02 2000 1621 KV: <t .82 R




LU R
22020

Ex.

|“2L,l’3”1', N gg\{;:(‘,m'ﬁ ) !‘““‘if‘
= . 12.$ ssoﬂ 42039
- . S -4
g %g 8y,
g;, E’rov-lll.o:

cnANueNennD NoL MLt 7 MUDR

| ) 0.04,,102
i ﬁsanvom. 0.0138.8
N 20045 K
B BERRYDAL v
’ 20045
7 WHITE RY
i 20549 H
i 0 . 12.3
Y ¥ T . . . . PP / t e
g- MR AN 2b.6
J £ 1ACoMR d I 7 7 7 R o A s
«1 o 20486 {1 / N\ 3L R H
. N-ERST - y-214 -18.3[p =5 -30.2; s
P135¢4 -33.4 p . ] i -]
* vV Vv -3
l . : ; |
-4
< 1 (%] ]
; i i
‘. s
! :
! :
i
-
v . 9 >
ELECTHTS
) FREDRICK 2017y
Y ST CLAIRA -bY4, bfl21224 o N -60.5 -
! 20483 18.2]{77.3 v 17.0{1-1.8B 2, ¢ L
i -161 LA 181411y 4 2.6 S &
] My.7 * ° | © * -9.3]|77.3 °
’ 0.0 ]( NN K 14.8
f =TI 0.olla1.8 0.0
I -32. 1 1.03004.9 1.028
t 14.6 26.0 2.0
! DLYMPIR
OLYMPIR
Py 2034¢
¢ i 3 RIAPDRIP H
21506
Lo
£ :
. = TOND PHA
: Zm . 23093
! —un. 187
| S
£ pAct-15-901.019
ooz 20358 15.3 H
,, 23 18. 11 :
; wo 9. 2"
I 1
“ S2enlens DSSY RK
=27, 1y -125 "
~32.4) S cuEwALls | 20328 153
SATSOP 3 20093 MAYFiELT
20446 -5|.o' : -110 6.0 2029?"
421, Sy -65.0
-89. 5| ~2.8((42.9
4424 ~youjl-101 108][21
-93.9v) 080 ] 1osfp.3  * 2.8 §.°33
LONGVIEH WDODLAND -5,
-32. SeLsion aLLstoN [|20277 216 20554 SHIFT
440 “41.3 4891272 20492
d Z 118 232 8. 6|18 277
) 1.039 £9.9 -43.2 30.7
10.8 0.0
39. 7
16.5 BEAVER s
20567 =8
~21.5]-49% 363 82
153|639, 15.8 eou: e
-21.0V1.043  giyagare {1138 vic
143 7.5 20405 7.9 20068 @
vob.3 §
SHERWOOD 9.9 TROUTOAL . : g
20455 (6 -166 20515 1.038l55-1 0.7
i WCLOUGLN  * Sosog . . 322 it 187
: & ! 20303 qi74 v 4 73.6 968
3 4ol 187
i Ee__lﬁ_'b -
! g8 4.2y ~S 7§ 56.3 ~  ThouTDAL -¥6.7V1.034
' e i Lw SR -83.1 o 467420516 7.7
L o ' P 79 S u‘g._o_.__ _%q.ﬁ__' OSTANDER
R -356 1 1661 - MCLOUGLN V2 of 6.9 w1 467 120351
1.057/-42.91 23.31)_ 2. 593420304 =z 1.048 ~ T30} 5
: 2.4 | 52,90 S w147 3.3 59y }-325 vl
POl v 41.5¢1.055 ¥ 136465.9 ‘S0
{ | 2.5 480 e B
SN S
20241 20321 169 I+
, NARION MON1TOR ,‘,;‘,"“" ~E
4 . -
b Q9HSNSOY BCH=2850/300 WRSK=1123,SCL=650, FRED=299 100% _RATER
v BKF RAVER-PAUL-CENTR G2 500, TRIP BCH, C.JO, FDG/WHG/FGSTM |0.350UV L.0500V
“ cor HiNG A DANAN 16,92 1 b v crsc eman <RUG

(WAG-4)
Page 106 of 219




3
PR ST

QNANKANTNAD NRIL

/ MVYOR

Ex. (WAG-4)
e e e Page 107 o0f219
. MUt
l 22020 ”g'l":;ll'l N g{;v;:mn v anven
| ! e < 22u1] a2039
‘ [.7¢ 78.54 & = |
— H1DHAYP [© -69.7 3 o472y
y 21254 s3 2&T18)
t N‘D‘ -t [
[ :
/ 0 ) 0.0gy. 07
; : annvom. 0.01]70.4
{ e /" ©B. . 20045 !
X . 128f-31.3 BERRYDAL © ¥  Z|g|
: / 13.6]h3. 1 20045 S2
[ L 129]F32.%
7 HHITE RV 13.6
! / 20549 T
‘1 Pn o 13:8103.2 4 P
' gg 14 N 1.0]l-13.8°% 12 v 14
| g= , 28.4l0.0 | ”'”Ig Ry T
i g 7 Ty A ol
LE N_47.6R .o 108 RAINCOR Bfm  1.017"
] BRI SEEIN A 3iH v eb.2
: gt g oo 3820 -121 _ne e o
i e e v Y| I 7o 1) SR SO
g g 3401 o 00f "‘S -3?3
. LA AT Y [ SR T 1 : KAR] ARA
RLOERTON 4.9 : 2124
| ez 21420 & : 1,082 4
J Ew O 24.8 ~14.9 P 6.5 @
43 32.9 2.0 .9 % WHITE: AV
. 186 J-29.7 -yg. 4[5, 3 fj22480;
, 64.9 SOUTH & -5.8 0.8|87.7 b.3 ¢ N
! frele 2 T 24841, 0130222 ... U'5-" A
n 2.0lee.8 1 0.998!
£6.0 2
e £ g 2
{ ELECTHTS
. FREORICK
-26.6A21224 , o3y, 2fj201TY 21832
29.3 © 19. 7110, 4 p GREENWTR
141 . swp.T e Y
| ~18.2 -2.4 <
; L 65.00111.9
K t, T21.1/0.0
‘ 1.030 1.026
by .8 3.8
,,f/m‘w
: st BLUMAER
N . P 20055
1 i‘ R il TOND PHR 47.5)|-42.3
) F 3 il 1. 03si2. s 093 -18.1(l22.9 ~
| 25 133 I 08 | 82.94l -5.u -9.4
) ¥8 ! payL -3.201. 028
@ 20358 56.0
22.91]-2052
/ -4, 11353
I‘ 209,160 HOSSY RK
“114y| 280
,-,.,: 670 S CHEHALIS 20328 150 ,
<1091 260 20083 - fl. 107 lieo HAYEIELD
1yo2lf 6.1 ~53.5{)202%¢
T 86. 14 -2.8|[40.0
147214 -338{{-99.0 104)21
100v15078 S 7f10.7 ¥ 3.0y, 033
ALLSTON LONGVIEH WOOOLAND s2.5
26612 (-1352 ALLSTON (20277 245 20554 SHIFT
=== 26011 -498 ~30.0 -105]-270 20492
W& 108 263 35.3([-6.0 274
- 1462
1970+ 87.0 ~30.9 7.0
1Aps6N - 1590 162
0512 ) |2os
- ¥ ~4.0  gERVER
. 20587
7 o1 2490 360
336)(32. 2 33.3
-0.9V1.033 RIVRCATE 1135
326 43.9 420405 27.0 ;
YNz, 0 ‘ . : -bfe———in&
SHERWOOD 25.8 TAOUTDRL 7.910.2 112 &
20455  (-55.8 cneswan 132 20515 1. 030035.3 =5.8] 250
5.9 MCLOUGLN 50505 . ) 315 3.3 224]/60.49
e 20303 (128 ‘ v v 89.5 ~28.3||235
2&_ 181 ﬂEa.a’ - 354 224]|55.7
: g~ 17.1 N NS 111 - TROUTOAL -26.3V1.039
i e it g5 B cie.sfl 2 cwiugaosie 35.7
253 2051710 wclouon R o8 -IILB|l STmidzy - 41w 95 1oNDER
1.0380-53.9 28.0 576420304 © . .= 1,039 ~ B7.2, -5
. 30.6 185 ~ 150 30.5 577,60.5 2o
VataniN] 8l 0% 139)}-25.3 R0
£ 29.4 97,91 e w
. 4 =8
20291 20321 76 o%
HAATON MON]:OR 15081 ~e
9g9HSNSOY BCH=2850/300 WASK=1123,SCL=650, LOAD-1000: 1007 RATEA .
SL WHITE R-COWLITZ-OLYMPIR B 230 . 0.950UV 1.0500V
MIt ER1 1IN A2 2ANN 1. 2U o B A N L L




Ex. (WAG-4)
Page 108 0f 219

-[,.—."“- - . - - Hl-"'[".l]‘ll' T T i, ﬂl)l N - COVINGIN nRvER
sageo s : 20129 '2 < qaeq t?o;s‘:;
BRIEN 1,059 i EE : N
0342 _ _ 49.4 1> -81.9 Iz EX 87y
i ] s2 gEsT 2
| 2z Jepus2f ~3 = !
; b ) 0.0i] S on1e3y :

1 Lol 0.0M248 ¥ - .0.00, 107
| 38.J 19y 17T Fsmmm 0.04)43.8
| ' 57. 04200 20045 '--.--..

{ 14512.3 BERRYDAL :
/ 23.81]208 20045 :

, 145 :
. WHITE AV 23.9y H
! 20549 :
| 7 Voafl-t3e :

| Yo : “7.0|f22.70 . ¥ ¥ ¥ :
' ol WHITE RV :
g . 12.5[/0.0 !( :
’ Y TT . 1ACONA oo\ 30550 :
g < 20498 ¢ / TN_3L8[P o il H
\ ceast - i-243 C18.5)5 932,37 ab :
P1354 319il-37.8 - e s s aaa g 49.5] O Lisw . 58 :
\I g - 14y LA e e e - fse—F gé :
i cl————!! Vs . o u6.2IB> o 105325 ~e i
i ,l. i|- 148 LOERTD R T - U :
! i2%.5  7acomA L N . e3.0ff © J1.062 :
| ; E ’—755}2"“’ 3 21420 37.5. -5.5 o 39.4 :
i 5.0 TORLITI . oa : 79.2 0.0 8.5 & f i
) .o F 36735 WHITE[ RV H
' 0.9esh hi2 2013 32 V€ Lozl ii.g -5y.8([5.9% Ha2480, H
! 35.5 ::s.s SouUTH w e, 35 4§ S.7)72.2= 8.5 4 H
" 5% 420478 -uy.2'310 T 2750 032P-17.8, 5.9 v :
1. 05565- 5 v -27.7H2.5 0.0f37.7 .’ 1,017 :
. : 38.9 T 3.8 :
i | MEST LY sLan st ST et T2 " pOaN H
| ! 21411 2138g; 3126500, 5 LAY ¢ 4 i S :
| vz g 5 - . - w.e’o 5 _ oy FREDA} s :
| : . . K H
| : 5.5 v 4 H v vo-1.8 25 2 ST CLAIR | ~71.5421224 " -65.9 - 218 E
; i WEST DLY 20483 % 13,2721 ‘ v 4. Bli-3.4 ¢ A chEEN T H
| i i - At e S5 N iso[11.7 o -15,50F.4 5 8 g :
| 20128 loLywPa P R T g 97, 2.4 ° :
| : S S e.0|25.0 2138% -, 35.0){0.0 ( . 1.7 Lo10ulliu. :
: ! 6.0 40.g\ 25.8 —21.3]{0.0 :
‘ ' 2.5 24,7 1030021 U1, 030 :
! 1.023Y-0.5 N ‘e 33.§ 3z.5 H
1 16.2" glyws:a baieddeiab bt H
) : gLrzela 203ss :
! 1 24 » H
AT Lo _-hiifhs.s N ¢ oRTe ;
; o 155[f-56.05 2 : :
! :ﬂ' p— 3
&7 91.9 :
28T 1 :
=& " TOND PHA 1 H
¢ z. = (zaoqs. [ :
i v 38.4li y7.3, - : H
28 6.7]-18.07 T0ND PAGL- 1. °In Qo H
“ = nzosoa ~ 20358 ' :
;5.8"' -8.7 P -8. 21 [ K
r.oald avi2.7) S e 13,91 v
19.0 ° S -3i0¥er3 .
<ie.54|-97. ' MDSSY R
.93 74 @ CHEWALIS 20328
8.0, ' 20093 153 ieLs
e 11000 . -112 . MRYFIELD
513} ] 5.7 -65.5
! : ~2.7|42.?
s _-u3sfl-iow 108]f2.1 /
1,080 ] yfFo.0 7 2. 701,031
ALLSTON LONGVIEN : HOODL AND 18.5
20012 RLLSTON f]20277 248 20554 SWIFT
' ‘ AN 5 -43.2 22.9)-272__ 20482
4 J 268 15.2]t5.5  |l222
1.038 723 ST B ET) .
14.7 3351
KEELERY zosi8 ! B :
20248 X . .
: BERVER e
-183 . 20587 2
TN -25.3|-49b 363 8z
. : 179157, 4 7.4 NE
7. . B, T-25.0V1.043  giypgare 1138 38:,‘:3"‘ .
71 104" 20408 18.7 P
4 <198 TY
. -15.8 ] .7 BT 3 &
SHERWOOD 6.4 TROUTOAL T 0]ks0.8 156 S
20uss. 7 S172 20515 1.o40lBB.B ¥ -2.6][253
HMCLOUGLN 28532“" 4 4 320 5.7 189]f14.8
& 20303 470 | v v 75.7 -43.39|238
Em__ 192 826 4 398 189§[13.7
[- 3 U LE | iz
i 27 12.8; L ~2 ' &, 100 AOUTDAL -99-BV1-039
g~ i 5 g« i ;ls%s 20518 :
‘ . ' L/:T) S 1 1T - - wlb8 467 05351 OER
1,058/ 22,61 2. seq]zo:oq & =V otmi ~ T4 v 5
§.2 22.90 S N 14y S. 595,]-279 22
TN , 40.5y;.0s% R ) 1334p2.6 o
Y 4.3 . kR mg >
—194l-1223 28
20291 20321 N 3%
KRARION MONITOR A -
Lo 99HSNSQ4Y BCH=2850/300 WASK=1123,SCL=650, LOAD-1000
1
¢ BKF RRVER-PRUL-CENTR G2 S00, TRIP BCH, C.JD, FDG/WHG

Foms] SOOHSNSO2. DRW : MW / MVAR  FRI. 1IN 02 200D 1616 e




'
!
!
i

Ex. (WAG-4)
_ Page 119 0f 219
LU MR TRLHOT N
22020 21311 COVINGIN ARVEN
20129 5 ¢ 209‘1 2039
1.032 CIREEY I N
HIOHRYP .8 ® -bb.3 Ze g; us6)
0.5 s3 g&-iiel
. ;9'8 211 ~3 = 1
.. ) 0.0 n11.0y .
w 4
y 0.0)l187 1,07
p NY R 7.1
i
-4 b
gl=
on
WHITE RV
20549
- 4 23.7§l5.3
‘?5’-’ ki PP . PP z v S1.0[-15.87  ° ¢ ¥
g MR v M L 41.110.0 HHITE RV
g TACOMA ” L 7 7 V" 9.5|{0.0 ( 20550
20496 ) / TNL_59.7{P & BO.Y
-248 “16.5|5 % -30.2 o
A MVPRTR] B 117 Y]
-130 A ASAAETN I 3.2 2g
C15.1 o o . 14.2ib = 96,0 3
-130 SN 1 S :
C1S 1 TRCOMA ALOEATON P s.1r 1042 &
5 155320*97 £S 1420 7.8, -8.3 o  b3.5 i
< -49.8 COMLITZ e -40. 0 2.0 .9 ® H
. 5 20132 fhgg M= K1) 334;53 A
bS.8 -10.2 SDUTS W =5 5 L .G a
153 (20878 3p.7 -5.0 7 7
1.033P-11.8 v -Il.‘lu - [} qq; b
. 67.5
Y
ELEgYHTS
NI AN LT
- T T E N
®EST DLY £t ge%g—iﬂ :
1.8 S

\A—]

“EA
THNDLOCIFS.

BLUMAER
”eooss
108D _PHA 43.3 -sz.ta/
(123093 -17.8]126.7 ¢
$.9 u.
=1.07 TOND pau. =711, 025
- 20508 _ 20358 s7.4
ox58.2 S8.71|-2062
S84 S -2.31349
° ° 1954670 ossy A
-119,1 280 HOSSY RK
16611670 . CHEWALIs 20328 (1,5,
STi1Y 280 20083 M. 169 5.0 HArFiELD
142y} 6.4 -63.5
100§ -2.9]{40.0
1491 -3y3jl-95.0 103f277
[CE A 95.5[l-1.0 7 3.2),.032
ALLSTON LONGYIER HODDL AND 53.1
0012 f- 1414 ALLSTON []20277 250 20554 SWIFT
] 20011 -508 -29.8 -109-270 20492
i 1u85 179 111 268 38.2)-7.3 [[274
1.044 4-1989 2008 =" .6 57.0 —-30.8 52,4
s3.1 30 tRoJAN  -1599 T 171 162
KEELER)  KEELER : 20512 ‘pe2 5.1 1
20245 M 2024y ‘ST MRARYS E—=——" : -
LR ~ 20484 166 % 1 B8 -6.5 BERAVER e
14021588 ¥ < 1303 fl-235 = B - 20587 BE
SSqR1I3S R 1.8 S.6 " ~2.2)-430 360 2z
1.0820 ~~"p ol-22.0 5.0 341 [PP6 8 356 BD"‘=I
( }—.._ - M 2 NNVILE
36.5 363 133 27.9 1.9 }HOg- RIVRSATE |Li3S 20064 «
| ona 331 20405 28.3 . 88 o=
$ .
- 32.9 -45.5 . . - wa
Ok
SHERNDOD fe 27.3 TROUTDAL 10.0 111 o2
20455 ¢-74.9 £AAL ~134 20515 1.030083. 1 18.3)| 250
" 20359 GRESHRM 3 ;
5 2 PERAL MCLOUGLN Rt as ” . 15 33,5 226ff61.1
[ 117)] 32673420360 20303 izt e 5.6 ~26.4|[235
23__ 181 2370 50N 83,5 ‘ 1.9 N 352 226 s«=.;4'q3
827167 17 R - 36.0 g ' 5 E] - TRouTORL -26. 9702
s 297l -1397}B08 NTK) gw 83, -e.3 yﬁqn 20516 :
-250 f|  -u39 N2 B 193 anfl'% e Se e N128 0SIRNDER
" 1.0380-53.3}f -52.9Y;, oho 1.079 27.5\_;45_&'1203“ e =% 1.039 ~ 5
30.8 3. 33.5 189 WELTH 30.7 1.4 a3
PERRL  w 0.4Y,.03% ) 1374-38.9 So
20963 29.6 83.s! m2 B
: ~e
20291 20321 z
NARION MONTTOR g
A

99HSNSOY BCH=2850/300 WASK=1123,SCL=650, FRED=299, LOAD-1000

SL WHITE R-COWLITZ-OLYMPIAR B 230

SANHENCND NRL

MLl 7 MVDOR [=g =001 A RN a %!

ANNN 16t

10




Ex.
Page 120 0f 219

’

MLRIDIN TRLBDY N
22020 2131 COVINCIN ROV R
oo 20129 IE,.‘{ < 472{, 12039y
, ¢ . o 4 =l 0BRIEN 1,060 DICINEERY B Y
; nigunye v 20342 dilZ kL P E5 772,
s 21254 :lBJ s3 2E52. 04
/ O = o 3 L_i.,;g-«_nﬂ ~3 2
| sie 119 e = 0.0 wl22y i
| SIAR_ICL d cHRisTOP | = 0.0lyg ¢ ™ ) 0.0d, 109
! 23032 — 201086 ‘ 1437P27 FERHYDRL 0.0044.6
3 i am §7.3fiB1 20045 L
{ Sim a.obse 2 1464 € BERRYORL ¢  }
‘ ; =~ <t /24, 31)188 20045
STRANDDD (R  Ris J 1.039 146 Bre
E Sl vt T 378 WHITE AV 24.3y
( 20549
z 1.30ks.7
i ; &2 . o 4 YT a.offey.er Pt
l ‘i’E 12 vt 25.4flo. 0 WHITE RV
o 25.4flo. .
| g i , L L7 -0.1(c.a ( 20550
J 20498 § //// TN D o Byl
| -282 -20.3|p =313 . p
i T35.5 PR X =130 e
! -1ug - I g0 —*f 8§
‘ -24.3 _— 25.4{ = 80.11f33y Ve
) -14% SV 0.3]5 % -29. 178, 3
3 -24. 9 TACONA gLDEHTDN . 25.64 ¥ ﬂ, 063
: 4,9771;1?""97 EE 1420 27.5 -o.z; o ¥0.4
! 581 CONWLIT2 oa 2.1 0.¢ 7.5
: = 2, . KT8 sipS_ flunite|av
l . b12 T 20132 o3, NE 1ol -54.8]1'5.25°Q ]zaueo
! . : 0.2 SOUTH ® 120.3 8.6 5.70s¢. 5 7.5 4
’ 257 420478 -45.0'B0s T 275111 o321, 4 5.4 v
1.05647.2 ¥ -28.2)43.9 0.0){39.} E """ 1.017
. 3.7 T 9 38.3
| D T
, \  WEST ooy PLUM ST CLAIR PN . 7
|f21en 21385 21297 qro.s W — N v T
1 2. . o o 1600078 ¥ FREDAICK ELECTHTS i ;
@ e £ —t——3 - ! s.oci 2017 ! i
: s : o266 ST CLRIR 1 20112i 224
i ! WEST p_v N ! B S W N
. : - ST 0T oLvwpa P 13,14 < 7Ok 207 ] 2230|578
| I 3eo12.1 21283 3.8}loL ynee Lq**’**'"ﬁi7m:
‘ VUSRS s L sa0 21388 110 : 154758
) ! 6.2 LY e -15.3 1 13.6(67.9
i b b 21.0 90.0 1 1.0300-2.5
1 1.0220-0.8 0.3 -18.6 FR - -
' 172 gLvweia toz2b | TTTTTETTEoo==s Tt
) } OLYmPia - 20345 [(-36.0 20.4 !
i " i ’
/ , 203ug . . H .
AT L___5 w7 v ¥ AIAPOATP v L7
: N 1 0.1 21509 sLumaza 1 4
i H s ‘ﬂ 200ss 1
L -
) ;S -17.4, TOND PHA 20.4-86.1 7
% zZ. .7 r ”23093 ~14.6[40.2 1
| ) 134 g 384l 1.5, 61.5 |
‘ wo . PRUL-23.90, 012
woo=z 20358 21.8 '
EE -22.‘!: :'
we 18.6) !
! v -328)1673 h 0
-12.4)|-92. | HOSSY AK
sarsor -103110.0 T Speauis 20328 g, f
20446 g6 ol T oty -45.4 10, I 112 6.0 Soses "
. :%;3:. 28 53y, | -5.7 ~55.5
-4e.2 329.".,]-29.! -86.2 ' -2.7|42.7
: Se1 [ L T3 | ST L I 1084277
i <90.5 :i?gO 1isff0.1 -~ 7 2.7 om
ALLSTON LONGVIEN WOODL AND 20.1
20012 ALLSTON (]20277 254 20584 SWIFT
2 517 43,8 19.04-272 _ a20452
: 143 274 16. 3][16. 2 277
1.038 259 657 45.8 29.3
15,4 3394 0.0
KEEL ] . 205 e
20245 ST MARYS SEAVER
L foud
p3s 2048 1,4, 120587 1
2.8 363 sz
. 17.3 NVE
7 1. RIVAGAIE | 138 BONNVILE
4175 19-8  g2040% 18.7 . 20064 =L
¥-18.0 141]59.2 -3.9 3&
b
30iss P s i L R e RS
L1 a475.8 P - 1 1.040 N -3.
H 20359 RESHAK :
7.3 0 e NCLOUGLN hE S . . 320 6.0 191129
s ! 161 2 o 7491020360 20303 169 v v 75.«" -51.5][238
; e 182 26.1 1661]-427 82,3 396 193|779
! c® 13y [ < . l_a_L
| g8 12,24 LLIE) S ‘ 106 MR 101 - YROUTDAL -51.5V1.039
| g® { — 26.11 -2s5-59.4 o ——————38&w - 8% & 464 420516 2.8
W-342 o} -y20 -140,-t47 1804 °° o NCLOUGLN VS s 46S 03;270“
-40.01] -Bl.2,_p 1.103 22. 31 © 593420304 © =N 122 =
1.059 p 1.0b1 24 q ] [ [
‘, 4.5 5.1 : 17.0 LK 594 |- 259 S
P PEARL = 40.49y 0s¥ 132¢p2.5 o
/ ) 20963 4.4 4281 me =
i -1463-1227 =S
20291 20321 1.0924209 of
MRRTON MON]TOR 6.6 ~E

. Ao

i

9QHSNSOY BCH=2850/300

BKF RAVER-PRUL-CENTR G2 5

:'r'. 0C1ES,

QNANHANCNAD NRL . . ML/

WASK=1123,5CL=650,
00. TRIP BCH, C.Jo,
MUDR £t NG AD 2nAA

1.1

FRED=293, LOAD-1000
FDG/WHG

1.0500v

PRI

s

(WAG-4)




MANCHEST
21995

Ex. (WAG-4)
Page 121 of 219
mn -
"2'2'0"?‘;" '"L"B"l’, N COVINGIN RAVL 1
1 20129 4% ¢ g1 42039
al% 4 X e 122) S
nls 3 Yo -81.6 Te 33 187}
T s3 23758y
i ounif] ~8 -~ y
) 0.04 nieey \
v.olue V' - ) 0.08,. 106
I‘i"IIEO.‘i BERRYDAL 0.0Hy3.2
56.9,1201 20045 '
1451R. 0 BERRYDAL v
23. 71209 20045
stz
WHITE RV 23.8y
" 20848
" oflize, Lo,
p P — v 7.0|[-e2.8° ¥ ;E v
" v A 12.3)l¢. ¢ ( HHITE AV
5 TACOMA - A4 v2.s]lo.r | 20550
20496 ] / N 31.8|p. o 11t
Y-enst 1}-250 -18.5(F 5 -32. 3, s
p1354 %%m:-am AR LN 3 R LI |-
RTINS L VYTV 0~ hIEN g3
~ NIRRT . L 4b.3[P = 1051326 ‘e
|- 145 aLbERT T 7 NS = -30.00kb.T
1T TACORA LDERTON £3.10) © Ji1.062
> L 788420497 Z5 21420 IR - 38,7
IS 7wy cemLinz ey 9.5 0.0]; 8.5 X5 funitelAv
0.989 ke © 20132 fo3p M 1.030)-11.5 =~ f122480)
35.8 i SOYTH K 11B.8 3s.8 .5 4
! 20978 -uy.7'311 T 5.9 v
1.055 REERLY TR 1.017
.2 A 3b. !
WEST OLY PLO¥ ST CLAIR ~ »t : 4
nzmn 213es1 21297 10.5 VNG v v kol
12.8_ ¢ 5 ' FREDAICK i 5'5?5.’,“’5
ST CLAIR 1 271.8(121224 , ~Bb. 1 21832
20483 4 | GREENKTA
E:Ioa JLYNPR P cl72 gt
Zi283 Ma.0 VY :
0.0 ( ,
51, i i
-24.6 1 :
! :

TOND

09
=
PHA 24.211-76.5

BLUMAER

1
1
z Hzao'aa -15.&“35.2 ] :
= , 3B.41| 47.6, X 47.3 ! H
o Y pRuL-18. 5). Qo H
» 203584 f H
-85 ' :
12.2} r
212613 ! MOSSY RK
T21.24|-118
4521 olo < uenaLts 20328 gy
SATSOP - ] ¢ 200893 N : MAYFIELD
20446 - s0. 0.0 ' 112 6.0 20298
su.8ll 3.5 -3120:2 515} . 55 “56. 6
~40.6[[ 5 521-0/)2-D -eg.o. : olles : -;:6: ;238< )
. H - - .
-;:‘; -94.‘;"-“90 “""":Tslﬁ.z ¢ 2,601,032
* P ,030 Y133 . 18.8
- 16.0 ALLSTON LONGVIEx HDODLAND .
T es.20hs. 2 ALLst aLLSTON (120277 250 20554 SWIFT
<8 20011 -509 T43.0 22.4ll-272 (20492
o bl.2)el1.2 : 139 269 VS22
1.039 725“5_2 ; 9.8 C] 450
14.0 TRoJAN -342 © 0.0
20512 ! . 7‘
— Ty .
183
pa.0 ¥ -26.b]1-436
! 180 56,7 BONYILE
- “26.2V). 043 RIvRGATE °'5" ne
171 8.7 20405 -
TR . gg
£RHOOD b, TROUTDAL
30485 197 ST 20515 -
GRESHAM 320
; ! - PERRL MCLOUGLN 20209 y ¢ 5
e 162 744 120360 20303 . :'.13
o 192 26.0
[ pe——_3 1 -
R Bl s usgaio e
4 i 26,00 S g2, —%4'5——!
< ays | -ur9! 17207 - weoustn RS w8 ' 6.9 wis? upp OSIANOER -
1.0590-39. 7Y -B1.7¢1 .0 2211 _2,% sqso‘eosoq © = 1950 123} -
. ! Y1 . 24,311 PTE 4. 593'l-268 S
JPERRL  « Wie2yYy.0s® : 1321E5.6 Re
20963 3.5 ‘;:‘:ﬂ A g =
: ‘ - N
20291 20321 . 1-93% 07 ez
WAAION MONTTOR 7. 3

FE—
NOLOCIES.

ggHSNSO4 BCH= 28507300 WRSK=112

BKF RAVER-PAUL-CENTR G2 500,

SANHSNGAD. NRL .

M

7/

My OR

[=E=N1

3,5CL=650, FRED=299, LORD-1000

TRIP BCH, C.JO, FDG/NHG/FGSTM

N N2 2NANRN 16.17




' FREDERICKSON
25 MW



T

7

Ex.

Page 122 0of 219

- SYSTEM IMPACT STUDY
OASIS Reference No. 133622
25 MW GENERATION ADDITION TO FREDERICKSON 115 kV BUS

May 21, 2001
PSE Electric Transmission

INTRODUCTION

This study is in response to OASIS Reference No. 133622 and the System Impact Study
Agreement executed by PSE's merchant function on April 24, 2001 requesting 25 MW of
Firm Point-to-Point Transmission Service by Electricity Capital (E.C.) for proposed new
generation located near PSE’s 115 kV Frederickson Substation located in Pierce
County, Washington. The generation would consist of several reciprocating engine
powered generators, each producing approximately 1.9 MW, This study summarizes the
results of analyses done to evaluate transmission requirements to integrate this
proposed generation at or near Frederickson. This 25 MW proposed generation is in
addition to the 149 MW (summer) existing PSE generation, and the planned 154 MW
generation owned by MEGA. _ : '

CONCLUSION

if 25 MW of generator is tapped to the Frederickson-Boeing Puyallup 115 kV line, then
impacts to the existing transmission system are expected to be minimal. A requirement
for this addition is that during conditions of high north to south flow on the Raver-Paul

- 500 kV line, the generation may need to be tripped automatically if an outage of the

Raver-Paul 500 kV line were to occur. The only line requiring conductor temperature
upgrade as a result of the 25 MW addition is the PSE Dieringer-Boeing Auburn 115 kV
line. This assumes that the Electron Heights-Boeing Puyallup-Frederickson 115 kV line
is upgraded for the MEGA project to 100C conductor temperature rating.

Also, a Remedial Action Scheme (RAS) should be employed to trip or ramp generation
at MEGA and E.C. in the event that two of the three 115 kV lines to Frederickson go out-
of-service, or for loss of the Raver-Paul 500 kV line at high Raver-Paul path flows. For
redundancy, the RAS will use both overload monitoring relays on three lines out of
Frederickson, and the Boeing Puyallup-Electron Heights line, and a trip signal from BPA
in the event the Raver-Paul line is forced out of service. The cost estimate for
transmission interconnection and facilities improvements is $300,000 - $500,000. E.C.
will need to acquire electrical equipment including a generator step-up 115-13 kV
transformer and a 115 kV breaker to interconnect with PSE Frederickson-Boeing
Puyallup 115 kV line.

STUDY ASSUMPTIONS

- The results of a prior study were used along with additional study work. The prior study

is on PSE’s OASIS site (oasis.puget.com), and it is attached as an appendix to this
document. That work explored summer and winter seasons, with Northern Intertie flows
in a north to south direction. The prior study covered a range of generation at
Frederickson that included the existing generators at 149 MW, plus levels of 50, 100,
150, and 200 additional MW. The total generation addition including the proposed 25
MW in this study and MEGA'’s planned 154 MW, is between 150 and 200 MW additional
generation at Frederickson. The totals become:
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Tabie 1. Total Frederickson Generation Output

Generating facility MW per facility Total MW
Existing PSE CT’s 149 » 149
Addition in prior study 50 199

“ “ “ 100 249
“ “ “ , 150 299
* “ “ 200 349
MEGA 154 303
Electricity Capital 25 328

For the additional studies, only the heavy summer season was studied because the prior
study had shown the summer had the most critical loading conditions. The through-flow
conditions studied included both high Raver-Paul north to south loading, and high
Northern Intertie south to north loading. The lines in the Raver-Paul path through Pierce
County are: :

Raver-Paul 500 kV line

White River-Cowlitz-Olympia 230 kV line
Covington-Cowlitz-Chehalis 230 kV line
Frederickson-St. Clair 115 kV line
Electron Heights-Blumaer 115 kV line
White River-Fern Hill 57.5 kV line

The total MW output of the E.C. generators was modeled as 25 MW. Each generator
consists of a natural gas reciprocating engine and generator producing approximately
1.9 MW. The generators are assumed to have capability to produce at least 0.9 power
factor lagging (VARS supplied to PSE’s system by E.C. generators), and 0.95 power
factor leading, at full rated power. The generators are assumed to be operating in
automatic voltage control mode according to the PSE Interconnection Standard.

The time frame was 2002 and 2003. The planned West Coast generators were modeled
as in-service, generating 270 MW, and connected to the BPA South Tacoma Switch B
230 kV bus. This bus has three 230 kV lines connected to it from White River, Cowlitz,
and BPA Olympia.

Reactive power margin and voltage stability were not determined because it is
anticipated that addition of generation with full reactive capability at Frederickson will
improve voltage regulation in the area. This can be confirmed with reactive margin
studies. Transient stability was not confirmed, but it can be done when stability models
and machine specific parameters are provided.

OUTAGE ASSUMPTIONS

Outages taken inciuded single contingency (N-1) outages and common mode outages.
The outage conditions used are to meet PSE'’s reliability criteria, the NERC Planning
Standards and the WSCC Reliability Criteria. The single contingency outages are taken
automatically, and include all lines in southern King, Pierce and Thurston Counties. The
common mode outages are:

For south to north — Talbot 230 & 115 bus segments,

O’Brien 230 & 115 bus segments, Asbury 115 bus, Midway 115 bus
Christopher 115 bus, Starwood 115 bus, Berrydale 115 kV bus
Monroe 230 bus & breaker failures, Monroe 500 breaker failures
Snohomish 230 bus segments, Snoking 230 bus segments
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Bothell 230 bus segments, SCL 230 and 115 kV double lines
Maple Valley 230 bus segments, Covington 230 bus segments
Echo Lake 500 breaker failures, Raver 500 breaker failures
Raver-Paul-Centralia G2 500 BKF

For both south to north and north to south —
White River north 230 bus, south 230 bus, north115 bus, and south 115 bus

Krain Corner 115 bus, Alderton 115 bus, Frederickson 115 bus
Electron Heights 115 bus, Saint Clair 115bus, Blumaer 115 bus
West Olympia 115 bus, Plum Street 57.5 bus

PSE Olympia north 115 bus, and south 115 bus, Tono phase shlfter
BPA Olympia east 230 bus, west 230 bus, and 115 bus

For north to south — governor load-flow is used, following WSCC guidelines.
Raver-Paul 500 line; Trip BC Hydro

Raver-Paul 500 line; Trip BC Hydro, MEGA, WC

Raver-Paul-Centralia G2 500 BKF; Trip BC Hydro

Raver-Paul-Centralia G2 500 BKF; Trip BC Hydro, MEGA, WC
Raver-Paul-Centralia G2 500 BKF & Centralia G1; Trip BC Hydro
Raver-Paul-Centralia G2 500 BKF & Centralia G1; Trip BC Hydro, MEGA, WC
Paul-Allston 1&2 500 lines on common right-of-way; Trip BC Hydro

The formula for tripping BC Hydro generation is:

‘Trip generation = 1.3 x (Westside NI north-to-south — 1450 MW)
MEGA stands for tripping the proposed MEGA generators at Frederickson.
WC stands for tripping the proposed West Coast generator.

BKF stands for breaker failure.

FINDINGS
Summer

Loading on lines in the Raver-Paul path are closer to their ratings during the summer
season than during other seasons because of transmission through-flow, and because
the ratings are signiﬁcantly lower in the summer than the winter on most lines. Flows on
selected paths are given in Table 2 for the heavy summer case with high Northern
intertie flows in north to south.

Table 2. Line flows with Fredenckson Total Gengratlo

2002 Heavy Summer (N to S) Frederickson total (includes MEGA & E.C.)
’ 149 MW { 303 MW | 328 MW
Element or Path Facility loading in MVA
West Side NI, Ingledow-Custer 1&2 2850 2850 2850
Raver-Paul 500 1867 1877 1880
Olympia-Tacoma B 230 374 377 378
Tacoma A-Centralia SS 230 321 325 326
Frederickson-Boeing Puyallup 115 34 70 78
Frederickson-Aiderton 115 30 68 84
Frederickson-St. Clair 115 120 158 162

The results of the prior Frederickson study indicate that the Frederickson-St. Clair 115
kV line exceeds its maximum load capability for an outage of the Frederickson-Alderton
115 kV line if the combined generation at Frederickson is 349 MW. For the same outage
at a combined generation of 328 MW, loading on the Frederickson-St. Clair 115 kV line
is 97%.
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If the Frederickson-Boeing Puyallup-Electron Heights line were not upgraded, it would
overload to 111% at the 328 MW generation level for an outage of the Frederickson-St.
Clair 115 kV line. It would overload to 102% at the 303 MW level for the same outage.
The double line loss of the Alderton-Frederickson and Frederickson-St. Clair 115 kV
lines overloads the Frederickson-Boeing Puyallup-Electron Heights line to 250% of its
existing rating at 303 MW generation level. This outage is an N-1 outage if one of the
other two lines to Frederickson is already out for some reason. This line is being up-
rated, increasing the threshold levels of allowable generation during conditions such as
line maintenance, unplanned outages, and the double line outage.

A RAS is being deployed with the MEGA project that will monitor line flows on the three
115 kV lines out of Frederickson Substation. When the flows on any one line are high
enough to cause the computed conductor temperature rating of that line to be exceeded,
then the RAS will trip or fast ramp MEGA generation to 0 MW. The RAS scheme trip
signal should be sent to the E.C. generation also. The line monitoring point for the
Frederickson-Boeing Puyallup-Electron Heights line should be at Boeing Puyallup
Substation on the Boeing Puyallup-Electron Heights line, and not at the Frederickson
bus. The RAS will also receive a trip signal for Raver-Paul 500 kV line outages,
discussed later under Raver-Paul 500 kV Outage. '

The results of heavy summer conditions with high south to north flows on the Northern
Intertie is that the Dieringer-Boeing Auburn 115 kV line overloads and must be up-rated
to avoid curtailing Frederickson generation during those conditions. The level of overload
is 103%, and at a Westside Northern Intertie south-to-north export level of 1700 MW.
The 795 kemil Tern conductor in this line should be up-rated from 55C to a minimum
75C conductor rating. The White River-Dieringer 115 kV line has already been up-rated
to 100C. :

Raver-Paul 500 kV Outage

The following discussion is based on prior studies and reconfirmed with current
simulations. The most severe outage is the Raver-Paul 500 kV outage, and combination
outages that include the Raver-Paul 500 kV line. The combination outages studied are a
breaker failure at Paul that trips both the Raver-Paul line and the Centralia #2 generator,
and the same breaker failure when the Centralia #1 generator is also out of service.
Results are given in Table 3, and include the planned West Coast IPP connected to BPA
South Tacoma Switch. The table shows when PSE lines will overload without tripping
MEGA and E.C. generation, or an equivalent amount in MW at Frederickson.

BPA arms a RAS when there are high north to south flows on the Raver-Paul 500 kV
line. The RAS sends trip signals to selected generators north of this line when the RAS
detects that the line is tripped out of service. The generators that are armed are
determined according to the flow level on the Raver-Paul line, and other factors, as
described in BPA Dispatcher Standing Order (DSO) 307. In the power system
simulations, for high flow levels on the Raver-Paul line, the generators that were tripped
included Whitehorn, Fredonia, 1024 MW at Chief Joseph, and units in Canada following
the formula:

MWtoTrip =1.3(IngledowCusterflow — 1450MW)

The results indicate that for the Raver-Paul 500 kV line outage, assuming the West
Coast generation is armed to trip, one PSE line is at 100% of its thermal rating. That line
is the Frederickson-St. Clair 115 kV line. It will be protected by a thermal overload relay
that will trip MEGA and E.C. generation if it does exceed its rating, and by a trip signal
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from BPA that will trip MEGA and E.C. generation. No PSE lines overload after the
MEGA and E.C. generation is tripped. The RAS is redundant in that either the overload
relays can trip generation, or the BPA trip signal can trip generation. The RAS will
normally be armed to trip generation on line overloads. It will be armed to trip generation
from the BPA trip signal only when BPA and PSE determine that flows on the Raver-
Paul line are sufficiently high. The trip signal from BPA will be received only for outages
that include the Raver-Paul 500 kV line outage.

Tabie 3. Raver-Paul 500 kV Related Qutages. 2850 MW Northern Intertie

| Electhts-Kapow 115 | | Fredrick-Tilem T 115 1 | Dupont-Quarry 115 L [Tacoma A-Centr 230! |

Frederickson | Yelm-Longmr T 115 4 | Tilem T-Gravelly 115 | Quarry-St. Clair 115 { | Centr-Chehalis 230 1
tot. gen 328 MW Longmr T-OlyVail115{ | Gravelly-Dupont 115 1 [ Tacoma B-Oly 230 { |

Qutages % line loading on above lines, Without tripping Westcoast, MEGA & E.C.
Raver-Paul 500 kV 102.1| 998 | 97.9 | 964 | 954 | 954

BKF Raver-Paul & Ctr2 | 104.4 | 106.4 | 104.5 | 112.1 | 109.8} 107.9 | 106.4 | 105.3 | 104.9 | 105.6 | 101.8

BKF Raver-Paul & Ctr2 | 117.4 | 121.5| 1209 | 122.3 [ 120.0 | 118.0 | 116.6 | 115.5 | 118.6 | 116.0 | 1122
with Centralia 1 off line '

% line loading on above lines, With tripping Westcoast, but not MEGA & E.C.
[Raver-Paul 500 kv 100.3 | 98.0 | 96.1

BKF Raver-Paul & Ctr2 '| 101.8 | 103.4 | 101.3 | 110.2 | 107.9 | 106.0 | 104.5 | 103.4 | 96.2 | 100.9 | 97.1

BKF Raver-Paul & Ctr2 | 114.9 | 118.6 | 117.8 | 1204 | 118.1 | 116.2| 114.7 | 113.7 | 109.7 | 111.3 | 107.5
with Centralia 1 off line

% line loading on above lines, With tripping Westcoast, MEGA & E.C.

Raver-Paul 500 kV

BKF Raver-Paul & Ctr2 956 | 99.6 | 95.9
BKF Raver-Paul & Ctr2 | 102.9 | 104.7 | 1029 | 98.3 | 95.9 108.1| 110.0 | 106.7

with Centralia 1 off line

For the breaker failure outage of both the Raver-Paul 500 kV line, and the Centralia
generator unit #2, PSE lines overload. The Frederickson-St. Clair 115 kV line overioads
the highest at 110% of its rating. After tripping MEGA and E.C. generation, there are no
more PSE overloads remaining.

For the condition where the Centralia generator unit #1 is already out of service, and the
breaker failure occurs, the simulation showed an overload of 120% on the Frederickson-
St. Clair 115 kV line. After tripping MEGA and E.C. generation, there would be overioads
remaining on the Electron Heights-Blumaer 115 kV line. The highest PSE overload then
is 105%, that is half of the highest BPA overload at 110%. In this simulation, the Raver-
Paul pre-outage loading is at 2080 MW, that is higher than allowed by the previous and
current BPA DSO 307. In practice, BPA would reduce the flow on the Raver-Paul 500 kV
line, following DSO 307 for Level 4, so that the overloads would not happen if the outage
were to occur. By reducing the pre-outage flow down to a level studied for the other
outages, about 1900 MW, there would be no overloads on PSE lines. Running the
outage at this high level illustrates the need for a Raver-Paul flow threshold that results
in significant overloads if violated. :

The prior study results indicate that for light summer ioads, using peak summer line
ratings, PSE lines overioad for the breaker failure outage of the Raver-Paul 500 kV line
and Centralia generator unit #2, unless the MEGA and E.C. generation is tripped. The
RAS scheme can protect PSE lines from overloading. During light summer load periods,
line ratings will actually be higher than those used, because during off-peak periods air
temperatures are lower, and sun radiation is lower. Tripping will not be needed during
winter conditions because the Raver-Paul line loading is low.
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The White River-Fern Hill 57.5 kV line overloads with outages of the Raver-Paul line. A
relay has been installed at White River to detect when the line is being overloaded and
the relay will sent a signal to automatically trip the line breaker at White River. All the
power system simulations were done with either the White River-Fern Hill line open, or
with the relay modeled to open the line up if the flow level on the line is above its
seasonal rating. .

COSTS

The transmission facility costs to install up to 25 MW of new generation that is tapped to
the Frederickson-Boeing Puyallup 115 kV line are expected to include the following:

Low  High
Range  Range
RAS to add E.C. generator tripping for line overloads, and '

for Raver-Paul trip signal 30,000 60,000
Capacity up-rate of Dieringer-Boeing Auburn 115 KV line 75,000 100,000
Frederickson — E.C. 115 kV line extension | 140,000 210,000
Protection, controls, fiber-optics additions to Frederickson

& Boeing Puyallup Substations 50,000 _100,000
Totals. | $205,000 $470,000
POWER FLOW DRAWINGS ‘

Schematic type power flow drawings of selected conditions are given in post-script files.
The drawings provided do not include the thousands of unique combinations of
conditions that could be shown. For each season, hundreds of outages were simulated
for each level of proposed generation at Frederickson, without and with the proposed
West Coast project. These drawings only include summer No Outage cases without and
with the MEGA project and the E.C. project.

They are given in the following order:

; . - Generatio in MW

File Name: .| Condition Season PSE IMEGA| EC. |West.
. coast

02hsnB4c149.PS _ [No Outage . HS 149 270

02hsnB4c303.PS | No Outage HS 149 | 154 270

02hsnB4¢328.PS | No Outage HS 149 | 154 25 | 270
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Appendix to Elect Cap.doc

- SYSTEM IMPACT STUDY

OASIS Reference No. 17855
150 MW GENERATION ADDITION TO FREDERICKSON 115 kV BUS

September 29, 2000
PSE Electric Transmission

INTRODUCTION

This study is in response to OASIS Reference No. 117855 and the System Impact Study
Agreement executed by PSE’s merchant function on May 17, 2000 requesting, among
other things, 150 MW of Firm Point-to-Point Transmission Service for proposed new
steam generation located at PSE’s 115 kV Frederickson Substation located in Pierce
County, Washington. This study summarizes the resuits of analyses done to develop
reliable transmission alternatives that integrate the proposed generation at Frederickson.
This report summarizes studies done to find threshold levels where new generation
could be added without large impacts to the existing transmission system. The added
generation would be a steam unit with possible sizes being 50, 100, or 150 MW (200
MW was included to explore sensitivities). - '

CONCLUSION

If a new generator is installed at Frederickson Generating Station and connected to the
existing 115 kV bus, and if the size is 150 MW or smaller, then impacts to the existing
transmission system are expected to be minimal. A requirement for this addition is that
during conditions of high north to south flow on the Raver-Paul 500 kV line, some
generation at Frederickson may need to be tripped automatically if an outage of the:
Raver-Paul 500 kV line were to occur. The only iine requiring conductor temperature
upgrade is the Electron Heights-Boeing Puyaliup-Frederickson 115 kV line. Also, at the
highest generation level, a Remedial Action Scheme should be employed to trip or ramp

- generation at Frederickson in the event that two of the three 115 kV lines to

Frederickson becomes out-of-service. An estimate of the cost for transmission
interconnection facilities and improvements is $800,000. ‘

. STUDY ASSUMPTIONS

Summer and winter seasons were studied, with a focus on high Raver-Paul loading and
high north to south flows on lines going through Pierce County. Load sensitivity was
performed for the summer season. The lines through Pierce County are:

Raver-Paul 500 kV line

White River-Cowlitz-Olympia 230 kV line
Covington-Cowilitz-Chehalis 230 kV line
Frederickson-St. Clair 115 kV line
Electron Heights-Blumaer 115 kV line
White River-Fern Hill 57.5 kV line

- The time frame was 2001 with the following improvements assumed to be completed:

Chief Joe-Monroe #4 line re-converted to 345 kV operation.

Bothell-Snoking #2 and Sncking-Maple Valley #2 230 kV lines energized.
Schultz-Raver #2 500 kV line rerouted from Raver to Echo Lake.

Bothell #2 and #3 230-115 kV transformers replaced with 300 MVA transformers.
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Reactive power margin and voltage stability was not determined, it is anticipated that
addition of generation with full reactive capability at Frederickson will improve voltage
regulation in the area. This can be confirmed with reactive margin studies. Transient
stability was not confirmed, and would be done when stability models, and machine
specific parameters are provided.

The proposed Westcoast generator was studied as a sensitivity, to understand the
combined impacts of the Frederickson steam turbine generator and the Westcoast
generator. The total MW output of the Westcoast generators was modeled as 270 MW.

OUTAGE ASSUMPTIONS

Outages taken included single contingency (N-1) outages and common mode outages.
The single contingency outages are taken automatically, and include all lines in southern
King, Pierce and Thurston Counties. The common mode outages are:

White River north 230 bus, south 230 bus, north115 bus, and south 115 bus
Krain Corner 115 bus, Alderton 115 bus, Frederickson 115 bus
Electron Heights 115 bus, Saint Clair 115bus, Blumaer 115 bus
West Olympia 115 bus, Plum Street 57.5 bus
PSE Olympia north 115 bus, and south 115 bus, Tono phase shifter
BPA Olympia east 230 bus, west 230 bus, and 115 bus

The following use governor load-flow following WSCC guidelines.
Raver-Paul 500 line; Trip BC Hydro
Raver-Paul 500 line; Trip BC Hydro, FGStm, WC
Raver-Paul-Centralia G2 500 BKF; Trip BC Hydro
Raver-Paul-Centralia G2 500 BKF; Trip BC Hydro, FGStm, WC
Raver-Paul-Centralia G2 500 BKF & Centralia G1; Trip BC Hydro
Raver-Paul-Centralia G2 500 BKF & Centralia G1; Trip BC Hydro, FGStm, WC
Paul-Allston 182 500 lines on common right-of-way; Trip BC Hydro

The formula for tripping BC Hydro generation is:

Trip generation = 1.3 x (Westside NI north-to-south — 1450 MW) -
FGStm stands for tripping the proposed Frederickson steam turbine and gen.
WC stands for tripping the proposed Westcoast generator.

BKF stands for breaker failure.

FINDINGS

The transmission through-flow can be seen in Tabie 1. It shows line flows before
outages are taken for heavy summer, lighter summer, and heavy winter. Line flows on
the Raver-Paul 500 kV line, as an example are 1800 to 1900 MW in the summer, and
decrease to 1200 MW in the winter. In these seasons, the West Side Northern Intertie
(WSNI) is 2850 MW in the summer cases, and is 1450 MW in the winter cases. If the
winter import OTC goes above 1450 MW, then transmission through-flow will increase in
the winter. Load sensitivity that was performed for the summer season was to reduce the
area load by 1000 MW, from 5758 to 4758 MW, an 18% reduction. The results indicated
that for lines at or near overload, the overloads increased slightly as loads were scaled
down by 1000 MW. This is a favorable result because as loads go down in the summer,
ambient air temperatures also cool, as in night-time conditions, and line ratings go up.
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Summer

During the summer season loading on lines can be closer to line ratings than during
other seasons because of transmission through-flow, and because the line ratings are
significantly lower in the summer on lines having a lower conductor temperature rating.

The results of outage simulations are given in Table 2, for single contingency outages
(N-1), and common mode outages, except that the Raver-Paul 500 kV outage results
are given in Tables 3-6, and are discussed later. The outage results for other than
Raver-Paul 500 kV show that line loadings remain within their ratings up to an addition of
150 MW of generation. An exception is the double line loss of the Alderton-Frederickson

- and Frederickson-St. Clair 115 kV lines. This outage is an N-1 outage if one of the other

two lines to Frederickson is already out for some reason. The temperature rating of the
Electron Heights-Boeing Puyallup-Frederickson 115 kV line should be raised to
significantly increase the threshold levels at which generation can safely generate during
conditions such as line maintenance, unplanned outages, and the double line outage.
The 1272 Kemil Narcissus conductor portions should be uprated to 75C conducto

rating, and the 795 Kcmil Tern portions to 100C conductor rating. ’

Raver-Paul 500 kV Outage

The most severe outage is the Raver-Paul 500 kV outage, and combination outages,
that include the Raver-Paul 500 kV line. The combination outages studied are a breaker
failure at Paul that trips both the Raver-Paul line and the Centralia #2 generator, and the

. same breaker failure when the Centralia #1 generator is also out of service. Results are

given in Tables 3-6, and include summer heavy load, summer light load, without and
with a proposed Westcoast IPP connected to BPA South Tacoma Switch. The tables
show when PSE lines will overload without tripping the Frederickson steam generator, or
an equivalent amount in MW at Frederickson.

BPA arms a RAS when there are high north to south flows on the Raver-Paul 500 kV
line. The RAS sends trip signals to selected generators north of this line when the RAS
detects that the line is tripped out of service. The generators that are armed are
determined according to the flow level on the Raver-Paul line, and other factors, as
described in BPA Dispatcher Standing Order (DSO) 307. In the power system
simulations, for high flow levels on the Raver-Paul line, the generators that were tripped
included Whitehorn, Fredonia, 1024 MW at Chief Joseph, and units in Canada following
the formula:

MWtoTrip =1.3(IngledowCusterflow — 1450 MW)

The results indicate that for light summer loads [using peak summer line ratings), or for
Frederickson steam generator sizes above 100 MW, PSE lines overload for the breaker
failure outage of the Raver-Paul 500 kV line and Centralia generator unit #2, unless the
Frederickson steam generator is tripped. If the Westcoast generator is installed at about
270 MW, and if it is tripped for the same outage, then the above holds true for ‘
Frederickson steam generator sizes above 50 MW. The Frederickson steam generator,
or one of the combustion turbine generators may need to be tripped during summer load
and temperature conditions if the Raver-Paul 500 kV line loading is high enough. .
Tripping will not be needed during winter conditions because the Raver-Paul line loading
is low. :

The Tables 3-6 show overloads for the breaker failure outage and when the other
Centralia generator unit #1 is off line. The Raver-Paul pre-outage flow is above 2000
MW. In practice, BPA would reduce the flow on the Raver-Paul 500 kV line, following
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DSO 307 for Level 4, so that the overloads would not happen if the outage were to
occur. But running the outage at this high level illustrates the need for a Raver-Paul flow
threshold that results in significant overloads if violated.

The White River-Fern Hill 57.5 kV line overloads with outages of the Raver-Paul line. A
relay is being installed at White River to detect when the line is being overloaded and the
relay will sent a signal to automatically trip the line breaker at White River. All the power
system simulations were done with either the White River-Fern Hill line open, or with the
relay modeled to open the line up if the flow level on the line is above its seasonal rating.

Winter

Some common mode outages do not achieve a solution for winter loading conditions.
The Olympia 230 kV bus is divided between east and west segments with both 230-115
kV transformers on one bus segment, the east bus. Loss of the Olympia 230 west bus
results in no solution. ' ’

COSTS

Transmission costs to install up to 150 MW of new generation at Frederickson are
expected to include the following:

RAS for Frederickson generator tripping for Raver-Paul outage,

and for loss of two lines $50,000.
Breaker and line bay at Frederickson for generator, 115 kV $300,000
Conductor temperature upgrade of Electron Heights-
. Boeing Puyallup-Frederickson 115 kV line $400,000
POWER FLOW DRAWINGS

Schematic type power flow drawings of selected conditions are given following the
tables. The drawings provided are a few that represent the thousands of unique
combinations of conditions that could be shown. For each season, hundreds of outages
were simulated for each level of proposed steam generation at Frederickson, without
and with the proposed Westcoast project. The drawings include summer No Outage
cases without and with Frederickson steam generator at 150 MW, and without and with
the proposed Westcoast project. :

They are given in the following order:

Figure | Condition Season Frederick- | West-
son Steam | coast

1__| No Qutage HS 0 0

2 | No QOutage HS 150 0

3 | No Outage HS 0 270

4 | No Outage HS 150 270

5 | No Outage HW 0 0

6 | No Outage ' HW 150 0

7__| No Outage HW 0 270

8 | No QOutage HW 150 270

9 | BPA Olympia 115 kV Bus HW 0 0

10 | BPA Olympia 115 kV Bus HW 150 0

11 Freder-SW 28 Tie & Freder-Tillicum Tap HS 150 0

12_ | White River-Cowiitz-Olympia B 230 kV HS 0 0

13 | Bkf Raver-Paul & Centr G2 - ' HS 0 0 .

Frederickson I.doc Page 4
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14 White River-COWIitz-Olmgia B 230 kV HS 150 0
15 | Bkf Raver-Paul & Centr G2 HS 150 0
16 | Bkf Raver-Paul & Centr G2, trip F.Steam HS 150 0
17 __| White River-Cowlitz-Olympia B 230 kV HS -1000 0 0
18 | Bkf Raver-Paul & Centr G2 HS -1000 0 0
19 | White River-Cowlitz-Olympia B 230 kV HS -1000 150 0
20 | Bkf Raver-Paul & Centr G2 HS -1000 150 0
21 Bkf Raver-Paul & Centr G2, trip F.Steam | HS -1000 150 0

Frederickson l.doc Page 5
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Executive Sumniary

On January 18, 2001, the merchant function of Puget Sound Energy submitted an OASIS request
(OASIS Reference No. 131212 for long term Firm Point-to-Point Transmission Service (the :
“Requested Service”) for the purpose of integrating 110 MW, 150 MW and 200 MW’s of
generation at the Fredonia Generating Substation in Mt, Vemon, Washington. By letter dated
April 3, 2001, the Requested Service was revised and limited to 110 MW and the start date

revised from June 1, 2001 to July 1, 2001. The term of the Requested Service is for 25 years. The
expected date of commercial operation is July 1, 2001. ‘

PSE determined that a System Impact Study (the “Study”) would be required to evaluate the
impact of the Requested Service on PSE’s Transmission System. The purpose of the Study is to
identify any system constraints and redispatch options, additional Direct Assignment Facilities or
Network Upgrades required to provide the Requested Service. Power flow simulation studies
were performed to insure that the Requested Service was accomplished in compliance with PSE,
WSCC and NERC reliability criteria. The time involved in completing the Study was a function
of a pre-existing OASIS request (No. 130752) for a 50 MW generator at March Point, which also
required a System Impact Study, and the complexity of the Study for the Fredonia request, the
latter covering a five-year period and incorporating, among other things, the proposed generation
at March Point. ’

The base conditions used for the Study are the following:

a) Puget Sound area HLH (heavy load hour) loads beginning the summer of 2001 through the

summer 2006;

b) all existing generation in Skagit and Whatcom Counties running;

¢) known industrial loads adjusted to account for their on-site generation and/or displaced load

d) maximum accepted WSCC Path Rating #3 (Northwest-Canada) for the Westside Northern
Intertie (“WSNI”) north to south (i.e., B.C. to U.S.) power flow (2,850 MW from BC Hydro’s
Ingledow Substation to BPA’s Custer Substation). ‘

The constraints and proposed system upgrades for removing the constraints are as follows:

Constraint #1: The Sedro Woolley-Sedro NT (north tap) 230 kV transmission line.

Discussion: Failure of any of the following lines can cause the Sedro-Sedro NT 230 kV line to
exceed its maximum thermal design limit of 100C conductor temperature: a) the Horseranch
Substation’s 230 kV power circuit breaker, b) several 230 kV power circuit breakers failures at
Sedro Woolley Substation, c) single lines such as Monroe-Custer 500 kV, d) Sedro-HRTap-SCL

Bothell 230 kV, and e) the double line outage of the Sedro-Hrtap-SCL Bothell and Bothell-
Sammamish 230 kV.

Constraint Mitigation: Uprate the line to a 115C conductor temperature, or higher. This
should produce a line rating of at least 442 MVA, summer emergency.
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Constraint #2: The Texaco East Substation to March Point Substation 115 kV

transmission line.

Discussion: Since 1993-94, when the original MPCC Phase I and later Phase II was
added, a loss of the March Point-Texaco West 115 kV line or a line breaker failure at the
March Point Substation south 115 kV bus would cause very high thermal overloads on
the Texaco East-March Point 115 kV line. This condition needs to be corrected as it
exists with or without the proposed Fredonia 110 MW generation addition (even after the
existing two Fredonia CT’s are moved to the 230kV).

Constraint Mitigation: Uprate the Texaco East-March Point 115 kV, 55C line to a
100C conductor temperature rating. By connecting the two existing Fredonia CT’s to the
Sedro-March Point 230 kV line the Texaco East-March Point 115 kV overload decreases

to the point where the line does not have to be reconductored (as recommended in the
=2Ine coes not have to be reconductored
MPCC SIS). : '

Constraint #3: The March Point-Beaver Lake 115 kV line between Peth Corner
Substation and Mt. Vernon Substation.
2uDstation and Mt. Vernon Substation.

Discussion: Failure of any of the following Substation can cause sections of the March
Point-Beaver Lake 115 kV line between Peth Corner and Mt. Vernon Substations to
exceed their maximum thermal design limit of 55 C conductor temperature: a) the Sedro
Woolley-Fredonia 230 kV line, b) Sedro-HRTap-SCL Bothell 230 kV line, c) the double
line outage of the Sedro-Hrtap-SCL Bothell and Bothell-Sammamish 230kV lines, and d)
several 230 kV power circuit breakers at Sedro Woolley Substation and March Point. The
line section between Mt. Vernon Substation and Big Rock Substation can exceed 98% of
its maximum thermal design limit of 55 C conductor temperature.

Constraint Mitigation: Uprate the March Point-Beaver Lake 115 kV line to at least a
65C conductor temperature rating between Peth Corner Substation and M. Vernon
Substation. It would be prudent to include the line section from Mt. Vernon Substation to
Big Rock Substation because many contingencies cause this line to carry loads over 90%
of its thermal rating. It is generally understood that the line will probably be uprated to
100C.

Constraint #4: WSNI and'BPA’s Transmission System

Discussion: The study results show that there could be a 1338 MW reduction to the
WSNI (north to south) Operational Transfer Capability (“OTC”) after the addition of the
proposed 2-Fredonia 55 MW generators and moving the two existing Fredonia CT’s to
the Sedro-March Point 230 kV line. A new bottleneck (limiting element) appears to have
been created with this project. The new bottleneck becomes the 0,18 mile long Sedro-
Sedro NT 230 kV line which overloads due to a 230 kV power circuit breaker failure at -
the Horseranch Substation. This line also overloads for other outages (see Constraint #1,
above). : '
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The study results show that the WSNI could be decreased by only 424 MW’s (instead of
the 1338 MW’s) if the 0.18 mile long Sedro-Sedro NT 230 kV, 1-795 kemil ACSR, 100C
line could be replaced by a larger diameter conductor. The bottleneck (after the Sedro-
Sedro NT line is reconductored) would be the BPA Sedro NT-Murray 230 kV line, which

happens to be the bottleneck in the system today for north to south WSNI power
transfers. _

Note: Depending on system conditions, the Study indicated that additional power could
flow out of the PSE Sedro Woolley 230 kV bus into the Sedro NT bus after construction
of the proposed project.

Constraint Mitigation: Install RAS (remedial action scheme) by adding line loss logic -
that will trip the existing two Fredonia CT’s in the event of a Horseranch Substation 230
kV circuit breaker failure or loss of the Sedro-HRTap-SCL Bothell 230 kV line.
Installing RAS can be made by adding Line Loss Logic to the Sedro-HRTap-SCL Bothell
230 kV line at Sedro Woolley Substation [PDN 3158 and PDN 734] which can then be
used to successfully integrate the proposed new Fredonia generation.

The Study concluded that with the existing transmission system and committed transfers the
Fredonia 110 MW Requested Service cannot be accomplished on a year round firm basis without
interruptions. Local area network upgrades and resolution of the impacts on the WSNI and on
BPA'’s transmission system are recommended,
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1. Introduction

On January 18, 2001, PSE’s merchant function submitted an OASIS request (Reference No.
131212) for 110 MW, 150 MW and 200 MW’s (subsequently revised to a single request of 110
MW?s) of long term Firm Point-to-Point Transmission Service from the existing PSE Fredonia
generation site into PSE’s transmission network, as a network resource, for the period June 1,
2001 (subsequently revised to July 1, 2001) through December 31, 2025, (the “Requested
Service”). PSE determined that a System Impact Study (the “Study”) would be required to
evaluate the impact of the Requested Service on PSE’s Transmission System. On or about
January 25, 2001, the parties executed a System Impact Study Agreement. Power flow studies
were performed to examine whether the Requested Service could be accommodated while
remaining in compliance with PSE, WSCC and NERC reliability criteria.
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*2. Study Criteria and Assumptions

The Study incorporated existing planning and operating criteria, standards and procedures in
conformance with WSCC Reliability Criteria in order to determine necessary Transmission
System reinforcements and re-dispatch requirements.

The Study included a number of individual power flow simulation studies (thermal) to determine
the system capabilities with and without the 110 MW Fredonia generation. The power flow
simulation studies were conducted with the following assumptions and goals:

Assumptioné ‘ -
* Assume the proposed Fredonia 2-55 MW generators will be running from July 1, 2001
through the summer 2006.

* Assume all existing generation in Whatcom and Skagit Counties is on line.

® Assume known customer-owned generation in Whatcom and Skagit Counties is on
line. ‘

® Assume the full WSCC accepted path rating for the Northwest-Canada Path #3 where
up to 2,850 MW of power is flowing from BC Hydro’s Ingledow Substation near
Vancouver, BC toward BPA’s Custer Substation near F erndale, WA.

* Assume that the impacts and required network upgrades to the local area system and
the WSCC Northwest-Canada Path #3 are brought about solely by the addition of the
proposed 2-55 MW'’s of generation located at the Fredonia Generation site. This SIS does
not determine the impacts and the required network upgrades for the loss of the Intalco
load or generation additions at PSE’s industrial customer facilities, for example.

® Assume all equipment is in service; thén run contingency analysis to determine system
impacts :

Goals

¢ Identify PSE’s transmission constraints in Skagit and Whatcom Counties and any
network upgrades

* Identify any. constraints on the Westside Northern Intertie (“WSNI™).

Study Limitations . g
Pursuant to PSE’s Open Access Transmission Tariff (“OATT™), the Study is:

“An assessment by the Transmission Provider of (i) the adequacy of the
Transmission System to accommodate a request for either Firm Point-To-Point
Transmission Service or Network Integration Transmission Service and (ii)

whether any additional costs may be incurred in order to provide transmission
service.” ' '
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“Transmission System” is defined in the OATT as: “The facilities owned, controlled or
- operated by the Transmission Provider that are used to provide transmission service
S under Part II and Part III of the Tariff.”

However, PSE noted in the System Impact Study Agreement that it would extend the
1 scope of its Study to determine if there are impacts to the WSNI capacity and
neighboring systems resulting from adding the proposed Fredonia generation and the
Study does that. BPA may not necessarily agree with PSE’s analysis.

Lastly, much of the Intalco load has been displaced and there are a number of generation
- projects being added or proposed for addition by various parties in the Whatcom and

, 1 Skagit county area, which could have a material impact on path ratings and transfer

b capabilities. The results of this Study are a snapshot in time and are based on the most
current information and input assumptions available at the time the Study was conducted.
Studies done at a later date will likely yield different conclusions.
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3. Study Conditions

Several base cases were used in the study. The majority of the base cases were conducted using
slightly modified versions of the BPA summer 2000, spring 2000 and winter 2000-01 cases.
These were the base cases used by both BPA and PSE Operations Planning staff during 2000.
The base case was modified to reflect completed upgrade projects and changes to the areas
industrial loads and customer-owned generation. The area loads (except customer-owned
substation loads, which were held constant) were grown 1.5% per year for two years to reflect
annual load growth. These modifications to the 2000 base cases were necessary to fulfill the
requirement of being able to have the two Fredonia 55 MW generators run through the first part
of its requested time period (July 1, 2001 to July 1, 2002).

A 2006 heavy summer load base case was used to see what the potential system impacts of
adding the 110 MW’s of generation at the Fredonia generation site might be further out in time.

The study conditions used the summer season base case. The summer season is one of the most
restrictive times of year for the transmission system, and is one of the times when the
transmission system is highly stressed. This is when the equipment ratings (capabilities) are at
their minimums, the WSNI is being maximized (power flows from Canada to the U.S.) and when

the Puget Sound area loads, including loads in the area of the proposed Fredonia generation, are
at their lowest.

10
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4. Study Results

~ Findings
Adding the 2-55 MW Fredonia CT’s impacts both the local area PSE 115 kV and 230 kV

transmission system and the bulk transmission main power grid, which is owned and operated by
T BPA. . :

Local Network Impacts
Two local area 115 kV lines can thermally overload resulting from the original (1993-94) MPCC

o Phase 1 and Phase 2 projects. Adding the 2-55 MW CT’s at the Fredonia Generation site and
moving the 2 existing Fredonia CT’s to the Sedro-March Pt. 230 kV line decrease the amount of
these line overloads (compared to today’s system). Nevertheless, the lines remain overloaded and
must be uprated to successfully run all of the generation located in west Skagit County.

A. The 1.75 mile long Texaco East-March Point 115 kV line;

B. The March Point — Beaver Lake 115 kV line from Peth Corner Substation to the
. Hickox Susbstation Tap (7.1 miles) and continuing on from the Hickox Tap to the Mt.
a Vernon Substation (2.64 miles)

— The new line overloads created by adding the proposed 2-55 MW Fredonia generators are:

C. The 0.18 mile long Sedro Woolley-Sedro NT 230 kV line which taps the BPA Custer-
Murray 230 kV line.

D. The 38.7 mile long Sedro Woolley-HorseranchTap-SCL Bothell 230 kV line (Sedro-
£ HRTap section) ~
J | |

Discussion of Local Network Impacts

’i ' The two line overloads without the proposed new 110 MW ’s of generatioﬁ are:

» }T Note: The contingency numbers (shown below) match those in the summer base cases

- contained in the Appendix’s at the end of the study.

g A. Texaco East - March Point 115 kV Line

This line consists of 1-1272 kemil AAC rated at 55C conductor temperature. The Texaco East-
ki March Point 115 kV line can overload today without the addition of the proposed 2-55 MW

generators. :

oy

Ll Existing System (2001 loads) Without the 2-55 MW Generators

oy Contingency #1: Loss of the Texaco West-March Point 115 kV line.

8 Local Area Impact: Thermally overloads the Texaco East-March Point 115 kV line -
e ) 177.5% of its emergency rating. -

N

11
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Contingency #36: Breaker failure at Sedro Woolley 230 kV Bus which causes loss of the
Sedro Woolley 230-115 kV transformer and the BPA Custer-SedroNT-Murray 230 kV
line.

Local Area Impact Thermally overloads the Texaco East-March Point 115 kV line —

102.5% of its emergency rating.

Contingency #45: Line breaker failure on the March kPoint south 115 kV Bus.

Local Area Impact: Thermally overloads the Texaco East-March Point 115 kV line -
157.8% of its emergency rating.

Contingency #376: Loss of the Sedro Woolley 230-115 kV transformer.

Local Area Impact: Thermally overloads the Texaco East-March Point 115 kV line -
100.4% of its emergency rating.

- Existing System With the 2-55 MW Generators

Contingency #1: Loss of the Texaco West-March Point 115 kV line
Local Area Impact: Thermally overloads the Texaco East-March Point 115 kV line—-
132.2% of its emergency rating, '

Contingency #45: Line breaker failure on the March Point south 115 kV Bus Local Area

Impact: Thermally overloads the Texaco East-March Point 115 kV line — 133.2% of its
C€METRCNCY rating.

B. March Point — Beaver Lake 115 kV Line
These line sections consists of 1-795 kemil ACSR rated at 55C conductor temperature. The
March Point-Beaver Lake 115 kV line can overload today without the addition of the proposed
2-55 MW generators. Additional generation exacerbates the problem. Moreover, the addition of

the 2-55 MW generators causes this line to overload for other contingencies that do not occur
without the generators.

Contingency #5: Breaker failure at BPA’s Custer 500 kV bus causes loss of the BCH
Ingledow-Custer #1 500 kV line and the Custer-Monroe #1 500 kV line.
Local Area Impact: Thermally overloads the March Point-Beaver Lake 115 kV line.

Without 2-55 MW After 2-55 MW
Generation Generation
March Pt-Beaver Lake 115kV % of Line Emergency Rating
Line Section Name

Peth Corner-Hickox Tap, 7.1 mi. 104.2%
Hickox Tap-Mt. Vernon, 2.7 mi. ' : 98.1

12
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Contingenc;y #26: Single line loss of the BPA Custer-SedroNT-Murray 230 kV line.
Local Area Impact: Thermally overloads the March Point-Beaver Lake 115 kV line.

March Pt-Beaver Lake 115 kV
Line Section Name

Peth Corner-Hickox Tap, 7.1 mi.
Hickox Tap-Mt. Vemon, 2.7 mi.

Without 2-55 MW After 2-55 MW
Generation Generation
% of Line Emergency Rating

100.0%
93.9

Contingency #28: Breaker failure at BPA’s Custer 230 kV Bus which causes loss of the
BPA Custer-SedroNT-Murray 230 kV line and the Portal Way 230-115 kV

transformer.

Local Area Impact: Thermally overloads the March Point-Beaver Lake 115kV line.

March Pt-Beaver Lake 115 kV
Line Section Name

Peth Comer-Hickox Tap, 7.1 mi.
Hickox Tap-Mt. Vernon, 2.7 mi.

Without 2-55 MW After 2-55 MW
Generation Generation
% of Line Emergency Rating

103.1%
97.0

- Contingency #29: Breaker failure at BPA’s Custer 230 kV Bus which causes loss of the
BPA Custer-SedroNT-Murray 230 kV line and the Custer-Intalco #2 230 kV line.
Local Area Impact: Thermally overloads the March Point-Beaver Lake 115 kV line.

March Pt-Beaver Lake 115 kV
Line Section Name

Peth Corner-Hickox Tap, 7.1 mi.
Hickox Tap-Mt. Vernon, 2.7 mi.

Without 2-55 MW After 2-55 MW
Generation Generation
% of Line Emergency Rating

100.0%
93.9

Contingency #35: Breaker failure at Sedro Woolley 230 kV Bus which causes loss of the
BPA Bellingham-Sedro Woolley 230 kV line and the Sedro-HRTap-SCL Bothell 230

kV line.

Local Area Impact: Thermally overloads the March Point-Beaver Lake 115 kV line.

March Pt-Beaver Lake 115 kV
Line Section Name

Without 2-55 MW
Generation

% of Line Emergency Rating

After 2-55 MW
Generation

13




Ex. (WAG-4)

Page 146 0f 219

Peth Comer-Hickox Tap, 7.1 mi. 1 106.4%
Hickox Tap-Mt. Vernon, 2.7 mi. ' 100.2

Contingency #36: Breaker failure at Sedro Woolley 230 kV Bus which causes loss of the
Sedro Woolley 230-115 kV transformer and the BPA Custer-SedroNT-Murray 230 kV
line. ‘

Local Area Impact: Thermally overloads the March Point-Beaver Lake 115 kV line.

Without 2-55 MW After 2-55 MW

. _ o Generation Generation

March Pt-Beaver Lake 115 kV % of Line Emergency Rating

Line Section Name

Peth Corner-Hickox Tap, 7.1 mi. 106% 109.5% -
Hickox Tap-Mt. Vernon, 2.7 mi.  99.8 103.4
Mt. Vemnon-Big Rock, 2.7 mi. ‘ 93.0

Contingency #37: Breaker failure at Sedro Woolley 230 kV Bus which causes loss of the
Sedro Woolley-March Point 230 kV line and the BPA Custer-SedroNT-Murray 230
kV line.

Local Area Impact: Thermally overloads ﬁe March Point-Beaver Lake 115 kV line.

Without 2-55 MW - After 2-55 MW

Generation Generation
March Pt-Beaver Lake 115 kV % of Line Emergency Rating
Line Section Name

Peth Corner-Hickox Tap, 7.1 mi. 103.1% 127.3%
Hickox Tap-Mt. Vernon, 2.7 mi.  96.9 121.2
Mt. Vernon-Big Rock, 2.7 mi. : 110.8
Big Rock-Beaver Lake, 2.6 mi. : 105.0
Beaver Lake-Beverly Park, 39 mi. - 105.0

Contingency #38: Breaker failure at Sedro Woolley 230 kV Bus which causes loss of the
Sedro Woolley-Fredonia 230 kV line and the BPA Custer-SedroNT-Murray 230 kV
line.

Local Area Impact: Thermally overloads the March Point-Beaver Lake 115 kV line.

Without 2-55 MW After 2-55 MW
Generation Generation
March Pt-Beaver Lake 115 kV % of Line Emergency Rating
Line Section Name

Peth Comer-Hickox Tap,7.1mi.  103.1% 112.8%

Hickox Tap-Mt. Vernon, 2.7 mi. 96.9 106.6
Mt. Vernon-Big Rock, 2.7 mi. 96.2
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Contingency #39: Breaker failure at Sedro Woolley 230 kV Bus which causes loss of the
Sedro Woolley 230-115 kV transformer and the Sedro-Hranch-SCL Bothell 230 kV line.
Local Area Impact: Thermally overloads the March Point-Beaver Lake 115 kV line.

Without 2-55 MW After 2-55 MW
Generation Generation
March Pt-Beaver Lake 115 kV % of Line Emergency Rating
Line Section Name :
Peth Comer-Hickox Tap, 7.1 mi.  114.1% -~ 118.6%
Hickox Tap-Mt. Vernon, 2.7 mi. 107.9 112.5
Mt.Vemnon-Big Rock, 2.7 mi. 97.4 102.0
Big Rock-Beaver Lake, 2.6 mi. _ , 96.2

Contingency #46: Single line loss of the Sedro-Hranch-SCL Bothell 230 kV line — all 3-
legs.
Local Area Impact: Thermally overloads the March Point-Beaver Lake 115 kV line.

Without 2- 55 MW After 2-55 MW
‘ Generation Generation
March Pt-Beaver Lake 115kV % of Line Emergency Rating
Line Section Name

Peth Comner-Hickox Tap, 7.1 mi.  104.2% 111.0%
Hickox Tap-Mt. Vernon, 2.7 mi. 98.1 - 104.8
Mt.Vemon—Big Rock,2.7mi. - 94.4

Contingency #47: Double circuit line loss of both the Sedro-Hranch-SCL
Bothell 230 kV line and the SCL Bothell-Sammamish 230 kV line.
Local Area Impact: Thermally overloads the March Point-Beaver Lake 115 kV line.

Without 2-55 MW After 2-55 MW
A Generation Generation
March Pt-Beaver Lake 115kV % of Line Emergency Rating
Line Section Name '

Peth Comner-Hickox Tap, 7.1 mi.  104.0% 110.9%
Hickox Tap-Mt. Vernon, 2.7 mi. 98.0 104.7
Mt.Vemon-Big Rock, 2.7 mi. ' 943

Contingency #48: Breaker failure causing the loss.of the BPA Murray 230 kV bus.
Local Area Impact: Thermally overloads the March Point-Beaver Lake 115 kV line.

Without 2-55 MW - After 2-55§ MW

15
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Generation Generation
% of Line Emergency Rating

100.5% 105.9%
94.4 99.8

Contingency #50: Breaker failure (on SedroNT line) causing the loss of the BPA Murray

230 kV bus.

Local Area Impact: Thermally overloads the March Point-Beaver Lake 115 kV line.

March Pt-Beaver Lake 115 kV
- Line Section Name '

Peth Comner-Hickox Tap, 7.1 mi.
Hickox Tap-Mt. Vernon, 2.7 mi.

Without 2-55 MW After 2-55§ MW
Generation Generation
% of Line Emergency Rating

101.1%
95.0

Contingency #51: Breaker failure at the PSE Horseranch 230 kV Substation.

Local Area Impact: Thermally overloads the March Point-Beaver Lake 115 kV lme.

March Pt-Beaver Lake 115 kV
Line Section Name

Peth Comer-Hickox Tap, 7.1 mi.
Hickox Tap-Mt. Vemnon, 2.7 mi.
Mt. Vemnon-Big Rock, 2.7 mi.

Without 2-55 MW . After 2-55 MW
Generation Generation
% of Line Emergency Rating

108.4% 115.0%
102.2 108.8
9.7 98.4

Contingency #2228: Loss of the BPA Custer-Monroe #1 500 KV line. v
Local Area Impact: Thermally overloads the March Point-Beaver Lake 115 kV line.

March Pt-Beaver Lake 115 kV
Line Section Name

Peth Comer-Hickox Tap, 7.1 mi.
Hickox Tap-Mt. Vernon, 2.7 mi.

~ Without 2-55 MW

After 2-55 MW
Generation Generatlon
% of Line Emergency Ratmg

(less than 90%) 105.0%
98.8

Contingency #4920: Open the BPA Custer-SedroNT-Murray 230 kV line at Murray

Substation.

Local Area Impact: Thermally overloads the March Point-Beaver Lake 1 15kV line.
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Without 2-55 MW After 2-55 MW
Generation Generation
% of Line Emergency Rating

(less than 90%) 104.8%

98.7

Contingency #5976: Open the Sedro-HRTap-SCL Bothell 230 kV line at Sedro Woolley

Substation.

Local Area Impact: Thermally overloads the March Pomt Beaver Lake 115 kV line.

March Pt-Beaver Lake 115 kV
Line Section Name

Peth Comer-Hickox Tap, 7.1 mi.
Hickox Tap-Mt. Vernon, 2.7 mi.
Mt. Vernon-Big Rock, 2.7 mi.

Without 2-55 MW After 2-55 MW
Generation Generation
% of Line Emergency Rating

(less than 90%) 111.2%
105.1

94.6

_ (WAG-4)

S Contingency #5977: Loss of the Sedro-Fredonia 230 kV line.

B Local Area Impact: Thermally overloads the March Point-Beaver Lake 115 kV line.
- © Without 2-55 MW After 2-55 MW
{} ' Generation Generation

March Pt-Beaver Lake 115 kV

% of Line Emergency Rating
Line Section Name

Peth Corner-Hickox Tap, 7.1 mi. - 114.6%
Hickox Tap-Mt. Vernon, 2.7 mi. 108.4
Mt. Vernon-Big Rock, 2.7 mi. 98.0

C. Sedro Woo]lex—SedroNT 230 kV line

This 0.18-mile line consists of 1-795 kemil ACSR rated at 100C conductor temperature.

- Contingency #39: Breaker failure at Sedro Woolley 230 kV Bus which causes loss of the
Sedro Woolley 230-115 kV transformer and the Sedro-Hranch-SCL Bothell 230 kV line.

} : Local Area Impact: Thermally overloads the Sedro-SedroNT 230 kV line (105.9% of its
emergency rating).

Contmgency #46: Single line loss of the Sedro-Hranch-SCL Bothell 230 kV line — all 3-
legs.

17
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Local Area Impact: Thermally overloads the Sedro-SedroNT 230 kV line (114.5% of its
emergency rating). . ‘

Contingency #47: Double circuit line loss of both the Sedro-Hranch-SCL

Bothell 230 kV line and the SCL Bothell-Sammamish 230 kV line.

Local Area Impact: Thermally overloads the Sedro-SedroNT 230 kV line (113.8% of its
emergency rating).

Contingency #51: Breaker failure at the PSE Horseranch 230 kV Substation.
Local Area Impact: Thermally overloads the Sedro-SedroNT 230 kV line (119.0% of its
emergency rating).

Contingency #5976: Open the Sedro-HRTap-SCL Bothell 230 kV line at Sedro Woolley
Substation.

Local Area Impact: Thermally overloads the Sedro-SedroNT 230 kV line (115.1% of its
emergency rating). :

D. Sedro Woollev-HorseranchTap-SCL Bothell 230 kV line (Sedro-HRTap section) ,
This 38.7 mile long line consists of 2-795 kemil ACSR rated at 75C conductor temperature.

Contingency #48: Breaker failure causing the loss of the BPA Murray 230 kV bus.

Local Area Impact: Thermally overloads the Sedro-HRTap-SCL Bothell 230 kV line from
Sedro to the Horseranch Tap (105.4% of its emergency rating).

\Contingency #2228: Loss of the BPA Custer-Monroe #1 500 kV line.
Local Area Impact: Thermally overloads the Sedro-HR Tap-SCL Bothell 230 kV line
from Sedro Woolley Substation to the Horseranch Tap (105.3% of its emergency rating).

Contingency #4920: Open the BPA Custer-SedroNT-Murray 230 KV line at Murray
Substation. '

Local Area Impact: Thermally overloads the Sedro-HR Tap-SCL Bothell 230 kV line
from Sedro Woolley Substation to the Horseranch Tap (105.6% of its emergency rating).

The effects of lower Puget Sound area loads (LLH, Light Load Hour) were also studied to see if
the addition of the Fredonia generators would create additional problems or worsen the ones
found above. No new line sections (not already identified in the HLH studies) were found and
many of those identified with the heavier load level were reduced.

Discussion of Non-PSE; Neighboring Systems; Main Grid Network Impacts

The power flow study results indicate impacts on BPA’s 230 kV system. It appears that there are
contingencies that will cause the BPA SedroNT-Murray 230 kV line to overload. Some of these
contingencies do not cause line overloads today (without the Fredonia 2-55 MW generators).

18




Page 151 0f 219

There are other contingencies that can cause the BPA line(s) to overload even in today's system,
but overloads of this particular line increase with the addition of the Fredonia generators.

Today's limiting facility (i.e., constraint) that restricts WSNI OTC is the same line that will be
forced to carry some of the additional power of the proposed Fredonia generator. If the WSNI
path is to be used to protect the Sedro-SedroNT 230 kV line from overloading (so the Fredonia
generation can run) the analysis in this Study indicates that the WSNI OTC would have to be
restricted by 1338 MW's. If the Sedro-SedroNT 230 kV were reconductored with a higher
capacity conductor, then the limiting element (restricting the intertie) would become the
SedroNT-Murray 230 kV line. The study results show that the WSNI could be decreased by only
424 MW’s (instead of the 1338 MW’s) if the 0.18 mile long Sedro-Sedro NT 230 kV line could
be uprated to a higher conductor temperature. A RAS could be installed with line loss logic on
the Sedro-HRTap-SCL Bothell 230 kV line that would trip the two existing Fredonia CT’s

decreasing the power flow on the SedroNT-Murray 230 kV line. This would result in increasing
the WSNI north to south OTC. '

Negative impacts to the WSNI OTC during LLH (light load hour) generally appear to be lower
for the same contingencies as at the HLH. However, the overload of the Sedro-Sedro NT 230kV
line seems like it can be worse and could limit the WSNI OTC even more than during HLH.

Removing the bottleneck, which consists of uprating it to a higher conductor temperature, can
eliminate this constraint.

Adding the Fredonia generators will increase the WSNI OTC when the power flow is moving
from the U.S. to B.C. This effect (adding south-to-north OTC) appears to occur for most of the
seasons (winter, spring/fall, and summer). The Portal Way-ARCO Central 115 kV line looks like

it could become the limiting element for the summer south to north base case. This happens with
or without the addition of the 2-55 MW Fredonia CT’s. ‘
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5. Conclusions and Recommendations

Conclusions

The Study indicates that with the existing transmission system and WSCC accepted path
rating(s) for the WSNI (WSCC Path #3), the Requested Service cannot be accommodated. There
are impacts to: (a) the local area transmission system, (b) the WSNI (joint ownership) and (c)
BPA's transmission system. The local area facilities impacted involve power flows (resulting
from contingencies) exceeding their thermal design limits. These facilities can probably be
upgraded to higher capacities.

The non-PSE owned (BPA) facilities impacted: (a) depending on system conditions some of the
Fredonia generators power could flow on BPA transmission system, and (b) power flows
(resulting from contingencies) on BPA’s SedroNT-Murray 230 kV line exceeding its design limit
and thus limiting the WSNI (WSCC Path #3). The SedroNT-Murray 230 kV line may already be
at BPA's maximum desired capacity rating. Adding the Fredonia generation will increase the
capacity of the WSNI when the power is moving from the U.S. to B.C.

Higher Puget Sound area loads would appear to cause the line overloads shown from the power
flow studies to become worse. This conclusion is based on the power flow comparison of
heavier load base case results versus the lighter-load base case results.

All of the power studies assumed that all other lines were in service. System outages, such as for
maintenance and construction, may cause the local network and the WSNI to become much more
constrained, beyond what was found and presented in this study.

Recommendations

A. PSE Facilities (Local Area Network, Estimated to be valid through summer, 2002)

Complete the following upgrades.

Overloads Proposed Svstem Upgrade
Sedro-SedroNT 230 kV Line Uprate 0.18 miles of 1-795 kemil ACSR @ 100C

to 115C conductor temperature, or hi gher

Texaco East-March Pt 115 kV Upg'rade\the existing 1-1272 kemil AAC, 55C to 100C, 1.7
mi. ’
Beaver Lake-March Pt 115 kV ’
A) PethCm-HickoxTap Upgrade to 65C from 55C, 7.08 mi.
B) Hickox Tap-Mt. Vernon Upgrade to 65C from 55C, 2.64 mi.

Sedro-HRTap 230 kV Line - Upgrade line to 80C or higher from 75C, 39 mi., OR

Run back generation via Power Dispatcher control if
upgrading the line is not feasible -
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B. BPA Facilities (Main Grid; Neighboring Systems, Estimated to be valid through
summer, 2002)

Install RAS (remedial action scheme) in Sedro Woolley Substation to add Line Loss
Logic to the Sedro-HRTap-SCL Bothell 230 kV line to trip the existing 2-Fredonia CT’s.
It may be necessary to occasionally (summer) operate the Horseranch Substation 230 kV
circuit breaker open until the RAS in installed. This may have contract implications,
however.

C. PSE Facilities (Local Area Network, 'Estimated to be valid through summer,
2006)

The only new local area impact found by adding the Fredonia generation to the summer
2006 base case was a 102.3% overload of the Sedro-Horseranch tap 230 kV line caused
by a BPA Murray 230 kV breaker failure and subsequent loss of all the Murray 230 kV
lines. This potential line overload can be removed by having the PSE Load Dispatchers
reschedule generation, as necessary. '

D. BPA Facilities (Main Grid; Neighboring Systems, Estimated to be valid through
summer, 2006)

The summer 2006 base case shows that the BPA Snohomish-Bothell #2 230 kV line
(which currently connects to BPA Snoking Substation and not Bothell Substation) is
loaded to 95% of its emergency summer rating before contingencies and no additional
Fredonia generation. The Snohomish-Bothell #2 230 kV line loads to 97% of its
emergency rating after the addition of the Fredonia generation, a 2% increase.

The line overloads after many contingencies even without the addition of the proposed

Fredonia generation. The line needs to be uprated regardless of the decision whether to
add generation at Fredonia.
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APPENDIX A

Contingency Analysis Detailed Report

7:15 *%x

} O01HSNSO02BCH=2850/300WASK=1223, SCL=100,NO NEW FREDONIA (BASE)
ALL WA/SK GEN ON, INDUSTRIAL LD ADJ.,NO LINE UPRATES,NO MPCC
‘"; Subsys.File D:\Summer-2000\subni-us.sub '
. J Monit.File D:\Summer-2000\monzonepsregion-Fredonial00MW-pti-VERS .mon
i Contin.File D:\Summer-2000\NIandSINGLE-ALL-Fredonial00MW.con

= : Exclud.File D:\Summer-2000\PTI-EXCLUDE.EXC
} Swmmer 2001 Without Fredonia and Without MPCC

Detailed report on selected contingencies. Total 6866. Selected 38

Study transfer not defined"

/-ﬂ L2 2 2 2 220 Contingency

P Branches with Mw flow
?} ** . From bus = ** *+*

“ 21870 HICKOX T 115 22163
- 20330 MURRAY = 230 21282
b

o **¥***r+ Contingency

Branches with Mw‘flow
H * & From bus *hk Rk

= 21870 HICKOX T 115 22057
21870 HICKOX T 115 22163
v 20330 MURRAY 230 21282
. 20449 SEDRO ~ 230 23097

k**kx*x* Contingency

P
g

/m\v._, * & Fro:n bus ok dk

Branches with Mw flow more than

3 BKFCUSMON2T1

more than 90.0 % of nominal rating

To bus ** CKT InitFlow Rating IntLd% BaseFlow
PETHCORN 115 1 -105.1 110.0 95.5 -92.6
SEDRO NT 230 1 -430.3 426.3 100.9 -355.0

5 BKFINGCUS1M1

more than 90.0 % of nominal rating

To bus ** CKT InitFlow Rating IntLd% BaseFlow
MTVERNON 115 1 106.7 110.0 97.0 85.8
PETHCORN 115 1 -113.4 110.0 103.1 -92.6
SEDRO NT 230 1 -480.5 426.3 112.7 -355.0
HRNCHTAP 230 1 631.5 638.2  98.9 459.6

22 BKRPWAYLYNN

90.0 % of nominal rating

To bus  ** CKT InitFlow  Rating IntLd$ BaseFlow
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21183 ARCO C 115 21268 PORTALWY 115 1 - 146.6 159.0 92.2
21239 KENDALL 115 21438 SUMAS CG 115 1 -101.9 46.0 221.5
21239 KENDALL 115 22113 NUGENT 115 1 97.9 46.0 212.8

*¥k*xkx%* Contingency 24 BKRPWAY115S

Branches with MW flow more than 90.0 % of nominal rating

* From bus e ww To bus ** CKT Initflow Rating IntLds
21941 LABOUNTY 115 21541 BAKERVUE 115 1 125.9 129.1 97.5
22179 PLYMOUTH 115 21541 BAKERVUE 115 1 -111.1 110.0 101.0
21239 KENDALL 115 21438 SUMAS CG 115 1° - =43.5 46.0 94.5

***xxx+ Contingency 25 BKRPWAYVISS

Branches with MW flow more than 90.0 % of nominal rating

**  Prom bus  ** *% To bus ** CKT InitFlow Rating IntLd$
21941 LABOUNTY 115 21541 BAKERVUE 115 1 125.0 129.1 96.8
22179 PLYMOUTH 115 21541 BAKERVUE 115 1 -110.2 110.0 100.2

21239 KENDALL 115 21438 SUMAS CG 115 1 ~-43.1 46.0 93.8
***kk** Contingency 28 BKFCUSMURPWY

Branches with MW flow more than 90.0 % of nominal rating

*x From bus *k xk To bus ** CKT InitFlow Rating IntLd%
21870 HICKOX T 115 22057 MTVERNON 115 1 103.3 110.0 94.0
21870 HICKOX T 115 22163 PETHCORN 115 1 - ~110.1 110.0 100.1

20449 SEDRO 230 23097 HRNCHTAP 230 1 590.2 638.2 92.5

*#xx%w+ Contingency 31 DCCUSMURSED

Branches with Mw flow more than 90.0 % of nominal rating

** From bus ** ** ' T5 bus ** CKT InitFlow Rating IntLd$
22097 NORLUM .= 115 21514 ALGER 115 1 -102.9" 108.0 ° 95.3
20039 BELNGM P 115 21514 ALGER 115 1 106.5 108.0 98.6
20039 BELNGM P 115 22507 WOBURN 115 1 121.9 - 115.9 105.1
21963 LKLOUIST 115 22507 WOBURN 115 1 ~115.3 115.9 99.5

20448 SEDRO 115 21963 LKLOUIST 115 1 -112.3 -~ 108.0 104.0

***x**** Contingency 35 BKFSEDBOTBHM
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100.8
~-33.1
29.1

BaseFlow
77.3
-62.6
-33.1

BaseFlow
77.3
-62.6
-33.1

BaseFlow
~ 85.8
-92.6
459.6

BaseFlow
-40.7
44.

54.
-47.
-44.
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Branches with MW flow more than 90.0 % of nominal rating
* % From bus ok ek To bus ** CKT InitFlow Rating IntLd% BaseFlow
21870 HICKOX T 115 22057 MTVERNON 115 1 106.6 110.0 96.9 85.8
21870 HICKOX T 115 22163 PETHCORN 115 1 -113.3 : 110.0 103.0 -92.6
20330 MURRAY 230 21282 SEDRO NT 230 1 -487.8 426.3 114.4 -355.0
20467 SNOHOMSH 230 98766 SBTPTI&1 230 1 439.5 426.3 103.1 314.5
***x*x** Contingency 36 BKFSEDTXCUSM
Branches with MW flow more than 90.0 % of nominal rating
*x From bus *E ok To bus ** CKT InitFlow Rating IntLd% BaseFlow
22057 MTVERNON 115 21563 BIGROCK 115 1 101.8 . 110.0 92.6 .74.4
21870 HICKOX T 115 22057 MTVERNON 115 1 113.3 110.0 103.0 85.8
21870 HICKOX T 115 22163 PETHCORN 115 1 -120.0 110.0° 109.1 -92.6
21250 MARCHPT 115 22150 PADILTAP 115 1 ~143.4 143.0 100.3 -106.4
1

22150 PADILTAP 115 21439 TEXACO E 115 1 -147.1 143.0 102.9 -110.

*¥**x*** Contingency 37 BKFMPTTXCUSM

Branches with MW flow more than 90.0 % of nominal rating

**  From bus  ** *» To bus  ** CKT InitFlow Rating IntLd% B efI@Qvg
21870 HICKOX T 115 22057 MTVERNON 115 1 109.4 110.0 '99.4 N '

21870 HICKOX T 115 22163 PETHCORN 115 1 -116.1 110.0 105.6.

4

****x*% Contingency 39 BKFSEDTXHRBO

‘Branches with MW flow more than 90.0 & of nomihal rating

*x From bus bl To bus ** CKT InitFlow Rating IntLd% BaseFlow
21529 ARLNGTON 115 20033 BEAVERLK 115 1 -105.6 110.0 96.0 -67.9
20033 BEAVERLK 115 21563 BIGROCK 115 1 -105.7 110.0 96.1 -68.0
22057 MTVERNON 115 21563 BIGROCK 115 1 112.1 110.0 101.9 74.4
21870 HICKOX T 115 22057 MTVERNON 115 1 123.6 110.0 112.3 85.8
21870 HICKOX T 115 22163 PETHCORN 115 1 -130.3 110.0 118.4 -92.6
21250 MARCHPT 115 22150 PADILTAP 115 1 -135.5 143.0 94.7 -106.4
20330 MURRAY 230 21282 SEDRO NT 230 1 -520.6 426.3 122.1 ~ -355.0
20467 SNOHOMSH 230 98766 SBTPTI&1 230 1 447.7 426.3 105.0 314.5
22150 PADILTAP 115 21439 TEXACO E 115 1 -139.1 143.0 97.3 -110.1

***%xx** Contingency 40 BKRSEDROW11S5
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» Branches with MW flow -more than
**  From bus  ** *=* To bus  ** CKT InitFlow
20448 SEDRO 115 20026 BAKER SW 115 1 -119.2
21870 HICKOX T 115 22057 MTVERNON 115 1 101.3

21870 HICKOX T 115 22163 PETHCORN 115 1 -108.0
21250 MARCHPT 115 22150 PADILTAP 115 1 -141.1
22150 PADILTAP 115 21439 TEXACO E 115 1 ~144.8

¥**#4++ Contingency 42 BKRSEDROE11S

Branches with MW flow more than

**  From bus. ** #« .To bus  ** CKT InitFlow
20448 SEDRO 115 20026 BAKER SW 115 2 -119.2
21250 MARCHPT 115 22150 PADILTAP 115 1  -129.8
22150 PADILTAP 115 21439 TEXACO E 115 1 - -133.5

SRk Rk Conéingency 45 BKRMARPTS115

Branches with Mw flow ~more than

** From bus *k ke To bus ** CKT InitFlow

21870 HICKOX T 115 22163 PETHCORN 115 1 -101.7
21250 MARCHPT 115 22150 PADILTAP 115 1 -219.8

22150 PADILTAP 115 21439 TEXACO E 115 1 1 -223.5

*#**x+%% Contingency 46 SLSEDROHREOT

Branches with MW flow more than
* From bus *E kw To bus ** CKT InitFlow
22057 MTVERNON 115 21563 BIGROCK 115 1 101.2

21870 HICKOX T 115 22057 MTVERNON 115 1 112.6
21870 EICKOX T 115 22163 PETHCORN 115 1 -119.3
20330 MURRAY 230 21282 SEDRO NT 230 1 -540.3
20449 SEDRO 230 99882 SEDPTI&l 2301 396.0
20467 SNOHOMSH 230 98766 SBTPTI&l 230 1 450.0

******+ Contingency 47 DCBOTSAMSEDH

Branches with MW flow more than

**  From bus  ** *» To bus - **'CKT‘InitFlow
22057 MTVERNON 115 21563 BIGROCK 115 1 ©101.1
21870 HICKOX T 115 22057 MTVERNON 115 1

112.5

25
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Rating IntLd% BaseFlow

98.0 121.7
110.0 92.1
110.0 98.2
143.0 98.7
143.0 101.2

90.0 % of nominal rating

Rating IntLd%

98.0 121.7
143.0  90.8
143.0  93.4

90.0 % of nominal rating

Rating IntLds
110.0 92.5
143.0 153.7
143.0 156.3

90.0 % of nominal rating -

Rating IntLd$
110.0 92.
110. 102.
110. 108.
426. 126.
402. 98.
426. 105.

Ww o w oo

90.0 % of nominal rating

Rating IntLds
. 110.0 . 91.9
110.0 102.3

O Ut Ut O

-60.1
85.8
-92.6
-106.4
-110.1

BaseFlow
-59.1
-106.4
~-110.1

BaseFlow
~92.6
-106.4
-110.1

BaseFlow
74.4
85.8

-92.6
-355.0
105.5
314.5

BaseFlow
74.4
85.8
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21870 HICKOX T 115 22163 'PETHCORN 115 1 -119.2 110.0 108.4

20330 MURRAY - 230 21282 SEDRO NT 230 1 -535.8 426.3 125.7
20449 SEDRO 230 99882 SEDPTI&1 230 1 393.4 402.0 97.9

20467 SNOHOMSH 230 98766 SBTPTI&L 230 1 -  399.5 426.3 93.7

***¥¥** Contingency 48 BUSMURRAY230

Branches with MW flow more than 90.0 % of nominal rating

** From bus  ** *« To bus ** CKT InitFlow Rating IntLds%
21870 HICKOX T 115 22057 MTVERNON 115 1 ‘ 107.6 110.0 97.8
21870 HICKOX T 115 22163 PETHCORN 115 1 -114.3 110.0 103.9

20449 SEDRO 230 23097 HRNCHTAP 230 1 630.9 638.2 98.9

****xx* Contingency 51 BKFHRSUB

Branches with MW flow more than 90.0 % of nominal rating

* From bus *k kk To bus ** CKT InitFlow Rating IntLd$
21529 ARLNGTON 115 20033 BEAVERLK 115 1 -99.2 110.0 90.1
20033 BEAVERLK 115 21563 BIGROCK 115 1 - -99.3 110.0 90.2
22057 MTVERNON 115 21563 BIGROCK 115 1 - 105.7 110.0 96.1
21870 HICKOX T 115 22057 MTVERNON 115 1 117.1 110.0 106.5
21870 HICKOX T 115 22163 PETHCORN 115 1 -123.8 110.0 112.6
20330 MURRAY 230 21282 SEDRO NT 230 1 -576.4 426.3 135.2
20449 SEDRO 230 99882 SEDPTI&1 230 1 414.7 402.0 103.2

****xx* Contingency 53 BKFMONTAP230

Branches with MW flow more than 90.0 % of nominal rating

* From bus *h wk To bus ** CKT InitFlow Rating IntLds
21870 HICKOX T 115 22163 PETHCORN 115 1 ~-103.5 110.0 94.1
20330 MURRAY 230 21282 SEDRO NT 230 1 -429.9 426.3 100.9
****x** Contingency 67 BKRBOT4230

Branches with MW flow more than 90.0 % of nominal rating'
**  From bus  ** *+ ~To bus ~ ** CKT InitFlow Rating IntLd$%
20467 SNOHOMSH 230 98766 SBTPTI&L 230 1 481.5 ~426.3 113.0

20467 SNOHOMSH 230 9993 SNOSNO&l 230 1 343.5  364.1 94.3

*#*+** Contingency 320 20011 ALLSTON 230 20012 ALLSTON 500 1
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A
= Branches with Mw flow more than 90.0 % of nominal rating
[ *x From bus ek ke To bus ** CKT InitFlow Rating IntlLd% BaseFlow
o 20678 COSMOPLS 115 20997 RAYMOND 115 1 64.1 55.8 114.8 41.2
|
: **x*¥x* Contingency 498 21183 ARCO C 115 21525 ARCO N 115 1
E
Y Branches with MW flow more than 90.0 % of nominal rating
*w From bus ol it To bus ** CKT InitFlow Rating IntLd% BaseFlow
21183 ARCO C = 115 21268 PORTALWY 115 1 160.9 159.0 101.2 100.8
o
[sa
b ¥***w** Contingency 602 21534 AVON PMP 115 22494 WILSN TP 115 1
bl .
-
¢ Branches with MW flow more than 90.0 % of nominal rating
b ’ **  From bus  ** #*+ To bus  ** CKT InitFlow Rating IntLd% BaseFlow
21250 MARCHPT 115 22150 PADILTAP 115 1 ~142.6 143.0 99.7 -106.4
73
i? 22150 PADILTAP 115 21439 TEXACO E 115 1 -146.3 143.0 102.3 -110.1
» TN ! ’ -
g | ***¥+4¥* Contingency 644 20026 BAKER SW 115 20448 SEDRO 115 1
b R

Branches with MW flow more than 90.0 % of nominal rating
** From bus *k wk To bus ** CKT InitFlow Rating IntLd% BaseFlow
20448 SEDRO 115 20026 BAKER SW 115 2 -119.2 98.0 121.7 -59.1

¥**krt* Contingency 645 20026 BAKER SW 115 20448 SEDRO 115 2

Branches with MW f£low more than 90.0 % of nominal rating
£ bl From bus Tk hk To bus ** CKT InitFlow Rating IntLd% BaseFlow
i 20448 SEDRO 115 20026 BAKER SW 115 1 ~119.2 98.0 121.7 -60.1

*****+* Contingency 1159 20065 BOTHELL 230 23097 HRNCHTAP 230 1

Branches with MW flow more than 90.0 % of nominal rating

e From bus ol To bus ** CKT InitFlow Rating IntLd% BaseFlow
. - 20467 SNOHOMSH 230 98766 SBTPTI&l 230 1 490.3  426.3 115.0  314.5
‘ 20467 SNOHOMSH 230 9993 SNOSNO&1l 230 1 344.2 364.1 94.5 263.4
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****xx* Contingency 1700 20647 CHEHALIS 115 20961 PE ELL 115 1
Branches with MW flow more than 90.0 % of nominal rating
*x From bus *k wx To bus ** CKT InitFlow Rating IntLd% BaseFlow
. 20678 COSMOPLS 115 20997 RAYMOND 115 1 58.6 55.8 105.1 41.2
. **w*x+* Contingency 1705 20093 CHEHALIS 230 20647 CHEHALIS 115 1
| .
¥
- Branches with MW flow more than 90.0 % of nominal rating
* % From bus *k %k To bus ** CKT InitFlow Rating IntlLd% BaseFlow
20678 COSMOPLS 115 20997 RAYMOND 115 1 58.8 55.8 105.4 41.2
£
L ***#%x++ Contingency 2225 20137 CUSTER W 500 20323 MONROE 500 &2
V Branches with Mw flow more than 90.0 % of nominal rating
- *x From bus *k Ak To bus - ** CKT InitFlow Rating IntLd% BaseFlow
; : 21870 HICKOX T 115 22057 MTVERNON 115 1 100.5 110.0 91.4 85.8
: 21870 HICKOX T 115 22163 PETHCORN 115 1 -107.3 110.0 97.5 -92.6
- 20330 MURRAY 230 21282 SEDRO NT 230 1 -443.6 426.3 104.0 -355.0
‘ 20449 SEDRO 230 23097 HRNCHTAP 230 1 580.9 638.2 91.0 459.6
?} **+++x* Contingency 2226 20137 CUSTER W 500 20323 MONROE 500 &1
b \
Branches with Mw flow more than 90.0 % of nominal rating

**  From bus_ = ** **  To bus ** CKT InitFlow Rating IntLd% BaseFlow
20137 CUSTER W 500 23629 CUSMON&2 500 2 1870.3  2061.2 90.7 1028.6

. ‘21870 HICKOX T 115 22057 MTVERNON 115 1 107.5 110.0 = 97.7 85.8
b ' 21870 HICKOX T 115 22163 PETHCORN 115 1 -114.2 110.0 - 103.8 -92.6
20330 MURRAY 230 21282 SEDRO NT 230 1 ~-485.4 426.3 113.9 ~-355.0
‘T' 20449 SEDRO 230 23097 HRNCHTAP 230 1 638.2 638.2 100.0 459.6
L
| _ *%%**x* Contingency 3614 20812 HOLCOMB 115 20961 PE ELL - 115 1
:’i'u .
¢ Branches with MW flow more than 90.0 % of nominal rating
; A From bus k. ko To bus ** CKT InitFlow Rating IntLd$% BaseFlow
20678 COSMOPLS 115 20997 RAYMOND 115 1 57.3 55.8 102.7 41.2

#+#+*+* Contingency 4348 21249 LYNDEN 115 22272 SCHUETT 115 1
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AN
Branches with MW flow more than 90.0 % of nominal rating
y **  From bus kR ek To bus ** CKT InitFlow Rating IntLd$ BaseFlow
f 21239 KENDALL 115 21438 SUMAS CG.115 1 ~-101.9 46.0 221.5 -33.1
i 21239 KENDALL 115 22113 NUGENT 115 1 97.9 46.0 212.8 29.1
o1
g ***++++ Contingency 4419 21250 MARCHPT 115 21440 TEX_WEST 115 1
B Branches with Mw flow more than 90.0 & of nominal‘rating
. * From bus- ** ** To bus ** CKT InitFlow Rating IntLd% BaseFlow
% 21250 MARCHPT 115 22150 PADILTAP 115 1 ~247.2 143.0 172.9 -106.4
o 22150 PADILTAP 115 21439 TEXACO E 115 1 -250.9 143.0 - 175.4 -110.1
*****4* Contingency 4919 20330 MURRAY 230 21282 SEDRO NT 230 1
.;:”'F
i _ Branches with Anw flow more than 90.0 % of nominal rating
v ** From bus *k wk To bus ** CKT InitFlow Rating IntLd% BaseFlow
i 21870 HICKOX T 115 22057 MTVERNON 115 1 . 106.4 110.0 96.7 85.8
{ 21870 HICKOX T 115 22163 PETHCORN 115 1 -113.1 110.0 102.8 ~92.6
20449 SEDRO 230 23097 HRNCHTAP 230 1 - 632.5 638.2 99.1  459.6

FEAEE N Contingency 5970 20448 SEDRO 115 20449 SEDRO 230 1

Branches with MW flow more than 90.0 % of nominal rating
&N **  From bus ¥* ** To bus ** CKT InitFlow Rating IntLd% BaseFlow
i& 21870 HICKOX T 115 22057 MTVERNON 115 1 T 100.7 110.0 91.5 85.8
‘ 21870 HICKOX T 115 22163 PETHCORN 115 1 ~107.4 110.0 97.6  -92.6
7 21250 MARCHPT = 115 22150 PADILTAP 115 1 -140.1  143.0 98.0 ~106.4
Ld 22150 PADILTAP 115 21439 TEXACO E 115 1 -143.7 143.0 100.5 —;10.1

5
o

***xx*+ Contingency 5975 20449 SEDRO 230 23097 HRNCHTAP 230 1

;. Branches with MW flow more than 90.0 % of nominal rating

- **  Prom bus  ** ** To bus ** CKT InitFlow Rating IntlLd% BaseFlow
22057 MTVERNON 115 21563 BIGROCK 115 1 101.4 110.0 92.2 74.4
21870 HICKOX T 115 22057 MTVERNON 115 1 112.9 110.0 102.6 85.8

) 21870 HICKOX T 115 22163 PETHCORN 115 1 -119.6 110.0 108.7 -92.6
20330 MURRAY 230 21282 SEDRO NT 230 1 -544.7  426.3 - 127.8 -355.0
20449 SEDRO 230 99882 SEDPTI&1 230 1 398.4 402.0 99.1 105.5

b . .

.

L
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. ./Yf-'”"\

***%*x+ Contingency 6311 21438 SUMAS CG 115 22272 SCHUETT 115 1

Branches with MW flow - morevthan 90.0 % of nominal rating

** From bus k. kw To bus ** CKT InitFlow Rating IntLd% BaseFlow.
21595 BRITTON 115 22443 VANWYCK 115 1 -102.2 109.0 93.8 -23.5
21239 KENDALL 115 21438 SUMAS CG 115 1 -111.9 46.0 243.3 -33.1
21239 KENDALL 115 22113 NUGENT - 115 1 107.9 46.0 234.6 29.1-
22443 VANWYCK 115 22113 NUGENT 115 1 ~104.2 109.0 95.6 - -25.4

*#¥eix* Contingency 6447 21439 TEXACO E 115 22494 WILSN TP 115 1

. Branches with Mw flow more than 90.0 % of nominal rating
'g **  From bus « ** *»* To bus - ** CKT InitFlow Rating IntLd% BaseFlow
; 21607 BURLIGTN 115 23004 RITA 115 1 172.2 143.0 120.4 40.1

20448 SEDRO 115 23004 RITA 115 1 -170.2 143.0 119.0  -38.1
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Executive Summary

On December 27, 2000, March Point Cogeneration Company (“MPCC”) submitted an
OASIS request (OASIS Reference No. 130752) to Puget Sound Energy, Inc. (“PSE”) for
long term Firm Point-to-Point Transmission Service (the “Requested Service”) from a
proposed 50 MW generator located at the Texaco West substation near Anacortes,
Washington to Bonneville Power Administration’s (“BPA”) Mid-Columbia bus. The
term of the Requested Service is one year, from September 1, 2001 through September 1,
2002. ‘ _ ' .

PSE determined that a System Impact Study (the “Study”) would be required to evaluate
the impact of the Requested Service on PSE’s Transmission System. The purpose of the
Study is to identify any system constraints and redispatch options, additional Direct
Assignment Facilities or Network Upgrades required to provide the Requested Service.
Power flow simulation studies were performed to ensure that the MPCC transmission
request was accomplished in compliance with PSE, WSCC and NERC reliability criteria.

The base conditions used for the Study are the followingf

a) PSE’s native load requirements for the summer of 2002;

b) all existing generation in Skagit and Whatcom Counties running; and

¢) maximum accepted WSCC Path Rating #3 (N orthwest-Canada) for the Westside
Northern Intertie (“WSNT”) north to south (i.e, B.C. to U.S.) power flow (2,850 MW
from BC Hydro’s Ingledow Substation to BPA’s Custer Substation).

The constraints and proposed system upgrades for removing the constraints are as
follows: :

Constraint #1: The Texaco West Substation to March Point Substation 115 kV
transmission line, _

Discussion: During summer heavy load hours (i.e. hours between 0700 — 2200),
opening the Texaco East-March Point 115 kV line at Texaco East Substation
causes the Texaco West-March Point 115 kV line to exceed its maximum thermal
design limit of 100C conductor temperature.

Constraint Miﬁgaﬁon: Reconductor the Texaco West-March Point 115 kV line
using 1-1590 kemil ACSR, Lapwing with a 100C conductor temperature rating,

Note: Outages of this line (to reconductor it) must not interfere with PSE’s
obligations to run its owned and contracted generation. : '

Constraint #2: The Texaco East Substation to March Point Substation 115 kV
-fransmission lm :

C.
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Discussion: Since 1993-94, when the original MPCC Phase I and later Phase II
was added, a loss of the March Point-Texaco West 115 KV line or a line breaker
failure at the March Point Substation south 115 kV bus would cause very high
thermal overloads on the Texaco East-March Point 115 kV line. This condition
needs to be corrected as it exists with or without the proposed MPCC 50 MW
generation addition. ‘

Constraint Mitigation: Reconductor the Texaco East-March Point 115 kV line
using 1-1590 kemil ACSR, Lapwing with a 100C conductor temperature rating.

Note: Outages of this line (to reconductor it) must not interfere with PSE’s
obligations to run its owned and contracted generation.

- Constraint #3: The March Point-Beaver Lake 115 kV line between Peth Corner
Substation and Mt. Vemon Substation. ‘ _ '

Discussion: During summer HLH (heavy load hours between 0700 — 2200) a
forced outage of the Sedro-Horseranch-SCL Bothell 230 kV line can cause
sections of the March Point-Beaver Lake 115kV line between Peth Corner and
Mt. Vernon Substations to exceed their maximum thermal design limit of 55 C
conductor temperature. Loss of the Sedro Woolley-Rita 115 kV line will overload

this line during LLH (light load hours, 2300-0600).

Constraint Mitigation: Uprate the March Point-Beaver Lake 115kV line to 65C
conductor temperature rating between Peth Corner Substation and the Hickox

Tap; and, uprate the line section from the Hickox Tap to Mt. Vernon Substation to
60C conductor temperature rating. ‘

Constraint #4: WSNI and BPA’s Transmission System

Discussion: The study results show that there could be a 173 MW reduction to

the WSNI (north to south) Operational Transfer Capability (“OTC”) after the
addition of the proposed MPCC 50 MW generator.

through the PSE Sedro Woolley 230 kV (connecting to BPA’s Custer-SedroNT-
Murray 230 kV line) before and after the MPCC 50 MW generator integration.
This condition occurs with all lines in service.

Constraint Mitigation; PSE recommends that MPCC contact BPA, perhaps via
an OASIS request, to get additional information regarding impacts of the MPCC
50 MW generation on the WSNI and on BPA’s transmission system.
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The Study concluded that with the existing transmission system and committed transfers
the MPCC Requested Service cannot be accomplished. Local area network upgrades and

resolution of the impacts on the WSNI and on BPA’s transmission system are
recommended.

There are no Direct Assignment Facilities associated with this request for Transmission
Service. - ‘ o
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1. Introduction

On December 27, 2000, March Point Cogeneration Company (“MPCC”) submitted an
OASIS request (Reference No. 130752) for 50 MW of long term Firm Point-to-Point
Transmission Service from March Point’s West Substation to the Mid-Columbia bus for
the period September 1, 2001 through September 1, 2002, (the “Requested Service™).
PSE determined that a System Impact Study (the “Study”) would be required to evaluate
the impact of the Requested Service on PSE’s Transmission System. On or about
January 19, 2001, the parties executed a System Impact Study Agreement. Power flow
studies were performed to examine whether the MPCC transmission request could be
accommodated while remaining in compliance with PSE, WSCC and NERC reliability
criteria. .
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2. Study Criteria and Assumptions

The Study incorporated existing planning and operating criteria, standards and
procedures in conformance with WSCC Reliability Criteria in order to determine
necessary Transmission System reinforqements and re-dispatch requirements.

The Study included a number of individual power flow simulation studies (thermal) to
determine the system capabilities with and without the 50 MW MPCC generator. The
power flow simulation studies were conducted with the following assumptions and goals:

Assumptions : -
® Assume the proposed MPCC 50 MW generator will be running from September

1,2001 through August 31, 2002.
- ® Assume all existing generation in Whatcom and Skagit Counties is on line.

® Assume the full WSCC accepted path rating for the Northwest-Canada Path #3

- where up to 2,850 MW of power is flowing from BC Hydro’s Ingledow
Substation near Vancouver, B.C. toward BPA’s Custer Substation near F erndale,
WA. .

* Assume all equipment is in service; then run contingency analyéis to determine
system impacts :

Goals :
* Identify PSE’s transmission constraints in Skagit and Whatcom Counties and
any network upgrades ~

* Identify any constraints on the Westside Northern Intertie (“WSND).

Study Limitations _ _ _ :

Pursuant to PSE’s Open Access Transmission Tariff (“OATT”), the Study is:

: “An assessment by the Transmission Provider of (i) the adequacy of the
Transmission System to accommodate a request for either Firm Point-To-
Point Transmission Service or Network Integration Transmission Service
and (i) whether any additional costs may be incurred in order to provide
transmission service.”

“Transmission System” is defined in the OATT as: “The facilities owned,

controlled or operated by the Transmission Provider that are used to provide

transmission service under Part II and Part II] of the Tariff.”

However, PSE noted in the System Impact Study Agreement that it would extend
the scope of its Study to determine if there are impacts to the WSNI capacity and
neighboring systems resulting from adding the proposed MPCC generation and
the Study does that. BPA may not necessarily agree with PSE’s analysis.
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Lastly, there are a number of generation projects being added or proposed for
addition by various parties in the Whatcom and Skagit county area, which could
have a material impact on path ratings and transfer capabilities. The results of
this Study are a snapshot in time and are based on the most current information
and input assumptions available at the time the Study was conducted. Studies
done at a later date will likely yield different conclusions.
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3. Study Conditions

The power flow studies were conducted using a slightly modified version of the BPA
summer 2000, spring 2000 and winter 2000-01 cases. These were the base cases used by
both BPA and PSE Operations Planning staff during 2000. The base case was modified
to reflect completed upgrade projects and changes to the areas industrial loads. The area
loads (except customer-owned substation loads, which were held constant) were grown

. 1.5% per year for two years to reflect annual load growth. These modifications to the

2000 base cases were necessary to fulfill the requirement of being able to have the MPCC
50 MW generator run through its entire requested time period (September 1, 2001 to
September 1, 2002). ' ‘

The study conditions used the summer season base case. The summer season is one of
the most restrictive times of year for the transmission system, and is one of the times
when the transmission system is highly stressed. This is when the equipment ratings
(capabilities) are at their minimums, the WSNI is being maximized (power flows from
Canada to the U.S.) and when the Puget Sound area loads, including loads in the area of
the proposed MPCC generation, are at their lowest. - )
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4. Study Results

Findings ‘
Adding the 50 MW of MPCC generation impacts both the local area PSE 115 kV
transmission system and the bulk transmission main power grid which is owned and

operated by BPA.

Local Network Impacts
Two local area 115 kV lines can thermally overload resulting from the original (1993-94)

MPCC Phase 1 and Phase 2 projects. Adding the 50 MW of generation at Texaco West
Substation increases the amount of these line overloads and creates 2 new line overload
condition.

The two line overloads without the proposed new 50 MW’s of generation are:
e 1.75 mile long Texaco East-March Point 115 kV line:

B. The March Point — Beaver Lake 115 kV line from Peth Corner Substation to

the Hickox Susbstation Tap (7.1 miles) and continuing on from the Hickox
Tap to the Mt. Vernon Substation (2.64 miles)

The new line overload created by adding the proposed 50 MW generator is:

C. The 1.14 mile long Texaco West-March Point 115 kV line.

Discussion of Local Network Impacts
A. Texaco East - March Point 115 kV Line

This line consists of 1-1272 kemil AAC rated at 55C conductor temperature. The Texaco
East-March Point 115 kV line can overload today without the addition of the proposed
MPCC 50 MW generator. Additional generation exacerbates the problem. (Contingency
numbers shown below match those found in the Appendices.)

Existing System (2002 loads) Without the MPCC 50 MW Generator

Contingency #1: Loss of the Texaco West-March Point 115 kV line.
Local Area Impact: Thermally overloads the Texaco East-March Point 115 kV
line - 177.5% of its emergency rating.

Contingency #36: Breaker failure at Sedro Woolley 230 kV Bus which causes
loss of the Sedro Woolley 230-115 kV transformer and the BPA Custer-
SedroNT-Murray 230 kV line. : :

Local Area Impact: Thermally overloads the Texaco East-March Point 115 kV

line — 102.5% of its emergency rating.

10
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Contingency #45: Line breaker failure on the March Point south 115 kV Bus.
Local Area Impact: Thermally overloads the Texaco East-March Point 115 kV
line — 157.8% of its emergency rating.

Contingency #376: Loss of the Sedro Woolley 230-115 kV transformer.

Local Area Impact: Thermally overloads the Texaco East-March Point 1 15kVv
line - 100.4% of its emergency rating.

Existing System With the MPCC 50 MW Generator

Contingency #1: Loss of the Texaco West-March Point 115 kV line

Local Area Impact: Thermally overloads the Texaco East-March Point 115 kV

line ~201.8% of its emergency rating.

Contingency #36: Breaker failure at Sedro Woolley 230 kV Bus which causes
loss of the Sedro Woolley 230-115 kV transformer and the BPA Custer-
SedroNT-Murray 230 kV line.

Local Area Impact: Thermally overloads the Texaco East-March Point 115 kV

line - 106.3% of its emergency rating, ’

Contingency #45: Line breaker failure on the March Point south 115 kV Bus
- Local Area Impact: Thermally overloads the Texaco East-March Point 115 kV
line - 175.6% of its emergency rating.

Contingency #58: Loss of the Ritaﬁurlington 115 kV line section.
Local Area Impact: Thermally overloads the Texaco East-March Point 115 kV
line - 103.6% of its emergency rating.

Contingency #376: Loss of the Sedro Woolley 230-115 kV transformer.

Local Area Impact: Thermally overloads the Texaco East-March Point 115kVv
line — 104.5% of its emergency rating.

Contingency #381: Loss of the Sedro Woolley-Rita 115 kV line section.
Local Area Impact: Thermally overloads the Texaco East-March Point 115 kV
line — 102.7% of its emergency rating. :

B. March Point — Beaver Lake 115 kV Line

These line sections consists of 1-795 kemil ACSR rated at 55C conductor temperature.
The March Point-Beaver Lake 115 kV line can overload today without the addition of the
proposed MPCC 50 MW generator. Additional generation exacerbates the problem.
Moreover, the addition of the MPCC 50 MW generator causes this line to overload for
other contingencies that do not occur without the 50 MW generator.

11
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Contingency #39: Breaker failure at Sedro Woolley 230 kV Bus which causes
loss of the Sedro Woolley 230-115 kV transformer and the Sedro-Hranch-SCL
Bothell 230 kV line.

Local Area Impact: Thermally overloads the March Point-Beaver Lake 115 kV
line. )

Without MPCC 50 MW  After 50 MW

‘ Generation Generation
March Pt-Beaver Lake 115 kV % of Line Emergency Rating
Line Section Name .

Peth Corner-Hickox Tap, 7.1 mi.  114.1% ‘ 121%
Hickox Tap-Mt. Vernon, 2.7 mi. 107.9 1147
Mt.Vernon-Big Rock, 2.7 mi. 97.4 104.2

Contingency #382: Open Sedro-HR Tap-SCL Bothell line on the Sedro Woolley
Substation end. :

Local Area Impact: Thermally overloads the March Point-Beaver Lake 1 15kv
line. -

Without MPCC 50 MW = After 50 MW

Generation Generation
March Pt-Beaver Lake 115 kV % of Line Emergency Rating
Line Section Name '

Peth Corner-Hickox Tap, 7.1 mi.  104.4% ' 110.4%
Hickox Tap-Mt. Vernon, 2.7mi.  (below 90%) 104.2

- Contingency #36: Breaker failure at Sedro Woolley 230 kV Bus which causes

loss of the Sedro Woolley 230-115 kV transformer and the BPA Custer-
SedroNT-Murray 230 kV line.

Local Area Impact: Thermally overloads the March Point-Beaver Lake 115 kV
line. ' /

Without MPCC 50 MW After 50 MW
Generation Generation’
March Pt-Beaver Lake 115kV % of Line Emergency Rating
Line Section Name

Peth Corner-Hickox Tap, 7.1 mi.  106% 112.9%
Hickox Tap-Mt. Vernon, 2.7 mi. 99.8 106.6
12
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Contingency #37: Breaker failure at Sedro Woolley 230 kV Bus which causes
loss of the Sedro Woolley-March Point 230 kV line and the BPA Custer-
SedroNT-Murray 230 kV line.

Local Area Impact: Thermally overloads the March Point-Beaver Lake 115kv
line.

Without MPCC 50 MW After 50 MW
_ Generation Generation
March Pt-Beaver Lake 115kV % of Line Emergency Rating
Line Section Name .

- Peth Corner-Hickox Tap, 7.1mi.  103.1% 112.1%

Hickox Tap-Mt. Vernon, 2.7 mi. 96.9 105.8

Contingency #46: Single line loss of the Sedro-Hranch-SCL Bothell 230 kv
line ~ all 3-legs.

Local Area Impact: Thermally overloads the March Pomt-Beaver Lake 115kV
line.

Without MPCC 50 MW After 50 MW
Generation Generation
March Pt-Beaver Lake 115kV % of Line Emergency Rating
Line Section Name

Peth Comer-Hickox Tap, 7.1 mi.  104.2% 110.2%
Hickox Tap-Mt. Vernon, 2.7 mi. 98.1 » 103.9

Contingency #47: Double circuit line loss of both the Sedro-Hranch—SCL
Bothell 230 kV line and the SCL Bothell-Sammamish 230 kV line.

Local Area Impact: Thermally overloads the March Point-Beaver Lake 1 15 kv
line.

Without MPCC 50 MW  After 50 MW

Generation Generation
March Pt-Beaver Lake 115 kV % of Line Emergency Rating
Line Section Name -

Peth Corner-Hickox Tap, 7.1 mi.  104.0% 110.0%
Hickox Tap-Mt. Vernon, 2.7 mi.  98.0 103.8

Contingency #48: Breaker failure causing the loss of the BPA Murray 230 kV
bus.

Local Area Impact: Thermally overloads the March Point-Beaver Lake 115 kV

line.

Without MPCCS0MW  After 50 MW

13
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Generation ' Generation
March Pt-Beaver Lake 115kV % of Line Emergency Rating
Line Section Name

Peth Comner-Hickox Tap, 7.1 mi. 100.5% 106.2%

- Hickox Tap-Mt. Vernon, 2.7 mi. 94.4 100.0

Contingency #51: Breaker failure at the PSE Horseranch 230 kV Substation.
Local Area Impact: Thermally overloads the March Pomt-Beaver Lake 115kV
line.

Without MPCC 50 MW After 50 MW

Generation Generation
March Pt-Beaver Lake 115kV % of Line Emergency Rating
Line Section Name .
Peth Corner-Hickox Tap, 7.1 mi.  108.4% 114.3%
Hickox Tap-Mt. Vernon, 2.7 mi. 102.2 108.1
Mt. Vernon-Big Rock, 2.7 mi. 91.7 97.5

Contingency #259 and #260: Loss of the Sedro-March Pt 230 k'V line or M.
Point 230-115 kV transformer.

Local Area Impact: Thermally overloads the March Point-Beaver Lake 115 kV

line.

Without MPCC 50 MW  After 50 MW
Generation Generation

‘March Pt-Beiver Lake 115kV % of Line Emergency Rating

Line Section Name _

Peth Corner-Hickox Tap, 7.1 mi. (less than 90%) 100.2%

Contingency #376: Loss of the Sedro Woolley Substation 230-115 kV
transformer.

Local Area Impact: Thermally overloads the March Pomt-Beaver Lake 115kV
line.

Without MPCC 50 MW After 50 MW

Generation Generation
March Pt-Beaver Lake 115kV % of Line Emergency Rating '
Line Section Name :
Peth Comer-Hickox Tap, 7.1 mi. (less than 90%) 101.3%

14
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C. Texaco West - March Point 115 kV Jine
This 1.14-mile line consists of 1-1272 kemil AAC rated at 100C conductor temperature.

Contingency #266: Open the Texaco East Substation end of the Texaco East-
March Point 115 kV line. :

Local Area Impact: Thermally overloads the Texaco West-March Point 115 kV
line - 108% of its emergency rating,

Contingency #43: Line breaker failure on the March Point East 115 kV Bus.
Local Area Impact: Thermally overloads the Texaco West-March Point 115 kV
line - 108% of its emergency rating,

The effects of less Puget Sound area loads (LLH, Light Load Hour) were also studied to
see if the addition of the MPCC generator would create additional problems or worsen.
the ones found above. No new line sections (not already identified in the HLH studies)
were found and many of those identified with the heavier load level were reduced. Loss
of either the BPA Custer-Monroe #1 500 kV line or PSE Sedro-Rita 115 kV line could
overload the March Point-Beaver Lake line between Peth Corner and the Hickox Tap
(102.1% and 105.6%, respectively) which did not occur at the heavier load levels.

Discussion of Non-PSE; Neighbbring Svstems; Main Grid Network Impacts

The power flow study results indicate impacts on BPA’s 230 kV system. It appears that

~ there are contingencies that will cause the BPA SedroNT-Murray 230 kV line to

overload. Some of these contingencies do not cause line overloads today (without the
MPCC generator). There are other contingencies that can cause the BPA line(s) to
overload even in today's system, but overloads of this particular line increase with the
addition of the MPCC generator. :

Today's limiting facility (i.e., constraint) that restricts WSNI OTC is the same line that
will be forced to carry some of the additional power of the proposed MPCC generator. If
the WSNI path is to be used to protect the SedroNT-Murray 230 kV line from
overloading (so the MPCC generation can run) the analysis in this Study indicates that
the WSNI OTC would have to be restricted by 173.3 MW's. A power flow comparison
(before and after the 50 MW generation addition) showed that 17.1 MW’s of additional

power flowed into BPA’s transmission system over the Sedro Woolley-Sedro NT 230 kV
line after the addition of the generator.

15
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5. Conclusions and Recommendations

Conclusions

The Study indicates that with the existing transmission system and WSCC accepted path
rating(s) for the WSNI (WSCC Path #3), the Requested Service cannot be
accommodated. There are impacts to: (a) the local area transmission system, (b) the
WSNI (joint ownership) and (c) BPA's transmission system. The local area facilities .
impacted involve power flows (resulting from contingencies) exceeding their thermal
design limits. These facilities. (three transmission lines) can probably be upgraded to .
higher capacities. -

The non-PSE owned (BPA) facilities impacted involve: (a) some of the MPCC generator
power using BPA transmission system, and (b) power flows (resulting from
contingencies) on BPA’s SedroNT-Murray 230 kV line exceeding its design limit and -
thus limiting the WSNI (WSCC Path #3). The SedroNT-Murray 230 kV line may
already be at BPA's maximum desired capacity rating.

Higher Puget Sound area loads would appear to cause the line overloads shown from the
power flow studies to become worse. This conclusion is based on the power flow
comparison of heavier load base case results versus the li ghter-load base case results.

Recommendations

PSE Facilities (Local Area Network)

Comoplete the following upgrades.

_ Overloads ' Proposed System Upgrade
Texaco Weét-March Pt115kV Reconductor with 1-1590 kemil ACSR, Lapwing
. o 100C, 1.2 mi. : v
Texaco East-March Pt 115 kV ‘Reconductor with 1-1590 kemil ACSR, Lapwing
100C, 1.7 mi. '

Beaver Lake-March Pt 115 kV
A) PethCmn-HickoxTap Upgrade to 65C from 55C, 7.08 mi.
B) Hickox Tap-Mt. Vemon Upgrade to 60C from 55C, 2.64 mi.
BPA Facilities (Main Grid; N eighboring Systenis)

1. Contact BPA’s Transmission Business Line (TBL). PSE will have to be notified by
BPA that MPCC has obtained BPA transmission capacity for use of BPA’s system.

2. Contact BPA’s TBL. PSE will have to be notified by BPA that WSNI OTC has been
restored. : '

16
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APPENDIX A

*** MUST 4.00 *** MON, MAR 05 2001 11:51 *»*»
02HSNS02 BCH=2850/300 WASK=1123, SCL=100, INDUSTRIAL LD ADJ. .
ALL WA/SK GEN ON - BASE CASE MPCC 50 MW GEN. Not Running
Subsys.File D:\Summer-2000\subni~-us.sub
Monit.File D:\Summer-zOOO\monzonepsregion-MPcc.mon
Contin.File D:\Summer-z000\contzonepsregion-fredonia.con
Exclud.File none

Detailed report on selected contingencies. Total = 465. Selected 7

Study transfer not defined

de ok ke ok Contingency - =1 SLTEXWMPT115

Branches with MW flow more than 90.0 % of nominal rating

** From bus ok ek To bus ** CKT InitFlow Rating IntLd% BaseFlow
21250 MARCHPT 115 22150 PADILTAP 115 1 -250.2 143.0 174.9 -107.1

22150 PADILTAP 115 21439 TEXACO E 115 1 -253.8 143.0 177.5 -110.8

**x%x** Contingency 15 20026 BAKER'SWAIIS 20448 SEDRO 115 1

Branches with MW flow more than 90.0 % of nominal rating
** From bus ok ok To bus ** CKT InitFlow Rating IntLd$% BaseFlow
20448 SEDRO 115 20026 BAKER SW 115 2 -119.1 98.0 121.5 -59.0

XEEEE R Contingency 16 20026 BAKER SW 115 20448 SEDRO 115 2

Branches with MW flow more than '90.0 % of nominal rating
**  From bus *r ok To bus  ** CKT InitFlow ‘Rating IntLd% BaseFlow
20448 SEDRO 115 20026 BAKER SW 115 1 -119.1 98.0 121.5 ~-60.1

17
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***xx** Contingency 256 21249 LYNDEN 115 22272 SCHUETT 115 1

Branches with MW flow more than 90.0 % of nominal rating

** From bus *h kk To bus ** CKT InitFlow Rating IntLd% BaseFlow
21438 SUMAS CG 115 21239 KENDALL 115 1 101.7 T 46.0 221.2 32.6
22113‘NUGENT 115 21239 KENDALL 115 1 -97.7 46.0 212.4 -28.6

***x*x* Contingency 376 20448 SEDRO 115 20449 SEDRO 230 1

Branches with MW flow more than 90.0 % of nominal rating

**  From bus  ** **  To bus  ** CKT InitFlow Rating IntLd$% BaseFlow
21870 HICKOX T 115 22163 PETHCORN 115 1 -104.5 110.0 95.0 -90.0
21250 MARCHPT 115 22150 PADILTAP 115 1 -140.0 143.0 97.9  -107.1

22150 PADILTAP 115 21439 TEXACO E 115 1 -143.6 143.0 100.4 -110.8

*kxx%k%k* Contingency 382 20449 SEDRO 230 23097 HRNCHTAP 230 1

Branches with MW flow more than 90.0 % of nominal rating

** From bus *k ok To bus ** CKT InitFlow Rating Intld$% BaseFlow
21870 HICKOX T 115 22057 MIVERNON 115 1 108.1 110.0 98.3 83.3
21870 HICKOX T 115 22163 PETHCORN 115 1 -114.9 110.0 104.4 -90.0

20330 MURRAY 230 21282 SEDRO NT 230 1 -506.8 426.3 118.9 -330.3

¥X***¥* Contingency 409 21438 SUMAS CG 115 22272 SCHUETT 115 1

Branches with MW flow more than 90.0 % of nominal rating
**  From bus  ** *x To bus  ** CKT InitFldw . Rating IntLd% BaseFlow
22443 VANWYCK 115 21595 BRITTON 115 1 102.1 109.0 93.7 22.9
21438 SUMAS CG 115 21239 KENDALL 115 1 111.9 46.0 . 243.3 32.6
22113 NUGENT 115 21239 KENDALL 115 1 -107.9 46.0 234.5 -28.6
22113 NUGENT 115 22443 VANWYCK 115 1 104.1 109.0 95.5 24.8
18
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APPENDIXB -

*** MUST 4.00 *#» MON, MAR 05 2001 11:15 %%+
02HSNS02 BCH=2850/300 WASK=1173, SCL=100, INDUSTRIAL LD ABDJ.
ALL WA/SK GEN ON ~ BASE CASE MPCC 50 MW GEN. IN SERVICE
Subsys.File D:\Summer-2000\subni-us.sub
Monit.File D:\Summer—ZOOO\monzonepsregion-MPcc.mon

Contin.File D:\Summér-ZOOO\contzonepsregion—fredonia.con
Exclud.File none

----------..-..-_-_..._--.-«-.._-.-—-.---..-—-.....--_—-c-----—------—-----»---

Study transfer not defined

****%+* Contingency 1 SLTEXWMPT115

Branches with MW flow more than 90.0 % of nominal rating

**  From bus = %% #x To bus = ** CRT InitFlow Rating IntLd% BaseFlow
21250 MARCHPT 115 22150 PADILTAP 115 1 -284.9 143.0 199.2 -110.3
22150 PADILTAP 115 21439 TEXACO E 115 1 -288.6 143.0 201.8 ~114.0

baliahe el { Contingency 15 20026 BAKER Sw 115 20448 SEDRO 115 1

Branches with Mw flow more than

90.0 % of nominal rating
* %

From bus *h ok ~ To bus . ** CKT InitFlow Rating IntLd% BaseFlow
20448 SEDRO 115 20026 BAKER SW 115 2 -119.1 98.0 121.s5 -59.0

ek ok ko Contingency 16 20026 BAKER Sw 115 20448 SEDRO 115 2

Branches with MW .flow more than 90.0 & of nominal rating

*x From bus ke To bus ** CRT InitFlow Rating IntLd% BaseFlow
20448 SEDRO 115 20026 BAKER Sw 115 1 -119.1 98.0 121.s5 ‘-60.1

bbb Contingency 58 21607 BURLIGTN 115 23004 RITA S 1151
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Branches with MW flow more than 90.0 % of nominal rating
‘ ** . From bus  ** #* To bus  ** CRT InitFlow Rating IntlLd$ BaseFlow
% 21870 HICKOX T 115 22163 PETHCORN 115 1 -101.2 110.0 - 92.0 ~-95.8
' 21250 MARCHPT 115 22150 PADILTAP 115 1 -144.5 143.0 101.1 -110.3
- 22150 PADILTAP 115 21439 TEXACO E 115 1 -148.2 143.0 103.6 -114.0
i .
- T Contingency 256 21249 LYNDEN 115 22272 SCHUETT 115 1
]
o Branches with MW flow more than 90.0 % of nominal rating
‘ k >k From bus b To bus ** CKT InitFlow Rating IntLd% BaseFlow
< 21438 SUMAS CG 115 21239 KENDALL 115 1 101.7 46.0 221.2 32.3
B 22113 NUGENT = 115 21239 KENDALL 115 1 -97.7 46.0 212.4 -28.3
) EHFhwk Contingency 259 20290 MARCH PT 230 20449 SEDRO 230 1
Branches with Mw flow more than 90.0 % of nominal rating
yw **.  From bus *x kw To bus ** CKT InitFlow Rating IntLd% BaseFlow
) 21870 HICKOX T 115 22057 MTVERNON 115 1 103.3 110.0 93.9 89.0
o ' 21870 HICKOX T 115 22163 PETHCORN 115 1 -110.2 110.0 -100.1 -95.8
b
ke ek Contingency 260 20290 MARCH PT 230 21250 MARCHPT 115 1
Branches with MW flow more than 90.0 % of nominal rating
% ’ **  From bus  ** ** To bus  ** cgp InitFlow Rating IntLd% BaseFlow
5 21870 HICKOX T 115 22057 MTVERNON 115 1 103.4 110.0  94.0 89.0
21870 HICKOX T 115 22163 PETHCORN 115 1 -110.3 110.0 100.2 -95.8
M :
i‘nu—l
bbbl A Contingency 266 21250 MARCHPT 115 22150 PADILTAP 115 1
- Branches with Mw flow more than 90.0 % of nominal rating
. *x From bus ok kk To bus ** CKT InitFlow Rating IntLd% BaseFlow
; 21250 MARCHPT 115 21440 TEX_WEST 115 1 -286.¢0 264.9 108.0 -186.3
bl
: *HAk Ak Contingency 376 20448 SEDRO 115 20449 SEDRO 230 1
] Branches with Mw flow more than 90.0 % of nominal rating
v * From bus *h ok To bus ** CKT InitFlow Rating IntLd% BaseFlow
”/A* T ) 21870 HICKOX T 115 22057 MTVERNON 115 1 104.6 110.0 95.1 89.0

; 20
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21870 HICROX T 115 22163 PETHCORN 115 1 =111.5 110.0 101.3 -95.8
21250 MARCHPT 115 22150 PADILTAP 115 1 ~-145.7 143.0 101.9 -110.3
22150 PADILTAP 115 21439 TEXACO E 115 1 -149.4 143.0 104.s ~114.0
*******‘Ccntingency 381 20448 SEDRO 115 23004 RITA 115 1
Branches with Mw flow more than 90.0 % of nominal rating
*% From bus *k ke To bus ** CKT InitFlow Rating IntLrds BaseFlow ‘
21870 HICKOX T 115 22163 PETHCORN 115 1 -101.0 110.0  91.8 -95.8"
21250 MARCHPT 115 22150 PADILTAP 115 1 -143.2 143.0 100.2 ~-110.3

22150 PADILTAP 115 21439 TEXACO E 115 1 -146.9. 143.0 102.7 -114.0

*HHTH** Contingency 382 20449 SEpRo 230 23097 HRNCHTAP 230 1

Branches with My flow more than 90.0 % of nominal rating

** From bus *x ohk To bus ** CKT InitFlow Rating intLd% BaseFlow
21563 BIGROCK 115 22057 MIVERNON 115 1 -103.0 110.0 93.6 -77.3
21870 HICKOX T 115 22057 MTVERNON 115 1 114.6 110.0 104.2 89.0
21870 HICKOX T 115 22163 PETHCORN 115 3 -121.5 110.0 110.4 -95.8

20330 MURRAY 230 21282 SEDRO NT 230 1 ° -521.5 426.3 122.3 -339.5

bl Contingency 409 21438 suMAs €G 115 22272 SCHUETT 115 1

Branches with Mw flow more than 90.0 & of nominal rating

** From bus *kookw To bus ** CKT InitFlow Rating IntLds BaseFlow
22443 VANWYCK 115 21595 BRITTON 1151 1102.2 109.0 93.7 22.6
21438 suMas ¢cc 115 21239 RENDALL 115 1 111.9 46.0 243.3 32.3
22113 NUGENT 115 21239 KENDALL 115 1 -107.9 46.0 234.6 -28.3
22113 NUGENT 115 22443 vanwycx 115 1 104.1 109.0 95.5 24.5
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APPENDIX C

Contingency Analysis Detailed Report

*** MUST 4.00 *** MON, MAR 05 2001 15:03 *#»
02HSNS02 BCH=2850/300 WASK=1173,S¢L=100, INDUSTRTAL LD ADJ.
- ALL WA/SK GEN ON - BASE CASE MPCC 50 MW GEN. Not Running
Subsys.File D:\Summer-2000\subni-us.sub ’
Monit.File D:\Summer—ZOOO\monzonepsregion-MPCC.mon
Contin.File D:\Summer-2000\NI-ALL.con
Exclud.File none

Detailed report on selected contingencies. Total 77. Selected 13

-...-—-q—..-.-_—.._-..4-..-_--—..—..—..___-._-__-_-—__-.__--_-..__—__-___-_.._.._-

Study transfer not defined

Fhkk ko Contingency 5 BRFINGCUS1M1

Branches with Mw flow more than 90.0 % of nominal rating .
fold From bus *k ok To bus ** CKT InitFlow Rating IntlLd% BaseFlow
21870 HICKOX T 115 22057 MTVERNON 115 1 102.5 110.0  93.2 83.3
21870 HICKOX T 115 22163 PETHCORN 115 1 -109.3 110.0 99.3 -90.0
20330 MURRAY 230 21282 SEDRO NT 230 1 ~-446.0 426.3 104.6 -330.3
20449 SEDRO 230 23097 HRNCHTAP 230 1 " 579.6 638.2 90.8 422.7

Fokdkekok ok ke Contingency 22 BKRPWAYLYNN

Branches with Mw flow more than 90.0 % of nominal rating

** From bus *x kok To bus ** CKT InitFlow Rating IntLds BaseFlow
21438 suMas ¢G 115 21239 KENDALL 115 1 101.7 46.0 221.2 32.6
22113 NUGENT 115 21239 KENDALL 115 1 -97.7 46.0 212.4 -28.6

¥*xrrdx Contingency 24 BRRPWAY11SsS

Branches with MW flow more than , 90.0 % of nominal rating
**  From bus  ** *# To bus  ** CKT InitFlow Rating IntLd% BaseFlow
21541 BAKERVUE 115 21941 LABOUNTY 115 1 -129.5 129.1 100.3 -77.2
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21541 BAKERVUE 115 22179 PLYMOUTH 115 1 114.5 110.0 104.1 62.2
20039 BELNGM P 115 22179 PLYMOUTH 115 1 -101.6 110.0 92.3 -49.2
21438 SUMAS CG 115 21239 KENDALL 115 1 43.8 46.0 95,3 32.6
Tk ok ok ok Contingency 25 BKRPWAYVISS
Branches with MW flow more than 90.0 % of nominal rating
** From bus A To bus ** CKT InitFlow Rating IntLd% BaseFlow
21541 BAKERVUE 115 21941 LABOUNTY 115 1 -128.6 - 129.1 99.¢ -77.2
21541 BAKERVUE 115 22179 PLYMOUTH 115 1 113.7 . 110.0 103.3 62.2
20039 BELNGM P 115 22179 PLYMOUTH 115 1 -100.7 110.0 91.s -49.2
21438 suMAs CG 115 21239 KENDALL 115 1 43.5 46.0 94.5 32.6
Fhkkdkkk Contingency 35 BKFSEDBOTB&M
Branches with Mw flow more than 90.0 % of nominal rating
*x From bus *k kK To bus ** CKT InitFlow Rating IntLd% BaseFlow
21870 HICKOX T 115 22057 MTVERNON 115 1 102.5 110.0  93.2 83.3
21870 HICKOX T 115 22163 PETHCORN 115 1 -109.2 110.00 99.3 -90.0
20330 MURRAY 230 21282 SEDRO NT 230 1 -455.5 426.3 . 106.9 -330.3
Tk ok k ok Contingency 36 BKFSED?XCUSM
-
Branches with MW flow more than 90.0 % of nominal rating
** From bus ok To bus ** CKT InitFlow Rating IntLd% BaseFlow
21870 HICKOX T 115 22057 MTVERNON 115 1 £ 109.8 110.0 = 99.8 83.3
21870 HICROX T 11522163 PETHCORN 1151 -116.6 110.0 106.0 -90.0
21250 MARCHPT 115 22150 PaADILTAP 115 1 -142.8‘ 143.0 99.9 -107.1
22150. PADILTAP 115 21439 TEXACO E 115 1 -146.5 143.0. 102.5 -110.8

*kEhkkk Contingency 37 BRFMPTTXCUSM

Branches with Mw flow more than 90.0 % of nominal rating

** From bus ko To bus ** CKT InitFlow Rating IntLd% BaseFlow
21870 HICKOX T 115 22057 MTVERNON 115 1 106.6 110.0 96.9 83.3
21870 HICKOX T 115 22163 PETHCORN 115 1 -113.4 110.0 103.1 -90.0

* ok ke Contingency 39 BKFSEDTXHRBEO
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Branches with Mw flow more than 90.0 % of nominal rating

**  From bus ke k% To bus ** CKT InitFlow Rating IntLds
21529 ARLNGTON 115 20033 BEAVERLK 115 1 -100.5 110.0 91.4
20033 BEAVERLK 115 21563 BIGROCK 115 1 -100.7 110.0 91.5
21563 BIGROCK 115 22057 MTVERNON 115 1 -107.1 110.0 97.4
21870 HICKOX T 115 22057 MTVERNON 115 1 118.7 110.0 107.8%
21870 HICKOX T 115 22163 PETHCORN 115 1 -125.5 110.0° 114.1
21250 MARCHPT 115 22150 PADILTAP 115 1 -135.8 143.0 95.0
20330 MURRAY 230 21282 SEDRO NT 230 1 -483.4 426.3  113.4
22150 PADILTAP 115 21439 TEXACO E 115 1 -139.5 143.0 97.8
***%***+ Contingency 45 BKRMARPTS115
Branches with MW flow more than 90.0 % of nominal rating
ol From bus *E kx To bus ** CKT InitFlow Rating IntLd$
21870 HICKOX T 115 22163 PETHCORN 115 1 -99.4 110.0 90.4
.21250 MARCHPT 115 22150 PADILTAP 115 1 =-222.0 143.0 155.2
22150 PADILTAP 115 21439 TEXACO E 115 1 -225.6 143.0 157.8
REkwNeN Contingency 46 SLSEDROHRBOT
Branches with Mw flow more than 90.0 % of nominal rating
*x From bus b To bus ** CKT InitFlow Rating IntLd$
21870 HICKOX T 115 22057 MTVERNON 115 1 107.9 110.0 98.1
21870 HICKOX T 115 22163 PETHCORN 115 1 -114.6 - 110.0 104.2
20330 MURRAY 230 21282 SEDRO NT 230 1 -503.0 426.3 118.0
Frkkkkx Contingency 47 DCBOTSAMSEDH
Branches with MW flow more than 90.0 % of nominal rating
* From bus A To bus ** CKT InitFlow Rating IntLd$
21870 HICKOX T 115 22057 MTVERNON 115 1 107.7 110.0 87.9
21870 HICKOX T 115 22163 PETHCORN 115 1 -114.4 110.0 104.0
20330 MURRAY 230 21282 SEDRO NT 230 1 -496.8 426.3 116.5
******% Contingency 48 BUSMURRAY230
Branches with MW flow more than 90.0 % of nominal rating
** From bus Rk ke To bus  ** CKT InitFlow Rating IntLd%
21870 HICKOX T 115 22057 MTVERNON 115 1 ©103.8 110.0 94.4
21870 HICKOX T 115 22163 PETHCORN 115 1 -110.5 110.0 100.5
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} | | -
k 20449 SEDRO 230 23097 -HRNCHTAP 230 1 582.7 638.2° 91.3 422.7

**x**x¥* Contingency 51 BKFHRSUB

!

} » Branches with Mw flow more than 90.0 % of nominal rating

7 *x From bus *E kk To bus ** CKT InitFlow Rating IntLd% BaseFlow

. 21563 BIGROCK 115 22057 MTVERNON 115 1 -100.8 110.0 91.7 -71.6

: 21870 HICKOX T 115 22057 MIVERNON 115 1 112.5 110.0 102.2 83.3

21870 HICKOX T 115 22163 PETHCORN 115 1 -119.2 110.0 108.4 -90.0

i 20330 MURRAY = 230 21282 SEDRO NT 230 1 -540.3 426.3 126.8 -330.3
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Contingency Analysis Detailed Report
)""’!
!
o
! Ck*% MUST 4.00 *rw MON, MAR 05 2001 15:09 *+*x
| 02HSNS02 _BCH=2850/300 WASK=1173,SCL=100, INDUSTRIAL LD ADJ.
i ALL WA/SK GEN ON - BASE CASE MPCC 50 MW GEN. IN SERVICE
Subsys.File D:\Summer-2000\subni-us.sub
Monit.File D:\Summer-2000\monzonepsregion-MPCC.mon
‘ Contin.File D:\Summer-2000\NI-ALL.con
v Exclud.File none
F} Detailed report on selected contingencies. Total 77. Selected 18
M} Study transfer not defined
i .f ***%kx%x Contingency 5 BKFINGCUS1M1
1 Branches with MW flow more than 20.0 % of nominal rating
**  From bus  ** ** To bus © ** CKT InitFlow Rating Intld% BaseFlow
¥ : 21870 HICKOX T 115 22057 MTVERNON 115 1 108.4 110.0 98.5 89.0
L] 21870 HICKOX T 115 22163 PETHCORN 115 1  -115.2 110.0 104.8  -95.8
20330 MURRAY 230 21282 SEDRO NT 230 1 -456.2 426.3 107.0 -339.5
3 20449 SEDRO 230 23097 HRNCHTAP 230 1 593.9 638.2 93.1 435.7
£ . ¥**xx* Contingency 22 BKRPWAYLYNN
= Branches with MW flow more than 90.0 % of nominal rating
L ok From bus ** ** 7o bus ** CKT InitFlow Rating IntLd% BaseFlow
e 21438 SUMAS CG 115 21239 KENDALL 115 1 101.7 46.0 221.2 32.3
22113 NUGENT 115 21239 KENDALL 115 1 -97.7 46.0 212.4 -28.3
ol
**x*x*x** Contingency 24 BKRPWAY11S5S
"
Branches with MW flow more than 90.0 % of nominal rating
_ **  From bus  ** *# To bus  ** CKT InitFlow Rating IntLd% BaseFlow
bt 21541 BAKERVUE 115 21941 LABOUNTY 115 1 . -129.1 129.1 100.0 -76.1
o .
f’ i i 21541 BAKERVUE 115 22179 PLYMOUTH 115 1 114.1 110.0 103.8 61.2
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20039 BELNGM P 115 22179 PLYMOUTH 115 1 -101.2, 110.0. -92.0 -48.2
21438 SUMAS CG 115 21239 KENDALL 115 1 43.7 46.0 94.9 32.3

****%+¥ Contingency 25 BKRPWAYVISS

Branches with MW flow more than 80.0 % of nominal rating

** From bus Kk kk To bus ** CKT InitFlow Rating IntLd% BaseFlow
21541 BAKERVUE 115 21941 LABOUNTY 115 1 -128.2 129.1 99.3 -76.1
21541 BAKERVUE 115 22179 PLYMOUTH 115 1 113.3 110.0, 103.0 - 61.2
20039 BELNGM P 115 22179 PLYMOUTH 115 1 -100.3 110.0 91.2 -48.2
21438 SUMAS CG 115 21239 KENDALL . 115 1 43.3 46.0 94.2 32.3

****x%* Contingency 26 SLCUSSEDMUR

Branches with MW flow more than 90.0 % of nominal rating

ek From bug '** *= To bus ** CKT InitFlow Rating IntLd% BaseFlow
21870 HICKOX T 115 22057 MTVERNON 115 1 103.7 110.0 94.3 89.0
21870 HICKOX T 115 22163 PETHCORN 115 1 -110.6 llO.»O 100.5 -95.8

**x**x+% Contingency 28 BKFCUSMURPWY

Branches with MW flow more than 90.0 % of nominal rating

* %k From bus E kk To bus ** CKT InitFlow Rating IntLd$ BaseFlow
21870 HICKOX T 115 22057 MIVERNON 115 1 107.6 ©110.0 97.8 89.0
21870 HICKOX T 115 22163 PETHCORN 115 1 -114.4 110.0 104.0 -95.8
20449 SEDRO 230 23097 HRNCHTAP 230 1 - 576.3 638.2 90.3 435.7
Fhkkkok Contingency 29 BKFCUSMURIN2

Branches with MW flow more than 90.0 % of nominal rating
** From bus xE wk To bus ** CKT InitFlow Rating IntLd% BaseFlow
21870 HICKOX T 115 22057 MTVERNON 115 1 103.7 110.0 94.3 89.0
21870 HICKOX T 115 22163 PETHCORN 115 1 -110.6 110.0 100.5 -95.8
*rk**** Contingency 35 BKFSEDBOTBHM

Branches with MW flow more than 80.0 % of nominalbrating
** - From bus *x kx To bus ** CKT InitFlow Rating IntLd% BaseFlow
21870 HICKOX T 115 22057 MTVERNON 115 1 109.2 110.0 99.3 89.0

27




21870 HICKOX T 115 22163- PETHCORN 115 1
20330 MURRAY 230 21282 SEDRO NT 230 1

ek e ok Contingency

Branches with Mw

* ¥

From bus %

21529 ARLNGTON 115

20033
21563

BEAVERLK 115
BIGROCK 115

21870 HICKOX T 115
21870 HICKOX T 115

21250
22150

MARCHPT 115
PADILTAP 115

flow
%* %

20033
21563
22057
22057
22163
22150
21439

FREAk Ak Contingency

Branches with Mw flow more than

% %

21563 BIGROCK 115 22057 MTVERNON 115 1
21870 HICKOX T 115 22057 MTVERNON 115 1
21870 HICKOX T 115 22163 PETHCORN 115 1

From bus il

* %

FE Kk k Contingency

Branches with Mw

* %

21529

20033
21529
21563
21870
21870
21250
20330
22150

Rk ok ok Contingency

Branches with wMw flow more than

From bus *x
ARLNGTON 115
BEAVERLK 115
ARLNGTON 115
BIGROCK 115
HICKOX T 115
HICKOX T 115
MARCHPT 115
MURRAY 230
PADILTAP 115

** From bus *

flow
%* b

20033
21563
21187
22057
22057
22163
22150
21282
21439

* %

-116.1
-472.7

36 BKFSEDTXCUSM

more than

To bus ** CKT InitFlow
BEAVERLK 115 1 -99.1
BIGROCK 115 1 -99.2
MTVERNON 115 1 -105.7
MTVERNON 115 1 117.3
PETHCORN 115 -1 -124.2
PADILTAP 115 1 -148.3
TEXACO E 115 1 0

-152.

37 BKFMPTTXCUSM

To bus ** CKT InitFlow
-104.8
116.4

-123.3

39 BKFSEDTXHRBO

more than

To bus ** CKT InitFlow
BEAVERLK 115 1 -108.0
BIGROCK 115 1 -108.1
BEVERLY 115 1 106.0
MTVERNON 115 1 ~114.6
MTVERNON 115 1 126.2
PETHCORN 115 1 -133.1
PADILTAP 115 1 -141.5
SEDRO NT 230 1 -496.2
TEXACO E 115 1 -145.2

43 BKRMARPTE115

To bus ** CKT InitFlow

28

110.0 105.5
426.3 110.9

90.0 % of nominal rating

Ex.
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=95
-339

.8
.5

Rating IntLd% BaseFlow

110.0 90.1
110.0 90.2
110.0 96.1
110.0 106.6
110.0 112.9
143.0 103.7
143.0 106.3

90.0 % of nominal rating

Rating IntrLds
110.0 95.2
110.0 105.8
110.0 112.1

90.0 % of nominal rating

Rating Intrds

110.0 98.1
110.0 98.3
110.0 96.4
110.0 104.2
110.0 114.7
110.0 121.0
143.0  98.39
426.3 116.4
143.0 101.5

90.0'% of nominal rating
Rating IntLds BaseFlow

-70.
-70.
-77.
89.
-95.
-110.
~114.

OWNOW‘D\I

BaseFlow

-77.
89.
-95.

3
0
8

BaseFlow

-70.
-70.
68.
-77.
89.
-95,
~-110.
-339.
-114.

OU!U(DOWG)\D\J

__(WAG-4)
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21250 MARCHPT 115 21440 TEX_WEST 115 1 -286.0 264.9 108.0 -186.3

45 BRRMARPTS115

WAL L2 Contingency:

Branches with MW flow more than 90.0 % of nominal rating

** From bus ko wk To bus ** CKT InitFlow Rating IntLd$%$ BaseFlow
21870 HICKOX T 115 22057 MTVERNON 115 1 101.6 110.0 92.3 89.0
21870 HICKOX T 115 22163 PETHCORN 115 1 -108.4 110.0 98.6 -95.8
21250 MARCHPT 115 22150 PADILTAP 115 1 -247.5 143.0 173.1 -110.3
22150 PADILTAP 115 21439 TEXACO E 115 1 -251.1 -114.0

143.0 175.6

Gt s

Fkk ok k Contingency

Branches with Mw
o From bus **

46 SLSEDROHRBOT

flow more than
* % To bus

90.0 % of nominal rating
** CKT InitFlow

Rating IntLd% BaseFlow

21563 BIGROCK 115 22057 MIVERNON 115 1 -102.7 110.0 93.4 -77.3
21870 HICKOX T 115 22057 MTVERNON 115 1 114.3 110.0 103.9 89.0
21870 HICKOX T 115 22163 PETHCORN 115 1 ~-121.2 110.0 110.2 -95.8
20330 MURRAY 230 21282 SEDRO NT 230 1 -517.6 426.3 121.4 -339.5

Fok ko x Contingency

Branches with Mw
** From bus *x
21563 BIGROCK 115

47 DCBOTSAMSEDH

flow more than
*x To bus

** CKT InitFlow

90.0 % of nominal rating

Rating IntLd$ BaseFlow

22057 MTVERNON 115 1 -102.5 110.0 93.2 -77.3
21870 HICKOX T 115 22057 MTVERNON 115 1 114.1 - 110.0 103.8 89.0
21870 HICKOX T 115 22163 PETHCORN 115 1 -121.0 - 110.0 110.0 -95.8
20330 MURRAY 230 21282 SEDRO NT 230 1 -511.4 426.3 120.0 -339.5

*kkkokkk Contingency

Branches with Mw

48 BUSMURRAY230

flow more than

90.0 % of nominal rating

** From bus ko kk To bus ** CKT InitFlow Rating IntLd% BaserFlow
21870 HICKOX T 115 22057 MTVERNON 115 1 110.0 110.0 100.0 89.0
21870 HICKOX T 115 22163 PETHCORN 115 1 -116.9 110.0  106.2 -95.8
20449 SEDRO 230 23097 HRNCHTAP 230 1 600.2 638.2 94.0 435.7

ook ok ok ok Contingency

50 BKFMURCUSSED
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7 i

Branches with MW flow 'more than
L X 2R X3

* From bus

To bus *© ** .CKT InitFlow
105.0

90.0 % of nominal rating
Rating IntlLd% BaseFlow
110.0

21870 HICKOX T 115 22057 MTVERNON 115 1
21870 HICKOX T 115 22163 PETHCORN 1151

***x*%* Contingency

Branches with Mw

*x From bus

* *

21529 ARLNGTON 115
20033 BEAVERLK 115

21563 BIGROCK

115

21870 HICKOX T 115
21870 HICKOX T 115

20330 MURRAY

230

flow
%* %

20033
21563
22057
22057
22163
21282

51 BKFHRSUB

more than

To bus  ** CKT InitFlow

BEAVERLK 115
BIGROCK 115
MTVERNON 115
MTVERNON 115
PETHCORN 115
SEDRO NT 230

-111.9

95.5

110.0 101.7

90.0 % of nominal rating-
Rating IntLds

1

I e TR TR

30

-100.6
-100.8
~107.2

118.9
-125.7
~-554.5

110.
110.
110.

110
110
426

0
0
]
.0
.0
.3

91.
91.
97.
108.
114.

5
6
5
1
3
130.1
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89.0
~-95.8

BaseFlow
-70.7
-70.9
-77.3

89.0
-95.8
-339.5
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APPENDIX E
FCITC Single Study

[FPS

*** MUST 4.00 **+ MON, MAR 05 2001 12:00 ***
02HSNS02 BCH=2850/300 WASK=1173, SCL=100, INDUSTRIAL LD ADJ.
ALL WA/SK GEN ON - BASE CASE MPCC 50 MW GEN. Not Running
Subsys.File D: \Summer-2000\subni-us. sub
Monit.File D:\Summet-2000\monzonepsregion-MPCC. mon
. Contin.File D: \WINTER0O0-01\NI~ALL.con
Exclud.File none

R Study transfer level - 100.0 MW. Total violations: 6
: 3 First violation - -1265.4 Mw.

Study transfer. From NIBCH To NIPNW . Transfer level - 100.0 Mw

Violations report ordered by transfer capability. Total 6 violations

‘ ]’
e N Export L: Limiting constraint PreShift MW TDF

P PTDF =Base Case Flow=

/ | C: Contingency description Neon = Flow Rating LODF
' ' Init  Final

Cw 1 2421.7 1:20330 MURRAY 230 21282 SEDRO NT 230 1 -540.3  -426.3 -0.09013 -
' C:BKFHRSUB . 45 ‘
Open 20324 MONROE T 230 23107 HRTAP MS 230
Open 20324 MONROE T 230 23107 HRTAP MS 230
Open 20467 SNOHOMSH 230 23107 HRTAP MS 230
Open 20467 SNOHOMSH 230 23107 HRTAP MS 230

1 NA
2 NA
1
2

Open 21443 HORSRNCH 230 23107 HRTAP MS 230 1 NA
1
1
1
1

0.45382 -
0.45382 -

Open 20322 MONROE 230 20324 MONROE T 230
,J . Open 20065 BOTHELL 230 23097 HRNCHTAP 230

0.34113
0.42400
~0.33821

Open 20449 SEDRO 230 23097 HRNCHTAP 230
Open 21443 HORSRNCH 230 23097 HRNCHTAP 230 NA
2 2768.7 L:20330 MURRAY 230 21282 SEDRO NT 230 1 =503.0 -426.3 -0.08356 -
C: SLSEDROHRBOT 40
| Open 20065 BOTHELL 230 23097 HRNCHTAP 230 -0.01405 -
Open 20449 SEDRO 230 23097 HRNCHTAP 230 1 -0.42185
’,“ : Open 21443 HORSRNCH 230 23097 HRNCHTAP 230 1 0.07367
] 3 2839.3 L:20330 MURRAY = 230 21282 SEDRO NT 230 1 -496.8 -426.3 -0.08321
C:DCBOTSAMSEDH 41
£ Open 20065 BOTHELL 230 23097 HRNCHTAP 230 1 . -0.00681 -
. Open 20449 SEDRO 230 23097 HRNCHTAP 230 1 -0.42382
Open 21443 HORSRNCH 230 23097 HRNCHTAP 230 1 0.07746
Open 20065 BOTHELL 230 20438 SAMMAMSH 230 &1 0.03975
1 Open 20065 BOTHELL 230 20438 SAMMAMSH 230 &1 0.03090
L 4 3014.4 L:20330 MURRAY 230 21282 SEDRO NT 230 1 -483.4 -426.3 -0.08487
: C: BKFSEDTXHRBO : 39

[

) ‘ 31




S

6

Open 20065 BOTHELL 230 23097 HRNCHTAP
Open 20449 SEDRO 230 23097 HRNCHTAP
Open 21443 HORSRNCH 230 23097 HRNCHTAP
Open 20448 SEDRO 115 20449 SEDRO
3269.7 L:20330 MURRAY 230 21282 SEDRO NT 230 1
C: BKFSEDBOTBHM
Open 20065 BOTHELL 230 23097 HRNCHTAP
Open 20449 SEDRO 230 23097 HRNCHTAP
Open 21443 HORSRNCH 230 23097 HRNCHTAP
Open 20038 BELLNGHM 230 20449 SEDRO
3460.1 L:20330 MURRAY 230 21282 SEDRO NT 230 1
C:BKFINGCUS1M1
Open 4058 ING500 500 20137 CUSTER W
Open 20137 CUSTER W 500 20323 MONROE
Open 20137 CUSTER W 500 20323 MONROE

32

230
230
230
230

[ S

230
230
230
230

LI S NN

500 1
500 &1
500 &1

35

5

-455.5
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-0.01387 -
=0.43242
0.07290
0.12508 -
-426.3 -0.07004 -

-0.01236 -
-0.48250
0.06440
0.26851

-446.0 -426.3 -0.08665 -

0.00359
~0.10055
-0.00659
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APPENDIX F

FCITC Single Study

*** MUST 4.00 *** MON, MAR 05 2001 12:04 **»
; 02HSNS02 BCH=2850/300 WASK=1173,SCL=100, INDUSTRIAL LD ADJ.
% ALL WA/SK GEN ON - BASE CASE MPCC S0 MW GEN. IN SERVICE
" Subsys.File D:\Summer-2000\subni-us.sub
Monit.File D: \Summer-2000\monzonepsregion-MPCC.mon
Contin.File D:\WINTER00-01\NI-ALL.con
Exclud.File none

l Study transfer level - 100.0 MW. Total violations: 6
L First violation - ~1438.5 Mw.

! i Study transfer. From NIBCH To NIPNW . Transfer level - 100.0 mMw
f "{ Violations report ordered by transfer capability. Total 6 violations

T

2

£ N Export L: Limiting comstraint Preshift MW TDF P
‘ ; Case Flow=

Cy C: Contingency description Ncon . Flow Rating LODF
Init Final
. 1 2248.4 L:20330 MURRAY 230 21282 SEDRO NT 230 1 ~554.5 -426.3 -0.08909

} C:BKFHRSUB 45

Open 20324 MONROE T 230 23107 HRTAP MS 230

Open 20324 MONROE T 230 23107 HRTAP MS 230
2 Open 20467 SNOHOMSH 230 23107 HRTAP MS 230
% : Open 20467 SNOHOMSH 230 23107 HRTAP MS 230
- Open 21443 HORSRNCH 230 23107 HRTAP MS 230
" . Open 20322 MONROE 230 20324 MONROE T 230
J

NA
NA

Open 20065 BOTHELL 230 23097 HRNCHTAP 230
Open 20449 SEDRO 230 23097 HRNCHTAP 230
Open 21443 HORSRNCH 230 23097 HRNCHTAP 230 NA
2 ~ 2579.6 L:20330 MURRAY 230 21282 SEDRO NT 230 1 -517.6 -426.3 -0.08249
C: SLSEDROHRBOT 40
Open 20065 BOTHELL 230 23097 HRNCHTAP 230 1
Open 20449 SEDRO 230 23097 HRNCHTAP 230 1
Open 21443 HORSRNCH 230 23097 HRNCHTAP 230 1
3 2651.2 L:20330 MURRAY 230 21282 SEDRO NT 230 1 -511.4 -426.3 -0.08213
C:DCBOTSAMSEDH ) 41
Open 20065 BOTHELL 230 23097 HRNCHTAP 230 1
Open 20449 SEDRO 230 23097 HRNCHTAP 230.1
Open 21443 HORSRNCH 230 23097 HRNCHTAP 230 1
Open 20065 BOTHELL 230 20438 SAMMAMSH 230 &1
- Open 20065 BOTHELL 230 20438 SAMMAMSH 230 &1
: f’/#’ \ ‘ 4 2854.2 L:20330 MURRAY 230 21282 SEDRO NT 230 1 -496.2 -~426.3 -0.08392

e e e
Ll I N SR LI TR SR

Z -

33




5

6

C : BKFSEDTXHRBO
Open 20065 BOTHELL 230 23097 HRNCHTAP 230
Open 20449 SEDRO 230 23097 HRNCHTAP 230
Open 21443 HORSRNCH 230 23097 HRNCHTAP 230
Open 20448 SEDRO 115 20449 SEDRO 230
3011.8 L:20330 MURRAY 230 21282 SEDRO NT 230 1
C: BKFSEDBOTBHM
Open 20065 BOTHELL 230 23097 HRNCHTAP 230
Open 20449 SEDRO 230 23097 HRNCHTAP 230
Open 21443 HORSRNCH 230 23097 HRNCHTAP 230
Open 20038 BELLNGHM 230 20449 SEDRO 230
3338.9 L:20330 MURRAY = 230 21282 SEDRO NT 230 1
C:BKFINGCUS1M1
Open 4058 INGS500 500 20137 CUSTER W 500 1
Open 20137 CUSTER W 500 20323 MONROE 500 &1
Open 20137 CUSTER W 500 20323 MONROE - 500 &1

T T

(S RN

34

39

-472.7
35

-456.2
5
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-426.3 -0.06877

~426.3 -0.08591
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* APPENDIX G

*** MUST 4.00 *** MON, MAR 05 2001 12:20 *#*%*
02HSNS02 BCH=2850/300 WASK=1173, SCL=100, INDUSTRIAL LD ADJ.
ALL WA/SK GEN ON - LLH CASE, MPCC 50 MW GEN. IN SERVICE
Subsys.File D:\Summer-ZOOO\subni-us.sub
Monit.File D:\Summer-2000\mohzonepsregion-MPCC.mon ,
Contin.File D:\Summer-Z000\contzonepsregion—fredonia.con
Exclud.File none

Detailed report on selected contingencies. Total 465. Selected 12

--_-.--_—----_—---.—----—_--—-—---_-_---.----

Study transfer not defined

ok dkokok ke ke Contingency 1 SLTEXWMPT115

Branches with MW flow more than 90.0 % of nominal rating

** From bus *E ki To bus ** CKT InitFlow Rating IntLd% BaseFlow
21250 MARCHPT 115 22150 PADILTAP 115 1 -278.4 143.0 1%4.7 ~-106.2
22150 PADILTAP 115 21439 TEXACO E 115 1 -282.1 143.0 197.3 -108.9

***xx¥** Contingency 15 20026 BAKER SW 115 20448 SEDRO 115 1

Branches with MW flow more than 90.0 % of nominal rating
* % From bus *r kx To bus ** CKT InitFlow Rating IntlLd% BaseFlow
20448 SEDRO 115 20026 BAKER SW 115 2 -121.7 98.0 124.2 -60.3

**x**x* Contingency 16 20026 BAKER SW 115 20448 SEDRO 115 2

Branches with MW flow more than 90.0 % of nominal rating

*¥*  From bus  ** % To bus  ** CKT InitFlow Rating IntLd% BaseFlow
20448 SEDRO 115 20026 BAKER SW 115 1 =121.7 98.0 124.2 -61.4
¥rrrxEr Contingency 58 21607 BURLIGIN 115 23004 RITA 115 1

35

Contingecy Analysis Detailed Report




o

—

N
P

Branches with Mw flow more than 90.0 % of nominal rating

A From bus *h kk To bus ** CKT InitFlow Rating IntLd$
21250 MARCHPT 115 22150 PADILTAP 115 1 -148.2 143.0 103.7
22150 PADILTAP 115 21439 TEXACO E 115 1 -151.9 143.0 106.2

*rwx#t+ Contingency 256 21249 LYNDEN 115 22272 SCHUETT 115 1

Branches with MW flow more than 90.0 % of nominal rating

**  From bus *k ok To bus ** CKT InitFlow Rating IntLd%
21438 SUMAS CG 115 21239 KENDALL 115 1 104.8 46.0 227.7
22113 NUGENT 115 21239 KENDALL 115 1 -101.8 46.0 221.2
22113 NUGENT 115 22443 VANWYCK 115 1 99.1 109.0 90.9

*rx%*x% Contingency 259 20290 MARCH PT 230 20449 SEDRO 230 1

Branches with MW flow more than 90.0 % of nominal rating

Y x From bus *k ko To bus ** CKT InitFlow Rating IntLd%
21534 AVON PMP 115 22494 WILSN TP 115 1 ~134.2 143.0 93.9
21870 HICKOX T 115 22057 MTVERNON 115 1 105.2 110.0. 95.6
21870 HICKOX T 115 22163 PETHCORN 115 1 -110.2 110.0 100.1

¥#rxx*+ Contingency 260 20290 MARCH PT 230 21250 MARCHPT - 115 1

Branches with MW flow more than 90.0 % of nominal rating

* % From bus *h kk To bus ** CKT InitFlow Rating IntLd$
21534 AVON PMP 115 22494 WILSN TP 115 1 -134.6. 143.0 94.1
21870 HICKOX T 115 22057 MTVERNON 115 1 ..105.3 110.0 95.7

21870 HICKOX T 115 22163 PETHCORN 115 1 -110.3 110.0 200.3

¥**%%** Contingency 266 21250 MARCHPT 115 22150 PADILTAP 115 1

Branches with MW flow more than 50.0 % of nominal rating
** - From bus  ** *x To bus ~ ** CKT InitFlow Rating IntLds

21250 MARCHPT 115 21440 TEX WEST 115 1 -279.7 264.9 105.6
**x**x* Contingency 376 20448 SEDRO 115 20449 SEDRO 2301

Branches with MW flow more than 90.0 % of nominal rating

36
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BaseFlow
~106.2
-109.9

BaseFlow
31.4
-28.4
25.7

BaseFlow
-83.7
87.2
-92.2

BaseFlow
-83.7
87.2
-92.2

BaseFlow
-183.7




**  From bus  ** ** -To bus  ** CKT InitFlow Rating IntLd$
21870 HICKOX T 115 22057 MIVERNON 115 1 104.7 110.0 95.2

21870 HICKOX T 115 22163 PETHCORN 115 1 -109.7 110.0 99.7
21250 MARCHPT 11522150 PADILTAP 115 1 -145.9 143.0 102.0
22150 PADILTAP 115 21439 TEXACO E 115 1 -149.5 143.0 104.6

*#x*x++ Contingency . 381 20448 SEDRO 115 23004 RITA 115 1

Branches with MW flow more than 90.0 % of nominal rating

** . From bus = ** ** To bus  ** CKT InitFlow Rating IntLd$
21250 MARCHPT 115 22150 PADILTAP 115 1 -147.3 143.0 103.0
22150 PADILTAP 115 21439 TEXACO E 115 1 -151.0 143.0 105.6

¥***x*% Contingency 382 20449 SEDRO 230 23097 HRNCHTAP 230 1

Branches with MW flow more than 90.0 % of nominal rating

* From bus *k To bus ** CKT InitFlow Rating IntLds
21529 ARLNGTON 115 20033 BEAVERLK 115 1 -100.0 110.0. 91.0
20033 BEAVERLK 115 21563 BIGROCK 115 1 -100.2 110.0 91.1
21563 BIGROCK 115 22057 MTVERNON 115 1 -104.8 110.0  95.3
21870 HICKOX T 115 22057 MIVERNON 115 1 112.9 110.0 102.6
21870 HICKOX T 115 22163 PETHCORN 115 1 -117.9 110.0 107.2
20330 MURRAY 230 21282 SEDRO NT 230 1 -513.8 426.3 120.5

*rereet Contingency 409 21438 SUMAS CG 115 22272 SCHUETT 115 1

Branches with MW flow more than 90.0 % of nominal rating

**  From bus  ** *+ To bus  ** CKT InitFlow Rating IntLds
22443 VANWYCK 115 21595 BRITTON 115 1 104.9 109.0 96.2
21438 SUMAS CG 115 21239 KENDALL 115 1 111.9 46.0 243.3
22113 NUGENT 115 21239 KENDALL 115 1 -108.9 46.0 236.8
22113 NUGENT 115 22443 VANWYCK 115 1 106.2 109.0 97.5
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BaseFlow

87.2.
-92.2
-106.2
-109.9

BaseFlow
-106.2
-109.9

BaseFlow

[+ ]
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BaseFlow
24.3
31.4

-28.4
25.7
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e d
' APPENDIX H
f!
i L] L] »
Contingency Analysis Detailed Report
™
} *** MUST 4.00 *** MON, MAR 05 2001 15:12 ***
. 02HSNS02 BCH=2850/300 WASK=1173,SCL=100, INDUSTRIAL LD ADJ.
7 ALL WA/SK GEN ON - LLH CASE, MPCC 50 MW GEN. IN SERVICE
i Subsys.File D:\Summer-2000\subni-us.sub

Monit.File D:\Summer-2000\monzonepsregion-MPCC.mon
RESS - Contin.File D:\Summer-2000\NI-ALL.con
' 3 Exclud.File none

Detailed report on selected contingencies. Total 77. Selected 15

Study transfer not defined

*¥*x*¥%* Contingency 5 BKFINGCUS1M1
i 1 Branches with MW flow more than 80.0 % of nominal rating
LA **  From bus  ** % To bus  ** CKT InitFlow Rating IntLd% BaseFlow
21563 BIGROCK = 115 22057 MTVERNON 115 1 -99.2 110.0 90.2 -79.1
? 21870 HICKOX T 115 22057 MTVERNON 115 1 107.3 110.0 97.6 87.2
Q& 21870 HICKOX T 115 22163 PETHCORN 115 1 -112.3 110.0 102.1 -92.2
20330 MURRAY 230 21282 SEDRO NT 230 1 -452.3 426.3 106.1 ~331.6
f} . 20449 SEDRO 230 23097 HRNCHTAP 230 1 600.0 638.2 94.0 436.3
by .
ta
(“ HExk*** Contingency 22 BKRPWAYLYNN
"y Branches with MW flow more than 90.0 % of nominal rating
;vv * % From bus *k ko To bus ** CKT InitFlow Rating IntLd% BaseFlow
21438 SUMAS CG 115 21239 KENDALL 115 1 104.8 46.0 227.7 31.4
22113 NUGENT 115 21239 KENDALL 115 1 -101.8 46.0 221.2 -28.4
e 22113 NUGENT 115 22443 VANWYCK 115 1 99.1 109.0 90.9 25.7
. l *kk*k4* Contingency 24 BKRPWAY1l5S
J Branches with MW flow more than 90.0 % of nominal rating
e ** From bus  ** *« To bus  ** CKT InitFlow Rating IntLd% BaseFlow
21541 BAKERVUE 115 21941 LABOUNTY 115 1 -131.5 129.1 101.8 -72,3
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21541 BAKERVUE 115 22179 PLYMOUTH 115 1 120.9 110.0 109.9 61.7
20039 BELNGM P 115 22179 PLYMOUTH 115 1 -111.8 110.0 101.6 - -52.7
21438 SUMAS CG 115 21239 KENDALL 115 1 44.4 46.0 96.6 31.4

22113 NUGENT 115 21239 KENDALL 115 1 -41.4 46.0 90.1 -28.4

25 BKRPWAYVISS

**x*x** Contingency

Branches with MW flow more than 90.0 % of nominal rating

** From bus *E ok To bus  ** CRT InitFlow Rating IntLd% BaseFlow
21541 BARERVUE 115 21941 LABOUNTY 115 1 -130.9 129.1 101.4 -72.3
21541 BAKERVUE 115 22179 PLYMOUTH 115 1 120.2 110.0 109.3 61.7
20039 BELNGM P 115 22179 PLYMOUTH 115 1 -111.2 110.0 01.1 -52.7
21438 SUMAS CG 115 21239 KENDALL 115 1 44.2 46.0 96.0 31.4

b

Wt

[

***¥x*+ Contingency

Branches with MW
** From bus *
21563 BIGROCK 115
21870 HICKOX T 115
21870 HICKOX T 115
20449 SEDRO 230

***%%*%** Contingency

Branches with Mw

*k From bus *

21563 BIGROCK 115
21870 HICKOX T 115
21870 HICKOX T 115
20330 MURRAY 230

*kxx%x** Contingency

Branches with Mw
** From bus **
21529 ARLNGTON 115
20033 BEAVERLK 115
21529 ARLNGTON 115
21563 BIGROCK 115
21870 HICKOX T 115

28 BKFCUSMURPWY

flow more than 90.0 % of nominal rating

*% To bus ** CKT InitFlow Rating IntLd% BaseFlow
22057 MTVERNON 115 1 -99.3 110.0 90.3 -79.1
22057 MTVERNON 115 1 107.5 110.0 97.7 87.2
22163 PETHCORN 115 1 -112.5 110.0 102.2 = -92.2
23097 HRNCHTAP 230 1 590.9 638.2 92.6 436.3

35 BKFSEDBOTEBHM

90.0 % of nominal rating
** CKT InitFlow Rating IntLd% BaseFlow

flow more than
** To bus

22057 MTVERNON 115 1 ~-100.1 110.0 91.0 -79.1
22057 MTVERNON 115 1 108.2 110.0 98.4 87.2
22163 PETHCORN 115 1 -113.2 110.0 102.9 1 -92.2
21282 SEDRO NT 230 1 -471.2 426.3 110.5 -331.6

36 BKFSEDTXCUSM

flow more than
** To bus

90.0 % of nominal rating
** CKT InitFlow Rating IntLd% BaseFlow

20033 BEAVERLK 115 1 -104.7 110.0 95.2 -74.4
21563 BIGROCK 115 1 -104.9 - 110.0 95.3 -74.5
21187 BEVERLY 115 1 102.6 110.0  93.3 72.2
22057 MTVERNON 115 1 - -109.5 110.0 99.5 -79.1
22057 MTVERNON 115 1 117.6

110.0 106.9 87.2
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21870 HICKOX T 115 22163 PETHCORN 115 1 ~122.6 110.0 2111.4

21250 MARCHPT 115 22150 PADILTAP 115 1 -147.7 143.0 103.3

22150 PADILTAP 115 21439 TEXACO E 115 1 -151.4 143.0 105.9

*¥*¥*kkxt Contingency 37 BKFMPTTXCUSM

Branches with MW flow more than 90.0 % of nominal rating
* % From bus *x ke To bus ** CKT InitFlow Rating Intrds
21529 ARLNGTON 115 20033 BEAVERLK 115 1 -105.7 €110.0 96.1
20033 BEAVERLK 115 21563 BIGROCK 115 1 -105.9 110.0. 96.2
21529 ARLNGTON 115 21187 BEVERLY 115 1 103.6 110.0 94.1
21563 BIGROCK 115 22057 MTVERNON 115 1 -110.4 110.0 100.4
21870 HICKOX T 115 22057 MTVERNON 115 1 118.6 110.0 107.8
21870 HICKOX T 115 22163 PETHCORN 115 1 - =123.6 110.0 112.3
**k**+x Contingency 39 BRFSEDTXHRBEO
Branches with Mw flow more than 90.0 % of nominal rating
**  Frombus ** #* o bus  ** CKT InitFlow  Rating IntLd$
21529 ARLNGTON 115 20033 BEAVERLK 115 1 -113.4 110.0 103.1
20033 BEAVERLK 115 21563 BIGROCK 115 1  -113.5 110.0 103.2
21529 ARLNGTON 115 21187 BEVERLY 115 1 111.2 110.0 101.1
21563 BIGROCK 115 22057 MTVERNON 115 1 -118.1 110.0 107.4
© 21870 HICKOX T 115 22057 MTVERNON 115 1 126.2 110.0 114.8
21870 HICKOX T 115 22163 PETHCORN 115 1 -131.2 110.0 119.3
21250 MARCHPT 115 22150 PADILTAP 115 1 -141.7 143.0 99.1
20330 MURRAY 230 21282 SEDRO NT 230 1 -485.9 426.3 114.0
22150 PADILTAP 115 21439 TEXACO E 115 1 =145.3 143.0 101.6
**k*kx* Coritingency 43 BKRMARPTEL1lS5
Branches with MW flow more than 90.0 % of nominal rating
bold From bus ol A To bus ** CKT InitFlow Rating IntLds
21250 MARCHPT 115 21440 TEX_WEST 115 1 -279.7 264.9 105.6
****x*x%* Contingency 45 BKRMARPTS115
Branches with MW flow more than 90.0 % of nominal rating
** From bus ko kk To bus ** CKT InitFlow Rating IntLd$
21534 AVON PMP 115 21607 BURLIGTN 115 1 ©136.6 143.0 95.6

21534 AVON PMP 115 22494 WILSN TP 115 1 -142.7 143.0 99.8

40
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21870 HICKOX T 115 22057 MTVERNON 115 1 o 103.5 110.0  94.1 87.2
21870 HICKOX T 115 22163 PETHCORN 115 1 ' -108.5 110.0 98.6  -92.2
21250 MARCHPT 115 22150 PADILTAP 115 1  -230.9 143.0 161.5 -106.2
22150 PADILTAP 115 21439 TEXACO E 115 1 ~-234.6 -109.9

***x*%* Contingency

Branches with MW flow more than

* % From bus  ** *%*

21529 ARLNGTON 115 20033
20033 BEAVERLK 115 21563
21563 BIGROCK 115 22057
21870 HICKOX T 115 22057
21870 HICKOX T 115 22163
120330 MURRAY 230 21282

*¥**x¥* Contingency

Branches with Mw flow

** From bus Tk kk

21529 ARLNGTON 115 20033
20033 BEAVERLK 115 21563
21563 BIGROCK 115 22057
21870 HICKOX T 115 22057
21870 HICKOX T 115 22163
20330 MURRAY 230 21282

*Hkkkkx Contingency

To. bus
BEAVERLK 115
BIGROCK 115
MTVERNON 115
MTVERNON 115
PETHCORN 115
SEDRO NT 230

more than
To bus

BEAVERLK 115
BIGROCK 115
MTVERNON 115
MTVERNON 115
PETHCORN 115
SEDRO NT 230

Branches with Mw flow more than

** CKT InitFlow

** CKT InitFlow

143.0 164.1

46 SLSEDROHRBOT

90.0 % of nominal rating
Rating IntLd% BaseFlow

1 -99.8 110.0 90.7 -74.4
1 -99.9 110.0 90.9 ~-74.5
1 ~104.5 110.0 = 95.0 -79.1
1 112.7 110.0  102.4 87.2
1 ~117.7 110.0 107.0 -92.2
1 7 -331.6

-510.5 426.3 119.

47 DCBOTSAMSEDH

90.0 % of nominal rating
Rating IntLd% BaseFlow

1 -99.6 110.0- 90.6 -74.4
1 -99.8 110.0 90.7 -74.5
1 -104.4 110.0 94.9 -79.1
1 112.5 110.0 102.3 87.2
1 -117.5 110.0 106.8 -92.2 *
1 -504.4 426.3 118.3 =331.6

48 BUSMURRAY230

90.0 % of nominal rating

** From bus Tk ke To bus ** CKT InitFlow Rating IntLd% BaseFlow
21563 BIGROCK 115 22057 MTVERNON 115 1 -99.3 110.0 90.3 -79.1
21870 HICKOX T 115 22057 MTVERNON 115 1 107.4 110.0 87.7 87.2
21870 HICKOX T 115 22163 PETHCORN 115 1 ~112.4 110.0 102.2 -92.2
20449 SEDRO 230 23097 HRNCHTAP 230 1 597.3 638.2 93.6 436.3

* ko ok Contingency

51 BKFHRSUB

Branches with MW flow more than

** From bus R

To bus
21529 ARLNGTON 115 20033 BEAVERLK 115 1

** CKT InitFlow

90.0 % of nominal rating
Rating IntLd% BaseFlow

-103.0 110.0 '93.6  -74.4

41
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Sumas i - Transmission Constraints Scoping Study

Summary.

Sumas Il has been proposed as a generation addition in Whatcom County, located adjacent to
the existing Sumas cogeneration facility. The generation proposed has been described at two
sets of CT’s and steam units. Each CT and steam unit pair would generate between 355 and
370 MW. The MW output could be connected to B.C. Hydro facilities across the border with
Canada, or into the Whatcom County system. This study addresses only.the option to connect
the generators to the Whatcom County system. Because of Initiative 4-90 in Whatcom County,
the project developer has suggested the generation be integrated using 115 kV transmission
facilities. :

Two generation connection choices are discussed with this report, either to connect one
generator pair to BPA Bellingham Substation (360 MW), or to connect one generator pair to
BPA Bellingham Substation and.a second generator pair to PSE Portal Way Substation (720
MW total). Each generator pair would be connected.to Bellingham or Portal Way on a 115 kV
radial transmission line. All the combinations and connection possibilities are not addressed. .
The ones used are probably the least expensive. The attention of this study is more on the

" transmission problems from adding 360 or 720 MW to existing North-to-South obligations from

Skagit County through King County.

Because of time constraints, this is a scoping study and only addresses summer conditions for
the year 2004, in the Northemn Intertie North-to-South direction. While the summer is usually the
most limiting, there may be other facilities that overload in association with the proposed Sumas
Il generation for South-to-North flows, for light summer loads, or during higher winter load
conditions. This would be verified with further studies.

The projects identified in this are not the only ones that could‘ correct system constraints, nor

are they necessarily the one that would be selected as the resuit of a more extensive study and
a complete environmental review and permitting process. They were selected so that a rough
approximation of the ultimate system costs that may be associated with these generation
projects could be determined. ' '

The cost estimates are given in the following table. The table does not include costs for
constructing the generating facilities or the transmission facilities to bring them to BPA
Bellingham and Portal Way Substations. The generation developer will have accurate estimates
through the services of consuilting engineers. The table indicates a significant step to integrate - -
the first generator pair (360 MW). This is due to facilities needed to resolve problems in Skagit
and Snohomish Counties. (The estimates have been developed from experience with similar
projects. They have not been reviewed by transmission and substation design engineers
because of time constraints.) ' :

Enclosure 1
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P ~ Table - Cost Estimates
Stages of Sumas Il Generation Additions _Cost Estimates ($ x1000)
Facility Additions . _ S . Low High  Altem-
Phase 1 Improvements to Recover NI 2850 summer atives
t Beverly-Hilton Lake 115 kV uprate from 75 to 100C . 3.4 mi 50 100
: § Monroe-Snohomish #1 230 kV uprate from 90 to 100C - 10 mi .50 250
o Snohomish-Bothell #1 230 kV uprate from 80 to 100C 7.6 mi 50 250
‘ Snohomish-Bothell #2 230 kV uprate from 90 to 100C 7.4 mi 30 100
oy Bothell 230 kV line get-away re-arrangement 5 lines 300 700
; i Sammamish 115 kV trf breakers and switch replacement” 2 each 600 800
Re-terminate Snoking-Maple V #1 230 kV line onto Talbot N 1 bkr 1,100 1,350
Subtotal ‘ 2,180 3,550
) .
Phase 2 Improvements for Sumas Il - 360 MW
"y At BPA Bellingham install #2 230-115 kV trf and breakers 4,200 5,600
L } . 50 Mvar, 115 kV capacitor bank at BPA Bellingham . 300 450
' Sedro-Horse Ranch #2 230 kV rebuild w/ 2-Temon . 39mi 8000 16,000
' ' H-frame or rebuild with single steel poles 31,200
-1 Sedro-Beaver Lake 115 kV, build Narcissus 4.8 mi 1,200 1,600
! At Sedro Woolley install 2 230 breakers & 1 line bay - 1,500 2,000
B ‘ At Horse Ranch install 2 230 breakers & 1 line bay ' 2,000 2,600
R Snohomish-Beverly #3 & #4 115 kV uprate 50C to 100C 1.3 miea 50 200
L Bothell-Sammamish 230 kV 2-Tern re-cond. on H-frame 134mi 3,350 5,360
g ' * orrebuild with steel poles . 13,400
{ Cottage Brook-Fall City 115 kV uprate rom75Ct090C - 182mi 1,200 2,700
i "Subtotal ’ 21,800 36,510 65,750
Phase 3 Improvements for Sumas Il - 720 MW :
At Portal Way install #2 230-115 kV trf and breakers 4,200 5,600
50 Mvar, 115 kV capacitor bank at Portal Way 300 450
Convert Snohomish-Boeing 115 kV to 230 kV
Terminate at Snohomish 230 kV, bkr &line bay . 1,100 1,800
Terminate Boeing 115 at Beverly, bkr & line bay : . 450 800
Terminate HR, Snoh & Both 230 kV lines at Beverly 3 each 4,000 6,500
‘} ~ AtBeverly install #2 230-115 kV trf and breakers 3,900 5,300
L Monroe-Snohomish #1 230 kV uprate from 90 to 100C 0.75 mi 25 150
_ ‘ Rebuild Samm-Lakeside #2 to 230 w/ Jefferson H-frame 7.1 mi 2,000 3,500
. ' or rebuild with single steel poles - 7,100
: } Rebuild Lakeside-Talbot #2 to 230 w/ Jefferson H-frame 8.9 mi: 2,500 4,400
- ' or rebuild with single steel poles 8,900
. Terminate at Sammamish 230 kV, bkr & line bay _ 900 1,300
; } Terminate at Talbot N 230 kV, bkr & fine bay 900 1,300
fe Re-terminate Snoking-Maple V #1 230 kV line toTalbotS 1 bkr @ ©)
At Lakeside, terminate Samm & Talbot 230 kV lines, and 6,900 10,600
I - install 230-115 kV trf and breakers :
J Hilton Lake-Lake Leota 115 kV uprate from 75 to 100C 11.2 mi 300 750
' Cottage Brook-Fall City 115 kV leave at 75C S -1,200 -2,700
€ Subtotal : T 26,275 39,750
» Total - Recover NI 2850 + 720 MW : ' 50,255 79,810

Footnotes:
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- @ Cost included in Phase 2, but with the Sammamish-Talbot 230 kV line, put Snoking onto Talbot
South bus instead of Talbot North. ,
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‘1. Existing System Assessment.

Some facilities are near, at, or above their limits with north to south BCH flow on the West Side
Northern Intertie (NI). These facilities for NtoS include:
. Sedro - Bellingham #3 & #4 115 lines ot a &
Sedro NT - Murray 230 line '
March Point - Beverly 115 line
Snohomish - Bothell #1 & #2 230 lines
Bothell - Snoking 230 line(s)
Snoking - Maple Valley 230 line(s) v ‘ ‘
Beverly - Cottage Brook and Cottage Brook - Fall City 115 kV lines

NoorwNna

SCL has begun opening their transmission network north of Broad Street Substation, :
separating North Seattle from the downtown area and South Seattle. This action shifts power
flow on to PSE and BPA facilities east of Seattle that carry power in the north / south direction.

With all PSE CT's on in the Summer, the sum of PSE and IPP generation represented in.
Whatcom and Skagit Counties is 1186 MW. With all CT's on in the winter, except for Whitehorn
Unit 1, the sum is 1200 MW. The additional amount in the winter is because units can run at
higher output levels during cooler weather. Without PSE CT’s, the amounts are 774 and 817
MW. When PSE CT's are running, to mitigate overloaded facilities from certain outages when
there is north to south BCH flow, the CT’s are then tripped. The outages wired for generator -

tripping are the loss of both Custer-Monroe 500 kV lines, the loss of the Monroe-Echo Lake 500

kv Iin_e, and the loss of the Raver-Paul 500 kV line.

There are several outagés that cause overloads during high north to south imports and high
PSE generation. BPA has proposed several breaker additions, to use the second SCL owned
230 kV circuit between Bothell, Snoking, and Maple Valley, and to repair and re-energize the

- Chief Joe-Snohomish #4 line from 230 to 345 kV. BPA anticipates the Bothell-Snoking 1&2 230

and Snoking-Maple Valley 1&2 230 kV lines to be upgraded to 100C conductor rating. PSE has
proposed several line upgrades, and to install a 230 kV breaker at Sammamish Substation. The
tables in Appendix A assume that these breakers and line upgrades have been completed.
Recently, some new outages have been identified that are quite severe. They are the bus
segment outages of the SCL Bothell 230 kV bus. DR v

After the proposed upgrades and additions have been completed, with full PSE generation
during the summer and winter, there will be facility maintenance outages that will limit the north
to south capability to less than 2850 MW in the summer and 1450 MW in the winter.

ll. Improvements to Recover NI 2850 Summer - Phase 1.

The following is a discussion of improvements to recover the 2850 MW NI Rating in the summer
when the SCL Skagit and PSE Northern generation is fully on or at a minimum. The maximum /
minimum summer generation for PSE in Whatcom and Skagit is 1186 / 260 MW, and for SCL in
Skagit is 650 / 100 MW. - , L

In the Existing System Assessment, certain facilities were assumed to have been completed.
The items taking the longest time are probably connecting the Bothell-Snoking #2 and Snoking-
Maple Valley #2 230 kV lines, and restoring th_e Chief Joe-Snohomish #4 to 345 kV operation.
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In addition to the breaker additions, upgrades and these improvements (assumed as completed
in the above tables), BPA and PSE plan to replace the transformer at BPA Bellingham with a
higher capacity 230-115 kV transformer. Also, BPA is proposing to move the Snoking tap from
-the Monroe-Sammamish 230 kV line to the Monroe-Echo Lake 500 kV line, and install a 500~
230 kV transformer at Snoking Substation. The Snoking tap line is already constructed for 500
kV. A new transformer at Snoking would provide load relief to the surrounding 500-230
transformers. The following discussion and findings are made with the assumption that the
Bellingham 230-115 kV transformer and the Snoking 500-230 kV transformer.are installed.

An alternative that was studied was to build a second Monroe-Echo Lake 500 kV line instead of
retaining the single 500 kV line configuration. This would be built on right-of-way that is
separate from the existing 500 kV line, using portions of the Monroe-Sammamish and
Sammamish-Maple Valley lines, with a 500-230 kV transformer at Novelty, instead of Snoking.
This seems to be a better long-range plan, but is much more expensive. It does not resolve all
the 230 kV problems in King County associated with the Sumas Il project.

- The Monroe-Snohomish 230 kV line segment that overloads (circuit #1)is one side of a 10 mile

long double circuit, and it must be uprated from 90C to 100C. Circuit #2 is already 100C rated.
This uprate is probably minor, and would not be required if a second Sedro Woolley-Horse
Ranch 230 kV line were constructed for the proposed Sumas I generators.

The Snohomish-Bothell #1 230 kV line must be upgraded from 80C to 100C, and the
Snohomish-Bothell #2 230 kV line must be upgraded from 90C to 100C. After these lines are
upgraded, they will load to 105% for the double line outage. -

The Bothell 230 kV bus must be rearranged. The current layout can now cause the Snohomish-
Bothell #2 to overload to 140% for a loss of the Bothell #4 230 bus section. This condition is at
SCL Skagit generation at 100 MW; at higher levels, the overioad percent goes down. After the
Snoking 500-230 kV transformer is installed, the overload goes downto 119%. A
rearrangement of the lines into Bothell can resolve the overloads from bus segment outages.
This includes moving the Sammamish line from the Bothell #2 bus segment to the #4 bus
segment. The proposed Bothell-Snoking #2 should terminate on the #2 bus segment. The
Diablo #3 line and the Snohomish #1 line should be swapped, so that Diablo #3 line terminates
on #4 bus segment, and Snohomish #1 line terminates on #3 bus segment.

The Beverly-Cottage Brook 115 KV line needs to be uprated from 75C to 80C minimum.
The Sammamish 115 kV transformer breakers and disconnects load beyond their emergency

ratings under a loss of the other transformer. These two 1600 A breakers and switches need to
be replaced with 2000 A minimum hardware. The transformers have a higher emergency rating.

* The Maple Valley 230 kV bus has two sections, with the Sammamish-Maple Valley and

Snoking-Maple Valley #1 230 kV lines connected to the #2 section. An outage of the #2 section
results in loss of both lines to the north. The Fall City-Cottage Brook 115 kV line overloads.
When the Snoking-Maple Valley #2 230 kV line is connected to the Maple Valley #1 section, an
outage of the #2 section can result in the new Snoking-Maple Valley #2 line overioading by
111% above its 1063 A (100C) rating. A solution is to relocate either the Sammamish-Maple
Valley or the Snoking-Maple Valley #1 230 kV line to the Talbot North 230 kV bus. The Talbot
North and South buses are such a short distance from the Maple Valley bus, that they are
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effectively bus sections of the Maple Valiey bus. Doing this removes overloading on the

Snoking-Maple Valley #2 line, and it reduices ove
line to 104%.

rloading on the Fall City-Cottage Brook 115 kV
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lil. Improvements for Sumas Il at 360 MW - Phase 2.

The PSE CT’s at Whitehomn and Fredonia are part of a generation dropping remedial action
scheme (RAS) that is triggered when certain 500 kV facility outages occur. This must also be
applied to all the Sumas Il generators. The generators are tripped for Monroe-Custer #1 & #2,
Monroe-Echo Lake, or Raver-Paul 500 kV outages during North to South flows, and the Sumas
Il connected to BPA Bellingham is tripped for BPA Bellingham 230 bus or 230-115 tx outage.

The connection studied for 360 MW is with a single 115 kV line from the Sumas Il site to BPA
Bellingham Substation, terminating on a 115 kV breaker. A 115 kV capacitor bank at BPA
Bellingham Substation is installed to compensate the large reactive losses in the 115 kV line.
The 115 kV line modeled is 22 miles of 2 Temn bundied conductor. The generators supply 368
MW, and the line has real power and reactive losses of 12.7 MW and 97 MVAR. An alternative
single conductor might be Jefferson, a 1.6 inch AAC trapezoidal with lower, but adequate
ampacity, higher reactance and 1/4 lower resistance. .

The 360 MW of the proposed Sumas |l generator causes a net increase in flow through the
system for during North-to-South NI flows. The impact wnll be sufficient to require addltlonal
lines and some reconfiguration of buses.

A second 230-115 KV transformer must be added at BPA Bellingham or the Sedro-Bellingham
#3 & #4 115 kV lines must be rebuilt to a higher capacity. The current Sedro-Bellingham RAS
trips the lines for certain outages. If this happens, a single 230-115 kV transformer at BPA
Bellingham would severely overioad due to power flowing from the 115 kV side to the 230 side,.
and south on the Bellingham-Sedro 230 kV line. The second transformer reduces loading on
the Sedro-Bellingham #3 & #4 115 kV lines, but also mitigates overloading on a single
Bellingham transformer if the 115 kV lines do trip. A second transformer at BPA Bellingham is
less expensive than rebuilding the Sedro-Bellingham 115 kV lines.,

The Custer-Murray 230 kV line between its Sedro NT tap point and Murray is conétructed with
795 Drake conductor, rated for 100C. This line is at 102% for a breaker failure at Horse Ranch
substation. With the addition of 360 MW, it overioads.to 120% for the same outage. One option

- s to rebuild the line from Sedro NT tap point to Murray, a distance of 26 miles. A difficulty with
this option is that other lines overload from Murray to Snohomish to Bothell Substations, as well
. as the March Point-Beverly 115 kV line.

"Another option' is to rebuild the March Point-Beverly 115 kV line between Beaver Lake and

Horse Ranch, and to construct new 230 and 115 kV lines back to Sedro Woolley. This results in
a Sedro-March Point 115 kV line and a new second Sedro-Horse Ranch 230 kV line. The line
configuration used was 2-Temn bundled conductor with restricted H-frame construction. For cost
purposes, it is assumed that the existing 115 kV line will have to be replaced, and the new line
moved in from the edge of the right-of-way. Two breakers are added to the Horse Ranch
Substation. The Snohomish-Beverly #3 & #4 115 kV lines are upgraded to 100C because the
March Point-Beverly 115 kV Iine no longer brings power to the Beverly 115 kV bus.

Either of the BotheII-Snoklng #1 & #2 230 kV lines overioads to 113% of its 100C rating for the
loss of the other line. To resolve these overloads, the lines must either be uprated to 110C,
rebuilt with higher capacity conductors, or a parallel line constructed. BPA has not uprated any
of their lines above 100C as a practice to avoid conductor loss of life. If BPA were able to
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economically uprate these lines (not rebuilding them) then the following line uprates would be
required. The Cottage Brook-Fall City 115 kV line must be uprated from 55C to 75C.

If the Bothell-Snoking #1 & #2 230 kV lines cannot be uprated above 100C, and if they were
rebuilt, the impedance would likely be lower with larger conductors, and the Snoking-Maple
Valley #1 & #2 230 kV lines may then overload. The cost to rebuild the Snoking-Maple Valley
lines will be high, because they are 25 miles long on double circuit steel towers. The Bothell-
Snoking #1 & #2 230 kV lines are 3.7 miles long. With this option, the same 115 kV lines must
be uprated. This option is described in the cost estimates for Phase 3. A disadvantage with
upgrading the lines to a higher temperature is that they are only marginally adequate with all
lines in service. There is little room to allow for maintenance, and generation and imports will
need to be curtailed more often.

The third option for the Bothell-Snoking #1 & #2 lines is to reduce their loading by building
another line parallel to them. A parallel line that could be converted for 230 kV use would be
either the #1 or #2 circuit of the Sammamish-Lakeside and Lakeside-Talbot 115 kV lines. With
this option, overloads on the Cottage Brook-Fall City 115 kV line can be mitigated, and a
shorter distance of the Beverly-Cottage Brook 115 kV line must be uprated. This option is
described more fully in the following section IV on Sumas I at 720 MW.

The Bothell-Sammamish 230 kV line has one Tern 795 conductor rated for 100C. It can be re-
conductored, or a second conductor can be added. If a second conductor is added, it will have

a lower impedance, with twice the capacity, relieving load on the Bothell-Snoking and ‘Snoking-
Maple Valley #1 & #2 230 kV lines. Any change may require moving the outside pole of the H-
frame structures to the inside pole position to gain sufficient distance from the outside edge of
the right-of-way. An alternative to retaining the H-frame configuration would be to use tall single
steel poles at a much higher cost. If the double line outage is mitigated by other measures, '
there are other overloads at Monroe Substation that overload this line.

IV. Improvements for Sumas Il at 720 MW - Phase 3.

To connect an additional 360 MW of generation form Sumas I, a 115 kV line was modeled as
constructed between the Sumas |l site and Portal Way. The line is constructed with the same
conductor and framing as the Sumas II-BPA Bellingham 115 kV line. A second 230-115 kV
transformer is needed at Portal Way, and a 115 kV capacitor bank is added to the Portal Way
bus.

Loading on the Custer-Murray 230 kV line between Sedro NT and Murray remains within its
rating due to the second Sedro-Horse Ranch 230 kV circuit. To mitigate flows on the Monroe-
Snohomish and Snohomish-Bothell #1 & #2 230 kV lines, the Snohomish-Boeing 115 kV line is
converted to 230, tapped to Snohomish with a 230 kV breaker, and terminated at Beverly with
the existing Horse Ranch-Bothell 230 kV line with a new three breaker 230 kV bus. To convert
the line, the Boeing end is re-terminated on a 115 kV breaker at Beverly Park. A 230-115 kV
transformer could be installed at Beverly Park Substation if desired by Snohomish PUD. With
the addition of a Beverly 230- 115 kV transformer, the Beverly-Coftage Brook: 115 kV line must
be uprated from 75C to 100C.
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The Bothell-Snoking 1&2 230 kV lines overload to 118% of their 100C rating, and the Snoking-
Talbot North #1 230 kV line overloads to 109% of its 100C rating. The Beverly-Cottage Brook
115 kV line overloads to 118% before uprating, and the Cottage Brook-Fall City 115 kV line
overloads to 121% before uprating. ‘ o

In the Puget Sound area, there are three 500 kV line segments where parallel 500 kV lines are
noticeably absent. Only a single line exists between Monroe and Echo Lake, Echo Lake and
Raver, and Raver and Paul. BPA is instaliing a second Echo Lake-Raver 500 kV line to mitigate
overioads from outages during South-to-North NI exports.

Two options can be used to mitigate parallel path outages for North-to-South flows with the
Sumas Il project. One is to construct a second 500 kV line from Monroe to Echo Lake, using

the 345 kV line that is energized at 230 kV between Monroe, the proposed Novelty site, and the
Echo Lake-Maple Valley 1&2 500 kV lines. A 500-230 kV transformer would be tapped to this

line that would supply Novelty-Sammamish 230 kV lines. This would be an alternative to the

- Snoking 500 kV tap conversion and 500-230 kV transformer at Snoking. It also requires

conversion of the Sammamish-Lakeside and Lakeside-Talbot 2 115 kV line to 230 kV. While
this line can be constructed on a separate right-of-way from the existing Monroe-Echo Lake 500
kV line, the cost is very high for the benefits provided. -

The second option is to convert the Sammamish-Lakeside and Lakeside-Talbot 2 115 kV line to
230 kV. By installing a 230 kV transformer at Lakeside, loading on the Sammamish and Talbot
230-115 kV transformers is reduced. This provides an additional benefit in the winter because
currently the Sammamish transformers will exceed their emergency ratings in the winter for an
outage of either one. With the Lakeside transformer addition, Sammamish and Talbot
transformer overloading is resolved, overloading on the Beverly-Cottage Brook 115 KV line is
reduced, and overloading is eliminated on Cottage Brook-Fall City 115 kV line for North-to-
South outages.

To convert the Sammamish-Lakeside and Lakeside-Talbot 2 line, the existing conductor must
be bundled or replaced. The conductor modeled was Lapwing ACSR with restricted H-frame -
construction. Lapwing was adequate, but a larger conductor would be preferable for future
needs. It is expected that the outside pole nearest the edge of the right-of-way must be moved

- to become the inside pole to gain sufficient distance from the edge of the right-of-way.

Generation Benefits to South to North Capability:

BPA is heavily focused on Puget Sound area capability to support south to north BCH transfers.
They want to achieve 1700 MW West Side south to north capability for all seasons. There are
serious problems with facility overloads during south to north exports when generation in
Whatcom and Skagit Counties are light. Generation in Whatcom and Skagit Counties directly -
offset power flowing through King and Snohomish County facilities to Canada. BPA's need for
firm south to north capability would be helped if there were generation sources that they could
count on running.
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Appendix A. Existing System Overloads.

2004 Summer, Heavy Load,
North to South Limits
- West Side NI at 2850 MW _ SCL® Generation Level (MW) ®
Facility Overload ® Skagit 1896 1541 1129 1186 260
/ Percent of emergency rating

‘Portal Way #1 (or #2) 230-115 tx any 107 104
Portal Way - Arco Central 115~ 650 = 126 134 ' :
Terrell - PSE Bellingham 115 any 109 ' 107

BPA Bellingham - Tasco Ref. 115 100 108 110

BPA Bellingham 230-115 tx 1000 152® 1570

Sedro NT - Murray 230 100 . 145 130 107 111

Sedro - Horse Ranch Tap 230 100 114 | - \

March Point - Beverly Park 115 100 126 117 101

Beverly Park - Cottage Brook 115 100 111 107

Fall City - Cottage Brook 115 650 129 120 - 106 106

Bothell - Sammamish 230 650 121 116 108® 108®

Snoking - Maple Valley #1 230 650 - 105 :

Snoking - Maple Valley #2 230 650 144 135 122 124

Horse Ranch-Tap of Mon-Snoh 230 100 148 132 105 110
Snohomish - Bothell #2 230 100 123 117 109 110

Bothell - Snoking #1 & #2 230 - 650 140 132 120 121

® Snohomish - Bothell #1 230 100 160 152 140 142 117
® Snohomish - Bothell #2 230 100 122 118 110 111 '
® Bothell - Snoking #2 230 650 138 131 118

Footnotes:

'@ Assumes Sumas Il RAS tripping for Monroe-Custer #1 & #2, Monroe-Echo Lake, or Raver-Paul 500
kV outages, and Sumas Il RAS tripping connected to Bellingham for Bellingham 230 bus or 230-115

tx outage.
@ SCL Skagit generation level at highest facility overload (any means that overioad is insensitive to
SCL Skagit generation). '
® Columns are for different combinations of Sumas and Puget generation.
Generation levels (MW) ‘ - 1896 1541 - 1129 1186 260
Sumas at BPA Bellingham 115 kV .. 355 355 355
Sumas at Portal Way & 2% PW 230-115 tx 355
PSE CT'’s at Whitehorn and Fredonia 412 412 412
PSE cogeneration and hydro ' 774 774 774 774 260

Overload is made higher by RAS tripping of Sedro-Bellingham #3 & #4 115 kV on line overload.
Overloads from SCL Bothell 230 kV bus segment outages, before new arrangement.

Overloads for only Monroe-Snoking-Sammamish 230 kV outage is mitigated by tripping PSE (and
SE2) combustion turbines. ‘

@90 ®
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" 2004 Summer, Light Load,
North to South Limits
West Side NI 2850 MW - SCL® Generation Level (summer, MW) ®
Facility Overload ® Skagit 1896 1541 1129 1186 = 260

Percent of emergency rating
Portal Way #1 (or #2) 230-115 tx any 126

Portal Way - Arco Central 115 650 150 154 129
Terrell - PSE Bellingham 115 any 145 154

BPA Bellingham - Tasco Ref. 115 100 ' 166 ‘ 160

BPA Bellingham 230-115 tx 100 115  182®

Sedro NT - Murray 230 100 162 137 113 118
Sedro - Sedro NT 230 100 ' 133 125 101
~Sedro - Horse Ranch Tap 230 100 115 103

March Point - Beverly Park 115 100 135 126 110

- Tolt - Cottage Brook 115 650 147 137 124 124

Bothell - Sammamish 230 650 109 104

Snoking - Maple Valley #2 230 650 118 110 101 103

Horse Ranch-Tap of Mon-Snoh 230 100 163 146 118 124
Snohomish - Bothell #2 230 - 100 - 116 110 103
Bothell - Snoking #1 & #2 230 650 153 145 133 133

® Sedro NT - Murray 230 - 100 145 131 106 111

® Horse R-Tap of Mon-Snoh230 100 160 143 116 122

® Snohomish - Bothell #1 230 - 100 163 165 142 145 117
® Bothell - Snoking #2 230 650 152 144 131 131
Footnotes:

® Assumes Sumas Il RAS tripping for Monroe-Custer #1 & #2, Monroe-Echo Lake, or Raver-Paul 500
kV outages, and Sumas I RAS tripping connected to Bellingham for Bellingham 230 bus or 230-1 15

tx outage.
@ SCL Skagit generation‘level at highest facnlnty overload (any means that ovedoad is insensitive to
SCL Skagit generation). :
® Columns are for different combinations of Sumas and Puget generation.
Generation levels (MW) : . 1896 1541 1129 1186 260
Sumas at BPA Bellingham 115 kV 355 355 355 :
Sumas at Portal Way & 2™ PW 230-115 tx 355
PSE CT’s at Whitehorn and Fredonia 412 412 412
PSE cogeneration and hydro : 774 - TT4 774 774 260

@ Overload is made higher by RAS tripping of Sedro—Belhngham #3 & #4 115 kV on line overload.
® Overloads from SCL Bothell 230 kV bus segment outages, before new arrangement.

12
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Appendix B. lmprovements not related to the Northern Intertie.

The Portal Way-Arco 115 kV line needs to be upgraded from 75C to 90C minimum for an -
outage of Arco Central-Arco North 115 kV line or a RAS scheme to runback or trip Whitehom

.and Tenaska Generation.

The March Pount-Texaco East 115 kV line needs to be upgraded from 55C to 100C for an

outage of the March Point-Texaco West 115 kV line when March Point cogeneratlon and the
Fredonia CT's are runmng

14
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