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1. Executive Summary

The Pacific Northwest (PNW)-California Committee® was formed to analyze (1) the use of the
existing COI transfer capability and (2) the possibility of new transmission between the PNW
and California using brown-field alignments.

The first analysis was conducted by the Transmission Utilization Group. This group
investigated the use of the existing COlI transfer capability and the ability of generation and
load entities to access any underutilized capability. That analysis showed that while there is
unused COI transmission capacity at times, there is no long term firm transmission capacity
to meet the needs of the generation and load entities.

The second analysis was conducted by the Brown-field Optimization Group (BOG) to assess
potential brown-field alignments for new transmission between the Pacific Northwest and
Northern California. This analysis focused on Oregon and was based on the findings from an
earlier brown-field study for California. This report presents the BOG findings.

The BOG considered the following brown-field routes in Oregon (Attachment 1, 2 and 3):

e PACI: This route follows the existing 500 kV AC lines from NEO-McNary-Coyote
Springs-Slatt-Buckley-COB

e PDCI: This route follows the existing 500 kV AC line from NEO-McNary to the
Pacific DC Intertie (PDCI). From there, this route follows the PDCI to a point
south of Sand Springs where a new right-of-way would be required to COB.

e East: This route follows the existing 138 kV, 230 kV, and 500 kV AC lines from
NEO-Quarts-Burns-Summer Lake- COB.

e West: This route is very similar to the PACI route with the exception that the 230
kV corridor between the PACI and the Cascades to COB would be utilized. This
route goes through the cities of Bend and Redmond and may be challenging to
permit.

e Boardman: This route is an alternative between Slatt and NEO. Only one
segment of this route (Slatt-Boardman Plant) is a developed transmission
corridor. The other segments would be green-field today, but they overlap with
the proposed PGE Cascade Crossing and IPC Boardman-Hemingway projects.

Four options using these routes were considered:

e Option 1: All AC (Attachment 6)
This option includes: (a) a NEO-Captain Jack-Olindai Collinsville 500 kV AC circuit, and (b) a
NEO-NEC 500 kV AC circuit using the East (1a), PACI (1b) and PDCI (1c) routes.

e Option 2: New AC North of COB and COTP converted to DC (Attachment 7)
This option includes the following facilities: (a) a NEO-Captain Jack 500 kV AC circuit (brown-
field with PACI) , (b) a NEO-NEC 500 kV AC circuit (green-field paralleling PACI), and (c)
COTP converted from AC to DC.

! Committee members include PNW parties (Bonneville Power Administration (BPA), Avista, BC

Hydro, Pacific Corp, and Portland General Electric (PGE)) and California parties (Western Area
Power Administration.(Western), Pacific Gas and Electric (PG&E), and the Transmission Agency of
Northern California (TANC)).
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e Option 3: AC-DC Conversion North of COB -- COTP converted to DC
(Attachment 8)
Option 3a includes: (a) NEO-Buckley bipole circuits, (b) Buckley-Captain Jack converted to
DC, and (c) COTP converted to DC using the PACI route.

Option 3b is the same as Option 3a except new DC bipole circuits would be used in Oregon
instead of an AC to DC conversion using the PACI route.

e Option 4: All DC (Attachment 9)
This option includes a NEO-Olinda-Collinsville DC considering all routes.

Power flow studies were performed to identify thermal overloads on 230 kV (and higher
voltage) facilities.

This study utilized a Benchmark Case developed from a WECC 2015HS2 base case that
modeled 4800 MW (n-s) on COI and 3100 MW (n-s) on PDCI. From the Benchmark Case,
four Project Cases were developed. Each case models (1) one of the four options and the
common elements in the Northwest and California®, and (2) a total of 3000 MW scheduled
into central California: 750 MW scheduled from BC to central California: 1250 MW scheduled
from the PNW to central California, and 1000 MW from NE California to central California.

The following table summarizes the 500 kV and 230 kV facilities that are impacted (percent
over the applicable rating) for Category A, B, C and D conditions for each of the options:

2 Common elements include (1) a proposed Selkirk-NEO 500 kV AC line in British Columbia and

Washington, and (2) and proposed facilities in California consisting of a proposed Collinsville-Tracy
500 kV line, a proposed Viewland 345/230 kV substation along with a proposed 230 kV
transmission line to the NEC substation, and Western/PG&E upgrades.

2
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The study results indicate:

None of the options experienced a Category A overload.

All of the options experienced Category B overloads of the
Hilltop 345/230 kV transformer and the proposed LMUD Tap phase shifter for a
PDCI bipole outage. A second transformer would be required at both Hilltop and
LMUD Tap, respectively.

Category C overloads occurred for several 230 kV and 500
kV facilities in Oregon. Potential mitigation for these overloads includes RAS
generation dropping, or rerates or reconductoring of the impacted facilities.

Category D overloads occurred for several 230 kV and 500
kV facilities in Oregon. Though mitigation of these overloads is not required,
potential mitigation might include RAS generation dropping, or rerates or
reconductoring of the impacted facilities.

Of the options investigated, the most overloads were noted
in Option 3a in which the existing Buckley-Captain Jack 500 kV line is converted
to +/-500 kV DC. However, these overloads could be mitigated as described
above.

Of the routes considered, the East route produced
somewhat lower flows following Category C outages of the new and existing
transmission facilities on that route.

Based on these findings, any further Engineering, Land, and additional power system studies
should focus on Options 1, 2, 3b and 4 using the PACI and East Alignments in Oregon and
the COTP conversion and 230 kV alignments in California. The Engineering Study would
identify potential tower line configurations, constructability, and maintenance procedures, and
the development of cost estimates. The Land Study would consist of assessing whether
there are environmental/land constraints that might preclude a particular option or brown field
alignment (i.e., fatal flaw analysis), identifying right-of-way requirements and developing cost
estimates. Future power system study work would evaluate power flow, transient stability,
and voltage stability analyses with both north-to-south and south-to-north transfers.
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2. Introduction

The Western Area Power Administration (Western), Pacific Gas & Electric Company
(PG&E) and the Transmission Agency Of Northern California (TANC), comprising the
California Parties, jointly analyzed alternative upgrades using brown-field routes in
California to increase the transfer capability between the Pacific Northwest (PNW) and

the Tesla/Tracy area and between Northeast California/Northern Nevada and the
Tesla/Tracyarea. A report titled fiNorthern Califor
Feasibility Studyo was issued in July 201
continuation of this effort with the emphasis now on the Northwest. These studies are
based on:

¢ The Canada-Northwest-California (CNC) Project sponsored by Avista, BC Hydro
(BCH), and PG&E. The project has multiple objectives including the ability to
access new renewable generation in BC and the PNW for delivery to northern
California. The project is presently in Phase 2 of the WECC Rating Process with
a 3000 MW rating and a preliminary Plan of Service consisting of a Selkirk-
Devils Gap-NEO 500 kV AC line and a NEO-Cottonwood/Olinda-Collinsville 500
kV DC line with a Collinsville-Tracy 500 kV AC upgrade. The Project Sponsors
are now considering a reduced rating of about 2000 MW that could lead to
changes to the Preliminary Plan of Service.

¢ TANC investigated several new transmission facilities in Northern California. The
plans were designed to interconnect 2000 MW or more of new renewable
generation in Northern California and Northern Nevada, along with improving the
capability of the transmission grid between Round Mountain/Olinda and the
Tracy ar e afforts climindt€dirsthe TANC Transmission Program
(TTP), which completed the WECC Regional Planning process and was in the
beginning stages of the environmental review process when TANC decided to
postpone its efforts due to difficulties in obtaining publically acceptable green-
field routes.

The California Parties have proposed consideration of brown-field alternatives in the Pacific
Northwest. After further discussion with Northwest Parties (Bonneville Power Administration
(BPA), PacifiCorp, and Portland General Electric (PGE), among them) and analysis by the
parties, it appeared that there may be underutilized capacity on the COI transmission that
could possibly meet a portion of the California need. The NW and California parties decided
to form the Northwest-California Steering Committee to provide direction over two analyses.
The first analysis conducted by the Transmission Utilization Group investigated the use of the
existing COl transfer capability and the ability of generation and load entities to access any
underutilized capability.’> The second analysis conducted by the Brown-field Optimization
Group (BOG) assessed potential brown-field alternatives for new transmission between the
Pacific Northwest and Northern California.

® The TUG study has been completed and showed that while there is expected to be some unused

COl transmission capacity from time-to-time, it would not be sufficient to meet the needs of the
generation and load entities.

5
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This assessment report describes the approach that BOG took to assess possible brown-field
alternatives to increase the transfer capability between the Pacific Northwest and California
and the technical study results.

3. Transmission Assessment Tasks

The assessment involved the following tasks:

Review the existing transmission facilities between Northeast Oregon (NEO) and
Northern California. *

Identify brown-field options to increase transfer capabilities by 1,500 MW or more
between NEO and Northern California. Brown-field alternatives include (1)
installing new AC facilities in a common corridor® or on common structures® with
existing or proposed facilities, (2) installing new DC facilities in a common
corridor or on common structures with existing or proposed facilities, (3)
upgrading of existing AC facilities to higher AC voltages, and (4) converting AC
facilities to DC.

Provide an estimate of the maximum incremental transfer capability provided by
these alternatives.

Analyze the alternatives for feasibility in terms of power system impacts,

engineering, and land/environmental issues.

o0 Planning Study: Identify thermal overloads for Category A, B, C, and D with
respect to the NERC standards and the WECC criteria.

o Engineering Study: Determine the design, construction and maintenance
challenges of the brown-field alternatives and determined how these
challenges can be mitigated. Determine the cost of implementing the
alternatives.

o Land/Permitting Study: Determine the feasibility and cost of obtaining the
necessary rights and the regulatory permits for each of the alternatives.

Recommend brown-field transmission alternatives to the Northwest-California
Steering Committee.

4

5

The segment between Selkirk and NEO has been evaluated by BCH and Avista.

WECC defines common corridor as follows: Contiguous right-of-way or two parallel right-of-ways

with structure centerline separation less than the longest span length of the two transmission circulits
at the point of separation or 500 feet, whichever is greater, between the transmission circuits. This
separation requirement does not apply to the last five spans of the transmission circuits entering into
a substation.

6

Facilities on common structures are (of course ) in a common corridor.

6
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4. Facilities to be Considered for Brown -field Alignments

The following facilities were considered for brown-field alignments

1. Pacific Northwest - California Upgrades
a. Selkirk i Devils Gap-NEO Segment
e Brown-field 500 kV AC (2-circuits) (evaluated by BCH and Avista)

b. NEO T Captain Jack Segment five route segments as follows: (refer to

Attachment 1 and Attachment 2)

e PACI: This route follows the existing 500 kV AC lines from NEO-McNary-
Coyote Springs-Slatt-Buckley-COB. DC Construction in this corridor could
be implemented by placing the Buckley-Grizzly-Malin and Buckley-Grizzly CJ
lines on common structures and installing the new DC in the then-vacant r/w

e PDCI: This route follows the existing 500 kV AC line from NEO-McNary to
the Pacific DC Intertie. From there, this route follows the PDCI to a point
south of Sand Springs where a new right-of-way would be required. This
route is relatively close to COI corridor, though with greater than 1500 foot
separation. South of Sand Springs, the route veers to the southeast.

e East: This route follows the existing 138 kV, 230 kV, 500 kV lines NEO-
Quarts-Burns-Summer Lake- COB.

e West: This route follows existing 230 kV line corridors that run N-S through
Oregon east of the Cascades.

e Boardman: This route is an alternative between Slatt and NEO. Only one
segment of this route (Slatt-Boardman Plant) is a developed transmission
corridor. The other segments would be green-field today, but they overlap
with proposed PGE Cascade Crossing and IPC B2H route alternatives.

Attachment 3 provides a preliminary review of these potential alignment options.

c. Captain Jack i Northeast California (NEC) Segment
¢ Replace existing Malin-Round Mountain #1 500 kV line with new 500 kV
double circuit AC line

d. Captain Jack i Olinda Segment
e Co-locate new 500 kV AC (2-circuits) or DC bipole circuits on common
corridor/structure with Copco-Cottonwood 115 kV line
e Convert COTP to bipole DC

e. Olindai Collinsville Segment
¢ Co-locate new 500 kV AC (2-circuits) or +/- 500 kV bipole circuits on common
corridor/structure with Cottonwood- Vaca-Dixon-Collinsville 230 kV DCTL
e Co-locate new 500 kV AC (2-circuits) or bipole circuits on common structure
with one Cottonwood- Vaca-Dixon-Collinsville 230 kV circuit

" ltems 1d through 1g and Item 2 are being considered in ongoing Western, PG&E, TANC joint

studies of possible California Arrangements.
7
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e Convert COTP to bipole DC

f. Collinsville T Tracy Segment
e Co-locate new 500 kV AC (1-circuit) on common structure with the
Collinsville-Tesla line
e Convert COTP to bipole DC

2. Northern Nevada i Northern California Upgrades
a. NW Nevadai Raveni NEC Segment
e Co-locate 230 kV AC (2-circuits) on common corridor/structure with the Hat
Creek-Westwood (LMUD) line

b. Round Mountaini Olindai O6 Bani on Segment
e Convert WAGdioowwodR3D kV and Cottonwood - Roseville 230 kV
line to a 500 kV line and construct short 500 kV line (green-field) to O'Banion

c. O06 B a ni iTmay Segment
e Co-locate new 500 kV AC (1-circuit) on common structure with TM-Tesla 500
kv

I't should be noted that, after consultation
options considered to be the most viable in Oregon would be those in common corridor.

5. Study Objective

The objective of this study is to determine whether various transmission options can be
aligned with existing or proposed transmission in Oregon (brown-field alignment) while
meeting the thermal loading requirements of the NERC Reliability Standards and WECC
System Performance Criteria. These transmission options would provide northern California
parties access to 2000 MW or more of new renewable resources in British Columbia (BC)
and the PNW and 1000 MW of new renewable resources in northeastern California and
northern Nevada.

Based on technical results, the better performing options will be evaluated in an Engineering
Study and Land/Permitting Study to follow this study and to determine the one (or two)
alternative(s) that would be recommended for further consideration in the WECC Path Rating
Process.

5.1 Options
Four options with several sub-options have been considered for this study. These
alternatives combine three of the California alternatives® with potential brown-field alignments

Six alternatives were evaluated in California involving new AC or DC facilities from Captain Jack
substation to Tracy/Tesla substations together with upgrades of the Western AC transmission in
Northern California. Each alternative models new AC or DC facilities from Selkirk to Devils Gap
substation to NEO substation and then to Captain Jack using green-field alignments to support up to
2000 MW from BC and the PNW.

wi t h



between NEO and Captain Jack.

There are a number of common elements to the four options, as follows:

Common elements in the Pacific Northwest

e Selkirk-Devils Gap-NEO 500 kV AC circuit
e Devils Gap Project
o0 500/230 kV transformer
0 230 kV phase shifters
0 230 kV interconnection with existing facilities in Spokane

Common elements in California

FINAL

¢ Installation of the proposed Viewland 345/230 kV Substation looped off Reno-

Alturas 345 kV line
e Viewland-Westwood-NEC 230 kV transmission

¢ NEC 500/230 kV Substation looped off the Malin-Round Mountain No.1 500 kV

¢ Western Upgrades

0 NEC-Olinda 500 kV AC circuit (Convert RM-Cottonwood line to 500 kV)

o Olinda-O6 Bani on 500 kV AC ci r-Rogevileto560&Wv e r t

o 06 B a ATraocyrm00 kV AC circuits
e Collinsville-Tracy 500 kV AC circuit

Those elements that are unigue to each of the options are summarized below:

e Option 1: All AC (Attachment 6)

Includes the following facilities: (a) a NEO-Captain Jack-Olindai Collinsville 500 kV AC circuit,

and (b) a NEO-NEC 500 kV AC circuit using the East (1a), PACI (1b) and PDCI (1c) routes

e Option 2: New AC North of COB and COTP converted to DC (Attachment 7)
Includes the following facilities: (a) a NEO-Captain Jack 500 kV AC circuit Hybrid with COTP,
(b) a NEO-NEC 500 kV AC circuit, and (c) COTP converted from AC to DC using the PACI

route (2a) and a green-field route paralleling PACI (2b)

e Option 3: AC-DC Conversion North of COB -- COTP converted to DC

(Attachment 8)

Includes the following facilities: (a) NEO-Buckley bipole circuits, (b) Buckley-Captain Jack
converted to DC (3a) or new bipole circuits (3b), and (¢) COTP converted from AC to DC

using the PACI route
e Option 4: All DC (Attachment 9)

Includes the following facilities: (a) a NEO-Olinda-Collinsville DC considering all routes

Table 1 describes in more detail each of the alternatives to be considered.

Cott



Table 1: Preliminary PNW-California Brown-field Planning Options

Options
1 2 3 4
. New AC NEO-CJ: New AC NEO-CJ: Convert/New New DC
Line Segment COTP: Convert to DC DC
COTP: Convert to DC
(CA Option 1A) (CA Option 2) (CA Option 2) (CA Option 5)
Selkirk-Devils Gap 1-AC Circuit (Avista, BCH) e L B -5
Devils Gap Project Include (Avista) i L — R >
Devils Gap-NEO 1 AC Circuit (Avista, BCH) P P L 60— 00>00=00=00=0¢ . — e — -5

NEO-Captain Jack

Double circuit AC in common
corridor

Double circuit AC in common
corridor (2a) or green-field
(2b)

Bipole DC in Common
corridor with NEO-Buckley
and convert Buckley-CJ to

Bipole DC in common
corridor

DC (3a) or new DC (3b)
Captain Jack-NEC Common corridot/ structure | . L = >
with Malin-RM #1
Captain Jack - Olinda Common corridor/ structure Common corridor/ structure
with the COPCO- Convert COTP to DC Convert COTP to DC with the COPCO -
Cottonwood line Cottonwood 230 kV
Olinda-Collinsville Common corridor/ structure Common corridor/structure
with Cottonwood-Vaca- Convert COTP to DC Convert COTP to DC with Cottonwood-Vaca-
Dixon-Collinsville 230 kV Dixon-Collinsville 230 kV
Collinsville-Tracy DC - Convert COTP to DC Convert COTP to DC -

Collinsville-Tracy AC

Common structure with
Collinsville-Tesla

Western Upgrades

Include

DC Terminals

Captain Jack, Olinda,, Tracy

NEO, Captain Jack (back-to-
back), Olinda, Tracy

NEO, Olinda, Collinsville

AC Elements = Lighter Green shading

9

DC Elements = Darker Green shading

FINAL

The five alignment options for this segment are described in Section 3, Item 1. These alignment options include West, Central AC, Central PDCI, East,

and Boardman

10
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5.2 Study Cases
This study of Northwest transmission utilized a Benchmark Case developed from a WECC
2015HS2 base case.™

The Benchmark Case (pre-project) models the COI 4800 MW Upgrade, the West of McNary
Reinforcement, the Boardman-Hemingway projects. Transmission in Northeast Oregon
would be re-configured as shown on Attachment 4 to interconnect these projects. The
Mountain States Transmission Intertie (MSTI) and the Southwest Intertie Project (SWIP)
projects are not modeled. High flow conditions are modeled with 4800 MW (n-s) on COI and
3100 MW (n-s) on PDCI.

From the Benchmark Case, four Project Cases were developed. Each case models (1) one
of the four options and the common elements in the Northwest and California, described
above, and (2) a total of 3000 MW scheduled into central California as follows:

e 750 MW scheduled from BC to central California
e 1250 MW scheduled from the PNW to central California
e 1000 MW from NE California to central California

5.3 Study Standards and Criteria
This study was conducted using the NERC Reliability Standards and the WECC System
Performance Criteria for steady state thermal analysis only. These standards and criteria
require that under NERC Category A (n-0) conditions loadings on all facilities be less than or
equal to their respective normal ratings and under Category B (n-1) and Category C (n-2)
conditions that loadings on all facilities be less than or equal to their respective emergency
ratings. Standards and criteria requirements for voltage and transient performance were not
evaluated. '

5.4 Contingencies
This study considered (1) existing critical Category B and Category C outages, (2) new
Category B outages, (3) new Category C outages involving the proposed project and existing
or proposed facilities that would be created by the various alignments and (4) selected
Category D outages.

A list of these outages is available electronically.

5.5 Study Scope
The following studies were performed to determine the proposed plan of service and
demonstrate the non-simultaneous rating of the Project.

1% The 2015 HS2 base case updates the earlier 2015 HS1 case used in the California study and is a

more accurate reflection of expected renewable resources and transmission projects in the
Western Interconnection for 2015.

' Eachof the options assumed the installation of SVCs at all AC stations to which the planned

facilities would interconnect. Such SVCs are expected to also support transient and voltage
stability performance
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Power Flow or Governor Power flow analysis was performed modeling each of the four
options under the following conditions
1. Cat e g o+Nprmdi gpérating conditions.

2. Cat e g o r \SeldctBihge and multiple facility outages of the existing system and
various segments of the proposed Project using existing and proposed RAS.

3. Category iDOI Select outages of the new line with existing corridors were evaluated
using existing and proposed RAS.

6. Study Results

Power flow studies were performed to determine thermal impacts on 230 kV (and higher)
facilities resulting from the increased transfers between the PNW and California for the four
options and the PACI, PDCI, East, West, and Boardman routes.

6.1 Option 1. AlAC
Option 1 includes three sub-options: 1a, 1b and 1c. The three options utilize the same line
configuration, line conductor and series compensation but differ in how the 500 kV AC lines
are routed between NEO and the Captain Jack/Malin area.

Option 1ai East Alignment (Attachment 6)

Option 1a modeled the following elements:

e NEO-Grizzly 500 kV 1 & 2 Lines (with 70% series compensation)
e Grizzly-Captain Jack 500 kV (with 70% series compensation)
e Grizzly-Malin 500 kV Line (with 70% series compensation)

Option 1a utilizes the East alignment.

Comparison of Path/Line Flows

The following table compares the flows over the major 500 kV lines across the COB transfer
path and over the major Northwestern 500 kV lines into Southern Oregon in the Option 1a
Case to those in the Reference Case.
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Table 2: Option 1a--Comparison of Path and Line Flows

Reference OT;O” Change
Case Case

COB Flows (MW)

Captain Jack-Olinda #1 Line 1,723 1,504 (219)
[ Captain Jack-Olinda#2Line | na | 1504 | 1,504 |
[ Malin-Round Mountain #1 Line | 1,525 | na | na |
[ Malin-Round Mountain #2 Line | 1,547 | 1257 | (290) |
[ Malin-NECLine | na | 1328 | 1328 |
[ Grizzly-NECLine | na | 1122 | 1,122 |

Total 4,795 6,715 1920

NEO South and Grizzly South

NEO-Grizzly #1 Line n/a 1,428 1,428
[ NEO-Grizzly#2Line | na | 1428 | 1,428 |
| Grizzly-Captain Jack #1 Line | 1,502 | 1511 | 9 ]
| Grizzly-Captain Jack #2Line |  na | 1080 | 1,080 |
| Grizzly-NEC#3Line | na | 1122 | 1122 |
| Grizzly-MalinLine | 1434 | 1428 | 6 |
| Grizzly-Ponderosaline | 1,391 | 1418 | 27 |
| Klamath Falls i Captain Jack Line | 664 | 555 | (109) |

Summary of Option 1A Results

Category A Conditions

No Category A violations for the PNW region were noted.

Category B Conditions

FINAL

The following table summarizes information on the new or increased Category B overloads
noted in studies on the Option 1la Case and compares them to those noted in studies on the

Reference Case.
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Table 3: Option 1a--Comparison of Category B Overloads

Loading (%)
Critical Outage Oprﬁggn Impacted Facility Rating | Reference | ©PiOM
° Case 2

Case
Pacific DC Intertie All LMUD Tap 345-kV
Bipole with PDCI RAS PST 300 n/a 102.9

hich includes 27 U (RSN SUSSRN NS

|(\\/I|V\NIC0f 'Sﬁ\l;\? Zsén 00 Hilltop 345/230 kV
dropping) Transformer 300 <100 103.3

The following table summarizes potential methods for mitigating the impacts of the critical
Category B outages for Option la.

Table 4: Option 1a-- Potential Mitigation Measures for Category B Impacts

Critical Outage

Potential Mitigation

Pacific DC Intertie Bipole

Install a second 345/230 kV transformer at Hilltop and second
PST at the LMUD Tap (on the Hilltop-LMUD Tap 345-kV line)

Category C Conditions

No Category C violations for the PNW region were noted.

Category D Conditions

The following table summarizes information on Category D overloads noted in studies on the
Option 1a case. Listed overloads are for greater than emergency rating.
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Table 5: Option 1a--Comparison of Category D Overloads

Oregon

Critical Outage Align.

Loading (%)

Impacted Facili Ratin
. b4 ¢ Ref. Case | la Case

Grizzly - Captain Jack #2
Line 500 kV & Grizzly -
NEC 500 kV & Grizzly - East
Malin 500 kV with no
generation dropping

CAPTJACK - GRIZZLY

#1 500 kV Line 3220 n/a 104

Grizzly - John Day #1
Line 500 kV & NEO
Grizzly #1 & #2 Lines East
500 kV DLO with no
generation dropping

GRIZZLY - JOHN DAY

#2 500 kV Line 3220 n/a 116

Grizzly - John Day #2
Line 500 kV & NEO
Grizzly #1 & #2 Lines East
500 kV DLO with no
generation dropping

GRIZZLY - JOHN DAY

#1 500 kV Line 3500 n/a 106

Outages that did not solve were

e Grizzlyi Captain Jack #1 and #2 and the Grizzly-NEC 500 kV
e Grizzly-Summer Lake, Grizzly-Captain Jack and Grizzly-NEC 500 kV

Though Category D impacts do not require mitigation, potential methods for mitigating such
impacts for Option 1la are summarized in the following table.

Table 6: Option 1ad Potential Mitigation Measures for Category D Impacts

Critical Outage

Potential Mitigation

Grizzly - Captain Jack #2 Line 500
kV & Grizzly - NEC 500 kV & Grizzly
- Malin 500 kV

e Apply up to 3000 MW of generation dropping utilizing
incremental generation scheduled on the new
transmission

Grizzly - John Day #1 Line 500 kV
& NEO Grizzly #1 & #2 Lines 500 kV
DLO

e Apply up to 3000 MW of generation dropping utilizing
incremental generation scheduled on the new
transmission

Grizzly - John Day #2 Line 500 kV
& NEO Grizzly #1 & #2 Lines 500 kV
DLO

e Rerate to 3500 A by decreasing the conductor sag

e Apply up to 3000 MW of generation dropping utilizing
incremental generation scheduled on the new
transmission

Option 1b i PACI Alignment (Attachment 6)
Option 1b modeled the following elements:

e NEO-Grizzly 500 kV 1 & 2 Lines (with 70% series compensation)
e Grizzly-Captain Jack 500 kV (with 70% series compensation)
e Grizzly-Malin 500 kV Line (with 70% series compensation)
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Option 1b utilizes the PACI alignment.

Comparison of Path/Line Flows

FINAL

The following table compares the flows over the major 500 kV lines across the COB transfer
path and over the major Northwestern 500 kV lines into Southern Oregon in the Option 1b

Case to those in the Reference Case.

Table 7: Option 1bd Comparison of Path and Line Flows

Reference | Option 1b
Change
Case Case

COB Flows (MW)

Captain Jack-Olinda Line #1 Line 1,723 1,481 (244)
| Captain Jack-Olinda Line #2 Line | | na | 1481 | 1481 |
Ml Round Mountan # e | 7 BT BT
[ Malin-Round Mountain #2 Line | 1547 | 1214 | (333) |
[ Malin-NECLine [ na | 1154 | 1,154 |
[ Grizzly-NECLine | na | 1463 | 1,463 |

Total 4795 6,793 1,998

NEO South and Grizzly South

NEO-Grizzly #1 Line n/a 1,475 1,475
NeoGiyaine 1T T VT
[ Grizzly-Captain Jack #1 Line | 1502 | 1,266 | (236) |
| Grizzly-Captain Jack #2 Line | | na | 1554 | 1,554 |
[ Grizzly-MalinLine [ 1434 | 1206 | (228) |
[ Grizzly-PonderosaLine | 1391 | 1201 | (190) |
[ Summer Lakei MalinLine [ 1635 | 1374 | (261) |
[ Klamath Falls i Captain Jack Line | 664 | 415 | (189) |

Summary of Results

Category A Conditions

No Category A violations for the PNW region were noted.

Category B Conditions
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The following table summarizes information on the new or increased Category B overloads
noted in studies on the Option 1b Case and compares them to those noted in studies on the
Reference Case.

Table 8: Option 1b--Comparison of Category B Overloads

Loading (%)

Critical Outage Oprﬁggn Impacted Facility Rating | Reference Ogtlon

Case a

Case

Pacific DC Intertie All LMUD Tap 345-kV
Bipole with PDCI RAS PST 300 n/a 102.9
W of P o Hiliop sasiza0iv | T o
dropping) Transformer .

The following table summarizes potential methods for mitigating the impacts of the critical
Category B outages for Option 1b.

Table 9: Option 1b-- Potential Mitigation Measures for Category B Impacts

Critical Outage Potential Mitigation
Pacific DC Intertie Bipole e Install a second 345/230 kV transformer at Hilltop and second
PST at the LMUD Tap (on the Hilltop-LMUD Tap 345-kV line)

Category C Conditions

No Category C violations for the PNW region were noted.

Category D Conditions

The following table summarizes information on Category D overloads noted in studies on the
Option 1b case. Listed overloads are for greater than emergency rating.
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Table 10: Option 1b--Comparison of Category D Overloads

Oregon

Critical Outage Align.

Loading (%)

Impacted Facili Ratin
> b4 2 Ref. Case | 1b Case

Grizzly - John Day #1
Line 500 kV & NEO
Grizzly #1 & #2 Lines PACI
500 kV DLO with no
generation tripping

GRIZZLY - JOHN DAY

#2 500 KV Line 3220 | n/a 117

Grizzly - John Day #1
Line 500 kV & NEO
Grizzly #1 & #2 Lines
500 kV DLO with 2355
MW of PNW generation
dropping

PACI

GRIZZLY - JOHN DAY

#2 500 kV Line 3220 | na 101

Grizzly - John Day #2
Line 500 kV & NEO
Grizzly #1 & #2 Lines PACI
500 kV DLO with no
generation tripping

GRIZZLY - JOHN DAY

#1500 KV Line 3500 | na 108

Outages that did not solve were:

Grizzlyi Captain Jack #1 and #2 and the Grizzly-NEC 500 kV
Grizzlyi Captain Jack, Grizzly-NEC and Grizzly-Malin 500 kV
Grizzly-Summer Lake, Grizzly-Captain Jack and Grizzly-NEC 500 kV
Summer Lake-Malin, Grizzly-Captain Jack and Grizzly-NEC 500 kV

Though Category D impacts do not require mitigation, potential methods for mitigating such
impacts for Option 1b are summarized in the following table.

Table 11: Option 1bd Potential Mitigation Measures for Category D Impacts

Critical Outage

Potential Mitigation

Grizzly - John Day #1 Line 500 kV
& NEO Grizzly #1 & #2 Lines 500 kV
DLO

e Apply Northwest High Gen Drop of 2700 MW
e Establish emergency rating for the impacted 500 kV
line

Grizzly - John Day #1 Line 500 kV
& NEO Grizzly #1 & #2 Lines 500 kV
DLO with RAS

e Apply Northwest High Gen Drop of 2700 MW
e Establish emergency rating for the impacted 500 kV
line

Grizzly - John Day #2 Line 500 kV
& NEO Grizzly #1 & #2 Lines 500 kV
DLO

e Apply Northwest High Gen Drop of 2700 MW
e Establish emergency rating for the impacted 500 kV
line

Option 1c i PDCI Alignment (Attachment 6)

Option 1c modeled the following elements:
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e NEO-Grizzly 500 kV 1 & 2 Lines (with 70% series compensation)
e Grizzly-Captain Jack 500 kV (with 70% series compensation)
e Grizzly-Malin 500 kV Line (with 70% series compensation)

Option 1c utilizes the PDCI alignment.

Comparison of Path/Line Flows

The following table compares the flows over the major 500 kV lines across the COB transfer
path and over the major Northwestern 500 kV lines into Southern Oregon in the Option 1c
Case to those in the Reference Case.

Table 12: Option 1c--Comparison of Path and Line Flows

Reference | Option 1c Change
Case Case

COB Flows (MW)

Captain Jack-Olinda #1 Line 1,723 1,504 (219)
| Captain Jack-OlindaLine#2Line | nla | 1504 | 1,504 |
| Malin-Round Mountain #1 Line | 1525 | 1 na | 1525 |
| Malin-Round Mountain #2 Line | 1,547 | 1247 | (300) |
[ Malin-NECLine |  nla | 1299 | - 1,299 |
[ Grizzly-NECLine | nla | 1172 | 1172 |

Total 4,795 6,726 (1,931)

NEO South and Grizzly South

NEO-Grizzly #1 Line n/a 1,432 1,432
| NEO-Grizzly#2Line |  na | 1432 | - 1432 |
| Grizzly-Captain Jack #1 Line | 1502 | 1413 | (89) |
| Grizzly-Captain Jack#2Line | nla | 1332 | - 1,332 |
[ GrizzZly-NEC#3Line | na | 1172 | - 1172 |
[ Grizzly-MalinLine | 143 | 1341 | (93) |
[ Grizzly-PonderosaLine | 1391 | 1334 | (57 |
[ Summer Lakei MalinLine | 1635 | 1494 | (141) |
[ Klamath Falls i Captain Jack Line | 664 | 532 | (132) |
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Summary of Results

Category A Conditions

No Category A violations for the PNW region were noted.

Category B Conditions

The following table summarizes information on the new or increased Category B overloads
noted in studies on the Option 1¢ Case and compares them to those noted in studies on the
Reference Case.

Table 13: Option 1c--Comparison of Category B Overloads

Loading (%)
Critical Outage O;\?gon Impacted Facility Rating | Reference | CPUON
o Case 2

Case
Pacific DC Intertie All LMUD Tap 345-kV
Bipole with PDCI RAS PST 300 n/a 102.9

hich incl 27 U SR S N

|(\\/I|VV\/ICOf Igﬁ\l;\(/j Zzn 00 Hilltop 345/230 kV
dropping) Transformer 300 <100 103.3

The following table summarizes potential methods for mitigating the impacts of the critical
Category B outages for Option 1c.

Table 14: Option 1c-- Potential Mitigation Measures for Category B Impacts

Critical Outage Potential Mitigation
Pacific DC Intertie Bipole e Install a second 345/230 kV transformer at Hilltop and second
PST at the LMUD Tap (on the Hilltop-LMUD Tap 345-kV line)

Category C Conditions

No Category C violations for the PNW region were noted.

Category D Conditions

The following table summarizes information on Category D overloads noted in studies on the
Option 1c case. Listed overloads are for greater than emergency rating.
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Table 15: Option 1c--Comparison of Category D Overloads

Critical Outage

Oregon
Align.

Impacted Facility

Rating

Loading (%)

Ref. Case | 1c Case

Grizzly - Captain Jack
#2 Line 500 kV &
Grizzly - NEC 500 kV &
Grizzly - Malin 500 kV
with no generation

tripping

PDCI

CAPTJACK - GRIZZLY
#1 500 kV Line

3220

n/a 103

Grizzly - John Day #1
Line 500 kV & NEO
Grizzly #1 & #2 Lines
500 kV DLO with no

gen tripping

PDCI

GRIZZLY - JOHN DAY
#2 500 kV Line

3220

n/a 116

Grizzly - John Day #2
Line 500 kV & NEO

Grizzly #1 & #2 Lines
500 kV DLO with no

generation tripping

PDCI

GRIZZLY - JOHN DAY
#1 500 kV Line

3500

n/a 107

Summer Lake - Malin
500 kV & Grizzly -
Captain Jack #2 Line
500 kV & Grizzly - NEC
500 kV with no
generation tripping

PDCI

CAPTJACK - GRIZZLY
#1 500 kV Line

3220

n/a 105

Outages that did not solve were:

Grizzlyi Captain Jack #1 and #2 and the Grizzly-NEC 500 kV
Grizzlyi Captain Jack, Grizzly-NEC and Grizzly-Malin 500 kV
Grizzly-Summer Lake, Grizzly-Captain Jack and Grizzly-NEC 500 kV
Summer Lake-Malin, Grizzly-Captain Jack and Grizzly-NEC 500 kV

Though Category D impacts do not require mitigation, potential methods for mitigating such

impacts for Option 1c are summarized in the following table.
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Table 16: Option 1cd Potential Mitigation Measures for Category D Impacts

Critical Outage

Potential Mitigation

Grizzly - Captain Jack #2 Line 500
kV & Grizzly - NEC 500 kV & Grizzly
- Malin 500 kV

e Apply up to 3000 MW of generation dropping utilizing
incremental generation scheduled on the new
transmission

Grizzly - John Day #1 Line 500 kV
& NEO Grizzly #1 & #2 Lines 500 kV
DLO

e Apply up to 3000 MW of generation dropping utilizing
incremental generation scheduled on the new
transmission

Grizzly - John Day #2 Line 500 kV
& NEO Grizzly #1 & #2 Lines 500 kV
DLO

e Apply up to 3000 MW of generation dropping utilizing
incremental generation scheduled on the new
transmission

Summer Lake - Malin 500 kV &
Grizzly - Captain Jack #2 Line 500
kV & Grizzly - NEC 500 kV

e Apply up to 3000 MW of generation dropping utilizing
incremental generation scheduled on the new
transmission

6.20ption 2: New AC in Oregon, COTP converted to DC
Option 2 includes two sub-options: 2a and 2b. Both options convert COTP to DC and
establish the proposed 500-kV lines from NEO to COB with similar line configuration,
conductor size and line compensation. Options 2a and 2b differ in the assumed separation
between the proposed facility and the existing adjacent PACI facility. Option 2a is routed
within the existing PACI corridor (brown field) while Option 2b is routed outside but parallel to
the existing PACI corridor (green field).

Option 2a (PACI alignment i_brown field) (Attachment 7)

Option 2a modeled the following elements:

Northern California:

Pacific Northwest:

Conversion of the COTP to a + 500 kV DC bi-pole facility
HVDC terminals at Captain Jack, Olinda, and Tracy

New NEO-Grizzly 500 kV 1 & 2 Lines (with 70% series compensation)
New Grizzly-NEC 500 kV Line (with 70% series compensation)
New Grizzly-Captain Jack 500 kV Line (with 70% series compensation)

Option 2a utilizes the PACI alignment as follows:

e The proposed 500 kV lines from NEO to COB would be routed along the Central

PACI alternative.

e Between NEO and COB the proposed 500-kV line would be routed in the same
corridor (brown field) as the existing Slatt-Buckley-Grizzly 500 kV line and the
three 500 kV lines south of Grizzly.

e Between Buckley area and COB it was assumed that the new 500 kV lines would
be located within the existing corridor on either the western or eastern side of the

existing 500-kV facilities.

Comparison of Path/Line Flows
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The following table compares the flows over the major 500 kV lines across the COB transfer
path and over the major Northwestern 500 kV lines into Southern Oregon in the Option 2a

Case to those in the Reference Case.

Table 17: Option 2a--Comparison of Path and Line Flows

Reference Option 2a Change
Case Case

COB Flows (MW)

Captain Jack-Olinda Line 1,723 n/a (1,723)
[ Captain Jack-Olinda DC Bipole | na | 2960 | : 2960
[ Malin-Round Mountain #1 Line | 1525 | na | (1525)
[ Malin-Round Mountain #2 Line | 1547 | 1239 | (308)
[ Malin-NEC Line | na | 1156 | 1,156
[ Grizzly-NEC Line | na | 1463 | 1463

Total 4,795 6,818 2023

NEO South and Grizzly South

NEO-Grizzly #1 Line n/a 1,479 1,479
[ NEO-Grizzly#2Line | na | 1479 | 1479
| Grizzly-Captain Jack #1 Line | 1502 | 127mr | (231)
[ Grizzly-Captain Jack #2 Line | na | 1559 | 1559
[ Grizzly-NEC#3 Line | na | 1463 | 1463
[ Grizzly-Malin Line | 1434 [ 1210 | (223)
| Grizzly-PonderosaLine | 1391 [ 1208 | (87
| Summer Lake i MalinLine | 1635 | 1381 | (254)
[ Hemingway-Summer Lake line | . 456 | 35 | 61
[ Klamath Fallsi Captain Jack Line | 664 | a7 (87

Summary of Results

Category A Conditions

There were no Category A overloads noted in the Option 2a base case.

Category B Conditions

The following table summarizes information on the new or increased Category B overloads
noted in studies on the Option 2a Case and compares them to those noted in studies on the

Reference Case.
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Table 18: Option 2a--Comparison of Category B Overloads

Loading (%)
Critical Outage O;\T;gon Impacted Facility Rating | Reference | PN
o Case 2a
Case
Pacific DC Intertie PACI LMUD Tap 345-kV
Bipole with PDCI RAS PST 300 n/a 103.8
A o PR a0 Hiliop B4R T O R
< .
dropping) Transformer

The following table summarizes potential methods for mitigating the impacts of the critical
Category B outages for Option 2a.

Table 19: Option 2ad Potential Mitigation Measures for Category B Impacts

Critical Outage

Potential Mitigation

Pacific DC Intertie Bipole

Install a second 345/230 kV transformer at Hilltop and second
PST at the LMUD Tap (on the Hilltop-LMUD Tap 345-kV line)

Category C Conditions

The following table summarizes information on the new or increased Category C overloads
noted in studies on the Option 2a Case and compares them to those noted in studies on the

Reference Case.

Table 20: Option 2a--Comparison of Category C Overloads

Loading (%)
Critical Outage O,;ﬁg,? " | Impacted Facilty Rating | Reference Ogt{'fn
Case Case
Marion-Alvey & PACI Santiam Tap-Marcola
Marion-Lane 500 kV Swt #2 230 kV 640 <100 1128
DLO withgendropof |  |-oq----ooooeooo- e e B E R FEEEEEEREEE
Grant Pass-Meridian
;7AOSO) MW (assumed 230 KV Line 773 <100 100.6

The following table summarizes potential methods for mitigating the impacts of the critical
Category C outages for Option 2a

Table 21: Option 2ad Potential Mitigation Measures for Category C Impacts

Critical Outage

Potential Mitigation

Marion-Alvey & Marion-Lane 500 kV | e Establish emergency rating for the impacted 230 kV

DLO

lines, or
e Reconductoring or rerating the impacted 230 kV lines
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Category D Conditions
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The following table summarizes information on new Category D contingency overloads noted
in studies of the Option 2a case. The Category D contingencies include a double line outage
of the proposed 500 kV facility with the addition of one parallel 500 kV facility to the studied

western or eastern PACI routings.

Table 22: Option 2a--Comparison of Category D Overloads

Loading (%)

» Oregon T . Reference | Option

Critical Outage Align. Impacted Facility Rating Case o4
Case

Grizzly-John Day #1 PACI (NEO- | John Day-Grizzly 500 3,220 n/a 116.8

Line 500 kV & NEO Grizzly: kV #2 Line

Grizzly #1 & #2 Lines Western

500 kV DLO with no Routing)

RAS

Grizzly-John Day #2 PACI (NEO- | John Day-Grizzly 500 3,500 n/a 107.6

Line 500 kV & NEO Grizzly: kV #1 Line

Grizzly #1 & #2 Lines Western

500 kV DLO with no Routing)

RAS

Summer Lake-Malin PACI Grizzly-Captain Jack 3,220 n/a 102.0

500 kV & Grizzly- (Grizzly- 500 kV #1 Line

Captain Jack #2 Line COB:

500 kV & Grizzly-NEC Eastern

500 kV with no RAS Routing)

Slatt-Buckley 500 kV & | PACI (NEO- | Bethel 230/500 kV 940 n/a 101.3

NEO-Grizzly #1 & #2 Grizzly: Transformer #1 Bank

LInes S0 kv BLOwin Eﬁiﬁg) Bethel 230/500 kV 940 na 1013

Transformer #2 Bank

Though Category D impacts do not require mitigation, potential methods for mitigating such

impacts for Option 2a are summarized in the following table.
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Table 23: Option 2ad Potential Mitigation Measures for Category D Impacts

Critical Outage

Potential Mitigation

Grizzly-John Day #1 Line 500 kV &
NEO Grizzly #1 & #2 Lines 500 kV

DLO (NEO-Grizzly: Western Routing)

Apply Northwest High Gen Drop of 2700 MW, or
Apply a new alternative gen drop scheme designed to
accommodate the proposed upgrades to the
Northwest system

Grizzly-John Day #2 Line 500 kV &
NEO Grizzly #1 & #2 Lines 500 kV

DLO(NEO-Grizzly: Western Routing)

Apply Northwest High Gen Drop of 2700 MW, or
Apply a new alternative gen drop scheme designed to
accommodate the proposed upgrades to the
Northwest system

Summer Lake-Malin 500 kV & Grizzly-
Captain Jack #2 Line 500 kV & Grizzly-
NEC 500 kV (Grizzly-COB: Eastern
Routing)

Route new 500 kV facilities to the west of the existing
PACI corridor between Grizzly and COB

Slatt-Buckley 500 kV & NEO-Grizzly #1
& #2 Lines 500 kV DLO (NEO-Grizzly:
Eastern Routing)

Apply Northwest West of McNary Gen Drop of 2700
MW, or

Apply a new alternative gen drop scheme designed to
accommodate the proposed upgrades to the
Northwest system

Rerate the impacted Transformer Banks

Option 2b (PACI alignment i_green field) (Attachment 7)

Option 2b modeled the following elements:

Northern California:

Pacific Northwest:

Conversion of the COTP to a +/- 500 kV DC bi-pole facility
HVDC terminals at Captain Jack, Olinda, and Tracy

New NEO-Grizzly 500 kV 1 & 2 Lines (with 70% series compensation)
New Grizzly-NEC 500 kV Line (with 70% series compensation)
New Grizzly-Captain Jack 500 kV Line (with 70% series compensation)

Option 2b utilizes the PACI alignment as follows:

e The proposed 500 kV lines from NEO to COB would be routed in a new corridor
parallel with the existing Slatt-Buckley-Grizzly 500 kV line and the three 500 kV

lines south of Grizzly.

e Between NEO and Grizzly and between Grizzly and COB it was assumed that
the new 500 kV line would be located either to the west of the existing corridor or
to the east of the existing corridor with adequate separation such that a three line
contingency would not be determined as a credible outage.

Comparison of Path/Line Flows

The following table compares the flows over the major 500 kV lines across the COB transfer
path and over the major Northwestern 500 kV lines into Southern Oregon in the Option 2b
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Case to those in the Reference Case.

Table 24: Option 2b--Comparison of Path and Line Flows

FINAL

Rereree | OB | craree

COB Flows (MW)

Captain Jack-Olinda Line 1,723 n/a (1,723)
[ Captain Jack-Olinda DC Bipole | na | 2960 | - 2960 |
[ Malin-Round Mountain #1 Line | 1525 | na | (1525 |
[ Malin-Round Mountain #2 Line | 1547 | 1239 | (308) |
[ Malin-NEC Line | na | 1156 | 1156 |
[ Grizzly-NECLine | na | 1463 | - 1463 |

Total 4,795 6,818 2023

NEO South and Grizzly South

NEO-Grizzly #1 Line n/a 1,479 1,479
[ NEO-Grizzly#2Line | na | 1479 | - 1479 |
| Grizzly-Captain Jack #1 Line | 1502 | 127mn | (31) |
[ Grizzly-Captain Jack #2 Line | na | 1559 | : 1559 |
[ Grizzly-NEC#3 Line | na | 1463 | - 1463 |
[ Grizzly-MalinLine | 1434 | 1211 | (223) |
| Grizzly-PonderosaLine | 1391 | 1204 | (as7) |
[ Summer Lake i MalinLine | 1635 | 1381 | (254) |
 Hemingway-Summer Lake line | . 456 | 35 | 61 |
| Klamath Falls i Captain Jack Line | 664 | arr | (as7) |

Summary of Results

Category A Conditions

There were no Category A overloads noted in the Option 2b base case.

Category B Conditions

The following table summarizes information on the new or increased Category B overloads
noted in studies on the Option 2b Case and compares them to those noted in studies on the

Reference Case.
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Table 25: Option 2b--Comparison of Category B Overloads

FINAL

Loading (%)

Critical Outage gﬁgg?n Impacted Facility Rating Rega;;r;ce Ogtlljon
Case

Pacific DC Intertie PACI LMUD Tap 345-kV 300 n/a 103.8

Bipole with PDCI RAS PST

&v\wcor} ﬁﬂb’&’éinmo Hilltop 345/230 kV 300 na 104.0

dropping) Transformer

The following table summarizes potential methods for mitigating the impacts of the critical

Category B outages for Option 2b.

Table 26: Option 2bd Potential Mitigation Measures for Category B Impacts

Critical Outage

Potential Mitigation

Pacific DC Intertie Bipole .

Install a second 345/230 kV transformer at Hilltop and second
PST at the LMUD Tap (on the Hilltop-LMUD Tap 345-kV line)

Category C Conditions

The following table summarizes information on the new or increased Category C overloads
noted in studies on the Option 2b Case and compares them to those noted in studies on the
Reference Case.

Table 27: Option 2b--Comparison of Category C Overloads

Loading (%)

” Oregon " - Reference | Option

Critical Outage : Impacted Facili Ratin
g Align. P ty g Case 2b
Case

Marion-Alvey & PACI Santiam Tap-Marcola Swt #2 640 <100 112.8
Marion-Lane 500 kV 230 kV
DLO with gen drop of B O Rt T ottt EEE L L e T EE e E S e E e ES P PP T
1700 MW (assumed G_rant Pass-Meridian 230 kV 773 <100 100.6
RAS) Line

The following table summarizes potential methods for mitigating the impacts of the critical

Category C outages for Option 2b.

Table 28: Option 2bd Potential Mitigation Measures for Category C Impacts

Critical Outage

Potential Mitigation

Marion-Alvey & Marion-Lane 500 kV

DLO

e Establish emergency rating for the impacted 230 kV

lines, or

e Reconductoring or rerating the impacted 230 kV lines
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Category D Conditions

There were no new Category D contingencies including the proposed line and an existing
adjacent 500-kV line. The assumed separation between the existing PACI corridor and the
proposed green-field was such that the risk of a Category D event of this type would be
minimized.

6.3 Option 3: Convert NEO -COBto DC, COTP Converted to DC
Option 3 includes two sub-options: 3a and 3b. Both options convert COTP to DC but differ in
how they establish DC in the PNW using the PACI route. Option 3a establishes a new DC
line from NEO to Buckley and converts the Buckley-Grizzly-Captain Jack line from AC to DC.
Option 3b establishes a new DC line from NEO to Captain Jack

Option 3ai New DC plus convert AC to DC (Attachment 8)

Option 3a modeled the following elements:

Northern California:
Conversion of the COTP to a +/- 500 kV DC bi-pole facility
HVDC terminals at Captain Jack, Olinda, and Tracy

Pacific Northwest:

A new +/- 500 kV DC line from NEO to the Buckley area

Conversion of the Buckley-Grizzly and Grizzly-Captain Jack lines to a + 500 kV
DC facility.

¢ HVDC terminals at NEO and additional terminals at Captain Jack

Option 3a utilized the PACI alignment as follows:

e The proposed +/- 500 kV HVDC bipole from NEO-Captain Jack would be routed
along the Central PACI alternative with the existing Buckley-Grizzly and Grizzly-
Captain Jack lines being utilized as part of the Bipole upgrade.

Comparison of Path/Line Flows

The following table compares the flows over the major 500 kV lines across the COB transfer
path and over the major Northwestern 500 kV lines into Southern Oregon in the Option 3a
Case to those in the Reference Case.
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Table 29: Option 3a--Comparison of Path and Line Flows

FINAL

Reference Option 3a Change
Case Case

COB Flows (MW)

Captain Jack-Olinda Line 1,723 n/a (1,723)
| Captain Jack-Olinda DC Bipole | na | 2916 | 2916
| Malin-Round Mountain #1 Line | 1525 | na | (1525)
| Malin-Round Mountain #2 Line | 1547 | 1647 | 100
[ Malin-NEC Line | na | 2253 | 2253

Total 4795 6816 2,021

NEO South and Grizzly South

NEO-Captain Jack DC Bipole n/a 3,758 3,758
| Grizzly-Captain Jack #1 Line | 1502 | na | (1502)
| Grizzly-MalinLine | 1434 [ 1517 | 8
| Grizzly-PonderosaLine | 1391 | 1527 | 136
| Summer Lake i MalinLine | 1635 | 1674 | 39
 Hemingway-Summer Lakeline | . 456 | 37t | @5
[ Klamath Falls i Captain Jack Line | 664 | 626 | 38)

Summary of Results

Category A Conditions

There were no Category A overloads noted in the Option 3a base case.

Category B Conditions

The following table summarizes information on the new or increased Category B overloads
noted in studies on the Option 3a Case and compares them to those noted in studies on the

Reference Case.

Table 30: Option 3a--Comparison of Category B Overloads

Loading (%)

Critical Outage | Oregon Align | Impacted Facility Rating | Reference | Option
Case 3a

Case

Pacific DC Intertie | PACI LMUD Tap 345-kV PST 300 n/a 105.5

Efgl?vmfghPDCI Hilltop 345/230 kV 300 n/a 105.5

includes 2700 MW Transformer

of PNW gen

dropping)
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The following table summarizes potential methods for mitigating the impacts of the critical
Category B outages for Option 2b.

Table 31: Option 3ad Potential Mitigation Measures for Category B Impacts

Critical Outage Potential Mitigation
Pacific DC Intertie Bipole e Install a second 345/230 kV transformer at Hilltop and a
second 345-kV PST at the LMUD Tap

Category C Conditions

The following table summarizes information on the new or increased Category C overloads
noted in studies on the Option 3a Case and compares them to those noted in studies on the
Reference Case.
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Table 32: Option 3a--Comparison of Category C Overloads

Loading (%)

» Oregon " - Reference | Option
Critical Outage - Impacted Facili Ratin P
g Align. P vy g Case 3a

Case

Grizzly-Malin 500 kV PACI All <100 Diverged

& Summer Lake-Malin

500 kV DLO with gen

drop of 2700 MW

(assumed RAS)

Grizzly-Summer Lake | PACI Redmond West-Round 1,052 <100 124.6

500 kV & Grizzly- Butte South 230 kV #1

Malin 500 kV DLOwith Line

f2700 MW | femeese e
?:SZS:T? iR ASO)O Redmond West-Pilot 900 <100 1152
Butte 230 kV #1 Line

John Day-Grizzly 1 & | PACI MAUPIN-Big Eddy2 230 900 n/a 101.9

2 500 kV DLO with kV Line

gen drop of 2700 MW

(assumed RAS)

Marion-Alvey & PACI SANT TAP-MARC SW2 640 <100 123.9

Marion-Lane 500 kV 230.0 #2

DLO withgendrop of | |ogmmmrsooomme oo oo

1700 MW (assumed 2B:IBE(')I'I(;Ifth?L-PARISHGP 1,283 <100 102.2

RAS) '

John Day-Grizzly 500 | PACI John Day-Grizzly 500 3,220 n/a 1139

kV #1 Line & NEO- kV #2 Line

Captain Jack DC

Monopole

No RAS

John Day-Grizzly 500 | PACI John Day-Grizzly 500 3,500 n/a 104.9

kV #2 Line & NEO- kV #1 Line

Captain Jack DC

Monopole

No RAS

Grizzly-Malin 500 kV PACI Summer Lake-Malin 3,600 n/a 116.2

& NEO-Captain Jack 500 kV Line

DC Monopole

No RAS

The following table summarizes potential methods for mitigating the impacts of the critical

Category C outages for Option 2b.
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Table 33: Option 3ad Potential Mitigation Measures for Category C Impacts

Critical Outage

Potential Mitigation

Grizzly-Malin 500 kV & Summer
Lake-Malin 500 kV DLO

Fast Ramping NEO-Captain Jack Bipole, and

Apply Northwest High Gen Drop of 2700 MW, or
Apply a new alternative gen drop scheme designed to
accommodate the proposed upgrades to the
Northwest system

Grizzly-Summer Lake 500 kV &
Grizzly-Malin 500 kV DLO

Fast Ramping NEO-Captain Jack Bipole, and/or
Rerating affected 230 kV facilities

John Day-Grizzly 1 & 2 500 kV DLO

Fast Ramping NEO-Captain Jack Bipole and/or
Rerating affected 230 kV facilities

Marion-Alvey & Marion-Lane 500 kV
DLO

Fast Ramping NEO-Captain Jack Bipole and/or
Reconductor or rerating affected 230 kV facility

John Day-Grizzly 500 kV #1 Line &
NEO-Captain Jack DC Monopole

Apply Northwest High Gen Drop of 2700 MW, or
Apply a new alternative gen drop scheme designed to
accommodate the proposed upgrades to the
Northwest system

John Day-Grizzly 500 kV #2 Line &
NEO-Captain Jack DC Monopole

Apply Northwest High Gen Drop of 2700 MW, or
Apply a new alternative gen drop scheme designed to
accommodate the proposed upgrades to the
Northwest system

Grizzly-Malin 500 kV & NEO-Captain
Jack DC Monopole

Apply Northwest High Gen Drop of 2700 MW, or
Apply a new alternative gen drop scheme designed to
accommodate the proposed upgrades to the
Northwest system

Category D Conditions

The following table summarizes information on new Category D contingency overloads noted
in studies of the Option 3a case. The Category D contingencies include a double line outage
of the proposed 500 kV facility with the addition of one parallel 500 kV.
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Table 34: Option 3a--Comparison of Category D Overloads

FINAL

Loading (%)
. Oregon - : Reference | Option
Critical Outage . Impacted Facili Ratin
g Align. P y g Case 3a
Case
Ashe-Marion 500 PACI Bethel 230/500 kV 940 n/a 103.6
kV & NEO-Captain Transformer #1 Bank
Jack DC Bipole “Bethel 230500 kv T R va T 1036
No RAS Transformer #2 Bank
John Day-Grizzly #2 | PACI Grizzly-John Day 500 kV 3500 n/a 132.7
Line 500 kV &NEO- #1 Line
i kDC | e
g%%ﬁ'” Jack DC Bethel 230/500 KV 940 n/a 100.9
Transformer #1 Bank
NoRAS | e
© Bethel 230/500 kv 940 na 100.9
Transformer #2 Bank
John Day-Grizzly #1 | PACI Grizzly-John Day 500 kV 3220 n/a 1445
Line 500 kV &NEO- #2 Line
i k D
gi‘)‘(’)ﬁ'” Jack DC Bethel 2307500 iV 346 A 160.9
Transformer #1 Bank
No RAS
Bethel 230/500 kV 940 n/a 100.9
Transformer #2 Bank
Grizzly-Malin 500 PACI All n/a Diverged
kV & NEO-Captain
Jack DC Bipole
No RAS
Slatt-Buckley 500 PACI Bethel 230/500 kV 940 n/a 107.8
kV & NEO-Captain Transformer #1 Bank
Jack DC Bipole Bethel 230/500 KV 940 n/a 1078
No RAS Transformer #2 Bank

Though Category D impacts do not require mitigation, potential methods for mitigating such

impacts for Option 3a are summarized in the following table.
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Table 35: Option 3ad Potential Mitigation Measures for Category D Impacts

Critical Outage

Potential Mitigation

Ashe-Marion 500 kV & NEO-Captain
Jack DC Bipole

Apply Northwest West of McNary Gen Drop of 2700
MW, or

Apply a new alternative gen drop scheme designed to
accommodate the proposed upgrades to the
Northwest system, or

Rerate Bethel 230/500 kV Transformer #1 & #2 Banks

John Day-Grizzly #1 Line 500 kV
&NEO-Captain Jack DC Bipole

Apply Northwest High Gen Drop of 2700 MW, or
Apply a new alternative gen drop scheme designed to
accommodate the proposed upgrades to the
Northwest system, and

Additional RAS Required

John Day-Grizzly #2 Line 500 kV
&NEO-Captain Jack DC Bipole

Apply Northwest High Gen Drop of 2700 MW, or
Apply a new alternative gen drop scheme designed to
accommodate the proposed upgrades to the
Northwest system, and

Additional RAS Required

Grizzly-Malin 500 kV & NEO-Captain
Jack DC Bipole

Apply Northwest High Gen Drop of 2700 MW, or
Apply a new alternative gen drop scheme designed to
accommodate the proposed upgrades to the
Northwest system, and

Additional RAS Required

Slatt-Buckley 500 kV & NEO-
Captain Jack DC Bipole

Apply Northwest West of McNary Gen Drop of 2700
MW, or

Apply a new alternative gen drop scheme designed to
accommodate the proposed upgrades to the
Northwest system, and/or

Rerate Bethel 230/500 kV Transformer Banks #1 & #2

Option 3b i New DC (Attachment 8)
Option 3b modeled the following elements:

Northern California:

Pacific Northwest:

Option 3b routing assumptions include:

Conversion of the COTP to a +/- 500 kV DC bi-pole facility
HVDC terminals at Captain Jack, Olinda, and Tracy

A new NEO-Captain Jack +/- 500 kV DC hi-pole facility
HVDC terminals at NEO and additional terminals at Captain Jack

e The proposed +/- 500 kV HVDC bhipole from NEO-Captain Jack would be routed
along the Central PACI alternative.

e Between NEO and Grizzly and between Grizzly and COB it was assumed that
the new DC line would be located either on the west side of the existing corridor
or on the east side of the existing corridor
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Comparison of Path/Line Flows

The following table compares the flows over the major 500 kV lines across the COB transfer
path and over the major Northwestern 500 kV lines into Southern Oregon in the Option 3b
Case to those in the Reference Case.

Table 36: Option 3b--Comparison of Path and Line Flows

Reference Option 3b Change
Case Case

COB Flows (MW)
Captain Jack-Olinda Line 1,723 n/a (1,723)
Captain Jack-Olinda DC Bipole | na | 2916 | 2916
Malin-Round Mountain #1 Line | 1525 | na | (1525)
Malin-Round Mountain #2 Line | 1547 | 1645 | 98
Malin-NEC Line | na | 2250 | 2250
Total 4795 6,811 2,016
NEO South and Grizzly South
NEO-Captain Jack DC Bipole n/a 2,277 2,277
Grizzly-Captain Jack #1 Line | 1502 | 1467 | @5
Grizzly-Malin Line | 1434 | 1441 | 7
Grizzly-PonderosaLine | 1391 | 1407 | 16
‘Summer Lake i MalinLine | 1635 | 1643 | 8
‘Hemingway-Summer Lake line | - 456 | . 452 | @
Klamath Falls i Captain Jack Line | ¢ 664 | 501 [ 73)

Summary of Results

Category A Conditions

There were no Category A overloads noted in the Option 3b base case.

Category B Conditions

The following table summarizes information on the new or increased Category B overloads
noted in studies on the Option 2b Case and compares them to those noted in studies on the
Reference Case.
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Table 37: Option 3b--Comparison of Category B Overloads

FINAL

Loading (%)
” Oregon " - Reference | Option
Critical Outage . Impacted Facili Ratin P
. Align. . b . Case 3b
Case
Pacific DC Intertie | PACI LMUD Tap 345-kV PST 300 n/a 105.2
g;rzg'm;ghm Tiiltop 3451230 kv Transtormer | 300 ] wa ] 1086~
includes 2700 MW
of PNW gen
dropping)

The following table summarizes potential methods for mitigating the impacts of the critical
Category B outages for Option 2b.

Table 38: Option 3bd Potential Mitigation Measures for Category B Impacts

Critical Outage

Potential Mitigation

Pacific DC Intertie Bipole

e |Install a second 345/230 kV transformer bank at Hilltop and a
second 345-kV PST at the LMUD Tap

Category C Conditions

The following table summarizes information on the new or increased Category C overloads
noted in studies on the Option 2b Case and compares them to those noted in studies on the

Reference Case.

Table 39: Option 3b--Comparison of Category C Overloads

Oregon Loading (%)
Critical Outage Align. Impacted Facility Rating | Reference | Option
Case 3b

Case

Marion-Alvey & All SANT TAP-MARC SW2 640 <100 120.6

Marion-Lane 500 kV 230.0 #2

DLOwithgendrop of |  |rosooseso oo

1700 MW (assumed EP,EJSI?#IIPARBHGP 1,283 <100 104.1

RAS)

The following table summarizes potential methods for mitigating the impacts of the critical
Category C outages for Option 3b.
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Table 40: Option 3bd Potential Mitigation Measures for Category C Impacts

Critical Outage Potential Mitigation

Marion-Alvey & Marion-Lane 500 kV | e Fast Ramping NEO-Captain Jack Bipole and/or
DLO e Reconductor or rerating affected 230 kV facility

Category D Conditions

The following table summarizes information on new Category D contingency overloads noted
in studies of the Option 3b case. The Category D contingencies include a double line outage
of the proposed 500 kV facility with the addition of one parallel 500 kV facility to the studied
western or eastern routings.

Table 41: Option 3b--Comparison of Category D Overloads

Loading (%)
Critical Outage glfegon Impacted Facility Rating Reference | Option
LoJ0E Case 3b
Case

John Day-Grizzly #1 | PACI Grizzly-John Day 500 kV #2 3220 n/a 1114
Line 500 kV &NEO- | (NEO- Line
Captain Jack DC Grizzly:
Bipole with no RAS Eastern

Routing)
John Day-Grizzly #2 | PACI Grizzly-John Day 500 kV #1 3500 n/a 102.6
Line 500 kV &NEO- | (NEO- Line
Captain Jack DC Grizzly:
Bipole with no RAS Eastern

Routing)
Slatt-Buckley 500 kV | PACI Bethel 230/500 kV 940 n/a 105.4
& NEO-Captain Jack | (NEO- Transformer #1 Bank
SXSB'pO'e with no E:sztzgn Bethel 230/500 KV 940 nia 105.4

Routing) Transformer #1 Bank

Though Category D impacts do not require mitigation, potential methods for mitigating such
impacts for Option 3b are summarized in the following table.
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Table 42: Option 3bd Potential Mitigation Measures for Category D Impacts

Critical Outage

Potential Mitigation

John Day-Grizzly #1 Line 500 kV &
NEO-Captain Jack DC Bipole (NEO-
Grizzly: Eastern Routing)

Apply Northwest High Gen Drop of 2700 MW, or

Apply a new alternative gen drop scheme designed to
accommodate the proposed upgrades to the Northwest
system

John Day-Grizzly #2 Line 500 kV
&NEO-Captain Jack DC Bipole
(NEO-Grizzly: Eastern Routing)

Apply Northwest High Gen Drop of 2700 MW, or

Apply a new alternative gen drop scheme designed to
accommodate the proposed upgrades to the Northwest
system

Slatt-Buckley 500 kV & NEO-Captain
Jack DC Bipole (NEO-Grizzly:
Eastern Routing)

Apply Northwest West of McNary Gen Drop of 2700
MW, or

Apply a new alternative gen drop scheme designed to
accommodate the proposed upgrades to the Northwest
system and/or

Rerate Bethel 230/500 kV Transformer Banks #1 & #2

6.4 Option 4: Al DC

Option 4 modeled a +/- 500 kV DC bipole facility from NEO to Collinsville with HYDC
terminals at NEO, Olinda and Collinsville. (Attachment 9)

Option 4 tested all of the alignments.

Comparison of Path/Line Flows

The following table compares the flows over the major 500 kV lines across the COB transfer
path and over the major Northwestern 500 kV lines into Southern Oregon in the Option 4
Case to those in the Reference Case.
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Table 43: Option 4--Comparison of Path and Line Flows
Reference Option 4 Change
Case Case

COB Flows

Captain Jack-Olinda Line 1,723 1,575 1621 -148
‘NEO-Olinda DC Bipole | na | 2010 | 2016 | 2010 |
‘Malin-Round Mountain #1 Line | 1525 | na | | 1525 |
‘Malin-Round Mountain #2 Line | 1547 | 1246 | 1298 | 301 |
‘Malin-NEC Line | na | 1819 | 1892 | 1819 |
‘GrizzZlyNEC Line | v na | na | | o ]
Total 4,795 6,650 6827 1,855
NEO South

‘NEO-Hemingway | 86 | 739 || 127 |
‘NEO-McNary |~ 253 | st || 18 )
‘NEO-Olinda DC Bipole | na | 2010 | | 2010 |
‘Grizzly-Captain Jack Line | 1502 | 1481 [ | - 21
"Grizzly-Malin Line | 1434 | 1a19 [ - a5 |
‘Grizzly-Ponderosa Line | 1391 | 1360 | | - 31
‘Summer Lake i MaiinLine | 1635 | 1640 | | 5 ]
‘Hemingway-Summer Lake ine | 456 | - a7 || a1 |
Klamath Falls i Captain Jack Line | 664 | ¢ 622 | | 42 ]

Summary of Results

Category A Conditions

There were no Category A overloads noted in the Option 4 Case.

Category B Conditions

The following table summarizes information on the new or increased Category B overloads
noted in studies on the Option 4 Case and compares them to those noted in studies on the

Reference Case.
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Table 44: Option 4--Comparison of Category B Overloads

Loading (%)
Critical Outage | Oregon Align | Impacted Facility Rating | Reference | Option
Case 3a

Case
Pacific DC Intertie | PACI LMUD Tap 345-kV PST 300 n/a 105.5
Bipole with PDCI N Y N
RAS (which _ll-_hlltopf 345/230 kV 300 n/a 105.5
includes 2700 MW ransiormer
of PNW gen
dropping)

The following table summarizes potential methods for mitigating the impacts of the critical
Category B outages for Option 2b.

Table 45: Option 48 Potential Mitigation Measures for Category B Impacts

Critical Outage

Potential Mitigation

Pacific DC Intertie Bipole

e |Install a second 345/230 kV transformer at Hilltop and a
second 345-kV PST at the LMUD Tap

Category C Conditions

The following table summarizes information on the new or increased Category C overloads
noted in studies on the Option 2b Case and compares them to those noted in studies on the

Reference Case.

Table 46: Option 4--Comparison of Category C Overloads

Oredon Loading (%)
Critical Outage 9 Impacted Facility Rating | Reference | Option 4
Route
Case Case
Marion-Alvey & Marion- | All Sant Tap-Marc Sw2 640 <100 120.6
Lane 500 kV DLO 230 kV #2
‘Bethel-ParishGp 230 | 1283 | <100 | - 1041
KV #1
South of NEO PDCI ‘Hill Top 345/230kV | 300 | na | 1025
Monopole and PDCI transformer
Bipole with 2700 MW of IMUDTapadskv 00 T R 1096
PNW gen dropping Phase Shift
(PDCI RAS) ase Shitter

The following table summarizes potential methods for mitigating the impacts of the critical
Category C outages for Option 4.
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Table 47: Option 40 Potential Mitigation Measures for Category C Impacts

FINAL

Critical Outage

Potential Mitigation

Marion-Alvey & Marion-Lane

500 kv DLO

Fast Ramping NEO-Captain Jack Bipole
Reconductor or rerating affected 230 kV facility

South of NEO Monopole plus

PDCI Bipole

Install 2nd 345/230 kV at Hilltop or replace existing
transformer at Hilltop with a higher rated transformer

Install a higher rated phase shifter at LMUD Tap

Category D Conditions

The following table summarizes information on new Category D contingency overloads noted
in studies of the Option 4 case. The Category D contingencies include a double line outage
of the proposed 500 kV facility with the addition of one parallel 500 kV facility to the studied
western or eastern routings.

Table 48: Option 4--Comparison of Category D Overloads

Loading (%)
Critical Outage glregon Impacted Facility Rating | Reference | Option
g Case 3b
Case

John Day-Grizzly PACI Grizzly-John Day 500 kV #2 3220 n/a 1114
#1 Line 500 kV & Line
South of NEO DC
Bipole with no RAS
John Day-Grizzly PACI Grizzly-John Day 500 kV #1 3500 n/a 102.6
#2 Line 500 kV & Line
South of NEO DC
Bipole with no RAS
Slatt-Buckley 500 PACI Bethel 230/500 kV 940 n/a 105.4
kV & South of NEO Transformer #1 Bank
DC Bipole with
R,(A:\S 'pole with no Bethel 230/500 kv 940 na 1054

Transformer #1 Bank

Though Category D impacts do not require mitigation, potential methods for mitigating such
impacts for Option 4 are summarized in the following table.

Table 49: Option 46 Potential Mitigation Measures for Category D Impacts
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Critical Outage Potential Mitigation

John Day-Grizzly #1 Line 500 kV & e Apply Northwest High Gen Drop of 2700 MW, or

NEO-Captain Jack DC Bipole e Apply a new alternative gen drop scheme designed to
accommodate the proposed upgrades to the Northwest
system

John Day-Grizzly #2 Line 500 kV e Apply Northwest High Gen Drop of 2700 MW, or

&NEO-Captain Jack DC Bipole e Apply a new alternative gen drop scheme designed to

accommodate the proposed upgrades to the Northwest
system

Slatt-Buckley 500 kV & NEO-Captain | ¢ Apply Northwest West of McNary Gen Drop of 2700
Jack DC Bipole MW, or

e Apply a new alternative gen drop scheme designed to
accommodate the proposed upgrades to the Northwest
system and/or

e Rerate Bethel 230/500 kV Transformer Banks #1 & #2

7. Key Findings

The study results indicate the following:

1.
2.

There were no Category A overloads for any of the options.
All of the options experienced Category B overloads of the

Hilltop 345/230 kV transformer and the proposed LMUD Tap phase shifter for a PDCI
bipole outage. A second transformer would be required at Hilltop and LMUD Tap,
respectively.

3. Option 1

a.
b.

C.

There were no Category C overloads.

There were several Category D overloads for Options 1a, 1b and 1c.
Though not required mitigation could be provided by the use of generation
tripping or re-rating/reconductoring the overloaded 500 kV transmission facilities.

Some contingencies did not converge. Analysis in future studies should
include additional reactive voltage support where needed.

4. Option 2

a.

The Option 2a Category C overloads on known existing contingencies
could likely be mitigated by modifications to the existing RAS and/or establishing
emergency ratings for the effected facilities. The Category D overloads in the
Option 2a case involving both circuits of the new line and one circuit of the
existing parallel facility may be of concern when routed on the western side of the
existing PACI corridor of the NEO to Grizzly segment and on the eastern side of
the Grizzly to COB segment. These contingencies would be less of a concern if
routing of the post project could be located on the opposite side of the existing
corridor.

The Option 2b Category C overloads on known existing contingencies
could likely be mitigated by modifications to the existing RAS and/or establishing
emergency ratings for the effected facilities. There were no new Category D
contingencies for Option 2b. The assumed separation between the existing
PACI corridor and the proposed green-field was such that the risk of a Category
D event of this type would be minimized.

Option 2a and Option 2b performed similarly with the exception to the
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potential credible contingencies. By using alternative routing options for the
Option 2a case in locations of the reported critical three line contingencies the
Option 2a case would likely be superior in economics as less land would be
required.

5. Option 3

a. The Option 3a Category C overloads on known existing contingencies
could be mitigated by modifications to the existing RAS and/or establishing
emergency ratings for the effected facilities and/or increasing the transfers on the
NEO-Captain Jack DC bipole. The Category D overloads in the Option 3a case
including the NEO-Captain Jack bipole outage and a single line outage of the
existing adjacent facility may be of concern when the existing facility includes the
John Day to Grizzly 500-kV #1 or #2 lines or the Grizzly to Malin 500-kV line.
Adequate RAS was not found to mitigate these overloads but would likely include
a new alternative generation dropping scheme designed to accommodate the
proposed upgrades to the Northwest system that may exceed the current 2700
MW used in the AHiIigh Generation Droppingodo sc
within the Northwest and/or the Northern California region may be required as
part of the RAS necessary for mitigation.

b. The Option 3b Category B and Category C overloads on known existing
contingencies could be mitigated by modifications to the existing RAS and/or
establishing emergency ratings for the effected facilities and/or increasing the
transfers on the NEO-Captain Jack DC bipole. The Category D overloads in the
Option 3b case including the NEO-Captain Jack bipole outage and a single line
outage of the existing adjacent facility were found to be mitigated by utilizing
similar generation dropping schemes as regional Category C contingencies not
exceeding 2700 MW. A new optimized generation dropping scheme designed to
accommodate the proposed upgrades to the Northwest system would also likely
mitigate the same overloads with an overall more favorable impact on the
existing system.

C. The Option 3b overall performance was superior to Option 3a. Option 3a
and Option 3b performed very differently under both normal and contingency
conditions. Option 3a utilized existing facilities as part of the line build which
under normal conditions the NEO to Captain Jack Bipole transfers were
approximately 1500 MW greater than in Option 3b. In addition, Option 3a
Category D contingencies that included the NEO to Captain Jack Bipole and a
parallel 500 kV facility created much more stress on the remaining facilities than
Option 3b. The required mitigation for such contingencies in Option 3a would
likely lead to a reduction in overall north-to-south transfer limitations compared to
other options within this study.

6. Option 4

a. Category C overloads occur for a PDCI alignment. (The other alignments
provide better system performance.) Those overloads that occur for a PDCI
bipole outage could potentially be mitigated by additional generation dropping
and/or re-rates to facilities.

b. Though not required Category D overloads could be mitigated by the
application of up to 3000 MW of generation dropping involving generation
scheduled on the south of NEO DC.
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8. Next Steps

To the extent the Steering Team chooses to continue work on Brownfield Opportunities, an
Engineering study and a Land study is recommended for Options 1, 2, 3b and 4 using the
PACI and East Alignments in Oregon and the COTP conversion and 230 kV alignment in

California.

The proposed Engineering Study would consist of the following tasks:

Task 1.

Task 2.

Task 3.

Task 4.

Task 5.

Task 6.

Conceptual Tower Line Configurations: Determine possible single circuit or
double circuit tower configurations including conductor size/type.

AC/DC Interaction Study: Any of the alternatives that involve construction
of DC in close proximity to AC should be analyzed. Such a study would
identify the level of induced AC current on DC transmission, and identify
possible mitigation if such induced current exceed acceptable levels.

Constructability: determine the process for constructing new transmission,
including potential requirements for clearances to accomplish construction.

Maintenance:

e Determine the preliminary procedures (including clearance requirements)
for performing maintenance.

e Determine possible modifications to work procedures.

e Determine if new tools are needed to perform maintenance.

e Identify the training requirements for maintenance crews.

Cost Estimates: Based on the findings of the engineering assessment,
develop line and station cost estimates (decision quality, +/- 50%) for all
feasible alternatives.

Assessment Report: Prepare draft and final reports.

The proposed Land Study would consist of the following tasks:

Task 1.

Task 2.

Task 3.

Task 4.

Task 5.

Fatal Flaw Analysis: Determine whether the alternative/alignment would

involve a corridor for which a permit could not obtained due to existing

environmental or land use constraints.

Right-of-way Analysis:

e Determine existing land rights, including width, voltage restrictions,
number of lines/circuits restrictions, and existing mitigation.

e Determine which lines require rights-of-way perfection

e |dentify affected land owners

Determine Preliminary Permitting Requirements

Cost Estimates: Based on the findings of the land assessment, develop

decision quality cost estimates (+/- 50%) for all feasible

alternatives/alignments.

Assessment Report: Prepare draft and final reports.
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Future power system study work should consider the options, noted above, evaluating
power flow, transient stability, and voltage stability analyses with both north-to-south and
south-to-north transfers.
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Attachment 2: Table of Conceptual Routing Segments: NEO - COB

Route Segment Description Corridor Info Length | Owners Siting Notes
COB / Klamath / La 500 kV AC (COB - Klam PAC, .
West Pine only), 230 KV AC BPA Klamath Falls (city)
La Pine / Pilot Butte 1-230KV AC Bend (city). Line needed for load
service
Challenging due to Bend &
1-230kV AC, additional PAC Redmond (cities), including
Pilot Butte / Redmond | 230 kV AC (sgl) for part of BP A’ residential subdivisions near both
route PB and Red. Line needed for load
service
Redmond / Crossing , .
of Grizzly - Round 1-230KV AC gpA | Redmond I(ggé)'se'-rg;se”eeded for
Butte 500 kV
Crossing of Grizzly - BPA
Round Butte 500 kV / 1-230kV AC PGE’ Line needed for load service
Junction with PDCI
Crossing of Grizzly -
Round Butte 500 kV / 1-500kV AC PGE
Grizzly
: 1-230kV AC, additional Challenging due to Bend (city),
Pilot Butte / 230 kV AC (sgl) for part of BPA, including residential subdivisions
Ponderosa PAC
route near PB
Existing line needed for load
La Pine / Fort Rock 1-115kV AC (radial) BPA service. 500 kV series caps at Fort
Rock
Maupin - Buckley 2 - 500 kV AC (dbl), 1 - 230 BPA

kV AC
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Route Segment Description Corridor Info Length | Owners Siting Notes
Central / BPA,
COB / Summer Lake 3-500kV AC (sgl) PAC, 500 kV series caps at Sycan
PACI
PGE
BPA,
Summng Lake / Fort 3 -500 kV AC (sgl) PAC, 500 kV series caps at Fort Rock
ock
PGE
BPA, 500 kV series caps at Fort Rock and
Fort Rock / Ponderosa 3-500kV AC (sq) PAC, psa
Sand Springs
PGE
BPA, 500/230 kV transformer tap at
Ponderosa / Grizzly 3-500kV AC (sq) PAC, P
Ponderosa
PGE
Grizzly - Buckley 3-500 KV AC (sg) gpa | 00KV series caps at Bakeoven
(2011)
i 2-500 kV AC (dbl), 1 - 230 Overlap with PGE's proposed
Buckley - Slatt kV AC BPA Cascade Crossing Project
1-500kV AC, 1-230 kv
i AC,1-115KkV (radial), 2 - Boardman (town). 115KkV line
Slatt - Coyote 500 kV AC (dbl) for part of BPA needed for load service.
segment
Umatilla and Hermiston (cities).
i 1-500kV AC, 2-230 kv McNary sub is physically
Coyote - McNary AC (sgl) BPA constrained. One of the 230 kV
lines serves radial load
1500k AC (e 1. aen | T e )
McNary - NEO 230 kV AC (sgl) for part of (part of ary phy y
constrained. Some green-field
route route), ?

needed depending on NEO site.
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Route Segment Description Corridor Info Length | Owners Siting Notes
Pacific DC NOB / Crossing of May require green-field segment to
| . Hemingway - Summer 500 kV DC Bipole connect to existing transmission
ntertie . :
Lake corridors in N. CA
Crossing of
Hemingway - Summer 500 kV DC Bipole
Lake - Ponderosa
Ponderosa / Grizzly 500 kV DC Bipole BPA
, . 500 kV DC Bipole, 1 - 230
Grizzly / Maupin KV AC (partial) BPA
Summer Lake / Renewable resource potential in SE
East Wagontire 1-500kV AC PAC Oregon.
Wagontire / Burns 1-500 KV AC pac | Renewable resource potential in SE
Oregon.
Existing line needed for load
service. 500 kV series caps at
Bums / Quartz 1-138kVAC IPC Burns, 115 kV sub at Harney. Line
needed for load service
Potential overlap with IPC B2H
Quartz / La Grande / 1-230 KV AC IPC, route. Similar issues to that project.
NEO BPA La Grande (city). Line needed for
load service
Boardman | Slatt - Boardman Plant 1-500kV AC PGE Overlap with PGE's proposed

Cascade Crossing Project
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Route

Segment Description Corridor Info Length | Owners Siting Notes
Potential overlap with proposed
Boardman Plant - No existing HV s PGE CC route and IPC B2H route.
Coyote transmission lines. ' Boardman Naval Bombing Range.
Green-field
Boardman Plant - No existing HV Potential overlap with IPC B2H
ST ? route. Boardman Naval Bombing
NEO transmission lines. !
Range. Green-field
Potential overlap with IPC B2H
Coyote - NEO No existing HV o route. Boardman Naval Bombing

transmission lines.

Range. Green-field. Herminston
(city)
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Attachment 3: Preliminary Review of Northwest Alignments

West:

This route follows existing 230 kV line corridors that run N-S through Oregon on the east of
the Cascades. Portions of this route are expected to be challenging due to proximity to the
population centers of Bend, Redmond, and Klamath Falls. Many of these existing 230 kV
lines are critical for load service reliability to these population centers, so it is unlikely that
extended outages of the existing lines would be acceptable. Additional segments have been
added to the map to reconnect to the other corridors. This route would be longer than the
Central and PDCI options, but it would have the advantage of corridor separation from the
other primary transmission corridors to CA.

Central/AC:

This route follows the existing 500 kV AC lines that support COI transfers from COB to
Buckley. From Buckley, the route follows BPA's existing 500 kV network line corridors to
Slatt, Coyote Springs, and McNary. Advantages of this route include low population density
and efficiency in co-locating auxiliary facilities (series capacitors, telecommunications, access
roads, etc.). The primary disadvantage would be heavy concentration of lines in a corridor,
especially from Buckley to COB. Another issue with a DC plan in this corridor would be
interaction between AC and DC equipment.

Central/PDCI:

This route follows the existing Pacific DC Intertie. Like the COI corridor, the population density
is low for most of the route Between Buckley and Sand Springs, this route is relatively close
to COl corridor, though with greater than 1500 foot separation. South of Sand Springs, the
route veers to the southeast. A potential disadvantage of this segment of the route is that
some green-field ROW may be needed to reconnect to the HVAC system in N CA. Following
this route up to the terminal at Big Eddy - Celilo is not advised due to proximity to the
Columbia River Gorge National Scenic Area. A preliminary review of GIS data indicates that
there may be enough space in the existing ROW for an additional circuit. However, this
would require further review, and would not eliminate the need for an EIS or the NEPA
process. Like the Central / AC corridor, there would be concerns about heavy concentration
of lines in a corridor, especially from Buckley to Sand Springs, and interaction between AC
and DC equipment.

East:

This route would follow the existing Hemingway-Summer Lake (formerly Midpoint-Summer
Lake line to Burns, and then follow 138 kV and 230 kV lines up to NEO. These existing lower
voltage lines are critical for load service reliability to local population centers, so it is unlikely
that extended outages of the existing lines would be acceptable. This route would likely be a
longer and have higher cost that the Central and PDCI options. Some of this route is similar
to Idaho Power's preferred alternative for the proposed Boardman - Hemingway (B2H)
project, so it may be subject to similar siting issues that have been experienced in permitting
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that project. SE Oregon has been identified as a region with significant renewable resource
potential, based on interconnection queue requests from multiple developers and wind/solar
data from third party sources. However, the development of these resources has been
limited in part by lack of transmission availability.

Boardman:

This route is an alternative between Slatt and NEO. Only one segment of this route
(Slatt - Boardman Plant) is a developed transmission corridor. The other segments
would be green-field today, but they overlap with proposed PGE Cascade Crossing and
IPC B2H route alternatives. The lines would need to avoid the Boardman Naval
Bombing Range and Umatilla Weapons Depot located east of the plant.
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Attachment 5: 2010 Existing System Diagram
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Attachment 6: Option 1 (Ca Opt 1A) -- New AC & 2™ COTP
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Attachment 7: Option 2 (Ca Opt 2) i AC + COTP DC

Option 2, COTP DC + new AC
(Partial representation of the transmission To NEO
system) .,
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Attachment 8: Option 3 (Ca Opt 2) i Convert/New DC + COTP DC
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(Partial representation of the transmission
system)
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Attachment 9: Option 4 (Ca Opt 5) -- New DC

Option 5¢ New DC to NEO +

new AC To NEO
(Partial representation of the
transmission system)
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