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Natural Gas in the Northwest

o Fort Liard

How Natural Gas is Used in the Pacific Northwest

Residential

Pacific e

Northwest Gas
Mal’ke'l' OUflOOk Commercial

Natural Gas Supply, Prices, Demand and (s 3 dustrial %
Infrastructure Projections through October x e
2033 25%
North
This report, compiled by the Northwest Gas Association An
(NWGA), provides a consensus industry perspective on the "

current and projected natural gas supply, prices, demand
and delivery capabilities in the Pacific Northwest through the
2032/33 heating year (Nov-Oct).

More than half of the total energy
consumed in the region — either used
directly for space and water heat or in
industrial processes, or as gas-generated
electricity. (Excludes transportation uses.)

For purposes of this report, the Pacific Northwest includes }

British Columbia (BC), Idaho, Oregon and Washington.

Additional information can be found ot www.nwga.org.

()NWGA

Northwest Gas Association




Natural Gas in the Northwest - Pipeline Capacity Maxed Out

FIGURE 11. Peak and Average Day Supply/Demand Balance FIGURE 12. Regional Pipeline Capacity Utilization
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*Peak day values represent firm sales and transportation customers only.

“.. the region’s delivery system has very little excess “The region’s existing storage assets would not be able to make up
capacity to serve peak loads, which can be challenging the 90-day capacity deficiency if the region experiences a cold winter.”
during an extended, region-wide, cold weather event...”



Natural Gas in the Northwest - Today & Future Forecast

FIGURE 6. Historic Regional Demand by Sector
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FIGURE 8. Expected Case Forecast by Economic Sector - 2022 to 2024 Comparison
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Natural Gas in the Northwest - Price Forecast

FIGURE 4. Natural Gas Price Forecast Comparisons
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Sources: EIA 2023 Annual Energy QOutlook; NPCC Fuel Price Forecast December 2023 Update

Through 2024: Regional gas prices will remain lower
than Henry Hub (HH) prices, under the EIA’s 2023 AEO
forecast (dashed blue line in Figure 4).

After 2025: HH prices will drop below those of Sumas
and Opal, reflecting the ongoing expectation for
robust U.S. natural gas supplies throughout the
forecast period (through 2033) and beyond.

HH prices will then slowly increase, per the EIA, driven
by steady demand growth in the U.S. industrial
(primarily LNG exports) and power generation sectors,
but remain below those of Sumas and Opal.
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LSRD by the Numbers

’
lce Harbor Dam 603 MW ] L S R D S
Lower Monumental Dam 810 MW
Little Goose Dam 810 MW O Not Expensive (Hydro is least cost by far)
Lower Granite Dam 810 MW O Not Outdated (world class fish bypass)
Total 3,033 MW O Not Surplus (+130 BPA Customer portfolios)

0 As much as 25% of BPA
Operating Reserves

O Blackout Insurance

Spokane

.%eattle
N WASHINGTON

5 Lower

Lower Little  Granite
Monumental ©°°5¢  Dam

Dam

- @)
0o @ *
Q2 nan Y
Clarkston
Pasco. QCe Harbor Dam

0 We need every drop of

hydropower we can get
O 100% Carbon Free CETA Mandates




LSRD by the Numbers

Lower Snake Generation Water Year 2020-2025
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LSRD by the Numbers

Willamette Valley
2% N

Average Annual Generation
From the Federal Columbia River

Power System
Water Year 2020-2025

Headwater
7%

Project Basin aMW

Lower Snake 686
Headwater 509
Upper Columbia 3456
Upper Lower Columbia 2535
Columbia Willamette Valley 132
47%
Total 7,319

PP'; ‘ PUBLIC POWER
“~ | COUNCIL




LSRD by the Numbers

Average Generation From the Lower Snake Dams by Water Year

1200 1,179 aMW 1,176 aMW

1,083 aMW

962 aMW 947 aMWw

760 aMW 765 aMw
633 aMW eV Less water
means less
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v’ Higher
required spill
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FISH POPULATION IN THOUSANDS

A 100-year perspective on salmon and dams co-existing in the Columbia River Basin - Rgcoﬂfss:emws Salmon runs
20 a4 ¥ . . .
24008 improving with

2,500,000 e = . . .
] 10-Year ‘= S financial investments
] —~—"  Average ~M= Dams and management of:
] B v

2,000,000 — >a= Estimated Historic ‘E Nonfederal Hydro

SR =" Fish Numbers* =M= Dams v’ Habitat
i y .
] Fish counts at Notable Hatcheries

T — =" Bonneville Dam** Events v Harvest
- Salmon runs declining before first dams constructed

1,000,000 —

R

500,000

0
YEAR w0

o

-
(rereaasane =1,
f 33 ROCK ISLAND 1 ’‘80 NW POWER ’08 SURFACE PASSAGE COMPLETED
i ’38 BONNEVILLE 1 ACT CREATES AT ALL LOWER SNAKE AND

1 NW POWER AND COLUMBIA FCRPS DAMS
1 ’42 GRAND COULEE | ’54 MCNARY CONSERVATION
' J COUNCIL ’00 FIRST SURFACE PASSAGE
e e e 167 THE DALLES FOR JUVENILE FISH INSTALLED
B ill 'S8 BROWNLEE '75 LOWER GRANITE
onnevilie '58 CHIEF JOSEPH .
POWER ADMINISTRATION ‘61 OXBOW 73 DWORSHAK 92 FIRST NO
i '92 FIRST NOAA
— 61 PRIEST RAPIDS 71 JOHN DAY FCRPS BIOLOGICAL OPINION
PLROERY: SEACK '70 LITTLE GOOSE
62 ICE HARBOR '69 LOWER MONUMENTAL ’81 FIRST SALMON LISTED
UNDER ENDANGERED SPECIES ACT
‘63 WANAPUM ‘67 HELLS CANYON (SNAKE RIVER SOCKEYE)
'67 WELLS

*Salmon and steelhead returns pre-1938 assume a 75 percent harvest rate in the lower Columbia River—experts estimate anywhere from 50-85 percent based on catch at Astoria, Oregon.
**Actual counts at the fish window at Bonneville Dam, 138 miles upriver from Astoria.



ish Bypass Technology Investments

| Surface Weir |
| Passage 1
\ (J o
~ 2 F;rurblne
21% l assage
Spillway
LITTLE GOOSE DAM Passage
Yearling chinook
2012 passage
and survival
estimates*

98.27%

OVERALIDAM
SURVIVAL

Juvenile fish travel past dams by

many routes: through turbines,

juvenile bypass systems,

spillways, or by collection and

transport in barges or trucks

downstream. Juvenile survival

rates vary by route, as seen

here at Little Goose Dam.

Performance-standard testing

at Little Goose Dam in 2012 s b . .

estimated overall survival for . ’ : 870/0 99 0/ =
Jjuvenile spring Chinook at 98.2 . Turbine o
percent. Performance-standard Survival
testing results range from 85.97

percent to 98.68 percent survival o

for spring chinook at the lower 95% lS[qul[i]ac/eo

Columbia and Snake River dams. Spillway Welir

The BiOp performance standard Survival Survival

is 96 percent average per-dam

survival for spring chinook.

T prm— Fish Friendly Turbines Improved to +98% at
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Fish Friendly Turbine Design

EL 453,00 ‘
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“...biological testing using balloon tagged fish in October 2019
resulted in a 98.25% direct survival rate.”

hitps://www.nww.usace.army.mil/Media/News-Stories/Article/2991190/modernizing-hydropower-on-the-snake-river/
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Raised Spillway Weirs

Spillway with
Raised Weir

Juyzall=
BYPIESS)

SYSEEN)

Conventional
Spillway

| whihbelpslover Conventional spill gates > The raised weir draws
/ open at the bottom. water from the surface.
L‘ - " == o=
\ > == — o=x
7t
Fish must Weirs make
dive to spillways
find the easier
passage. to find.

Downstream

NOAA Fisheries NOAA Fisheries




Chinook Salmon Life Cycle

Snake River Spring/Summer Chinook Life Cycle

4000-5000 eggs per
female spawned

E Fry
99 Smolt
1 female spawner Tributary
ot =~ < habitat
. / ’ § -~ N N
3-5 female mlgra.mts <1 > 200-250 female
return to spawning ( S — livdro svatem — N 1 year olds
grounds =_"r = ypassde =S
/ , i
J , Predation management i ‘
f |
Estuary Av"’“ U
7-9 female adults \ habitat ———— i I 165-168 female
return to the mouth \ / migrants below
of the Columbia Ocean 7 Bonneville Dam
NN (80% of lfe) 4
Fish grows - / Fish
and matures L = L migrates
in the ocean - - to the ocean

12-13 female youngsters
to second birthday

MNOAA Fisheries

v" Smolt take 10 to 50 days to travel
rivers and get to the
estuary/ocean

Delayed mortality hypothesis is
driving calls for LSRD breaching
w/o scientific evidence

7 July 2022

The Case for Snake River Dam Removal is Scientifically Dishonest

KINTANA

-David Welch, Ph.D. & President, Kintama Research Services.
“If delayed mortality doesn’t
exist...then other approaches
to getting more salmon

should be considered”.

o

/
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Figure 6. Returns Bonneville Dam for salmon, steelhead, and shad, 1938-2024. Chinook and Coho data account for
adults and jacks. The steelhead data account for wild and hatchery fish. Calculated from Columbia River DART
(University of Washington).



Killer Whales and Snake River Chinook

Abundance Of orcas Related to Snake JKL Orca populations declined during time of increasing
River Chinook Salmon? Snake River Chinook Salmon abundance
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Next Generation
Nuclear




Modular Reactors: Small Footprint, Scalable & Always On
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An artist’s rendering of NuScale Power's small modular nuclear reactor plant. Photo courtesy of NuScale

Energy contained in a
gummy bear pellet of
uranium fuel

= 2,000 pounds of coal



Modular Reactors: Mitigates Wind & Solar Land-Use Impacts

D ENERGY NORTHWEST

Benefits of zero-emitting firm capacity at 100% GHG reductions

Avoids 80 to 150
Seattle-Sized Wind
100% GHG Reduction Portfolios Farms & 112 M Adding Avoids
solar panels +1.2 GW 9.5 GW
100 - - +5.3 GW
SMRs
80 -
-37 GW Solar
Z 601
_ +6.5 GW -91 GW
0 Firm Non-firm
20

F CGS + NuScale SMRs reduce

system costs by almost $8B per
RE + Storage +CGS +Firm Zero-GHG +NuScale SMRs year relative to RE + Storage

Notice: This document is a public record and will be released to the public. Therefore it shall not contain Confidential/Proprietary/Trade Secret Information
(“Confidential Information™) of organizations such as the Institute of Nuclear Power Operations, the Utilities Service Alliance, Inc., or the World Association of Nuclear Operators.




Energy Northwest: Site 1 Small Modular Reactor Project

3 energy a@amMazon
() ENERGY NORTHWEST
v" Amazon providing development
funding for 4 modules

v' Energy Northwest has option to
build additional 8 modules

« Additional power available to
Amazon and northwest
utilities

v" On-Line goal = Early 2030s




Xenergy Small Modular Reactor Technology

Meltdown-Proof

The Xe-100 Reactor Cannot Melt Down

Walk-Away-Safe

Xe-100 Reactor Benefits
* Helium transports heat from the
reactor to the steam generator; no
cooling fluid required
¥ Reactor core design eliminates the
possibility of meltdown

Control reds ———=

Pressure vessel

Graphite reflector

Pebble bed * 0On-line refueling allows for

continuous operations

: I!-. 9 ® Able to quickly respond to energy
demands

% » Used fuel is proliferation resistant

Reactor

Hefiurs Fleww Path

5 2005 X Ervargy, LLE Muclear Energy. Reirmagined. ¥ E

Fuel is the Key to Unsurpassed Safety

Fuel Sphere
i 60mm (Diameter = 60mm)
[F).:':Iml;ebbl. X-Section

5mm Thick
Fuel Free Zone

UCO Kerel: 0.425mm

Porous Carbon Buffer: 0.095mm

Inner Pyrolytic Carbon Layer: 0.04mm
Silicon Carbide Layer: 0.035mm
QOuter Pvroivtic Carbon Laver: 0.04mm

© 2015 X Enangy, LE Nuclear Ensrgy. Reimagined. & m




Terrapower Technology

Natrium.

Built for the 21st century grid, TerraPower’s Natrium technology is one of the fastest

and lowest-cost paths to advanced, zero carbon energy.

The NUCIGGI‘ + Unlike today's Light Water Reactors (LWR) the
Natrium reactor is a 34 I
Storage Solufion reactor coupled with TerraPowers breakthrough
innovation—a molten salt integrated energy
storage system, providing ! )
. The Natrium reactor mamtalns
constant thermal power at all times, maximizing
its capacity factor and value. Molten salt energy
storage is more resilient, flexible and cost-effective
than current grid-scale battery technology.

THE NATRIUM TECHNOLOGY'S
ADVANCED DESIGN ENABLES
SIMULTANEOUS PRODUCTION

OF CARBON-FREE ELECTRICITY,

HEAT AND STEAM TO SUPPORT
DECARBONIZATION OF POWER
AND INDUSTRIAL SECTORS.

TerraPower Begins Construction on
Advanced Nuclear Project in Wyoming

June 10, 2024

@ Te:a;ow} TerraPower " .

A Nuclear Innovation Company

v' 345 MW sodium-cooled fast reactor
v' 500 MW with molten salt-based energy storage

v’ PacifiCorp is Utility Purchaser

)



Terrapower Technology

v Natrium reactors are not pressurized like existing plants
and use sodium, instead of water, as a coolant.

v The reactor operates at a temperatures greater than 350
degrees Celsius (the equivalent of 662 degrees
Fahrenheit) and far below the boiling point of sodium.

v’ Design capitalizes on natural forces, such as gravity and
thermal convection, enabling passive cooling and
significantly reducing safety-related costs compared to
conventional reactors.

Nuclear Island




Spent Nuclear Fuel

Fast Facts on
Spent Nuclear Fuel =

Spent fuel from

power reactors is safely >
and securely stored at more

than 70 sites in 35 states.

*ﬁ Spent fuel is a solid
° and is typically made
up of ceramic pellets
in metal rods.

Spent fuel is safely

“ transported across the
U.S. with more than
2,500 cask shipments
over the last 55 years.

Spent fuel assemblies inside a dry storage cask. >>>

2 The U.S. has produced roughly

90,000 metric tons of spent 5 Spent fuel can be recycled.
fuel. This could all fit on a ° More than 90% of its potential
football Bald-ate depth o energy still remains in the fuel.

/

....... |eSS th a n 1 O Ya l'd S |f |t COU l d Dry storage casks at Dresden Generating Station. >>>

m be stacked together.

https://www.energy.gov/ne/articles/infographic-5-fast-facts-about-spent-nuclear-fuel
I R ——— —— — ——
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Global CO, Emissions - Things to Consider (IPCC RCP8.5)

150

COMMENT | 29 January 2020

wsase o200 Enissions — the ‘business as usual’

Q :
O no policy - das bisi
“a (SSP5-85F | agusualr . . .
1%2] J
g story is misleading
O
5
G IEA* projections y Stop using the worst-case scenario for climate warming as the most likely outcome —
B suggest a more 74 °C Unlikely L . ]
5 lausible path. 7 Average |Reversal of more-realistic baselines make for better policy.
s F f
@ / no policy some current
= / (SSP3-7.0) | policies
Z |
< Zeke Hausfather = & Glen P. Peters
=
= 50
?
] W
= Historical
8 emissions Weak Likely Intergovernmental Panel on Climate Change (IPCC) Representative Concentration Pathways (RCPs)
@] R
o Pledged mitigation | Given current
policies (55P4-6.0) | policies RCP8.5 “... paints a dystopian future that is fossil-fuel intensive and excludes any climate mitigation
Girrant 2.5 °C ] policies, leading to nearly 5 °C of warming by the end of the century,”
bollcias Modest mitigation
5 (SSP2-4.5) “RCP8.5 was intended to explore an unlikely high-risk future. But it has been widely used by some
1.5 °C experts, policymakers and the media as something else entirely: as a likely ‘business as usual’
Mitigation required outcome.”

to meet Paris goals
200 gy (SSP1-1.9)

1980 2000 2020 2040 2060 2080 2100




Global CO, Emissions - Things to Consider (Climate-disasters)

FIGURE 2.2 More Fossil Fuel Use, Plummeting Climate-Related

Disaster Deaths
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Climate-related disaster
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Sources: Scripps Institution of Oceanography; EM-DAT; World Bank Data;

Maddison Project Database

v' Rate of climate-related disaster deaths has

fallen by 98% over the last century
* Includes deaths from droughts, floods, storms, and
extreme temperatures

v" World life expectancy has increased from just
over 30 years in 1900 to over 70 years today

v What is role of human innovation and
adaptation to changes in climate?



Global CO, Emi

ssions - Things to Consider (parts per million)

Geological Timescale: Concentration of CO2z and Temperature Fluctuations

— CO, e T@Mp@rature °C TODAY
PALEOZOIC MESOZOIC CENOZOIC =
CO, Concentration
8,000 3 Z PPM = Parts Per Milli
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SESIF E 2 Z i
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Global CO, Emissions - Things to Consider (Saturation)

Richard Lindzen
Professor of Earth, Atmospheric, and Planetary Sciences, Emeritus
Massachusetts Institute of Technology

William Happer
Professor of Physics, Emeritus Princeton University

Steven Koonin
University Professor, New York University,
Senior Fellow at the Hoover Institution

FOSSIL FUELS AND GREENHOUSE GASES
(GHGs) CLIMATE SCIENCE

April 2024

Each additional increase of CO, in the atmosphere causes
a smaller and smaller change in “radiative forcing,” or in
temperature.

Figurel-3: Less global warming for each additional 50 parts-
per-million-by-volume of CO, concentration
1.2
°C
Today 11/23/17
406 ppm

0.8
Gregory Wrightstone

inconvenientfacts.xyz
06 -
04 -
I
0_ IR nns

100 150 200 250 300 350 400 450 500 550 600 650 700 750 800
ppmv CO,

L

(Graph calculated using IPCC’s formula AT, = %lnci ;
: 0

AR3, Ch.6.1. Courtesy Monckton 2017)



Global CO, Emissions - Things to Consider (Climate Models)

“..models do not work, and bear no rational relationship
to the reality they purport to represent.”

Richard Lindzen
Professor of Earth, Atmospheric, and Planetary Sciences, Emeritus 3 3
Massachusetts Institute of Technology

Tropical Mid-Tropospheric Temperature Variations

Models vs. Observations 3
5-Year Averages, 1979-2016 Trend line crosses zero at 1979 for all time series | =

ACCESS1.0 o ACCESS1.3

William Happer 1.0 | BCC-CMS1.1 BCC-CSM1.1(m)
. - . . . BNU-ESM e CanESM2 1
Professor of Physics, Emeritus Princeton University N il ool G (e i fgrdol f Sl ki
CNRM-CMS CSIRO-Mk3-6-0 F5 REN YR o,
T~ os Jf- =g s i 1
even Koonin GFDL-ESM2G (1 run) GFDL-ESM2M (1 run) " Average of 102 CMIP5
University Professor, New York University, oA o L R . .
. Grnetit IPSL-CMSA-LR IPSL-CMSA-MR Model Runs in 32 Groupings
Senior Fellow at the Hoover Institution 06 | = PSLOMSBAR e MIROCS
MIROC-ESM MPI-ESM-LR
MPI-ESM-MR MRI-CGCM3
FOSSIL FUELS AND GREENHOUSE GASES G || — i A
(GHGs) CLIMATE SCIENCE 1
April 2024 oy
. : _ Observations
- Wi 4 Circles - Avg 4 Balloon datasets
= o = St!uares- Avg 3 Satellite datasets
0 |-Model output: KNMI Climate Explorer Diamonds - Avg 3 Reanalyses
1975 1980 1985 1990 1995 2000 2005 2010 2015 2020




Global CO, Emissions - Things to Consider (Heat Waves)

Richard Lindzen

Professor of Earth, Atmospheric, and Planetary Sciences, Emeritus

Massachusetts Institute of Technology

William Happer
Professor of Physics, Emeritus Princeton University

Steven Koonin
University Professor, New York University,
Senior Fellow at the Hoover Institution

FOSSIL FUELS AND GREENHOUSE GASES
(GHGs) CLIMATE SCIENCE

April 2024

20

16

14

10

No significant Trends.
11 of 12 hottest years
occurred before 1960

The annual number of high temperature records set
shows no significant trend over the past century, nor
over the past 40 years.

Average per station (1114 USHCN Stations) 1895-2017
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Rooftop Solar - Break Even Analysis

Figure 1. Participant Cost Test (PCT) by Utility for an Example 7 kW-AC System Washington Public Utility Districts Association
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Rooftop Solar - Break Even Analysis

* Benton PUD started collecting cost data in Jan 2023
* Average reported cost per watt (DC) is $4.96 or = $5 per watt (AC)

* 12 KW would offset average annual residential home energy (kWh) charges

®* What planet are we on financially speaking?
* |2 KW system x $5 per KW (AC) = $60,000 up-front system cost
* Average residential power bill is $126 per month or $1,512 per year

* System cost equivalent to over 40 years of annual electricity bills at current rates

* Federal Investment Tax Credits for Homeowners currently 30% thru December 31,2025

* Applies to customer with tax liability

* For most residential rooftop solar systems, you can avoid paying state and local sales tax on both equipment and
installation under current Washington law (through December 31, 2029).



Rooftop Solar - Benton PUD Customer Solar

Solar Rooftop Map



Generation and Capacity (MW)

Rooftop Solar - Benton PUD Customer Solar
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Rooftop Solar - Washington State Incentives

Customer-generated power
applicable rates

Base rate (0.15)
multiplied by
applicable factor,
equals incentive
payment rate

Solar modules manufactured in Washington
Factor: 2.4 (two and four-tenths)

$0.36

Stirling converter manufactured in Washington
Factor: 2.4 (two and four-tenths)

$0.36

Solar or wind generating equipment with an
inverter manufactured in Washington

Factor: 1.2 (one and two-tenths)

$0.18

Both solar modules and inverter
manufactured in Washington

Factor: (2.4 + 1.2) = 3.6 (three and six-tenths)

$0.54

Anaerobic digester or other solar equipment
or wind generator equipped with blades
manufactured in Washington

Factor: 1.0 (one)

$0.15

Wind generator equipped with both blades
and inverter manufactured in Washington

Factor: (1.0 + 1.2) = 2.2 (two and two-tenths)

$0.33

All other electricity produced by wind
Factor: 0.8 (eight-tenths)

$0.12

v' Washington State Renewable Energy Cost-Recovery
Incentive Program Established in 2013 for Customer-
Owned Generation

v' Some of the most generous tax subsidies in the U.S.

v' Program terminated February 14, 2019, after reaching
funding limit



Rooftop Solar - Benton PUD Solar Incentive Payments

Solar Incentive Payments
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Next Generation SCADA: Communications
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BPA Transmission: What “We” want BPA to Do

“The Evolving Grid Update on the State of Transmission”

Vancouver

Nanaime The following factors:

Load growth in Portland and Seattle —
driven by high tech industry, transportation
and building electrification

Reduced operation of 4.5 GW of carbon
emitting generators on the west side along
the I5 corridor

Replacement wind and solar resources are
located east of the Cascades

Bonneville o —
ey [WI” increase flows on cross-Cascades ]
Salt Lake

transmission paths and throughout the load
centers

Gity
Source: BPA April 2023 Presentation “The Evolving Grid Update on the State of Transmission”



BPA Transmission: East-to-West Flowgates

Northern Intertle -

Northwest Transmission
Lines and Flowgates

Total West Peak Load = 21,000 MW
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BPA Transmission: Cascades Bottleneck
T
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v’ Feasible Capacity in existing ROW?

v How much New ROW & Where?
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+20,000 MW look like?
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Transmission Lines: Anatomy & Megawatts

‘- \' 500 kilovolts 3-Phase AC Apparent Power
\\ 8 000 to ’O OOO MW S=+3 XVX][{COSQ + | sind]
Thermal Rahng e }
- _-.-_:A Y
' Megawatts (MW)
500 kilovolts A
. 2,000 to 3,000 MW f How to Double Power (MW)

Thermal.Rating
\ Double Voltage (V) - pressure

* increase insulator length
* tower height & width
* right-of-way width

To maintain an operationally stable

power grid, electricity flows

(Megawatts) on transmission lines
are often limited to levels well below

thermal ratings.

e cagnas Agv TEY 8§ DE2Y Domge

Double Current (1) - flow

* increase conductor (cable) size
* cost & weight
* tower size & strength
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