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Department of Energy

Bonneville Power Administration
P.O. Box 3621
Portland, Oregon 97208-3621

December 22, 2016
In reply refer to: PGPR-5

Dear Interested Parties:

The Pacific Northwest Loads and Resources Study, commonly called “The White Book”, is the
Bonneville Power Administration’s (BPA) annual publication of the Federal system and the Pacific
Northwest (PNW) regions loads and resources for the upcoming ten year period.

The White Book is used by BPA as a planning tool, as a data source for the Columbia River Treaty
studies, as an information source for customers, and as a published source of loads and resources
information for other regional interests. The White Book is not used to guide day-to-day operations of the
Federal Columbia River Power System or to determine BPA revenues or rates.

This 2016 White Book presents Federal system and the region’s load obligations, contracts, and resources
as of September 8, 2016 for operating years (OY) 2018 through 2027. The 2016 White Book includes two
distinct studies:

o Federal System Analysis—forecast of Federal system firm loads and resources based on
expected load obligations and different levels of generating resources that vary by water
conditions. The results are summarized below:

> Annual Energy Surplus/Deficits: Under critical water conditions; the Federal system is
projected to have small annual energy surpluses over the first three years of the study, up
to 220 aMW, reducing to an annual energy deficit of -267 aMW in 2027. These annual
energy deficits projections are smaller than those projected in the 2015 White Book.
Under average water conditions, the Federal system is projected to have annual energy
surpluses through the study period.

> January 120-Hour Capacity Surplus/Deficits: Under critical water conditions; the Federal
system is projected to have January 120-Hour capacity deficits over the study period,
ranging from -509 MW to -863 MW. These 120-Hour capacity deficits are smaller than
those presented in the 2015 White Book, mainly driven by lower peak load obligation
forecasts. Under average water conditions; the Federal system is projected to have
January 120-Hour capacity surpluses over the study period.

o PNW Regional Analysis—forecast of regional firm loads and resources based on expected retail
loads and different levels of generating resources that vary by water conditions. This study
assumes minimal load growth and the availability of all uncommitted PNW Independent Power
Producer (IPP) generation to serve regional loads. The results are summarized below:

> Annual Energy Surplus/Deficits: Under critical water conditions; the PNW region is
projected to have large annual energy surpluses starting at 4,258 aMW in OY 2018,
slowly decreasing to 220 aMW by OY 2026. For OY 2027, the region shows an annual
energy deficit of -293 aMW. These annual energy projections are slightly smaller than
those presented in the 2015 White Book. Under average water conditions; the PNW
region would see even larger energy surpluses over the study horizon.




» January 120-Hour Capacity Surplus/Deficits: Under critical water conditions; the PNW
region is projected to have a small January 120-Hour capacity surplus of 160 MW in
OY 2018, and growing deficits up to -5,255 MW in OY 2027. These projections show
smaller January 120-Hour capacity deficits than those shown in the 2015 White Book.
Under average water conditions; the PNW region has January 120-Hour capacity
surpluses through the final year of this study.

BPA continues to work with other regional entities, particularly the Council and the Pacific Northwest
Utilities Conference Committee, to coordinate loads, contracts, and resource information used in loads
and resources planning. Deficits identified in these studies could be mitigated through the options
discussed in the Council’s Seventh Power Plan, as well as, additional regional mitigation options
discussed through the Council’s Resource Adequacy Advisory Committee.

BPA, like the rest of the electric power industry, continues to explore ways to more comprehensively
assess the ability of the power system to meet long-term load obligations. As a result, the 2015 White
Book included additional studies that use different analytical methods and metrics to analyze different
scenarios to meet load obligations. This analysis was not updated and therefore not included in the 2016
White Book.

The 2016 White Book is available on BPA’s website: www. bpa.govipower/whiiehook or from BPA’s
Visitor Center, which you can reach toll-free at 8010-622-4520 (or 503-230-4636). Details regarding
regional loads, contracts, and generating resources are available in the 2016 Technical Appendix available
only in electronic format on BPA’s website: www. bpa.gov/power/whitebook.

Please send questions and/or comments to Steve Bellcoff (503) 230-3319.

Smcerdy’ P %

Kleran P. Connolly
Vice President, Generation Asset Management
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Cover Picture:

Keys Pumping Station penstocks, Grand Coulee Dam, and Lake Roosevelt located at Coulee
Dam, Washington.
Source: Tim Misley, taken August 2016

Grand Coulee Power facilities are among the largest in the world; with a nameplate rating of
6,735 megawatts. The John W. Keys Il Pump-Generating Plant has a total generating
capacity of 314 megawatts and was completed in 1973. It contains 12 pumps that can lift
water from the Columbia River up the hillside to a canal that flows in to Banks Lake, which
provides irrigation water to over 670,000 acres in the Columbia Basin Project. Six of the
pumps can be reversed to generate hydroelectricity when demand exists.

Grand Coulee Dam forms Franklin D. Roosevelt Lake, extending 151 miles upstream to the
Canadian border. It has a 600-mile shoreline and a surface area of 82,000 acres.
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Section 1: Summary

Planning Context

The Pacific Northwest Loads and Resources Study (White Book) is a planning
document produced by the Bonneville Power Administration (BPA) that presents its
projection of load and resource conditions for the upcoming 10 year period (OY 2018
through 2027). The White Book includes analysis of BPA's forecasts of expected
power obligations and resource generation for both the Federal system and the
Pacific Northwest (PNW) region. The information contained in the White Book is
used for: 1) long-term planning throughout BPA,; 2) planning studies for the Columbia
River Treaty (Treaty); and 3) a published record of information and data for
customers and other regional planning entities. The White Book is not used to guide
day-to-day operations of the Federal Columbia River Power System (FCRPS) or to
determine BPA revenues or rates.

BPA's White Book traditionally focuses on long-term deterministic power planning for
the Federal system and the PNW region. BPA's Federal System Analysis calculates
the Federal system load and resource balance by comparing expected Federal
system loads and contract obligations to forecasted Federal system resource
generation and contract purchases. In the same manner, BPA's PNW regional
analysis calculates the PNW Regional load and resource balance by comparing
expected regional retail loads and contract obligations to forecasted regional
resource generation and contract purchases. Hydro resources for the Federal
system and PNW region include variability by incorporating a variety of generation
forecasts, associated with streamflows from the 80-historical water conditions.
These deterministic analyses are modeled by operating year (OY?) to be consistent
with BPA's water year planning processes. Results are presented in: 1) annual and
monthly energy, expressed in average megawatts (aMW); and 2) monthly peak
capacity, presented in 120-Hour peak megawatts (MW) (and 1-Hour peak megawatts
in the Appendix). The Federal System Analysis is presented in Section 2, page 13,
and the Pacific Northwest Regional Analysis is presented in Section 3, page 27.

BPA, like the rest of the electric power industry, continues to explore ways to more
comprehensively assess the ability of the power system to meet long-term load
obligations. This assessment takes into account the use of multiple sets of analytical
metrics. As a result, BPA periodically incorporates additional studies that use
different analytical methods and analyze different scenarios to meet load obligations.
These studies were last presented in the 2015 White Book and included the
following: 1) Federal System Needs Assessment, which modeled the Federal
System’s ability to meet obligations under a variety of load, contract, and weather
events; and 2) Federal System Resource Adequacy, which stochastically modeled
the Federal system’s ability to meet load obligations under many combinations of
resource supply and load demand conditions. The Federal System Needs
Assessment and Federal System Resource Adequacy studies that were included in

1 Operating Year (OY) is the time frame August 1 through July 31. For example, OY 2018 is August 1, 2017 through
July 31, 2018.
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the 2015 White Book have not been updated and, therefore, are not included in this
document.

The 2016 White Book is published in three documents: 1) this document, the
2016 Loads and Resources Summary, which provides BPA's deterministic Federal
system and PNW regional loads and resources used for long-term planning; 2) the
2016 Loads and Resources Technical Appendix, Volume 1, Energy Analysis, which
provides the detailed components of the annual and monthly energy for the Federal
system and PNW regional retail loads, contracts, and resources; and 3) the
2016 Loads and Resources Technical Appendix, Volume 2, Capacity Analysis, that
presents the detailed components of the monthly 120-Hour and 1-Hour peak
capacity for Federal system and PNW regional retail loads, contracts, and resources.
The Technical Appendices are only available in electronic format at:

www.bpa.gov/power/whitebook

The total retail load, contract, and generation forecasts used in this study were
updated September 8, 2016. This document supersedes the 2015 White Book.

Load Obligations

The load obligations for the Federal system and PNW region contain multiple
components. For this study, load obligation forecasts are categorized as follows:
1) Total Retail Loads (TRL), defined as each individual utilities’ retail electric power
consumption, including electrical system losses; and 2) Contract obligations, which
include reported PNW utility long-term contract sales to entities within the PNW
region (Intra-Regional Transfers (Out)) and to those outside the PNW region
(Exports). Contract obligations also include Federal system power deliveries to
Northwest Federal agency, Public agency, and Tribal utility preference customers as
allowed for under the Northwest Electric Power Planning and Conservation Act (Act),
enacted December 5, 1980.

Forecasts of the regional TRL and Federal system load obligations are produced by
BPA’'s Agency Load Forecasting (ALF) system. ALF forecasts are completed for
individual PNW entities using statistical approaches that are based on
time-series-based regressions that follow the fundamental assumption that historical
retail electricity consumption patterns will continue into the future. ALF forecasts
also assume normal weather conditions and do not include any adjustments for
future climate change impacts. Contracts obligations not associated with BPA's
Regional Dialogue contracts follow individual contract terms through the life of that
contract and are not assumed to be renewed. All Federal system load and contract
obligations are assumed to be firm and served by BPA regardless of weather, water,
or economic conditions.

Bonneville Power Administration



Resource Types

Regional resources consist of “on the ground” generating facilities and contract
purchases that are used to serve retail loads and contract obligations. PNW
resources (which include the Federal system) are predominately hydro based.
Therefore, generation levels can vary greatly from month-to-month and season-to-
season. This analysis classifies resources as: 1) Hydro resources, which include
Regulated, Independent, and Small Hydro projects; 2) Other resources (non-hydro),
which include Cogeneration, Combustion Turbines, Large Thermal (including coal
and nuclear projects), Renewable Resources (including wind, solar, and biomass
projects), and Small Thermal and Miscellaneous projects; and 3) Contract
purchases, which include reported PNW utility long-term contract purchases from
entities within the PNW region (Intra-Regional Transfers (In)) and from those outside
the PNW region(Imports) The generation forecasts for these resources are provided
by BPA maodels or the project owners and are described as follows:

o Requlated Hydro Projects: Regulated hydro projects mainly consist of PNW
Columbia River Basin hydroelectric power projects for which the operation
and generating capability is hydraulically coordinated to meet power and
non-power requirements. BPA forecasts the coordinated energy and
capacity production from these hydroelectric power projects using its
Hydrosystem Simulator (HYDSIM) model. The HYDSIM model takes into
account individual project operating characteristics and conditions, to
determine energy production expected on a project-by-project basis.
Generation forecasts for these projects incorporate the month-to-month
power and non-power requirements under each of the 80-historical water
conditions of record, 1929 through 2008 water years. The HYDSIM model is
described in Hydro Resource Modeling, page 7.

¢ Independent Hydro Projects: Independent hydro projects include those hydro
projects whose generation output typically varies by water condition (like
Regulated Hydro projects) but are not operated as part of the coordinated
Columbia River Basin system. Independent hydro generation forecasts vary
month-to-month for energy and capacity, and are developed and provided by
individual project owners/operators for the same 80-historical water
conditions as the Regulated hydro projects.

¢ Small Hydro Projects: Small hydro project generation forecasts are either
provided by individual project owners or are based on historic actual
generation. These generation forecasts can vary month-to-month but are not
assumed to vary by water condition.

e Thermal and Cogeneration: These projects include coal, nuclear, gas-fired,
and cogeneration. Generation forecasts for these projects are based on
energy and capacity capabilities submitted by project owners. These
forecasts typically vary month-to-month, and total plant generation is reduced
in order to account for scheduled maintenance.

e Renewable Resources: These projects are comprised of wind, solar,
geothermal, biomass and biogas. The forecast of firm wind generation
incorporates the statistical modeling of wind generation based on historical
weather data and actual generation from currently operating PNW wind
projects. The operating year with the lowest total PNW wind generation is
selected as the firm wind year. The firm wind year generation performance
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determines each project's energy forecast. The Federal system and PNW
regional capacity analyses assume no (zero) capacity contribution from wind
resources. Generation forecasts for geothermal, solar, biomass and biogas
resources are based on energy and capacity forecasts submitted by
individual project owners. These methodologies are consistent with previous
White Books.

e Contract Purchases: Contract purchases include signed Federal system and
reported regional contract purchases whose power is delivered to PNW
entities. These purchases are treated as resources in both the Federal
system and regional analyses. Purchases between entities within the PNW
are called Intra-regional Transfers (In) and purchases with entities outside the
PNW are called Imports. With the exception of contracts associated with the
Treaty, all existing Federal system and regional contract purchases follow
individual contract terms through the life of the contract and are not assumed
to be renewed.

Adjustments to Resources

Resource generation and contract purchases must be reliably delivered to load
centers. To take this into account, this study makes adjustments to generation
forecast to account for: 1) Operating reserves, which are held to meet reliability
standards; and 2) Transmission Losses, which are associated with power deliveries.
These resource adjustments are reductions to both energy and capacity as detailed
below:

e Operating Reserves: These studies include resource capacity reductions for
operating reserves. Operating reserves consist of: 1) Contingency reserves
(spinning and non-spinning) that respond to the unforeseen loss of a
resource, which are calculated by summing 3 percent of forecast load and
3 percent of forecast generation; and 2) Balancing reserves (regulating, load
following, and imbalance) that are dedicated to maintaining within-hour load
and resource balance, which include reserves for wind integration. The
modeling of reserves, including those for wind integration, is described in
Hydro Resources Modeling, page 7. The reserve forecasts included in this
2016 White Book are consistent with BPA's BP-18 Initial Rate Proposal.

e Transmission Losses: During the transmission of power to load centers
some of the electrical energy is lost, usually in the form of heat, which is
known as transmission losses. Transmission losses are calculated monthly
based on the sum of all generation and contract purchase forecasts.
Transmission losses vary year-to-year and by water condition. The
transmission loss factor is 2.97 percent for energy and 3.38 percent for peak
deliveries. These loss factors are assumed to be the same for every month
and do not vary from year to year.
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Hydro Resources Modeling

HYDSIM forecasts the energy production from the regulated hydroelectric power
projects in the PNW. This includes the 14 largest projects in the Federal system, the
mid-Columbia projects, and other major projects in the PNW. Project level
generation forecasts are produced for each of the 80-historical water conditions of
record, for water years 1929 through 2008. Energy production is maximized by
coordinating hydro operations while meeting power and non-power requirements.
HYDSIM produces results for 14 periods; 10 complete months, plus two periods
each for April and August. April and August are divided because natural streamflows
and operations often change significantly during these months. Consequently,
generation can differ significantly between the beginning and end of these months.
For simplicity, these 14-period results are referred to as “monthly” in this report.

HYDSIM studies incorporate the power and non-power operating requirements
expected to be in effect, including those described in the National Oceanographic
and Atmospheric Administration (NOAA) Fisheries FCRPS Biological Opinion (BiOp)
regarding salmon and steelhead, published May 5, 2008; the NOAA Fisheries
FCRPS Supplemental BiOp, published May 20, 2010; the NOAA Fisheries FCRPS
Supplemental BiOp, published January 17, 2014; the U.S. Fish and Wildlife Service
(USFWS) FCRPS BiOp regarding bull trout and sturgeon, published
December 20, 2000; the USFWS Libby BiOp regarding bull trout and Kootenai River
white sturgeon, published February 18, 2006; relevant operations described in the
Northwest Power and Conservation Council (NPCC) Fish and Wildlife Program; and
other fish mitigation measures. Each hydro regulation study specifies particular
hydroelectric project operations for fish, such as seasonal flow objectives, minimum
flow levels, spill for juvenile fish passage, reservoir target elevations and drawdown
limitations, and turbine operation efficiency requirements.

The Pacific Northwest Coordination Agreement (PNCA) coordinates the planning
and operation of the member’s hydroelectric power projects in the PNW. All PNCA
project owners provide physical plant data as well as power and non-power
constraints in an annual data submittal. BPA incorporates this data into HYDSIM to
simulate the coordinated operation of the PNW hydro system.

The Treaty between the United States and Canada enhanced the volume of storage
in the Columbia River Basin with the construction of three large storage projects in
Canada. These projects provide downstream power benefits by increasing the firm
power generating capability of U.S. hydro projects. The Treaty calls for an Assured
Operating Plan (AOP) to be completed six years prior to each operating year, and
allows a Detailed Operating Plan (DOP) to be completed, if agreed, the year prior to
the operating year. The Canadian project operations simulated in HYDSIM are
based on the best available information from the Treaty planning and coordination
process. Canadian operations included in this 2016 White Book are based on the
official AOP studies available with modifications that reflect updates expected in the
official DOP studies.

Both Canada and the United States have the ability to terminate most of the
provisions of the Treaty any time after September 16, 2024, with a minimum
10 years notice. Neither Canada nor the United States have provided notice of
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termination; therefore, this study assumes the Treaty continues with the same or
similar agreement through the study period.

BPA has other operational agreements with Canada that are not part of the Treaty.
One agreement is the Non-Treaty Storage Agreement (NTSA) that allows additional
shaping of Columbia River flows for power and fish operations by utilizing additional
storage not specified by the Treaty in Canadian reservoirs. The NTSA allows water
to be released from Canadian non-Treaty storage during the spring of dry years.
The NTSA also allows water to be stored in the spring during years when the spring
flow targets from the 2008 NOAA BiOp are being met with a subsequent release of
water in the summer. These operations have been included in this study based on
the long-term agreement signed with B.C. Hydro in April 2012.

Balancing reserves, both incremental and decremental, reduce the ability to shape
Federal system generation. Incremental reserves are modeled by reducing the
generation capability of several projects. In this study, the impacts of incremental
reserves are shown as a reduction in the capacity analyses and are categorized as
Load Following reserves and Generation Imbalance reserves. Decremental reserves
are not specifically reported in this study, however, they are incorporated by
increasing the minimum flow of several projects modeled in BPA's Hourly Operating
and Scheduling Simulator (HOSS) discussed in Hydro Capacity Modeling, page 9.

Critical Water Planning: To ensure sufficient generation to meet load, BPA bases its
resource planning on critical water conditions. Critical water conditions are defined
as, when the PNW hydro system would produce the least amount of power while
taking into account the historical streamflow record, power and non-power operating
constraints, the planned operation of non-hydro resources, and system load
requirements. For operational purposes, BPA considers critical water conditions to
be the eight month critical period of September 1936 through April 1937. However,
for planning purposes the “critical period” is represented by the historical streamflows
from August 1936 through July 1937 (1937-critical water conditions). The hydro
generation forecasts under 1937-critical water conditions determine the critical period
firm energy for the regulated and independent hydro projects.

Variability of Hydro Generation: The generating capability of Federal system and
regional hydroelectric projects depends on the amount of water flowing through the
facilities, the physical capacity of the facilities, any flow or operating requirements
pursuant to biological opinions, and other operating limitations. Water conditions
drive hydropower generation greatly year to year depending on weather factors such
as precipitation, snowpack, and temperature. Project level generation forecasts are
produced using HYDSIM for each of the 80-historical water conditions of record,
which are based on the period from 1929 through 2008.
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This study uses three streamflow scenarios to demonstrate the magnitude of hydro
generation variability:

o Low water flows: 1937-critical water conditions represent the firm energy and
capacity capability of the hydro system.

e Average water flows: 1958-water conditions represent the average energy
and capacity capability of the hydro system.

e High water flows: 1974-water conditions represent high (better than average)
energy and capacity capability of the hydro system.

Hydro Capacity Modeling: BPA uses its HOSS model to forecast usable hydro
capacity for long-term planning purposes. The HOSS model is used to simulate the
relationship of hydro energy to hydro peaking capability for Federal system regulated
hydro resources. HOSS incorporates the monthly 80-year reservoir storage and
flows from HYDSIM. For each month, HOSS forecasts hourly Federal system hydro
generation by maximizing HLH generation while meeting non-power requirements.
The forecasts take into account scheduled hydro maintenance as well as operating
and balancing reserves.  The hydro peaking capability from HOSS is not an
indication of the Federal hydro system’s ability to react to system distress or extreme
load conditions.

The 120-Hour and 1-Hour capacity forecasts for hydro resources are created by
evaluating hourly generation from the HOSS model, over a specific period of time.
These capacity metrics are defined as follows:

e 120-Hour Capacity: is calculated by averaging the generation forecasts from
the 6 highest heavy load hours per day, 5 days per week, for 4 weeks per a
month (6 x 5 x 4 = 120 hours); and

o 1-Hour Capacity: is calculated using the highest single 1-Hour generation per
month.

The 1-Hour hydro capacity forecasts, do not consider the ability of the hydro system
to sustain generation levels needed to meet hour-to-hour and/or day-to-day hydro
operations. The inability of the hydro system to sustain full hydro capacity is
because there is often more hydro generating capability than available water supply.
For this reason, the 120-Hour presented in this study better reflects the actual ability
of the hydro system to generate peaking energy to meet load obligations throughout
each month. The 1-Hour capacity forecasts are included in the Loads and
Resources Technical Appendix, Volume 2: Capacity Analysis for informational
purposes only. The capacity presented in this analysis can be expressed as either
capacity in megawatts (MW) or energy over peak load hours in average megawatts.
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Key Updates

The 2016 White Book includes updated forecasts of Federal system power sales
contract (PSC) obligations, PNW regional Total Retail Loads, contracts, and
generation as of September 8, 2016. Notable updates include:

Lower retail load forecasts due to slower than anticipated economic growth;

Improved peak load forecasts that better approximate recent actual peak
loads;

BPA power service to the newly formed Kalispel Tribal Utility, which
requested power service from BPA under the new public and tribe provisions
of the Regional Dialogue Agreement;

Expiration of BPA’s acquisition of the Idaho Falls Bulb Turbine generation,
effective September 30, 2016. With the end of this contract Federal system
generation was reduced and the output of these resources now serves the
City of Idaho Falls’ load;

Reduction of regional generation forecasts due to the announced retirement
of Colstrip 1 and Colstrip 2 on June 30, 2022;

The following planned generating project retirements were incorporated in
previous White Books studies:

o Centralia 1 (December 1, 2020)

o Centralia 2 (December 1, 2025)

o Boardman (January 1, 2021)

o Valmyl (January 1, 2022)

o Valmy?2 (January 1, 2026)

Reduction in PNW regional Total Retail Loads, by almost 250 aMW, due to
the idling of Alcoa’s Wenatchee Works plant in Chelan County PUD’s service
area.
Due to the timing associated with the product switch process, Regional
Dialogue PSC's early product switch changes, which will start
October 1, 2017, were not incorporated in this study. This assumption is the
same as those presented in the BP-18 Initial Rate Proposal. The following
product switch changes will be incorporated in future studies:

o Kilickitat PUD from Slice/Block to Load Following, and

o Seattle City Light from Slice/Block to Block-only.

No changes have been made in regard to possible future modifications to the
Treaty or to climate change assumptions.

10

Bonneville Power Administration



Sources of Uncertainty

The forecasts presented in this document represent the best information currently
available under each of the defined metrics for loads and resources. However,
almost all forecasts are affected by uncertainty in economic conditions, weather,
environmental and governmental policies, and other factors that could significantly
affect the magnitude, duration and timing of projected surpluses and/or deficits.
Some of these uncertainties include:

e Natural variations in weather affect electrical power demand and the
streamflow runoff that dictates hydroelectric power generation;

e Potential increases or decreases in retail and industrial loads due to changes
in local, regional, and/or national economic conditions;

e Potential new large individual retail loads and/or changes to major industrial
operations;

e Potential service to new loads such as new public utilities, and Department of
Energy (DOE)-Richland vitrification plant operations;

o Future local, state, and national policy requirements regarding the amount
and type of renewable resources, conservation standards, electric vehicle
saturation, and/or carbon emissions;

e Cost and availability of fuel due to environmental laws or competing uses for
industry, transportation, and import/export markets; and changes to operating
limits on existing and future thermal power projects resulting from
environmental or climate-change objectives;

o Failure of existing or contracted generating resources to operate at
anticipated times and/or output levels;

¢ Changes to hydro system operations in response to Endangered Species Act
requirements or other environmental considerations;

¢ Changes to Treaty obligations and/or operations;

e Ability to purchase power from new and existing uncommitted regional
resources to serve retail load;

e Ability to purchased and transmit power from extra-regional import/export
markets; and

e Future climate change impacts to retail loads, streamflows, and resources.

The potential impacts of these and other sources of uncertainty are not quantified in
this report.
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Section 2: Federal System Analysis

The Federal System Analysis provides a deterministic forecast of Federal system
loads and resources over a 10-year period from OY 2018 through 2027. This
analysis incorporates forecasts of Federal system’s firm requirements power sales
contract (PSC) obligations, contract sales and purchases, and resource generation.
Firm Federal system load and resource forecasts for energy and 120-Hour capacity
are presented in this section. Detailed components from the Federal system study
are available electronically in the 2016 Loads and Resources Technical Appendix,
Volume 1, Energy Analysis, which provides annual and monthly energy in aMW,; and
the 2016 Loads and Resources Technical Appendix, Volume 2, Capacity Analysis,
which provides monthly 120-Hour and 1-Hour peak capacity.

Load Obligations

BPA’'s ALF system is used to forecast Federal system load obligations, as described
on page 4. The types of Federal system load obligation forecasts include: 1) Federal
reserve power obligations to the U.S. Bureau of Reclamation (USBR); 2) BPA's
Regional Dialogue PSC obligations to Public and Federal agency customers;
3) contract obligations to investor-owned utilities (IOUs); 4) contract obligations to
Direct Service Industry (DSI) customers; and 5) other BPA contract obligations,
which include contract sales to entities within the PNW region (Intra-Regional
Transfers (Out) and to those outside the PNW region (Exports). These load
obligations are considered to be firm power deliveries and are assumed to be served
by the Federal system regardless of weather, water, or economic conditions. BPA’s
forecasts of these obligations are as follows:

USBR obligations: BPA is obligated by statute to provide Federal Reserve Power to
several irrigation facilities and districts associated with USBR projects in the PNW.
These irrigation districts have been congressionally authorized to receive Reserve
Power from specific FCRPS projects as part of USBR project authorization.

Regional Dialogue PSC obligations to Public & Federal agency customers: In
December 2008, BPA executed PSCs with Federal agency, Public agency, and
Tribal utility customers under which BPA is obligated to provide power deliveries
from October 1, 2011, through September 30, 2028. Three types of contracts were
offered to customers: Load Following, Slice, and Block. Of the 136 Public agency
customers who signed Regional Dialogue Contracts, including the newly formed
Kalispel Tribal Utility; 119 are Load Following, 16 are Slice, and one is a Block
customer. The Block customer is not receiving power from BPA at this time.

Under these PSCs, customers must make periodic elections to serve their Above
Rate High Water Mark (A-RHWM) load by 1) adding new non-Federal resources;
2) buying power from sources other than BPA; and/or 3) requesting BPA to supply
power. The current customer elections have been set through FY 2019, and are
assumed to continue at the same levels through the study period. Based on this
assumption, Federal system PSC obligation forecasts include elected and forecasted
A-RHWM load for the study period. Table 2-1, page 14, presents the A-RHWM load
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included in BPA’s obligations by FY to be consistent with the BP-18 Initial Rate
Proposal.

Table 2-1

Federal System
Annual Above-Rate High Water Mark (A-RHWM) Obligations
FY 2018 through 2027

Energy (aMW) 2018 | 2019 ([ 2020 | 2021 | 2022 | 2023 | 2024 | 2025 2026 2027

A-RHWM

L 1064 | 118.8 | 949 | 1083 | 117.2 | 1326 | 1457 | 162.1 | 1783 | 1821
Obligations

IOU Load Service under PSCs: The six IOUs in the PNW region are Avista
Corporation, Idaho Power Company, NorthWestern Energy Division of NorthWestern
Corporation, PacifiCorp, Portland General Electric Company, and Puget Sound
Energy, Inc. The PNW IOUs all signed BPA PSCs for FY 2011 through 2028;
however, no IOUs have chosen to take service under these contracts and no net
requirements power sales are assumed for the 10Us through the study period. If
requested, BPA would serve any net requirements of an IOU at the New Resource
Firm Power rate.

DSI contracts: BPA is currently making power sales and deliveries to Alcoa and
Port Townsend Paper Corporation (Port Townsend). Both Alcoa and Port
Townsend’s contracts with BPA run through September 30, 2022. Federal system
DSI deliveries are forecasted at 49.8 aMW for OY 2018, and 87.6 aMW through the
remaining study period.

Other Contract Obligations: BPA provides Federal power under a variety of contract
arrangements not included under its Regional Dialogue PSC and reserve power
obligations. These contract obligations are categorized as 1) power sales; 2) power
or energy exchanges; 3) capacity sales or capacity-for-energy exchanges; 4) power
payments for services; and 5) power commitments under the Treaty. These
arrangements, collectively called “Other Contract Obligations,” are specified by
individual contract provisions and can have various delivery arrangements and rate
structures. These contracts include power deliveries to entities within the PNW
region (Intra-Regional Transfers (Out)) and to those outside the PNW region
(Exports).

With the exception of BPA’s Treaty related contracts and Regional Dialogue PSCs,
forecasts of BPA’s contract deliveries follow individual contract terms and are not
assumed to be renewed after expiration. Treaty and Regional Dialogue PSC power
deliveries are assumed to remain in place through the study horizon.
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Firm Loads: The Federal system firm load forecasts show a modest average annual
growth rate of approximately 0.3 percent over the study period. While BPA's PSC
requirements load increases over the study period, BPA Exports and Intra-Regional
Transfers decrease due to the expiration of contracts and settlement agreements
throughout the study period. Contracts that expire during the study period include
Federal system power sales, wind energy shaping contracts with Pacific Gas and
Electric (February 14, 2019) and PacifiCorp (October 31, 2020), and WNP-3
settlement deliveries to Avista Corporation (June 30, 2019). When all of these
factors are considered, the total Federal system load obligations remain relatively flat
on an annual basis over the study period.

BPA loads on a monthly basis can vary greatly throughout the year. BPA forecasts
higher loads in the winter (November through February) mainly due to lower
temperatures that increase residential heating loads. Lower load obligations are
forecasted during the summer and early fall when temperatures are mild. Summer
loads in July and August tend to be slightly higher than the rest of the summer due to
increased PNW residential air conditioning load to cool homes. Table 2-2, below,
illustrates the monthly shape of the forecasted Federal system firm load obligations
for OY 2018. Monthly energy and 120-Hour capacity are projected to maintain a
similar shape over the study period.

Table 2-2

Federal System
Monthly Energy and 120-Hour Capacity Load Obligations
oY 2018

12,000

10,000 W
8,000 W’——‘

6,000
4,000
2,000
0
Augl |Augle| Sep = Oct | Nov | Dec | Jan Feb | Mar | Aprl Aprl6 May | Jun Jul
—4—Energy (aMW) 7,737 7,516 7,028 6,778 | 8,203 | 8,757 | 8,416 | 7,906 7,458 7,046 7,342 7,777 7,397|7,513

—m—120 Hour Cap (MW) | 9,749 | 8,969 | 8,799 | 8,523 |10,211/10,820(10,462] 9,939 | 9,700 | 8,995 | 8,712 | 9,753 | 9,378 | 9,494

Conservation: The PSC obligation forecasts developed by ALF are based on historic
retail load consumption, and are adjusted for additional BPA-funded conservation
identified by individual customers. Therefore, public power's share of embedded
conservation is included in these forecasts.
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Resources

In the PNW, BPA is the Federal power marketing agency charged with marketing
and transmitting power from Federal hydroelectric projects and power generating
facilities to serve the firm electrical load needs of its customers. BPA does not own
generating resources, rather, BPA markets power from Federal and certain
non-Federal generating resources to meet BPA'’s load obligations. In addition, BPA
purchases power through contracts that add to the Federal system generating
capability. These resources and contract purchases are collectively called “Federal
system resources” in this study. Federal system resources are currently comprised
of: 1) Hydro resources, which include Regulated, Independent, and Small Hydro
projects; 2) Other resources, which include Large Thermal (Columbia Generating
Station) and Renewable Resources (including wind and solar projects); and
3) Contract purchases, which include contract purchases from entities within the
PNW region (Intra-Regional Transfers (In)) and from those outside the PNW region
(Imports), including Non-Federal Canadian Entitlement Return power (commonly
known as Non-Federal CER), and Slice Transmission Loss Returns.

Federal System Resource Types: Table 2-3, below, summarizes BPA’s resources
and contract purchases available to meet the Federal system load obligations. For
QY 2018, the Federal system resources are forecast to produce 8,136 annual aMW
of generation, under 1937-critical water conditions. Federal system energy
resources are comprised of approximately 80.5 percent hydro, 13.5 percent nuclear
(Columbia Generating Station), 5 percent contract purchases, and 1 percent
renewables. Federal system renewable resources are mainly comprised of wind with
a small amount of solar.

Table 2-3

Federal System
Generation Forecast by Resource Type
OY 2018
1937-Critical Water Conditions

Annual January
Percent of 120-Hour Percent of
Resource Type Energy C . C .
(aMW) Energy apacity apacity
(Mw)
Hydro 6,550 80.5% 9,920 84.5%
Nuclear 1,100 13.5% 1,144 9.7%
Cogeneration 0 0.0% 0 0.0%
Renewables 58 0.7% 0 0.0%
Contract Purchases 427 5.2% 673 5.7%
Total Federal Resources 8,135 100.0% 11,736 100.0%

¥ Federal resource forecasts are before adjustments for reserves and transmission losses.

Bonneville Power Administration



The composition of the Federal system resources are detailed below.

Federal System Hydro Resources: Table 2-4, page 18, shows the Federal
system hydro resources from which BPA markets firm and non-firm power.
Additionally, Table 2-4 shows the variability of individual Federal system
hydro project generation for the three water conditions that represent critical,
average and high water conditions. The variability of hydro generation is
discussed starting on page 8.

Federal System Non-Hydro Resources: Federal system non-hydro resources
are generating resources whose output are either assigned to or have been
purchased by BPA. Table 2-5, page 19, shows these generating resources,
which include: 1) Columbia Generating Station (Large Thermal); and 2) wind
projects, including wind projects that BPA shapes for other entities under
contract, and several small solar projects (Renewables Resources).
Forecasts for these resources are generally consistent from year to year, but
may change annually based on annual maintenance, refueling, and capital
improvements.

Federal System Con