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10-Year Regional Transmission Plan Organization
The WECC 10-Year Regional Transmission Plan is organized into three parts:

10-Page Executive Summary Glossy: A high-level document containing the major
observations, recommendations, and overview of the Western Interconnection. It will be
written for broad audience consumption.
100-Page Plan Summary Glossy (this document): This document contains details on the
study approach, process, caveats, observations, recommendations, and related
information. It is designed for electric industry stakeholders and others interested in
having sufficient details to support decisions. The Plan Summary Glossy will look similar
to this document.
WECC 10-Year Regional Transmission Plan Report: The detailed report that includes
the Plan Summary plus all supporting documentation completed by TEPPC and related
groups, including:

o 2019 TEPPC Study Report
2020 TEPPC Study Report
2010 TEPPC Study Program
2009 WECC Path Utilization Report
2008 WECC Path Utilization Report
2007 WECC Path Flow Study Report
TEPPC Planning Protocol
WECC 10-Year Regional Transmission Plan Whitepaper
SPSG Environmental Recommendations for Transmission Planning
WGA Water-Energy Analysis of the 10-year WECC Transmission Planning Study
Cases
Subregional Coordination Group Foundation Project List Report

O O O OO0 OO0 O0OOo
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Review Instructions

The Plan Summary is locked to prevent direct editing of text. We request that you provide
feedback by adding comments (“New Comment” under the Review tab in MS Word) within the
document as follows:

To have text added/changed/deleted, highlight the text you want changed and insert a
comment with the revised text or editing instructions.

To request clarification, simply add a comment at the location of the question.

To add an overarching comment on the document, insert a comment at the front of the
document.

For overarching comments on a section, insert a comment at the section header.

Alternatively, you can fill out the comment form that has been provided with this document.

Once you have completed your review of the Plan Summary, please email the document to
bnickell@wecc.biz. Comments are due June 26, 2011.

This document is for technical review purposes only and may not be cited or used for other purposes.
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Executive Summary

The Western Electricity Coordinating Council (WECC) 10-Year Regional Transmission Plan
(Plan) is a Western Interconnection-wide perspective on the expected future transmission and
generation in the Western Interconnection, what transmission capacity may be needed under a
variety of futures, and other insights. The objective of the Plan is to provide sufficient information
to support decision-makers in determining where and when to build new transmission, or to take
other related actions to help ensure that the Western Interconnection is reliable, low-cost,
efficient, and environmentally sound.

The Transmission Expansion Planning Policy Committee (TEPPC), a WECC Board committee,
guides the Regional Transmission Expansion Planning (RTEP) process used to create the Plan.
The RTEP process is a bottom-up process with information flowing to TEPPC from stakeholders
throughout the Interconnection. RTEP is funded, in part, by a grant from the U.S. Department of
Energy (DOE). WECC would like to express its sincere appreciation to the many individuals and
organizations that have contributed to the Plan. The volunteers that comprise the committees
and workgroups are fundamental in assuring that the best information is made available,
comprehensive analysis is performed, and broad review is conducted.

The Plan represents the continuing evolution of WECC’s regional transmission planning
activities. Importantly, this is the first-ever Interconnection-wide transmission plan in the
Western Interconnection. The limited time and tools available narrows its use to those detailed
in the Plan. The Plan includes a collection of observations and recommendations, based on the
analyses performed, and include:

1. Montanafo Northwest (Path 8)

The utilization of and congestion on the Montana to Northwest transmission path (Path 8)
increases under most conditions (i.e., renewable generation re-location in Montana) analyzed in
support of the Plan. WECC recommends priority consideration by decision-makers for
transmission upgrades or other mitigating measures that relieve congestion on path 8 as
renewable generation is expanded in Montana.

2. Pacific Tie Paths (Paths 65, 66)

The utilization of and congestion on the Pacific DC Intertie paths (Path 65) and Pacific AC
Intertie (Path 66) continue to increase under most conditions analyzed in support of the Plan.
WECC recommends priority consideration by decision-makers for transmission upgrades or
other mitigating measures that relieve congestion on Paths 65 and 66.

3. Accessing additional renewable resources

Renewable resources close to major load centers are largely utilized to fulfill RPS in the 10-year
planning studies. RPS compliance beyond 2020 will likely require additional transmission. In
addition, if remote resources are selected in lieu of local generation for pending retirements
(e.g., OTC, emissions), additional transmission will be required. WECC recommends that
decision-makers consider in the near-term what transmission may be required beyond 2020 to
enable efficient, reliable generator additions to meet RPS compliance and ensure generator
procurement optionality is maintained.

This document is for technical review purposes only and may not be cited or used for other purposes.
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1. Foundational Projects
The Foundational Projects were developed
early in the planning cycle as an input
assumption in the analysis of the 2020
transmission network, providing the baseline of
existing and certain-to-be-built transmission
lines on which to model the need for further
transmission expansion. The Foundational
Projects encompass 44 projects and more than
5,500 line miles - a substantial addition to the
Western Interconnection. Modeling results and
study analysis show that we do not need to
build any additional lines beyond the
Foundational Projects to maintain a reliable
power system.
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4. Some remote renewable resources appears cost-effective

Long-distance transmission to access remote renewable resources appears cost-effective when
compared to some local renewable generation assumed in the Plan. Results from some of the
resource relocation plus transmission expansion alternatives evaluated as part of the 10-year
planning studies suggest significant total cost savings result under the alternative resource
futures as compared with generation assumed in the Plan.

5. Operational impacts of variable generation

All of the cases analyzed in 10-year planning studies had high levels of variable generation.
This caused significant and unprecedented levels of conventional generation ramping and
cycling. WECC recommends that future transmission and resource planning studies at all levels
include a comprehensive review of integration issues.

6. Planning cooperation

WECC recommends decision-makers accept the challenges of increased regional cooperation
in transmission planning and development. Recognizing that integrated resource planning (IRP),
RPS, procurement, and demand-side management policies are state-centric, WECC finds that
there are opportunities for regional transmission and renewable resource development that
should not be overlooked as states implement their own energy policies. Local and state
jurisdictions should consider these opportunities for their compatibility with local and state
energy policies and be flexible in compliance with such policies so as not forego significant
economic and environmental benefits that may accrue to their ratepayers.

7. Environmental and cultural considerations in planning processes

As part of the RTEP project, the SPSG Environmental Data Task Force (EDTF) conducted a
case study and interviews on environmental data that can be included in transmission planning
processes. As part of the next RTEP planning cycle, WECC will be develop a catalog of
environmental and cultural data sets for use in transmission planning.

8. Water resource impacts on the future generation mix

The Western Governors’ Association (WGA), along with a consortium of national labs and
others conducted a case study where they compared water withdraw/consumption of various
RTEP study cases. In future RTEP cycles, WGA will provide information on water supply
constraints, drought, and climate change in order to assist WECC in evaluating the impacts and
options for electric generation in transmission planning activities.

9. Future regional transmission planning processes

Great strides have been made recently in regional planning processes, but opportunities to
improve the RTEP process exist. TEPPC will be making the following enhancements to the
RTEP process:

¢ Further evaluate the potential impacts of enacted and proposed energy policies.

¢ Further evaluate the reliability ramifications of transmission and generation elements
included in future transmission plans.

¢ |dentify the long-term Available Transmission Capacity (ATC) on WECC Paths.

e Further refine capital cost assumptions and calculation methodologies.

¢ Incorporate generation cycling costs into production cost models.

This document is for technical review purposes only and may not be cited or used for other purposes.
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1 Preface

Modern economies depend heavily upon reliable electric service. From the consumer
perspective, this means that when an electric switch is turned on or off, as in a light, it appears
to be instantaneous. To the industry professional, things are a bit more complicated. There are
many moving parts, each of which must function correctly to deliver the service expected by
consumers. For instance, if lightning strikes a transmission line, protective equipment must
switch that line out of service within milliseconds to prevent damage to equipment or else cause
a failure of the entire system.

To maintain the reliable electric service expected by a society that is increasingly dependent
upon technology, reliability standards have been put in place to govern the actions and to
establish the responsibilities of the interconnected parties. Reliability standards govern the
maximum amount of power on a transmission line or paths (groups of lines), the level of
generation operating reserves required, and acceptable responses to a contingency, etc.

From its inception, the electric power industry has recognized that using transmission to
interconnect large groups of generators and loads makes it is possible to substantially reduce
the reserve capacity required. Transmission interconnections grew steadily during the 20"
Century until about 1975, when the electric power transmission networks in North America took
on their essential character and topology. Sharing reserve requirements within an
interconnection makes it possible to capture energy diversity across a wide area. Owing to its
large geographic scale, the Western Interconnection has usage diversity (e.g. varying amounts
of use by consumers across an hour, a day, a week, or a season) and production diversity (e.g.
energy from hydro, wind, solar, nuclear, and fossil-fired generation). Capturing diversity through
a transmission-enabled interconnection has both reliability and economic value.

Transmission planning activities in the Western Interconnection serve to address the future
needs of the transmission system. The geographic scale of the Western Interconnection, with its
wide diversity in climate, consumer demographics, and long distances between loads and
resources, requires a division of planning duties. These planning activities are divided by
geographic reach and by planning-time horizons.

Transmission project development, driven by planning activities, is accomplished in various
ways depending on the project developer, the purpose of the project, and the location of the
proposed facility. Transmission planning activities serve the project development process by
providing key information on system needs and the impact of proposed projects; which, in turn,
informs the project financing, siting, and regulatory approval processes.

This document is for technical review purposes only and may not be cited or used for other purposes.
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2 Introduction

The Western Electricity Coordinating Council (WECC) 10-Year Regional Transmission Plan
(Plan) is a Western Interconnection-wide perspective. The Plan provides information on the
expected future transmission and generation in the Western Interconnection, what transmission
capacity may be needed under a variety of futures, and other insights.

The objective of the Plan is to provide sufficient information to support decision-makers in
determining where and when to build new transmission, or to take other related actions to help
ensure that the Western Interconnection is reliable, low-cost, efficient, and environmentally
lsound. |

The Transmission Expansion Planning Policy Committee (TEPPC), a WECC Board committee,
guides the Regional Transmission Expansion Planning (RTEP) process used to create the Plan.
The RTEP process, described in the TEPPC Planning Protocol, is a bottom-up process with
information flowing to TEPPC from stakeholders throughout the Interconnection. RTEP is
funded, in part, by a grant from the U.S. Department of Energy (DOE).

The Plan represents the continuing evolution of WECC’s regional transmission planning
activities. Importantly, this is the first-ever Interconnection-wide plan in the Western
Interconnection. The limited time and tools available narrows its use to those detailed below.

2.1 Acknowledgements

WECC would like to express its sincere appreciation to the many individuals and organizations
that have contributed to the Plan. The volunteers that comprise the committees and workgroups
are fundamental in assuring that the best information is made available, comprehensive
analysis is performed, and broad review is conducted. A complete list of organizations and
persons involved in the RTEP process is found at [link TBD].

2.2 Uses

The WECC 10-Year Regional Transmission Plan is informational. It is designed specifically to
provide high-quality, stakeholder-driven integrated analysis that is internally consistent and that
reflects statutory requirements. It also provides information on the expected future state of the
Western Interconnection, and what Interconnection-wide transmission capacity or other
transmission solutions may be needed under a variety of alternative futures.

WECC does not have the authority to order that transmission lines be constructed, nor does
WECC have any siting, permitting, or cost allocation authority. It is up to decision-makers at all
levels (e.g., utilities, developers, regulators, siting agencies, and financiers) to determine what
transmission and other infrastructure is built.

2.2.1 Energy Policy-makers

The Plan provides information on the impacts of existing and possible energy policy choices.
Included in the Plan is an analysis that compares the cost of in-state vs. regionally-centered
renewable energy procurement policy mandates. In addition, the Plan illustrates areas where
different types of renewable and other generation may be located and the transmission that may
be required to deliver that generation to major loads centers in the Western Interconnection.

This document is for technical review purposes only and may not be cited or used for other purposes.
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diminished opportunities to develop
infrastructure that would be desirable over a
likely range of futures.
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This information can be used by state, provincial, and federal policy-makers to support future
energy policy decisions.

2.2.2 Utility Industry Regulators

The Plan shows the regional impact of what are mostly state- and provincial-approved energy
infrastructure decisions; and what still may be required in the 10-year timeframe. The Plan also
highlights transmission assumptions, many of which are currently in regulatory processes, that if
not constructed may impact future transmission reliability.

The Plan also highlights transmission paths that, even with the assumed transmission additions,
still appear to be highly utilized or congested in 2020 under most conditions. Regulators should
give priority consideration to infrastructure additions (transmission or otherwise) that serve to
reduce congestion on these paths.

2.2.3 Utility Industry Procurement Decision-makers

The Plan provides a regional perspective of current procurement decisions — both generation
and transmission. As mentioned above, many of these are assumed constructed in the Plan and
if not constructed will impact conclusions and observations in the Plan.

In addition, industry procurement decision-makers should give consideration to regional
recommendations provided in the Plan as they make future decisions on procurement and
planning coordination.

2.3 Limitations

This is the first time the Western Interconnection has embarked on creating an Interconnection-
wide transmission plan. The organizational frameworks and additional analytic tools created as
part of the RTEP project were not formed prior to the commencement of the TEPPC 2010 Study
Program, which is the analytical basis of the Plan.

Findings and key observations reported in the Plan based off the analysis completed as part of
the TEPPC 2010 Study Program are the result of the input assumptions used to develop the
study cases analyzed as part of the study program. The data and modeling assumptions used
to create the TEPPC studies were developed using a collaborative stakeholder process, and
reflect available information regarding energy policies, load forecasts, transmission project
status, and resource procurement trends at the time each case was developed.

The Plan uses a Production Cost Model (PCM) as its primary analytical tool. The PCM
simulates the hourly operation of the entire Western Interconnection for the study year, which
provides important information about the utilization of generation and transmission. However, it
does not evaluate transmission reliability or sub-hourly operational impacts. The addition of
increasing amounts of variable generation calls for additional sub-hourly and other analysis
outside the capacity of the PCM. Also, while the PCM provides information about hourly
transmission congestion and delivery of generation to load, it does not address the delivery of
specific resources to any particular load. This information may be necessary to support new
investments in generation and transmission facilities.

An additional limitation is that the data and assumptions used in the analysis are based on
public information. While this increases the transparency of the planning process and results, it

This document is for technical review purposes only and may not be cited or used for other purposes.
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does limit the level of detail that can be incorporated into studies and prevents WECC from
using confidential data including current or future procurement contracts, bilateral agreements,
and other commercially sensitive information. However, WECC does not believe this limitation
would significantly impact the observations and recommendations contained in the Plan.

fThe capital cost calculations and total cost comparisons used to create the key observations
and findings are based on generic, publically available information. The fact that the calculations
are not project-specific limits their use to high-level generalizations about the relative costs of
procuring large amounts of resources in various areas in the Western Interconnection. In
addition, costs and benefits are compared at the regional level. No inferences can be drawn
regarding the cost impact of a given scenario on a specific organization or rate-payer group.|

2.4 Supporting Documents

The observations and recommendations described in the Plan Summary are supported by, and
detailed in, a number of WECC-authored reports approved by TEPPC as well as a number of
reports authored by various stakeholder groups. Key supporting reports include the following.

2019 TEPPC Study Report

2020 TEPPC Study Report

2010 TEPPC Study Program

2009 WECC Path Utilization Report

2008 WECC Path Utilization Report

2007 WECC Path Flow Study Report

TEPPC Planning Protocol

WECC 10-Year Regional Transmission Plan Whitepaper

SPSG Environmental Recommendations for Transmission Planning
WGA Water-Energy Analysis of the 10-year WECC Transmission Planning Study Cases
Subregional Coordination Group Foundation Project List Report

In addition to this Plan Summary, a number of supplementary documents aimed at various
stakeholder audiences have been produced, including the following.

¢ 10-Page Executive Summary Glossy: This high-level document will contain the major
observations, recommendations, and overview of the Western Interconnection. It will be
written for broad audience consumption.

e 100-Page Plan Summary Glossy (this document): This document contains details on the
study approach, process, caveats, observations, recommendations, and related
information. It is designed for electric industry stakeholders and others interested in
having sufficient details to support decisions. The Plan Summary Glossy will look similar
to this document.

¢ WECC 10-Year Regional Transmission Plan Report: The detailed report that includes
the Plan Summary plus all supporting documentation listed above.

e WECC Path Report: This document contains findings from the 10-Year Regional
Transmission Plan organized by WECC Path. This report, currently under TAS and path
operator review, is embargoed because some of the information contained in it is
covered by the WECC Data/Information Availability Policy (DAIP). The WECC Board will
be asked to release information subject to the DAIP at their June meeting. The report will
then become public.

This document is for technical review purposes only and may not be cited or used for other purposes.

Comment [TC3]: At page 11 of Section 2.3,
REMOVE the last paragraph of the original
Section 2.3 and REPLACE with the text
provided here.

Cost comparisons of different renewable
resources and potential transmission additions
provide an important part of the Plan analyses
and results. These comparisons are strongly
driven by capital cost assumptions for different
renewable resources and the typically large
transmission projects that would support
resources in remote locations. However, while
they have been benchmarked to some extent,
these capital cost assumptions basically reflect
generic characterizations of costs for renewable
technologies deployed under a wide range of
conditions, and for large prospective
transmission projects that would have to
undergo extensive siting and permitting
processes.

Thus, while alternative resource and
transmission comparisons presented in this
Plan generally reflect point (median) estimates
of resource and transmission costs, actual
future costs must be viewed as covering a
significant range of uncertainty, and this cost
risk will factor prominently into investment
decisions. On e way to show the range of
potential outcomes is with sensitivity analysis as
illustrated in Figure XX below.

Resource Capacity Factor and
TransWest Express &

——TEPPC Capacity F
—— Sensitivity Capacit

Increase/Dec
29% -15%
$900

‘ Old TEPPC value
$800

N
$700
$600 \

Total Annual  $500
Savings
(MSlyr) $400

$300

$200

$100

s

Notes:

1) Capacity Factor: Both TEPPC and sensitivity value based on NREL n
of available resources.

2) Resource capacity factor sensitivity only included for WY, NM, and M
cases than the WREZ-based average capacity factors used in the CF

3) Only publicly available developer values are reported

Equally important, resource-plus-transmission
comparisons informing the Plan are based on
certain factors of which capital cost estimates

are the most important, but do not include other
factors that will be critical to actual renewable
resource procurement decisions, including

those identified in Figure YY below. These
additional factors may be partly factored into
future Plan cycles. h
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3 Summary of Analyses

The summary section outlines the observations and recommendations, a picture of the Western
Interconnection in 2020, alternative futures, and the results of other analyses. The conclusions
drawn were supported by the analyses performed by TEPPC as well as external assumptions,
analyses, and results brought to TEPPC by stakeholders through WECC's open processes.

3.1 Assumptions

As with any analysis, assumptions drive the results. The analyses conducted to support the
Plan are no different. Key assumptions, summarized below, are detailed in the respective study
case.

Renewable Portfolio Standards (RPS) will be met

WECC assumed full RPS compliance and did not evaluate cost-based or other exemptions that
could reduce the actual amount of renewable resources constructed by 2020. In making
determinations about future renewable resources, it was assumed that Renewable Portfolio
Standards (RPS) will always be achieved.

Foundational Transmission Projects will be constructed

WECC assumed that the 44 major transmission projects provided by the Subregional
Coordination Group (SCG) will be constructed before 2020. These projects relieved congestion
on key WECC paths that, without the projects, would have been included in path upgrade
recommendations below.

Fuel Prices

Fuel prices for natural gas, coal, and nuclear were obtained from specialized price forecasting
services and approved by TAS. Although some of the cases significantly impacted electric
sector natural gas usage, the prices were held constant.

Wind and Solar Resource Assumptions

The wind and solar generation profiles used for the resources modeled in various case studies
and the resulting capacity factors of these resources are based on modeled locational wind and
solar data obtained from the National Renewable Energy Laboratory (NREL). The highest
capacity factor sites available in the NREL data were selected to create the TEPPC wind and
solar generation profiles.

Financial Agreements and Power Contracts

Confidentiality issues prevent the comprehensive modeling of long-term power purchase
contracts in the TEPPC studies with the exception of generation located at the north end of the
Intermountain DC line.! As such, generation is assumed to be available to serve load in its
assigned area, but may also be used to serve load outside its assigned area as determined by
the economic dispatch. Modeling contract rights and schedule use of transmission capacity by
contract holders would produce different results within the production cost model. These and

' The Intermountain Generating Station is modeled internal to the extended balancing authority

boundary for LADWP that follows the IPP DC line north into Utah. For the purposes of the model, this
applies the Intermountain Generating Station directly to the load/resource balance equation for the
LADWP area.

This document is for technical review purposes only and may not be cited or used for other purposes.
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other differences between the production cost model and actual operations are discussed in
greater detail in the body of the report.

The key observations and findings below are supported by the analyses conducted by TEPPC.
Further detail is found in subsequent sections of the Plan and supporting appendices.

3.2 The Expected Future Network

The expected future Western Interconnection electrical network is based on stakeholder-
provided assumptions regarding loads, generation, and transmission 10 years into the future
(2020). The information, detailed in the 2020 SPSC Reference Case (2020 PC1), was provided
to WECC by Load Serving Entities (LSE), State and Provincial regulatory agencies via the
State-Provincial Steering Committee (SPSC), Subregional Planning Groups (SPG), and directly
to TEPPC via its open stakeholder meetings. The subsections below describe the major load,
generation, and transmission assumptions in the expected future network.

The analysis of the expected future network yield a number of observations. First, it appears the
transmission network (including assumed additions) enabled energy to flow without significant
congestion. However, two major transmission paths, Montana to Northwest (Path 8) and
Northwest to California (Paths 65 and 66), remained congested. The Intermountain Power
Project DC Line (IPP DC) was also highly utilized, but this is by design. There are a number of
major paths that have been highlighted in the past WECC transmission utilization reports, but
did not appear be congested in the expected future network due to transmission additions
assumed in the analysis. These include Northwest-Canada (Path 3), Borah West (Path 17),
Bridger West (Path 19), and TOT 2C (Path 35).

[Editorial Note i The reliability analysis of expected future to be added. When the
analysis is complete, it will be forwarded to TEPPC stakeholders for review.]

Second, the generation mix in the expected future case is a significant departure from the past.
With the exception of generation to replace units retired under Once-Through-Cooling (OTC)
regulations, additions are dominated by renewables to fulfill state-mandated Renewable
Portfolio Standards (RPS). The increase in variable, mostly non-dispatchable generation is
causing an increase in the historical utilization and ramping of conventional generators. The
impact of this is two-fold. First, intra-day generator volatility sometimes results in non-
economical day-ahead commitment of generators (carrying additional capacity for a few hours).
Second, transmission flows are changing more often and by larger amounts, which impacts the
management of system voltages and could have an impact on future path ratings.?

There are a number of assumptions in the expected future network that, if not realized, will have
impacts on transmission utilization and costs. The alternative futures section below highlights
the impact of a number of alternative load and generation assumptions.

If assumed transmission additions are not constructed, congestion on key transmission paths
will increase. Depending on the situation, it could impede the delivery of renewable or lower-

2 A number of entities in the Western Interconnection are investigating the impact of increasing
transmission flow changes, specifically changes to Dynamic Transfer Capacity (DTC) Limits.
http://www.columbiagrid.org/DTCTF-overview.cfm
This document is for technical review purposes only and may not be cited or used for other purposes.
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cost generation and cause an increase in costs due to the use of higher-cost gas-fired
generation. In addition, if one or more of the assumed transmission additions is canceled, it
could have a corresponding impact on a generation assumption.

Changes in loads from what was assumed will impact transmission utilization and costs. Key
drivers for load include energy efficiency, economic conditions, and technology changes (i.e.,
electric vehicles). Lower than expected load growth in exporting areas (Pacific Northwest and
interior states) or above expected load growth in importing areas (California and the Desert
Southwest) will increase transmission congestion. Conversely, higher than expected load
growth in exporting areas or lower load growth in importing areas will lower transmission
utilization.

Changes in assumed generation will also impact transmission utilization and costs. Hydro
generation due to snow pack in key river basins greatly impacts transmission utilization and
costs. More hydro increases transmission congestion but decreases costs, and visa versa. In
addition, if renewable generation assumed in the analysis is not constructed, RPS targets may
not be met or if the renewable generation is constructed differently than assumed (i.e., rapid
shift to solar), transmission utilization, conventional generation dispatch, and costs will change.
Another key driver to generation choices is the impact of carbon reduction regulations. If and
how any carbon reduction regulations are enacted will compel changes in existing coal- and
gas-fired generation operation as well as future generation retirements.

3.2.1 Loads

Loads are projected to increase 8.2 percent from 2009 to the 2020 (1.3 percent compound
annual growth rate). These projections were provided by LSEs via Balancing Authority (BA)
filings to the WECC Load and Resource Subcommittee (LRS) data submittal process and
adjusted by the SPSC to reflect energy efficiency and demand-side management programs not
included in LSE projections. The population of the Western Interconnection continues to
increase and is expected to grow 13 percent to 90.7 million people.® This increase, coupled with
the expected load growth, shows that per capita energy usage continues to decrease.

3 U.S. Census Bureau (2011) “Preliminary Annual Estimates of the Resident Population for the United
States, Regions, Sates, and Puerto Rico: April 1, 2000 to July 2, 2010 (NST-PEST2010-01)” 2010
U.S. Population by State. U.S. Census Bureau (2011) “Interim Projections of the Total Population for
the United States and States: April 1, 2000 to July 1, 2030” 2020 U.S. Population by State.
http://www.bcstats.gov.bc.ca/data/pop/pop/BCQrtPop.asp (2011) “British Columbia Quarterly
Population Estimates 1971-2011” 2010 British Columbia Population. Government of Alberta,
Municipal Affairs (2011) “Population 2010” 2010 Alberta Population
This document is for technical review purposes only and may not be cited or used for other purposes.
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Figure 1: Western Interconnection Load

WECC Loads: Past, Present and Future
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The geographic location of the load (Figure 2: 2020 Loads by State) is a major driver of study
results. Over 53 percent of the load (by energy) is located in coastal states and British
Columbia, with 31 percent of the total being located in California. Trends in load growth rates
are skewed towards interior states and Alberta. This is due to a combination of higher
population growth rates, less-aggressive energy efficiency programs, and energy development
(i.e., oil sands in Alberta).

This document is for technical review purposes only and may not be cited or used for other purposes.
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Figure 2: 2020 Loads by State
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3.2.2 Generation

Future generation retirements and additions were provided to WECC via the LRS data submittal
process and detailed in Table 1. In addition, retirements and replacements due to OTC
regulations in California were incorporated based on information provided to TEPPC by the
impacted entities. Additional renewable generation was added to ensure the expected future
network was consistent with enacted RPS. Based on the capital cost estimator used by TEPPC,
the estimated capital cost of the resource additions totaled approximately $179 billion in year
2010 dollars. 54 percent of this capital investment was for resources located in California.

Figure 3 illustrates a couple important generation trends between now and 2020. First, there are
not significant increases in dispatchable generating capacity — most of the gas-fired additions in
California are replacements for OTC retirements. Second, there are over 33,000 MW of
renewable generation additions. Combined, these raise significant questions around having
adequate dispatchable resources to balance the large increase in variable generation (wind and
solar).

This document is for technical review purposes only and may not be cited or used for other purposes.
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Figure 3: Generation Additions and Retirements
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Table 1: Generation Additions and Retirements

Existing (MW) as of 12/31/2009

Resource A8 Az BC cA co o [ wmx | mT [me| wv [ wm [ or [so|mx| ur | wa | wy | wecc
Biomass RPS 262 24 165 641 NEER 0 of o 0 0 o o o o] 197 o| 1382
Geo-thermal 0 0 0| 1878 o] 10| 699 0| o 334 0 o o o 48 0 o| 2968
Solar PV 0 0 0 21 8 0 0 ol o 10 0 o o o 0 0 0 39
Solar Thermal 0 0 0| 454 0 0 0 o o 75 0 o o o 0 0 0 529
wind 712 0 147| 2,327| 1171] 204 o 354 © 0| 394| 1693] o o] =223] 18s6|1064| 10,149
small Hydre RPS 30 30 0| 1199 0| 258 0 o © o 0 80| o o 0 45| 28] 1670
Pumped Storage o| 146 o| 3041 se0 o 0 o © o 0 o o o 0 o o| 3747
Hydro 913| 2,787| 15830 9266 6165|3207 02,495 o©|1045| 79| s4ss) o] o| 250/22074| 283| 67295
Nuclear 0| 4,035 0| 4486 0 o 0 o e o 0 ol o o 0| 1,180 o| ses1
Coal 5431 6131 0| 232| 4808 15 0/2,511| ©|1043|3992| 510 25| o|sos2| 1456|5402 36615
Combined Cycle 2,002| 10,635 240| 17,435 2,778 0| 2,120 0| o©|4818| =88 3080] o0|222[1,275) 3624 o| 4s117
cr 2,263 1826 66| 6805 2,822 so7| 281 o|3oc| 1,560) 700  172|339| 69| 405| 7o4| 79| 1097
Ic 12 0 o s2| 116 o 0| 54| o 288 0 ol 20| o 0 24 0 507
Steam Other 78| 1,295 so4| 2817|107 o| 304] 65| o 225 343 75| o|247] 238 131 o| ssg32

TOTAL 11,701| 27,008| 17,352|50,793| 12,983| 4,394| 3,404| 5,480 300| 9,399| 6,396| 14,090| 384 538| 7,501| 31,270| 6,835| 209,829

This document is for technical review purposes only and may not be cited or used for other purposes.
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Retirements (MW) throt 12/31/.

Resource AB AZ BC CA co [s] MX MT NB NV NM oR sD T uT WA WYy WECC
Coal 586 0 0 0 226 0 0 0] 0 330 0 0] 0 0 0 0 0] 1,142
Combined Cycle 0 0 0] 47 0] 0 0 0 0 0] 0] 0 0 0] 0] 0 0 47
CT - nonOTC 118 0 0| 337 0| 0 39 0 0 0| 0] 0 0 0| 0] 0 0 494
CT-0TC 0 0 0 156 0 o 0 0 0 0 0 0 0 0 0 0 0 156
Steam - nonOTC 0] 0 0 0 115 0 0 0] 0 338 0 0] 0 0 0 0 0] 453
Steam - OTC 0] 0 0| 12,862 0 0 0 0] 0 0 0 0] 0 0 0 0 0] 12,862

TOTAL 704 0| 0| 13,402 341 0 33 o] 0| 668 0 o] 0| 0| 0 0| o] 15,154

Resource AB AZ BC CA co ] MX MT NB NV NM ]33 SD | T™X uT WA Wy WECC
Biomass RPS 35 11 377 336 0 [+] 0 [+] o 26 68 98 0| 0| 0 64 0| 1,014
Geo-thermal [+ 0 0| 1,289 0 27 107 [+] o 345 15 220 0| 0| 155 o 0| 2,158
Solar PV 0| 1,699 o 4093 770 [+] 0 [+] o 136 240 20 0| 0| 0 o 0| 6,957
Solar Thermal [+ 417 o 4914 264 [+] 0 [+] o 637 150 o 0| 0| 0 o 0| 6,382
Wind 2,475 179 958 4,725 2,054 319 260 455 o 150/ 494 2,431 0| 0| 100| 2,800 675| 18,075
Small Hydro RPS [+] 0 80 0| o [+] o 13 o [+] 0| 19 0| 0| o 172 0| 294
Pumped Storage 0 0 0 40 "] 0 "] 0 0 0 0 0 0 0 "] 0 0 40
Hydro 100 0 0 0 "] 0 "] 0 0 0 0 0 0 0 "] 0 0 100
MNuclear 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Coal 450 0 0 0 750 0 0 0 0 0 0 0 0 0 0 0 485 1,685
Combined Cycle 2,518 o] 0| 4,329 200 300 381 120 0 524 0 0 0| 288| 1,143 0 o] 9,803
cT 2,215 560 0| 3,746 180 100 524 0| 0 0| 0 0 0 o] (V] 0 o] 7,325
Ic 0| o] 0| 163 (V] 0| (V] 0| 0 0| 0 0 0 (V] 0 o] 163
Steam Other 0| o] 0| o] (V] 0| (V] 0| 0 0| 0 0 0 o] (V] 0 o] 0

TOTAL 7,793 2,866 1,425| 23 634| 4218 74| 1,272 588 0| 1,818 Q67| 2,788 0| 288| 1,398| 3,036(1,160| 53995

As shown in Figure 4: Total Generation by Fuel Type, the Western Interconnection will generate
17 percent of its energy from non-hydro renewable sources in 2020. This, along with hydro and
nuclear equates to non-carbon emitting resources generating roughly one-half of the total
annual energy.

This document is for technical review purposes only and may not be cited or used for other purposes.
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Figure 4: Total Generation by Fuel Type

WECC 2020 Annual Energy Generation by Type
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Figure 5: Renewable Energy Generation shows the mix of renewable generation in 2020. The
continues to be dominated by wind, but strong growth in solar is anticipated.

This document is for technical review purposes only and may not be cited or used for other purposes.
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Figure 5: Renewable Energy Generation
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Current renewable energy development trends are aimed at accessing resources close to load.
This is being driven by state mandates, regulatory and financial uncertainty around long-
distance transmission development, and the development time-frame differences between
generation (2-3 years) and transmission (7-10 years). The tendency to procure in-state, or local,
renewable resources is clearly shown in Figure 6. In the 2020 expected future network every
state with a renewable energy portfolio mandate or goal, other than Oregon and Utah, receive
over 75 percent of their RPS energy from in-state resources.

This document is for technical review purposes only and may not be cited or used for other purposes.
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1 Figure 6: In and Out of State RPS Energy for 2020 Expected Future

In and Out of State RPS Energy for 2020 Expected Future

WECC Wide: 79% of RPS energy served by
in-state resources in 2020 Expected Future
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2
3 3.23 Transmission
4 Assumptions regarding future transmission additions, shown in Figure 7: Foundational
5  Transmission Projects, were provided by the Subregional Coordination Group’s (SCG)
6  Foundational Transmission Projects List Report. The 44 projects on the list were created by
7 analyzing the development status of known major transmission projects and determining
8  projects that have a high probability of being constructed over the next ten years. In total, the
9 projects added over 5,500 line miles to the existing 75,000 miles of existing transmission above
10  200kv. In addition, local transmission additions (under 200kv) were added based on
11  transmission provider submissions to the WECC Planning Coordination Committee (PCC).
12 Based on the capital cost estimator used in the Plan and publicly available capital cost
13  information, the estimated capital cost of the transmission additions totaled $20 billion.*

* Publically available developer costs were used whenever possible. Costs not publicly available were
estimated and only line mileage and line termination costs included in the estimation. The reported
value is likely conservative compared to actual costs.

This document is for technical review purposes only and may not be cited or used for other purposes.
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Figure 7: Foundational Transmission Projects

Foundational Projects - 2020

The diagram shows illustrative routings for 30 SCG Foundational
Projects 345 kV and higher. There are 10 lower voltage/reinforcement
projects excluded from the map for clarity.
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20. West McNary

21. Big Eddy - Knight

22 Little Goose Area Reinforcement
23 Nicola - Meridian
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With the additions of the Foundational Projects, most of the major transmission paths
highlighted in past utilization studies do not appear to be overly congested in 2020. The
exception is the Montana to Northwest path (Path 8) and the Northwest to California paths (Path
65 and 66). These paths are discussed in detail in the recommendations section and the path

reports.

The Montana to Northwest path (Path 8), the largest of the Montana export paths, consists of
the lines running between western Montana and northwest US. It is the only major WECC Path
available to export resources out of the state. By combining the historical utilization analysis and
forward looking trends describing how the path will be used in 2020, these point to the need for
additional transmission capacity out of Montana, particularly if additional generating resources

are to be located there.

The paths that bring energy from the Northwest down into California, the Pacific DC Intertie
(PDCI) — Path 65 and the California-Oregon Intertie (COI) — Path 66, also continue to be an
area of concern. The historical utilization analysis and forward looking trend in path utilization in
2020 both point to the need for additional transmission capacity between the Northwest and

This document is for technical review purposes only and may not be cited or used for other purposes.
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California. This fact is further supported by a recent report authored by the owners of the lines
that comprise Path 66.°

[Editorial Note i The reliability analysis of expected future to be added. When the
analysis is complete, it will be forwarded to TEPPC stakeholders for review.]

3.3 Alternative Futures

In addition to the expected future network, the RTEP process analyzed a number of alternative
load and resource scenarios. The purpose of this work was to compare the expected future to a
number of plausible futures to (1) identify the relative impact on future transmission needs and
(2) compare the variable and incremental capital costs. There were two alternative load and
eight resource relocation cases.

The alternative load scenarios focused on understanding high load growth and aggressive
Energy Efficiency (EE) and Demand-side Management (DSM). Results for both these scenarios
are detailed in the 2020 Study Report under 2020 PC2 and 2020 PC3, respectively.

The high load growth case (2020 PC2) had a 10 percent increase in the load projections with no
other changes to resources except that additional renewable generation was added to maintain
RPS compliance. This case showed the increase in load was served mostly by local gas-fired
generation and that major flows between areas of the Western Interconnection decreased.
However, flows increased in Southern California and a few isolated areas elsewhere. The lower
flows were due to lower-cost resources in the Northwest and inland that were being utilized by
local loads and thus not available to displace higher-cost resources in California. This case had
a large impact on variable (operating) costs, which were 25 percent higher than in the expected
future case. This was due largely to the increase in natural gas-fired generation, which
increased by over 40 percent.

The high EE/DSM case (2020 PC3) reduced load projections based on the implementation of
the full economic potential of energy efficiency programs. This resulted in a decrease of 8.6
percent in the coincident WECC peak demand and a 10 percent reduction in total energy. To
note, the distribution of EE/DSM was not equal across the states and provinces. Loads in areas
that already had more aggressive programs were decreased less and visa versa. The result of
this case showed significant increases in flows from the Intermountain West and Northwest into
California. Basically, the study showed the opposite impact demonstrated in the high load case.
Due to the decrease in loads, lower-cost generation was available to flow into higher-cost
markets in California. Also noteworthy is the 25 percent decrease in variable costs, which is
driven by the reduced need for gas-fired generation.

The remaining alternative futures focused on understanding the interplay between transmission
and renewable resource location, specifically local vs. remote generation to load centers. As a
proxy for understanding the transmission utilization and cost implications of these resource
location tradeoffs, 12,000 GWh of the lowest-ranking renewable generation located in California
was replaced with alternative renewable resource portfolios at eight different locations
throughout the Western Interconnection. As shown in Figure 8, California is home to 66 percent

® Transmission Utilization Group, COI Utilization Report, [link TBD], 5/4/2011
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of the WECC-wide incremental RPS energy from 2010 to 2020. As such, the 12,000 GWh of
relocated resources represent about 20 percent of California’s forecasted incremental RPS
energy requirement in 2020. The locations and resource fuel types studied in these eight
resource location alternative futures are illustrated in Figure 9 and reflect input from the Western
Renewable Energy Zone (WREZ) Peer Analysis Tool, from utility planners, and from the NREL
meso-scale wind profiles regarding the resources selected for each case. The installed capacity
of the renewable resources needed to produce 12,000 GWh of energy is a function of the
annual capacity factor of the resources selected in each case, and varied from 1,370 MW
needed for the PC9 British Columbia resource relocation case to 5,299 MW of capacity needed
for the Coastal Northwest case. This variation is due to the technology mix as well as the
regional difference between the resources removed from California and the resources selected
for each relocation case. The details of each relocation case are found in their respective
sections in the 2019 Study Report (2019 PC7-14). In addition, 25,000 GWh of “aggressive wind
relocation” cases were studied for Montana and Wyoming. These are detailed in the 2020 Study
Report under 2020 PC6 and 2020 PC7, respectively.

Figure 8: WECC Incremental RPS Energy by State

Percentage of WECC Incremental RPS Energy
by State: 2010 - 2020

i 1%
3%
4%
3% 10%
66%
5% 2%

Total WECC Incremental RPS Energy 2010-2020 = 89,644 GWh

State/Province with RPS Goal or Mandate

State/Province without RPS Goal or Mandate
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Figure 9: Renewable Resource Relocation

2019 Resource Relocation of 12,000 GWh
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Overall, the resource relocation cases showed that there are cost-efficient remote resource
options as compared to some local resource options in high-cost areas of the Interconnection.
Figure 10 demonstrates the estimated resource capital cost savings calculated between the
resource portfolio assumed in the 2019 expected future and the portfolio assumed in the eight
resource relocation cases. The estimates savings reported for these cases are a function of the
installed capacity of resources needed to produce 12,000 GWh of energy in each case, and the
estimated levelized fixed cost for the particular resource type in the location studied.

The estimated resource capital cost savings are lowest in the relocation cases that included
significant solar and/or geothermal additions, while the savings are the greatest in the cases
that included significant high capacity factor wind resources. There are two key drivers for the
sometimes very large cost differentials. First, the capacity factors for different renewable
generation types are vastly different. As an example, capacity factor of solar photovoltaic (PV) is
in the range of 20 percent. The capacity factor for many high-quality wind areas is in the 40
percent range. So, you need half the installed capacity to yield the same amount of energy.
Second, the capital cost of solar is nearly double that of wind. Taken together, there is a 4X
capital cost spread between wind and solar. The capital cost assumptions and calculation
methodology are detailed below in Section 5.1.8.

This document is for technical review purposes only and may not be cited or used for other purposes.
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Figure 10: Resource Capital Cost Comparison
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Figure 10 also shows the effect on the resource capital cost savings of the capacity cost
adjustments made to maintain an equivalent on-peak capacity value between the relocation
cases and the resource portfolio removed from California. Note that the estimated cost
differential for building 12,000 GWh of renewable generation in the eight relocation areas rather
than in California more than offsets the cost of building additional conventional generating
capacity necessary to achieve the same level of dependable generating capacity represented in
the expected future case.

It was assumed that transmission expansion would accompany the level of resource
development evaluated in the resource relocation cases. A number of transmission expansion
alternatives were evaluated together with the resource relocation alternatives are shown in
Table 2: Cost Comparison of Resource Relocation Alternatives with Transmission Expansion.
While the transmission alternatives studied were not rigorously assessed in terms of their ability
to deliver the relocated generation from particular resource areas to particular loads areas, it
was found that the incremental cost of a number of transmission expansion alternatives could
be paid for using the resource capital cost savings illustrated in Figure 10. Generation,
transmission utilization, and capital cost comparisons of the resource relocation and
transmission expansion scenarios are detailed in the 2019 Study Report.

This document is for technical review purposes only and may not be cited or used for other purposes.
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1 Table 2: Cost Comparison of Resource Relocation Alternatives with Transmission Expansion

Case Cost Estimates ($M/yr)
Change in Net
Resource Transmission 12,000 GWh Incremental Production Cost
. A N ; Change
Relocation Expansion of Resources Transmission Relative to in Cost
Expected Future
Expected Future 1,810 - - -
Arizona/ Phoenix-Mead-
Southern Nevada | Adélanto AC to 1,638 116 (49) (105)
DC Conversion
. Green Energy
Arizona/
Express Phase 1,638 207 (44) 9
Southern Nevada 283 HVDC
. Centennial West
New Mexico Clean Line HVDC 1,109 369 11 (321)
Montana Chinook HVDC 956 529 a7) (342)
Wyoming Zephyr HVDC 813 418 2 (577)
. TransWest
Wyoming Express HVDC 813 337 1 (659)
2
3 Important to the renewable resource relocation alternatives is that the analysis performed as
4 part of the Plan considered at a finite set of values and costs. Figure 11 - Factors Driving
5 Renewable Resource Procurement illustrates values and costs that may play into a resource
6  decision and which ones were considered in this analysis. As with any business or regulatory
7  decision, it is the impacts to the entity making the decision that are considered.
8 Figure 11 - Factors Driving Renewable Resource Procurement
Factors Driving Comparison of Renewable Resource Options
Values and Costs Explicitly Quantified in ‘ Values, Costs and Risks Not Addressed in
‘ TEPPC Studies TEPPC Studies
Renewable - Environmental || Renewable
Energy Re_source Tran;mlsshon Siting and Generation
9 Capital Cost Capital Cost el Integration
poming: || "G
( il )| ® (2) ‘ Constraints
Best fit,
Environmental || deliverability, or Local
Resource Value of Future Siting and other requirement Economic
Capacity Value Tax Incentives Permitting: not captured by Development
(MW or $SM/yr) ($Mlyr) Resources energy or and Jobs
(3) capacity value
WECC
Production Cost
($Miyr)
Factor Key Footnotes:
(1) 20-year amortization for resources. Capacity factor ranges were
tested and quantified as higher capital cost per GWh (rather
Adequately Potentially or Not adequately than lower GWh).
quantified in GWh partially quantified quantified in GWh (2) 40-year amortization for transmission.
or$ in GWh or § or$ (3) $SM/year value based on annualized cost of new CT net of CT’s
energy market income, assuming that capacity can be delivered
@ Sensitivity performed in TEPPC studies to California.
9
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3.4 Other Analyses

In addition to expected future and alternatives, WECC analyzed other cases to fulfill TEPPC
study requests that did not fit into one of the above described futures. The additional cases were
aimed at understanding an aggressive carbon policy target and the interaction between the Tres
Amigas Superstation and the Western Interconnection. The results of these cases are detailed
in the 2020 Study Report in 2020 PC8 and 2020 PC9, respectively.

4 Observations and Recommendations

Plan observations and recommendations are based on stakeholder-requested studies
performed as part of the RTEP process. The results of many of the studies is described above.
Importantly, all study cases informed the Plan observations, but did not necessarily result in a
recommendation.

4.1 Montana to Northwest path 1 Path 8

The utilization of and congestion on the Montana to Northwest transmission path (Path 8)
increases under most conditions (i.e., renewable generation re-location in Montana) analyzed in
support of the Plan. WECC recommends priority consideration by decision-makers for
transmission upgrades or other mitigating measures that relieve congestion on path 8 as
renewable generation is expanded in Montana.

[Add path definition after DAIP embargo is lifted)]

Figure 12 - Montana Export Paths

[Path illustration to be added after DAIP embargo is lifted]

Historical information,® congestion analyses, project development information, and renewable
resource potential in Montana support the finding that transmission congestion along Montana
export paths may become more severe in the 10-year timeframe. Plausible options to reduce
the congestion and enable the delivery of additional resources include:

e expanding transmission out of Montana (upgrading existing lines or adding new lines); or
e adding new lines out of Montana that access less constrained paths or deliver resources
directly to load centers; or
e reducing congestion by creating a portfolio of complementary resources elsewhere in the
western interconnection.
Of the three export paths used to transfer resources out of Montana, Path 8 seems to be the
most congested by all measures. Historical data shows that Path 8 has been, and remains,
heavily utilized, which is consistent with its original design to move large quantities of base load
generation out of Montana to the Northwest. This information demonstrates that today’s level of
congestion on Path 8 is extreme when compared to other WECC Paths. Furthermore, TEPPC’s
10-Year studies show that export path utilization out of Montana will increase in almost all load
and resource scenarios considered. Over the 10-year timeframe, a number of resource
development scenarios reveal congestion on Montana export paths, which are severe and could

°path 8 capacity was constructed to move the Colstrip Generation and existing uses when the Colstrip
Generation was added to the system.
This document is for technical review purposes only and may not be cited or used for other purposes.
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restrict the ability to export additional generation resources out of the state. Additional factors
suggest there may be an economic benefit to building transmission access to renewable
resources in the state with the additional benefit of relieving congestion along the Montana
export paths. Error! Reference source not found. presents a list of potential action items with
regard to this recommendation.

Supporting Analyses

Results from historical and future congestion analyses supports the selection of the Montana
export paths (Error! Reference source not found.) as a area of concern. The analyses also
suggest that high levels of congestion along the paths may restrict new potential resources
located within Montana from accessing external load centers. At a minimum, the supporting
analyses reinforces the need for additional studies on the Montana export paths.

Historical Path Utilization

The TEPPC Transmission Path Utilization Studies quantify the historical utilization of major
transmission paths in the Western Interconnection and provide insight to where transmission
congestion occurred during the study year. The past three path utilization studies provided
relevant congestion information for Path 8.

The 2009 TEPPC Transmission Path Utilization Study analyzed 2009 and 2008 flow and
schedule data for Path 8 and Path 18,. Available Transmission Capacity (ATC) data was
analyzed for Path 8. The study identified Path 8 as the 5™ most heavily used path in the
Western Interconnection relative to its capacity. Path 8 received this ranking based on flow,
schedule, and block-hour schedule metrics. In the same study year, Path 18 was the 16" and
17" heavily utilized path based on directional schedule and net schedule metrics, respectively.

The 2008 TEPPC Transmission Path Utilization Study analyzed 2007 flow and schedule data
for Path 8 and Path 18.Overall, Path 8 was listed as one of the top 10 most heavily used in the
Western Interconnection in 2007. This ranking was based on Path 8 being one of the six most
heavily utilized paths according to actual flow and maximum directional schedule metrics. Path
18 ranked as the 6" and 8™ most congested path according to max schedule and net schedule
metrics, respectively. According to flow metrics, Path 18 ranked as the17". most heavily utilized
path.

The 2007 TEPPC congestion analysis report looked back at path flow data from 1999 through
2005. It was found that Path 8 operated at 75 percent of its limit for 25 to 50 percent of the year
in the highest load year. Path 8 actual flow data and schedule are presented as duration charts
in Error! Reference source not found. and Error! Reference source not found..
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Figure 13: Path 8 Historical Flow Duration Chart
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Figure 14: Path 8 Historical Schedule Data Duration Chart
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Regional Operating Characteristics

Much of the energy exported from Montana originates from the Colstrip Power Plant located
east of Billings, Montana. The four units have a combined generating capacity of 2100 MW
delivered to the system. Currently, these are operated as a base load resource and historically
not subject to frequent ramping. Montana is also home to considerable hydroelectric resources
from which energy can be transferred to load centers inside and outside Montana over its export
paths. These existing hydro resources represent nearly 2500 MW of generation capacity.

This document is for technical review purposes only and may not be cited or used for other purposes.
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However, Libby, Hungry Horse, and Noxon in the northwest corner of Montana do not impact
Path 8 flows.

Based on renewable energy modeled in the 2019 and 2020 TEPPC studies, variable generation
could have significant impacts on the manner through which the existing coal and hydro
resources are dispatched and operated. TEPPC studies suggest this impact would be
intensified, perhaps to unacceptable reliability impact levels, if the congestion issues along the
Montana export paths are not addressed. Error! Reference source not found. shows the total
present-day existing generation capacity in Montana (not all sources impact Montana’s export
paths because of their location with respect to the export paths), as well as the capacity of the
incremental resources added in the 2020 Expected future case.

Figure 15: Montana Existing and Incremental Resource Capacity

Montana Resources
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Of the 793 MW of capacity added to Montana in the 2020 Expected future case, 455 MW was
wind-powered — a fraction of the renewable potential. This amount of variable generation
introduced a considerable amount of congestion on the Montana export paths, especially Path
8, which is not surprising since the studies did not add new transmission to accommodate the
new resources and that Montana export paths historically are heavily utilized.

Congestion Analysis

Three metrics: utilization, risk, and value are used to help quantify the amount of conditional
congestion along a path in TEPPC study cases.” The Recurrent Count and Total Recurrent
Congestion Score indicate high utilization and congestion across a range of study cases (i.e.,
chronically congested). These metrics help identify areas of congestion within the Western
Interconnection regardless of which future scenario may come to fruition. The following
congestion analyses investigate conditional congestion and chronic congestion along the
Montana export paths using the aforementioned metrics.

" The metrics are detailed in Section 5.1.6
This document is for technical review purposes only and may not be cited or used for other purposes.
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Conditional Congestion

Congestion that is contingent on a specific future (e.g., resource location, load level) is termed
conditional congestion. In order to identify in which scenarios congestion is most severe, the
analysis reviews conditional congestion scores for each path for all study cases analyzed in the
2010 TEPPC Study Program. The scenarios for which congestion along the Montana export
paths is most contingent on are summarized in Table 3: Montana Export Path Conditional
Congestion.

Table 3: Montana Export Path Conditional Congestion

Montana Export Path Conditional Congestion Scenarios

Path 8: Montana to Northwest Montana Resource Relocation (2019 PC12)
Aggressive Montana Wind (2020 PC6)
Aggressive Wyoming Wind (2020 PC7)

Path 18: Montana i Idaho Montana Resource Relocation (2019 PC12)
Aggressive Montana Wind (2020 PC6)
Path 80: Montana Southeast Aggressive Montana Wind (2020 PC7)

The conditional congestion scores calculated for Path 8 in the identified study cases were
between 50 and 80 percent higher than the average score in all other cases for which Path 8
passed the utilization screening. These relatively high levels of congestion on Path 8 are
contingent on three scenarios. The increase in congestion for these scenarios is shown in
Error! Reference source not found..

Figure 16: Montana to Northwest Conditional Congestion Score
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In both Montana resource scenarios, Path 8 operated above 90 percent of its limit for at least 40
percent of the year. This extreme level of utilization is reflected in the high conditional
congestion score. The drastic increase in congestion along Path 8 in these specific Montana
and Wyoming resource scenarios is due to the system’s inability to integrate the amount of

This document is for technical review purposes only and may not be cited or used for other purposes.
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renewable resources modeled while continuing to operate base load coal units in a traditional
manner without additional transmission.

There is also valuable insight to be gained by finding those scenarios for which the utilization of
Path 8 is the lowest. The path passed the utilization screening in every case except the 2020
Carbon Reduction case. This was the result of a $30 per ton carbon adder that decreased the
output of the Colstrip generators. The path was highly utilized in all other cases, but
experienced lower levels of congestion (compared to its overall average) in the following
scenarios.

e British Columbia Resource Relocation (2019)
e Northern Nevada Resource Relocation (2019)
¢ Northwest Coastal Resource Relocation (2019)

Recurrent Count

This metric identifies those paths that are highly utilized across a range of plausible resource
futures. A utilization screening was applied to all of the 15 study cases to inform a
recommendation, and the Montana — Northwest path passed this screening in 14 out of 15
cases. Relative to the other paths, Path 8 had the 2" highest recurrent count. In terms of
frequency, the path is one of the most heavily utilized paths regardless of the resource future.
Path 18 passed the utilization screening in two scenarios, and Path 80 was highly utilized in one
scenario.

Total Recurrent Congestion Score

The Total Recurrent Congestion Score applies the principals of the Recurrent Count, but
focuses on congestion rather than utilization by summing the Conditional Congestion Score
across all study cases for which the path passed the utilization screening. This gives a measure
of the magnitude of the path’s congestion, regardless of the future scenario. A high Total
Recurrent Congestion Score may indicate a chronically congested path. Path 8 had the 2™
highest Total Recurrent Congestion Score. Alternatively, Paths 18 and 80 had much lower Total
Recurrent Congestion Scores, which points toward these paths being conditionally congested,
not recurrently congested.

Expansion Cases

There are numerous ways to relieve a highly utilized path that becomes congested when new
generation is added, one of which is transmission expansion. Congestion relief is just one of
many reasons to build transmission; however, not all highly utilized paths are congested.

Due to the significant amount of congestion identified along the Montana export paths, valuable
insight can be gained by modeling transmission expansion in the 2020 Expected future case.
However, since Path 8 is the only chronically congested Montana export path, the impact of
transmission expansion modeled on the Expected future case will only be evident there. Path 18
and Path 80 are conditionally congested in specific scenarios, none of which are the Expected
future case. Therefore, the analysis looks exclusively at the impact of transmission expansion
on Path 8, not Path 18 nor Path 80.

This document is for technical review purposes only and may not be cited or used for other purposes.
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Based on known projects and stakeholder input, the following projects were modeled to provide
information on their congestion relieving impact identified in the 2020 Expected future case on
Path 8.

e Chinook — 500 kV DC, 3000 MW electric transmission line originating near Harlowton,
Montana, traversing Idaho and terminating in the Eldorado Valley, south of Las Vegas,
Nevada.

e MSTI-500 kV AC, 1500 MW transmission line, delivering electricity from Montana to
customers in the western US. The intent of the MSTI project addresses the need for new
electric transmission service: generating sources to customers, and to bolster the
western power grid.

e Path 8 Upgrade — A series compensation project that would increase the Path 8 rating
from 2200 MW to 2900 MW.

By comparing the amount of congestion remaining after the addition of the Chinook, MSTI, and

Path 8 Upgrades, we can better understand the type of impact these projects might have on
Path 8 in the 2020 Expected future case.

Chinook

In the 2020 Expected future case, Path 8 passed the utilization screening based on all three of
the utilization metrics, U75°%, U90°, and U99%. After the implementation of the Chinook project,
Montana — Northwest no longer passed any of the screenings, meaning that by definition the
path was no longer highly utilized. This decrease in utilization along Path 8 can be seen in
Error! Reference source not found..

U75 is the number of hours when flows are greater than 75% of the path’s rated capacity. It is often
reported as a percentage of the time frame being considered.
U90 is the number of hours when flows are greater than 90% of the path’s rated capacity. It is often
reported as a percentage of the time frame being considered.
U99 is the number of hours when flows are greater than 99% of the path’s rated capacity. It is often
reported as a percentage of the time frame being considered.
This document is for technical review purposes only and may not be cited or used for other purposes.
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Figure 17: Montana to Northwest Utilization (Chinook)
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In addition to reducing the congestion along Path 8, the Chinook project also reduced the
WECC-wide average U909 from 5.74 to 5.64 percent. The average U75 decreased from 15.08
to 13.63 percent, as well. Overall, the Chinook project was effective at reducing congestion
along Path 8 and lowering WECC-wide utilization values.

The addition of the Chinook project did introduce more congestion and higher utilization along
the TOT 2C path. The U90 levels along TOT 2C increased from 12.88 percent in the 2020
Expected future case to 21.50 percent in the Chinook scenario.

MSTI

The addition of the MSTI project also resulted in the Montana — Northwest no longer passing the
utilization screening. All three utilization metrics decreased, with more than 30 percent decrease
in the U75 metric. The changes in the utilization values are shown below in Error! Reference
source not found.. Path 8 passed all utilization metrics by a wide margin.
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Figure 18: Montana to Northwest Utilization (MSTI)
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In the MSTI scenario, the entire WECC-wide U90 average did not show substantial change.
With the addition of the MSTI project, the total number of paths that passed the utilization
screening did not decrease. However, the MSTI project had a drastic effect on the utilization
and congestion along Path 8.

There was a significant change in the utilization of the West of Crossover path. In the Expected
future case West of Crossover, it operated at U75 for 70 percent of the year, and at U90 for 9.47
percent of the year. The utilization of this path increased after the addition of the MSTI project to
74.70 percent and 29.06 percent, respectively. This increase could be due to both the region’s
increased export capacity and the addition of the MSTI project. This may have caused an
increase of coal generation from the Colstrip Plants in the production cost model, which would
likely not happen as the West of Crossover path can be controlled by Phase Shifting
Transformers. West of Colstrip, U75 values increased nearly 5 percent from the Expected future
case to the MSTI case, supporting this argument.

Path 8 Upgrades

The Path 8 Upgrade project resulted in the greatest decrease in Montana — Northwest utilization
metrics. The project effectively increased the east to west limit of the line from 2200 MW to 2900
MW. Path 8 did not pass any of the utilization screenings after the implementation of the
upgrades. The decrease in each of the utilization metrics is shown below in Error! Reference
source not found..
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Figure 19: Montana to Northwest Utilization (Path 8 Upgrades)
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The Path 8 Upgrades had no effects on the WECC-wide average U90 value, or the number of
paths that passed the utilization screening. For those paths that passed the utilization screening
in the Path 8 Upgrade Scenario, there were no significant increases or decreases in utilization.

All three of the expansion cases effectively reduced congestion along Path 8.

Capital Costs

Each of the projects modeled in the expansion cases have a capital cost associated with
implementing the incremental transmission. Error! Reference source not found. shows the
wide range of costs for these projects using a set of high-level assumptions. To note, each
project has a different rating, termination point, and stated purpose. No comparison as to the
relative value of the projects can be made from these analyses. For clarity, the varying degree
of transmission capacity is shown on the chart.
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Figure 20: Capital Costs and Project Capacity
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External Impacts & Added Value

Information currently unavailable to WECC may impact the Montana export path
recommendation. The following describes some of this information and its possible impact on
recommendations. Additionally, a description of how completing the recommendation for the
Montana export paths may assist in the completion of other planning recommendations included
in this report.

Limitations

The congestion analysis referenced above was completed using the Production Cost Model
(PCM) software PROMOD. The PCM operates in an ideal world and performs an economic
dispatch of the Western Interconnection that is unrealistic. Interpreting results from the PCM into
meaningful metrics that compare to real life operation is often difficult. For example, the PCM
routinely dispatch lines well above 90 percent of their operating limits. This relatively high level
of flow is rarely detected in actual operations. To the extent possible, the congestion metrics
used in these supporting analyses considers these types of operating realities.

There are specific contractual agreements (e.g., bi-lateral contracts) not modeled in the PCM,
which impact dispatch generation. Had these contracts been modeled, flows along the Montana
export paths could increase or decrease in the model, thereby potentially effecting the
recommendation.

Supporting Other Recommendations

The resource options recommendation has parallel conclusions to the Montana export path
recommendation. The congestion relief recommendation for the Montana export path supports
the resource option. Resources will likely be built if there is more export capacity out of
Montana. In addition, more resource development in Montana will help to further justify the need
to reduce congestion out of Montana in order to get those new resources to load areas.

This document is for technical review purposes only and may not be cited or used for other purposes.
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4.2 Pacific Intertie Paths 1 Path 65 and 66

The utilization of and congestion on the Pacific DC Intertie paths (Path 65) and Pacific AC
Intertie (Path 66) continue to increase under most conditions analyzed in support of the Plan.
WECC recommends priority consideration by decision-makers for transmission upgrades or
other mitigating measures that relieve congestion on Paths 65 and 66.

[Add path definition after DAIP embargo is lifted)]

Figure 21: PDCI

[Path illustration to be added after DAIP embargo is lifted]
Figure 22: California-Oregon Intertie

[Path illustration to be added after DAIP embargo is lifted]

Historical data, congestion analysis, project development information, and the potential
opportunity to import renewables from the northwest into California support the finding that
transmission congestion along Path 66 and Path 65 may become more severe in the 10-year
timeframe. Plausible options to reduce the congestion and enable the delivery of additional
resources include:

¢ expanding transmission out of the northwest (upgrading existing lines or adding new
lines); or

¢ adding new lines out of the northwest that access less constrained paths or deliver
resources directly to load centers; or

e reducing congestion by creating a portfolio of complementary resources.

Historical data show the COIl and PDCI as congested paths in 2007. This information can be
used to conclude that today’s level of congestion on Paths 66 and 65 are extreme compared to
other WECC Paths. TEPPC’s 10-Year studies show that utilization of these paths will increase.
Specifically, scenarios could develop over the 10-year timeframe that cause congestion on COI
and PDCI to a severity that would greatly restrict resource delivery out of the northwest.
Additional factors suggest there may be an economic benefit to building transmission that would
have the additional benefit of relieving congestion along Paths 66 and 65.

Supporting Analyses

Results from historical and future congestion analyses support the selection of Path 66 and
Path 65 as a Area of concern. The analyses also suggest that high levels of congestion along
these paths may restrict potential resources located in the northwest from accessing load
centers in California. At a minimum, the supporting analyses reinforce the need for additional
studies on COIl and PDCI.

Historical Path Utilization

The TEPPC Transmission Path Utilization Studies quantify the historical utilization of major
transmission paths in the Western Interconnection and provide insight to where transmission
congestion occurred during the study year. The past three path utilization studies provided
relevant congestion information for COl and PDCI.

This document is for technical review purposes only and may not be cited or used for other purposes.
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Flow and schedule data from 2009 and 2008 were analyzed for Path 66 and Path 65 in the
2009 Transmission Path Utilization Study. Neither Path 66 nor Path 65 was listed as one of the
Top 10 most heavily utilized paths in the Western Interconnection for this year. Path 66 flow was
above 75 percent of the path’s Operational Transmission Capacity (OTC) for 9 percent of the
year, and above 90 percent of the OTC for 1 percent of the year. Flow on Path 65 was above 75
percent of the path’s OTC for 10 percent of the year, and above 90 percent of the OTC for 3
percent of the year. There were 582 MW's of capacity available 95 percent of the time on Path
66, and 537 MWs of capacity available 95 percent of the year on Path 65.

2007 flow and schedule data were analyzed for Path 66 and Path 65 in the 2008 TEPPC
Transmission Path Utilization Study. Based on actual flow metrics, COl made the final list as
one of the most heavily used paths in the Western Interconnection. The PDCI was not one of
the final most heavily utilized paths, but it did rank highly according to flow and net schedule
metrics. Flow for Path 66 was at least 90 percent of the path limit for 3 percent of the year, with
a flow for Path 65 of at least 90 percent of the path limit for 7 percent of the year.

The 2007 TEPPC congestion analysis report took a retrospective look at path flow data from
1999-2005. Over this time period, both COl and PDCI experienced a maximum summer U75
greater than 30 percent.

In addition to WECC'’s historical congestion analysis, the need for further investigation into new
capacity is further supported by a recent report authored by the owners of the lines that
comprise Path 66.*

Duration plots are presented for historical data on the following pages. Error! Reference
source not found. shows Path 65 historic flow and Error! Reference source not found.
shows Path 65 historic schedule data. This information for Path 66 is shown in Error!
Reference source not found. and Error! Reference source not found..

™ U75 is the number of hours when flows are greater than 75% of the path’s rated capacity or operating
transfer capacity. It is often reported as a percentage of the time frame being considered.

2 Transmission Utilization Group, COI Utilization Report, 5/4/2011,
https://www.columbiagrid.org/download.cfm?DVID=2189
This document is for technical review purposes only and may not be cited or used for other purposes.
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1  Figure 23: Path 65 Historic Actual Flow
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3 Figure 24: Path 65 Historic Schedule Data

Path 65 - Pacific DC Intertie
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1  Figure 25: Path 66 Historic Actual Flow

Path 66 - COI {Pacific AC Intertie)
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Figure 26: Path 66 Historic Schedule Data

Path 66 - COI (Pacific AC Intertie)
2009 Schedule (F+NF) and Actual Flow Duration Chart
November 2008 thru October 2009
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Regional Operating Characteristics

The northwest’s main source of power is hydro generation. In the 2020 Reference Case, 61
percent of Northwest Power Pool (NWPP) generation was from hydro resources. In this study
case, the NWPP had surplus generation of over 24,000 GWh. California had a generation
shortage in the study case and imported 71,327 GWh of energy. Path 66 and Path 65 transfers
serve as the primary connection between inexpensive hydro generation in the northwest and
California load centers. The comparison of generation and loads in NWPP and California in
Error! Reference source not found. show California’s preference for hydro generation over
local, and more expensive, gas generation. This is a driving force behind the high utilization of
the Pacific Tie Paths in the 2020 study cases.

Figure 27: NWPP/California Loads and Select Resources in 2020
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The northwest hydro resources are transferred directly to the southern California load center
along Path 65. As a consequence Path 65 generally flows north to south. Path 66, an AC
intertie, transports energy into northern California where it is distributed to load centers
throughout the state via the AC system. In actual operation, the paths are highly interdependent
in terms of their simultaneous operating constraints.

This document is for technical review purposes only and may not be cited or used for other purposes.
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Congestion Analysis

PCM results from the TEPPC 2010 Study Program were used in the congestion analysis. Due
DC line modeling issues, the PCM tends to use AC lines (i.e., COI) before utilizing DC lines (i.e.,
PDCI). Because of this, congestion metrics for the COIl and PDCI were combined by summing
the flows of the two paths and calculating the congestion metrics using their combined limit. By
combining the two paths we can more accurately evaluate the amount of congestion when
electricity is transferred from the northwest to California.

Corditional Congestion

Congestion that is contingent on a specific future (e.g., resource location, load level) is termed
conditional congestion. In order to identify which scenarios congestion along COIl and PDCl is
most severe, the analysis selects the highest conditional congestion score across all study
cases analyzed in the 2010 TEPPC Study Program. Extremely high levels of congestion along
the combined path representing Paths 65 and 66 were observed High DSM case (2020 PC3)

The conditional congestion scores calculated for the combined Pacific Tie Path in the High DSM
scenario was 90 percent higher than the average conditional congestion score in all other cases
for which the combined path passed the utilization screening. The relative increase in
congestion is shown in Error! Reference source not found..

Figure 28: COI/PDCI Combined Conditional Congestion Score
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The combined path was highly utilized in five total cases, but experienced relatively low levels of
congestion (compared its overall average) in the Aggressive Montana Wind case (2020 PC6).
The Aggressive Montana Wind study case that features a high penetration of wind into Montana
causes some congestion along the combined COI/PDCI path, although the severity of the
congestion is less than other cases for which the combined path was highly utilized.

This document is for technical review purposes only and may not be cited or used for other purposes.
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Recurrent Count

This metric identifies those paths that are highly utilized across a range of plausible resource
futures. A utilization screening was applied to all 15 of the study cases used to inform the
recommendation, and the combined COI/PDCI path passed the screening five of 15 cases.

Relative to other paths, the combined Pacific Tie paths had an average recurrent count. In
terms of frequency, the combined path is one of the top 15 most utilized paths in the Western
Interconnection. However, it should be noted that when the path flows were not combined COI
had a Recurrent Count of 15, and PDCI had a Recurrent Count of four. COl was the most
heavily utilized path in according to this metrics. This disparity between COI and PDCI in the
recurrent count indicates the over utilization of the COl in the PCM.

Total Recurrent Congestion Score

The Total Recurrent Congestion Score applies the principals of the Recurrent Count, but
focuses on congestion rather than utilization by summing the Conditional Congestion Score
across all study cases. This gives a measure of the magnitude of the congestion present,
regardless of the future scenario. The combined Path 65 and 66 had the second highest Total
Recurrent Congestion Score (with the COI singular path removed from the top seed and
ignoring 115 kV paths).

Expansion Cases

There are numerous ways to relieve a congested path, of which one is transmission expansion.
Congestion relief is just one of many reasons to build transmission, however not all congestion
is necessarily unfavorable.

Due to the significant amount of congestion identified along Path 65 and 66, valuable insight
can be gained by modeling transmission expansion in the 2020 Reference Case. The following
projects were modeled in order to provide information on the effect they had on relieving
congestion identified on the combined COI/PDCI path:

e Chinook — 500 kV DC, 3000 MW electric transmission line originating near
Harlowton, Montana, traversing Idaho and terminating in the Eldorado Valley, south
of Las Vegas, Nevada.

e Canada - Pacific Northwest - Northern California — 500 kV AC and DC combination
that will transport up to 3000 MW of power from resources in British Columbia,
Canada to the Pacific Northwest and northern California.

e TransWest Express — 600 kV DC, 3000 MW electric transmission starting in
Wyoming, traversing Utah and terminating in the Eldorado Valley, south of Las
Vegas, Nevada.

By comparing the amount of congestion along the combined COI/PDCI path in the 2020
Reference Case to the congestion remaining after the addition of the Chinook, Canada — Pacific
Northwest — Northern California Project, and TransWest Express, we can better understand the
type of impact these projects might have on Path 65 and 66.

This document is for technical review purposes only and may not be cited or used for other purposes.
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Chinook

In the 2020 Reference Case the combined COI/PDCI path passed the utilization screening
based on the U99 metric. The path was at U99™ for 6.65% of the year in the Reference Case.
The implementation of the Chinook project greatly decreased flow on the COI/PDCI path. The
U99 metric dropped to 1.80 percent of the year. Utilization at the 90% level decreased from
13.98 percent of the year to 5.07 percent. The decrease in all utilization metrics is shown below
in Error! Reference source not found..

Figure 29: COI/PDCI Utilization (Chinook)
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In addition to reducing the congestion along Path 8, the Chinook project also reduced the
WECC-wide average U99 from 2.87 percent to 2.57 percent. The average U75 decreased from
15.08 percent to 13.82 percent, as well. Overall, the Chinook project was effective at reducing
congestion along Path 8 and lowering WECC-wide utilization values.

However, the Chinook project did introduce more congestion, and higher utilization, along the
TOT 2C path. U90 levels along TOT2C increased from 12.88 percent in the 2020 Reference
Case, to 21.79 percent in the Chinook expansion case.

TransWest Express

The addition of the TransWest Express Project substantially reduced congestion and utilization
along the COI/PDCI combined path. All three utilization metrics decreased significant amounts.
The original U99 metric that caused COI/PDCI to pass the utilization screening in the 2020
Reference Case decreased more than 5 percent. With a U99 value of 1.46 percent after the
addition of the TransWest Express Project the COI/PDCI path was no longer highly utilized (by
definition). The decreases in all three utilization metrics can be seen below in Error! Reference
source not found..

'3 499 is the number of hours when flows are greater than 99% of the path's rated capacity. It is often
reported as a percentage of the time frame being considered.
This document is for technical review purposes only and may not be cited or used for other purposes.
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Figure 30: COI/PDCI Utilization (TransWest Express)

COI/PDCI Combined Utilization:
TransWest Express
60.00%
50.00% - —
§ 40.00% B 2020 Reference Case
L
S 30.00% -
% Rz B 2020 Reference Case + TWE
§ 20.00% - — Project
& — Utilization Screening Target
10.00% -
——
0.00% -
75% Limit 90% Limit 99% Limit

From a more holistic perspective, the implementation of the TransWest Express had a positive
impact on the utilization of the Western Interconnection. In the 2020 Reference Case, 11 paths
passed the utilization screening. After the implementation of the TransWest Express Project this
number dropped to 8. The average utilization for WECC paths dropped to 5.03 percent from the
5.74 percent observed in the Reference Case. The TransWest Express Project appears to have
a positive impact in reducing congestion along COI/PDCI and the Western Interconnection as a
whole.

Canadaz Pacific Northwestz Northern California

The Canada — Pacific Northwest — Northern California (CNC) Project resulted in the greatest
decrease in the COI/PDCI path utilization. By adding 3000 MW of capacity, in the form of the
CNC Project, directly parallel to COl and PDCI the U99 level dropped below the screening level.
The U90 for the paths decreased from 13.98 percent of the year down to 3.71 percent of the
year after the addition of the CNC Project. The large drops in the utilization metrics is shown
below in Error! Reference source not found..
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Figure 31: COI/PDCI Utilization (CNC)
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The CNC Project also had an effect on the WECC-wide average U90. In the Reference Case,
the WECC average U90 was 5.74 percent. After the addition of the CNC Project, that value
dropped to 5.31 percent. When considering all WECC Paths, this decrease is substantial. It
appears that that the CNC Project effectively reduces congestion along the COI/PDCI paths and
reduces path utilization WECC-wide.

Capital Costs

Each of the projects modeled in the expansion cases have a capital cost associated with
implementing the incremental transmission. Error! Reference source not found. shows the
capital cost for the expansion cases that were evaluated for COI/PDCI path congestion relief

purposes.

This document is for technical review purposes only and may not be cited or used for other purposes.



1

12
13

14
15
16
17
18
19

20
21
22
23
24
25

DRAFT WECC 10-Year Regional Transmission Plan Summary Page 49 of 77

Figure 32: COI/PDCI Transmission Expansion Capital Cost
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Project Development
There is project development currently underway along or directly parallel to the COI/PDCI path.
Six of these projects are listed below:

e Canada - Pacific Northwest - Northern California
e Chinook

e TransWest Express

e Triton HVYDC Sea Cable Project

e West Coast Cable

e Zephyr

These projects were either on the SCG Foundational or Potential project list, or the WECC
Project Portal.

External Impacts & Added Value

Information currently unavailable to WECC may have an impact on the Path 65 and Path 66
recommendation. The following describe some of this info