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BACKGROUND

At the request of the NRC Staff, tne Bonneville Power Admiaistration
(BPA) conducted an examination to estimate the trapsmission system
tacilities and associated costs which would be required to in-egrate the
Jurput of a powerplant at each of six sites in che Pacific Northwes:t
bulk power transmission system. The sites were ideatified for the
purpose of this study by the NRC staff ar< then furnished to 3PA. These

sites are: Skagit (the proposed sits). Pebble Spriags (aorth central
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Oregon); Hanford (south ceatral Washiugton); Cherry Poiat (northwest
Washington); Goshen (northwest Washington); and Ryderwood (southwest
wWashiagton).

These aiternate sites are in the 3PA service area. t 1s reasonable to
expect that each site could be integrated iato the BPA 300-kV main grid
traasmission system, and BPA could provide wheeling services for participants.
The participants are:

Unit No. 1 and Unit No. 2

Portland Ceneral Electric Company 30.0%
Pacific Power aand Light Company 20.0
Puget Sound Power and Light Company 40.90
The Washingion Water Power Company 10.0

All the participants presently have wheeling contracts with BPA for
other generating resources. Wheeling agreemeats have not been initiated

for the Skagit Nuclear Plant.

The BPA traasmission system is the main bulk power traasmission grid in
the Pacific Northwest. BPA facilities ia the States of Oregen, Washington,
[daho, and Montana, interconnect with the non-Federal systems for.ing a

coordinated regiocnal network. About 80 percent of this network is owned
and operated by BPA.

Approximately 75 perceat of the load in the BPA service area is located
west of the Cascade Mountaia Range in Cregon and Washington. The -emaiacer
1s dispersed throughout the region with load ceoncemtratiocos in the

Spokane, Yakimz, and Tri-Cities areas of Washingion and ia southern

[daho areas.
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Most of the electric power is presently obtained from Federal and non-
Federal hydroelectric dams east of the Cascade Mountains. Most of it
flows westerly from these dams to serve load located west of the Cascades.
This report concentrates on transmission system additions required to
interconnect the sites to the main grid and main grid additioms that

may be required to serve Northwest loads.

INVESTIGATIVE APPROACH

In order to gather information p«r.inent to this evaluation, the NRC
staff met with BPA staff to out.ine the study approach. L was agreed
that the study methedology for t:.nsmission requirements should be
similar uo the methodology used for the Pebble Springs alternative

gites.

Precise locations of each site were provided by the NRC staf.. Based on
this information, BPA conducted several power flow studies for each
alternative site to determine transmission requirements. The base cases
depict August 1988 and January 1989 system conditions with the assumption
that both Skagit units and both Pebble Springs units are in service.

Those studies included existing tramsmission facilities and facilities
preseatly planned or expected %o be in service by the commercial operating
dates scheduled for the Skagit units. [n some cases, the isterconsection
facilities for the alternate sites interfacs with planned or programmed
transmission facilities not yet constructed. The base data for the

power flow studies included the major facilities of all the interconnected

utility systems in the Westera Systems Coordinating Council (WSCC).

That council covers all or parts of the l4 western States and British Columb:a,

Canada. The studies were, thus, broad ia scope.

Stability studies were also conducted to determine dvnamic system response

for system disturbances at critical locations.
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[t is important to note that tramsmission facilities constructed by BPA
must underzo the eavironmental review process. That procedure has not
been conducted for any of the sites. Also, plans of service for other
projects are tentative at this time. Siace the plans for alternative

sites interrelate with other transmission projects, oo yet in service,
they may change if an alternmative site is approved and more detailed

site specific studies show that a differeant plan of service is appropriate.
However, changes in pl-as are not likely to significantly impact trans-

mission requirements for alternative sites.

CRITERIA APPLIED

™.

The BPA transmission system is plaoned and constructed in accordance

with two sets of reliability criteria. The two sets of criteria are
compatible. The reliability criteria adopted by BPA describe the perform=
ance and planning reliability of the BPA system.

The second set of reliability criteria is taat adopted by che WSCC. It
describes the limitation of the effects that disturbaaces on one system

can have on other member systems.

Studies to assure adhereance with the criteria include simulation of all
the transmission facilities, generating resources, and loads in the
WwSCC.

The two sets of reliability criteria are leagthy and relate to many
plaaning censiderations. The portions relating to main grid transmission
requirements for the Skagit alternative sites are included ia Appendix 1
in the form of performance tables. They describe system performance and

permissible remedial action for multiple contingencies.

Specific tests to determine adequacy of tramsmission facilities far each

site iaclude:

’
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Steady state tests (power flow studies) to assure full load operation

of the plant with one line out of service.

Traosient stability tests to assure that the plant will maintain
synchronous operation (stability studies) when a three-phase fault

is cleared by normal automatic circuit-breaker cperation.

Transient stability tests with onme line out of service %o assuce
that a siagle phase-to-ground fault om another line will not limit
full load operation of the plant. = satisfy this test, single~

pole relaying and single-pole circuit breaker operation is necessary
in some cases.

GENERAL PLANNING CONSIDERATIONS

The BPA system is designed and constructed to serve the electric power
demands in the Pacific Northwest. Facilities are timed to satisfy that
objective reliably and ecomomically. Main grid facilities that are
described in the sections of this report that follow are iikely to be
required at some future date regardless of Skagit or its alternate
sites. The sections that follow are therefare presented to assist in

the eavirsnmental evaluatica of alternate sites.

The direct interconmection facilities, on the other hand, are site

specific. Those facilities comnect each site to the main grid.

Power flows om a transmission system in accordagce with the laws of
physics. Power generated at any site teands to serve load nearest that
site. Power from sources that would otherwise serve those same loads is
redistributed on the system to serve other loads. This is the priacipal
of displacemeat. On this basis, the wheeling cost for sites located
near loads is less than for sites located far from loads. The BPA
system can be divided into five zomes. The lowest traasmission cost is
in Zome 1. It includes the major load areas ia the Puget Sound, Portland

and Willamette Valley trough. Ir is a narrow zone ruaniag from the
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Canadian border to Eugene, Oregon. Zome 2, iacludes the Pacific coast,
with the exception of the Olympic Pecinsula and the westera slopes of

the Cascade Mountaias. Zones 3, 4, and 5 are mostly east of the Cascades.
Zoge 5 is the highest cost zone.

Skagit, Ryderwood, Cherry Point, and Goshea are in Zone 1 and have the

lowest transmission cost. Pebble Springs and Hanford are ia Zone 4.

[n the long-range, transmission cost will be esseatially the same for

aoy site within each zome. The following table uses this concapt.

Zone 1 Annual Cost/kw=' Total Annual Cost

Skagit, Ryderwood,

Cherry Point, Goshen 51.70 5,250,000
Zone &
Pebble Springs, Hanford 3.50 8,750,0C0
Y These rates are being reviewed and may be iacreased about =0 percent.

The above numbers include main grid additions and use of main grid
facilities.

COST DATA FOR FACILITY ADDITIONS

(Interconnection and Maia Grid)

As a result of the limited availability of right-of-way in the Pacific
Northwest, it is appropriate to coastruct high=capacity transmission
facilities. These facilities may exceed the initial transmission capaci-

ties required for integrating generating resources. The long=-range
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effest is to minimize the eavironmental impact of future transmission
facilities.

The highest capacity standard 500-kV siagle-circuit transmission Line
presently used by BPA utilizes three 1.502-inch (Chukar) conductors per
phase. The three phases are arranged in a delta configuration that
maximizes power transfer capability and minimizes right-of-way width

requirements.

Double-circuit 300-kV lines are recommended for some of the alternative
sites. These use taller transmission line towers that have one three-
phase circuit mounted on each side of the tower. Each phase of both
circuits use the same conductocs as for the single-phase line configura-
ticn described above.

Each circuit of the lines described is capable of transmitting the
generating capacity of two uaits with one circuit out of service. Their

design capacity is 2500 MW per circuit.

Lines to provide station service power are required for some sites.
These lines are rated for 230-kV operation. Thev use conductors which

are adequate for station service requirements fo. two ugits.

Switching facilities are appropriately desizned to accommodate the

transmission lines connected to them.

The costs for traasmissicn liges represent 3PA typical estimates based
on 1979 prices. The following table shows the typical per-unit cost of
transmission facilities. They exclude land, clearing, site development,
and administrative overheads.

LN |



500~-kV single-circuit line,
(3-1780 kemil conductors/phase)

200-kV double~-circuit line,
(3-1780 kemil conductors/phase)

500-kV Columbia River crossing,

(Double=circuit 3-1780 kemil cond./phase)

230-kV siagle-circuit liae,

(1-1272 kemil conductor/phase)

500-kv circuit breaker with disconnect
switches, substation deadead tower and
auxiliary equipment,

(300C amp. rated capacity)

[avestment
$(000)

250/mile

+80/m1le

1,500 Ea

100/mile

900 Ea



SITE INTERCONNECTION AND MAIN GRID FACILITIES FOR FaCH SITE

This section describes transmission system requirements for the proposed
Skagit site and each alternate sites and is iatended to assist the
environmental assessmeat of each site. The interconnection aad main

grid faciliti-- identified for each site interface with existing system

facilities, facilities programmed for construction, or facilities preseatly

planned to be in place before 1989. The best available interutility
planniag information was used ia estimating the facilities. The costs
shown in this section pertain to interconmection faci.ities. The costs
shown in Table 1 are the zone costs plus the cost to connect the sites
to the main grid.

i

it _Site; the proposed site (See Figures 1)

[aterconnection facilities for the Skagit site consist of switching
facilities at Skagit Substation ana two 300-kV double-circuit lines., one
J-miles long and one 5-miles long, to loop ia two existiag 300-kV lines
tato the Skagit site. Puget Sound Power & Light Co. is alse planaing a
4.5 mile 230 kV high-capacity double-circuit line to their Sedro Wocley
substatica.

Figure | shows the 300-kV tramsmission system facilities in the vicinity
of the Skagit site.

Offsite power for this site would be provided over 220-kV facilities
provided by PSP&L.

Land description:

The two 500-kV lines would cross over logged areas and seccand growth

timberland. The routes would avoid rural residences.



Cost estimate:

Iaterconnection
Facilities
Skagit Substation:
9 = 500-kV circuit breakers $ 8,100,000

2 = 500-%V double-circuit lines
(8 miles total) 3,840,000

Total $11,940,000

NCTE: The above estimate includes major facilities and excludes laad

clearing, site development, and control facilities. I

€ is

comparable to the estimates for alternative site
soshen Site; (See Figure 2)

[he Goshen site is about 40 miles aorth of Skagit. Development of
Goshen Substation would be about the same as for the Skagit site. The

counectiocn diagram is shown in Figure 2

-

Two 500-kV double-circuit lines would be extended from the existi
500-kV lines near Bellingham to the Goshen site.

ag

Offsite power is assumed to be provided by PSPSL.



Land description:

The Goshen site would be integrated into the BPA 3500-kV system near the
8illingham substation. One feasible route follows the valley generally
parallel to the Milwaukee railroad about 7 miles to the BPA Moaroe-
Custer lines. Another route runs south of the plant for about & miles
then turns westerly to the Monroe-Custer lines. This route is 9% miles
long and avoids crossing diagonally through developed farmland. Lines

along either route wculd cause some disrupticn to farmiag.

Cost estimate:

Iaterconnection
Facilities
Goshen Substation:
9 -« 300-kV circuit breakers S 8,100,000
2 - 300-kV double=-circuit
lines (7 miles each) 6,720,000
Total $14,820,000

Cherry Poin' Site; (See Figure 3)

This site is about 40 miles northwest of the Skagit site ia the vicinity
of tie Intalco alumimum reduction planat. Two 500-kV single-circuit

lines would be comstructed into the BPA Custer Substation. It is assumed
that offsite power would be provided over PSP&L facilities.
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Land description:

Two 500-kV lines about 8-miles long would be ccastructed parallel to an
existing 230-kV right-of-way. The corridor passes over nearly level
ground through rural residential areas. It is likely that several homes
would bte removed and resideats relocated. The route passes near a
Washington State game range.

Cost estimate:

Interconnection
Facilities
Cherry Poiant Substation:
& - 500-kV circuit breakers § 3,600,000
Custer Substation:
5 = 500-kV circuit breakers 4,500,000
Two Cherry Point-Custer 50G-kV
lines (3 miles each) 4,000,000
Total $12,100,000

Ryderwood Site; (See Figure 4)

The Rvderwood site is lor .ted near the city of Ryderwood, Washington.
Integration of that site would iaclude two 300-kV lines that would tap
the existing 300 .V lines running between the 3PA Paul and Allston
Substations. Maia grid additions would include an additional 500-%V
line between Ryderwood and Allston. Switching facilities would be
required at Ryderwood.



Land descriptiocn:

Ryderwood tap liges:

Corridor length 3 miles
Timberlands 3 miles
Access roads requirzd & miles

500-kV Ryderwood-Allston line:

Corridor length 23 miles
Timberlands 19 miles
Farmlands 3 miles
River crossing 1l mile

The corridor for the tap would cross 3 miles of rolling, timber covered
terrain. A double-circuit line supporting 230 kV on one side for affsite
power and the Ryderwood-Allston line on the other side would shars tnis
corridor. From the tap point extendiag 20 miles south %o Allston, one
500-kV line would be required parallel to the existing Paul-Allston
lines. This stretch is mostly wooded with sparse populations. Near
Longview the corridor crosses areas of congestion. It also crosses

sepsitive soil conditions before spanning the Columbia River.
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Cost estimate:

[aterconnection
Facilities
Ryderwood Substation:
4 = 500-&kV circuit breakers 3 3,000,000
Two = 300-kV tap lines
(3 miles each) 1,300,000
Total § 5,100,000

Pebble Springs Site; (See Figure 3)

{f the twe Skagit uaits are moved to the Pahble Spriags site, they would
be the third and fourth units iategrated into the BPA grid at Slact
Substation. The local area portion of the BPA grid would be reinfcrced
with 3 30-mile loag 300-kV line between Slatt and John Day Substations.

Offsite power would be provided for the Pebble Springs units.

Land description:

The Slatt-Joha Day line would cross about 18 miles of rangeland and
12 miles of dryland wheat farming. The terrain ranges from level to

deep canyons in the westerly porticn. The line would Likely parallel an

existing BPA transmission line.
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Cast estimate

Interconnection
Facilities
Slatt Substaticn:
2 = 500-kV circuit breakers $1,800,000
Total $1,800,000

Hanford Site; (See Figure 6)

[f the two Skagit units are moved to the Hanford site, they would be the
fourtd and fifth units iategrated into the BPA maia grid system at Ashe
Substation. The other three units are WNP units 1, 2, and 4. Intercon-
nection of the fourth and fifth units can be accomplished with switching
facilities at Ashe Substation. A second Ashe-Hanford 500-kV line would
be required for grid reinforcement. Offsite power would be provided
from facilities provided for the WNP uaits.

Land description:

The Ashe-Hanford line would be in the Hanford Nuclear Reservation and
cross nearly level desert land for its eatire distance.

Offsite power would be similar to that provided for the WNP units.



T T R e R

Cost estimate:

[atercornection
Facilities

Ashe Substation:
2 = 500-kV circuit breakers $1,800,000

Total 51,800,000

Hanford Site; (7-unit development) (See Figure 7)

[f the two Skagit units and the two Pebble - ings units are moved to
the Hanford site, they would be the fourth, fifth sixth, and seventh
units iantegrated into the BPA grid at Ashe Substaiion. The connection
diagram is shown in Figure 7. Grid reinforcement would iaclude a 300-kV
line between Ashe and Hanford Substation.

Land description:

The Ashe-Hanford line would be in the Hanford Nuclear Reservation and

cross nearly level desert land for its entire distance.
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Cost estimate:

Interconnection

Cost for Skagit

Units Located at
Hanford

Ashe Substation:
2 = 5300-kV circuit breakers 51,800,000

Total $1,800,000

TRANSMISSION INTERCONNEZTION COST

Total typical costs to integrate each site are summarized in Table 1.
[ncluded are zone wheeling costs for each site and iaterconnection costs
to connect the plant iato the BPA main grid. The costs exclude laad
acquisition, clearing, substation site development, and administrative
overhead. Main grid facilities would become an integral part of the
main grid and allocable to all system uses and are included as part of
the zone wheeling costs. Modificatioms to reflect ultimate plans of
service and line routings may modify the indicated costs. However,

mcdifications are not expected to change the cost ranking of the alter- |
nate sites.

TNCREMENTAL LOSSES

The NRC Staff requested an evaluation of incremeatal system losses
associated with each alternative site. These losses are shown in Table 2
for the BPA system and the interconnected Pacific Northwest system.

They are based on power flow studies for January 1989 for the transmiszion

system configuration and genmeration schedules that are likely to occur

at that time.
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All thermal units are :ssumed te be operating at rated capacity. The
hydro units are assumed to be optimized for average water conditioms.
Deviations from these assumptions may significantly change the incremental
losses shown in Table 2.

The value of incremental losses is generally based on the cost of alter=
native resources. At BPA, we frequently base such cos%s on fossil fuel
displacem.nt in Califormia that could be achieved over the PNW-PSW
Intertie.

Assuming a typical system load factor of 75 perceat (loss factor of

50 percent), the annual energy associated with the incremental losses
would be about 4,300,000 kWh per MW of incremeatal loss. The typical
2nergy production from one barrel of oil is 600 kwh. Therefore, each
megawatt of incremental loss is equivaleat to abou*t 8,000 barrels of oil
per year. If oil is evaluated at 3520 per barrel, then each megawatt of
incremeatal loss can be translated to about 31A5,G00 per year.

The average incremental cost of losses for sites located east versus

west of the Cascades would then be in the range of $9,000,000 to $23,000,000
per vear.

LAND IMPACT OF TRANSMISSION LINES

The type of terrain and miles of line for each site are discussed under

"Site Interconnection and Main Grid Facilities for Each Site."

Table 3 shows the typical areas of land required for intercomnection aand
main grid lines for each site.
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TABLE 2

INCREMENTAL TRANSMISSION LOSSES
(Based on January 1989 Conditiocns)

Incremental Losses - MW

Site BPA System Total PNW System
Skagit (Base case) Ll -

Goshen 6.5 6.5

Cherry Pnint 9.5 10.3
Ryderwood -17.6 -18.0

Pebble Springst/ 49.3 57.0

Pebble Springsgl 79.4 88.7
Hanford (Figure 5) 88.1 97.1
Haoford (Figure 7) 132.9 T

Y

Assumes the addition of a single circuit 500-kV line between SLATT
and JOHN DAY.

Assumes no system addition bYetween SLATT and JOHN DAY. This
information is provided for comparative purposes.
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TABLE 3

TYPICAL ACREAGE OF LAND IMPACT FOR
INTERCONNECTING AND MAIN GRID LINES

Site Milest/ Acres?/
Skagit 8 121
Goshen 1s 212
Cherry Poiat 16 204
Ryderwood 32 <15
Pebble Springs 30 382
Hanford 18 229

I

Structure miles of transmissicn lines.

e

Typical acres per mile - BPA design:

300-kV single-circuit line iZ:)
300-%V double=circuit line 15.

=
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FIGURE 2
500 Kv TRANSMISSION SYSTZM

CONNECTIONS
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FIGURE 3

S00 Kv TRAMNSMISSION SYSTEM CONNECTIONS

FOR UNITS 1
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FIGURE 4
500 Kv TRANSMISSION SYSTEM CONNECTICNS

FORUNITS 1 & 2 AT THE RYDERWOCQD NUCLEAR SITE

AS AN ALTERNATE TO SKAGITUNITS 1 & 2
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FIGURE S
500 Kv TRANSMISSION SYSTEM CONNECTIONS

FORUNITS3 & 4 AT THE PESBLE SPRINGS NUCLEAR
SITE AS AN ALTERNATE TOSKAGITUNITS 1&2
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FIGURE 8

COIMA CYETES L ANt
SSION SYSTEN CONIMN
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FIGURE 7
500 Kv TRANSMISSION SYSTEM CCNNECTIONS
FORUNITS S, 5. 6& 7 AT THE HMANFORD NUCLEAR
SITE AS AN ALTERNATE TO PESBLE SPRINGS 1 & 2
AND SKAGIT1& 2
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Appendix 1

Reliability criteria for system planning:

The 3PA transxissicon system s planned azd constructed according

to two sets of reliability criterta, The Z.rst set is the ZPA

eriteria which defines internal system design to serve Pacific Yorthwest
load, The second criteria i1s the Western Systexms Cooriinatin

Council (FSCC) criteria which defines the effects shat disturbances

on one system can tave on other systems.

th criteria are lengthy but summarized in performance sables,

-

BPA Reliabilistv Perforrance Table
OQUTAGE TYPE AND ICCATICY

Same YN/ Area B4 S mame Y "\""3
sy9be= s:‘- . ~vu.-... W i ®
Adjusted taneous Adjusted taneous
Item Pacility Outage After Tirst Cutage After First tage
Cutage Qusage
1. 1 Plant 1 Line 3 : e A 3
2. 1 Plant 1 Plant 3 c 3 B
3o 1 Lige 1 Line c D B c
i, 2 Plants 1 Line c D B c
S5e 1l Plant 2 Lirnes D D c D

lant - Jenerators 300 MW and larger or all units that can pe dropped

for loss of a bus section.

Line - Excludes powerhouse lines, includes single circuiss of a

doutle~circuit line and single-circuit lines.
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A permmcment single-contingency outage of any zain grid

line or any plant will provide performance lLevel A.

B, Heliability lLevel: Definitions for Multiple Contingencies

A - Serves all peakloads during abncurmal weather
8 - Serves all pesklcads during norzal weather

2 - Automatic Load Tripping: Autczmatic disconnecticn

of certain selected loads to prevent system dreagup
when critical s:ansmission systex cozgonents are
automatically discommected,

D -« Area Separetion: Splitting of one zajor lcad area
or intermediate load area from the rest of ik

regional grid.

»

Interregional Ties and Interconnections:

The Western Systems Coordimating Council "Reliability Criteria for
System Design" scall be utilized when determining the perforuance
of the Nerthwest Grid ir relationship to interregional ties and

interconnections.

The reliability perforzance tabdle for the WSCC i3 reproduced on the

following page.



WESTERN SYSTCMS CSCROINATING COUNCIL
DISTURBANCE - PERFCAMANCE TaBLE

3.0 FAULT |
NINORMAL |
1 NO lcaLanng |
DISTURBANCE e —— 22 | 3-0 FAULT W/NCRMAL CLEARING
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