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Alaska Center for Energy & Power (ACEP)

Fostering development of practical,
innovative and cost effective energy
solutions for Alaska and beyond

@ Applied energy research

@ Technology testing & optimization

@ Energy systems modeling & analysis
@ Commercializing energy innovation




ACEP Small Nuclear Reports — 2011 & 2021

“Small Modular Nuclear Power: an option for Alaska?”

- Review history of nuclear energy in Alaska,
including proposed projects

Technology status (national, internationally)

Do oo oraissras *+ Consider technical, economic, and siting
feasibility of proposed SMR technology in AK

Power: an option for Alaska?

Available for download at: sl 7_
http://acep.uaf.edu A npnae, ' Fort Greely SM1 primary reactor
| ¥ il 1 facility. Commissioned in 1962,
decommissioned in 1972. 20.2
MW,,, generated 1.6 MW,




2021: Updated Report to Legislature

““Small Scale Nuclear Power: an option for Alaska?”

Recommendations:

émall Scale Nuclea__r Power: « Continue to track technology and
BN PRI R policy/regulatory trends

Create a state working group on Small Nuclear
Energy as a forum to bring together
stakeholders

Create a roadmap for Alaska nuclear
applications including specific use cases and a
more robust economic analysis, especially for
microreactors

Review/revise AK state statutes related to
nuclear energy




A few facts about nuclear energy ...

@ Nuclear energy supplies 20% of the U.S. electric power needs,
more than all renewable resources combined (including hydro)

@ The U.S. produces more nuclear energy than any other country
in the world

@ In the 60-year history of the nuclear power industry in 36
countries, there have only been 3 significant accidents at
nuclear power plants.

@ With the exception of Chernobyl, no nuclear workers or
members of the public have ever died as a result of radiation
exposure due to a commercial nuclear reactor accident
(including Fukushima Daiichi)




\What are Microreactors?

Microreactors are an emerging class of small advanced reactors with
the following general attributes:

p Output of 1 to 10’s of MWe **

Capable of load following and non-electric applications (e.g.,
process heat)

© Factory fabricated and transportable nearly fully assembled.
Requires a small operational footprint.

Employs passively safe operating and fuel designs
Semi-autonomous control system/minimum on-site staff
@ Long intervals without refueling (e.g., 10 years)

** we are aligning State definition with 42 U.S.C. 16271
(capable of generating no more than 50 MWe)
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(under development in U.S., <300 MWe)
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development for US market

Increasing maturity level *
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maturity level is
subjective based on
2021 publicly available
information
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Example MNRs under development

-
Example microreactor:

" B Ultra Safe Nuclear Co.
Iy (USNC) (~10MWe)

Emergency Decay heat

driver exchanger
Control Passive decay

drum driver heat removal

Primary heat Emargancy

exchanger shutdown

Reactor
Heat pipes controls
Monolith

Example microreactor:
Westinghouse eVinci reactor
design (~5 MWe)




What Does Passive Safety Mean?

Fuel/fuel configuration Passive Cooling

Advanced reactors do not require active
systems to cool the fuel in an
emergency. Instead they rely on passive
safety features which require no active
controls or operational intervention to
avoid accidents in

New fuel configurations such as TRISO
particles cannot melt in a reactor and
can withstand extreme temperatures
and stresses that are well beyond the
threshold of current nuclear fuels.

Fuel kernel (UCO, UO,) the event Of

Porous carbon buffer

| malfunction, and

Inner pyrolytic carbon .

Silicon carbide InStead rely on

Quter pyrolytic carbon graVity, natural
convection, or
resistance to high

| \Y temperatures (or a
Schematic illustration of TRISO fuel pellet. . : = Combination

Inset: false-color image of TRISO fuel

pellet, diameter 930 micrometers. = =
thereof)
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Question: What does TAPS have in common with
micro reactor technologies?
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Question: What do micro reactor technologies have
in common with the automobile industry?
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Ford Assembly Line —
Dearborn, Ml Factory
Source: Henry Ford
Museum




Question: What do micro reactor technologies have
in common with the automobile industry?

Conceptual image: Nuscale Power Reactor Building
Source: NuScale Power Reactors. ©NuScale Power, LLC, All Rights Reserved




Question: What do micro reactor technologies have
in common diesel generators?

Tuluksak, Alaska diesel
powerhouse




Question: What do micro reactor technologies have
in common diesel generators?

—— Typical electrical demand
— NuScale oufput
— Horse Butte output

e —

4:00 500 600 700 800 900 10000 11:00 12:00 13:00 1400 1500 16:0071 7,00 16:00 19:00 20:00 2100 2200 23:00

Load Following Capability (and ability to “back’” renewables)
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State Statutes Relates to Nuclear Energy

Sec. 18.45.020 Requires an applicant to follow the NRC regulations;

Sec. 18.45.025 Requires DEC to provide permission to a nuclear
developer, the state assembly to designate by law any land that would
be used, and DEC to promulgate regulations for this section. If a
municipality has jurisdiction over the proposed site, its approval is also
required.

Sec. 18.45.027 Pertains to nuclear waste. If the fuel has been used for a
period of time, this statute might restrict the reactor containing
partially used fuel from being moved in state for further use.

Sec. 18.45.030 is an authorization of exhaustive/continuing studies of
nuclear development related risks by DH&SS, DOL, DOT, DCCED,
DF&G, DNR and other State agencies.

Sec. 18.45.040 relates to judicial enforcement of the law via governor-
required processes.

Sec. 18.45.070 allows coordination with the federal government.
Sec. 18.45.090 is an exemption related to mining uranium
Sec. 18.45.900 is filled with definitions.




State Statutes Relates to Nuclear Energy

* Sec.18.45.020 Requires an applicant to follow the NRC regulations;

Requires DEC to provide permission to a nuclear
developer, the state assembly to designate by law any land that would
be used, and DEC to promulgate regulations for this section. If a
municipality has jurisdiction over the proposed site, its approval is also
required.

Sec. 18.45.027 Pertains to nuclear waste. If the fuel has been used for a
period of time, this statute might restrict the reactor containing
partially used fuel from being moved in state for further use.

is an authorization of exhaustive/continuing studies of
nuclear development related risks by DH&SS, DOL, DOT, DCCED,
DF&G, DNR and other State agencies.

Sec. 18.45.040 relates to judicial enforcement of the law via governor-
required processes.

Sec. 18.45.070 allows coordination with the federal government.
Sec. 18.45.090 is an exemption related to mining uranium
is filled with definitions.




Question: Do microreactors have a role in Alaska’s
future energy mix?

Use Case Analysis
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National Reactor Innovation Center
(Idaho National Laboratory)




Eielson AF Microreactor Pilot
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Eielson AFB
Announced as Site for
Rir Force Micro-
Reactor Pilot

By SAF/IEE Installation Energy / Published October 15, 202

PHOTO DETAILS / DOWNLOAD HI-RES 1 of 1

An F-35A Lightning Il assigned to the 355th Fighter Squadron
(FS) takes off from Eielson Air Force Base, Alaska, July 1,
2021. Also known as the ‘Fighting Falcons,’ the 355th FS is
one of Eielson’s two combat-coded F-35A squadrons. (U.S.
Air Force photo by Airman 1st Class Jose Miguel T.
Tamondong)

- 2019 National Defense Authorization Act
(NDAA) required the DoD to seek to
develop a pilot program for the
development of at least one micro-reactor
by December 2027.

Managed through the Office of the

Deputy Assistant Secretary of the Air
Force for Environment Safety and
Infrastructure (SAF/IEE, Mark Correll)




Eielson AF Microreactor Pilot

1-5 MWe

Will not be grid connected; onsite heat and power only
Will be licensed by the NRC; subject to state regs
Privately owned/operated through PPA with USAF

Proposed Timeline:

- February/March 2022 RFP released
- Vender selected late 2022

- 2022-23 Permitting and licensing

- 2025 begin construction

- 2027 Commercial operation




Does it exist?

Technology

Is it safe?

safety

Is it
responsible?

Environment

Is it cost
effective?

ave any SMRs been licensed
by the US Nuclear Regulatory
Commission?

Y

Are there adequate

passive safety features in

the case of a
catastrophic event to
protect the public?

w

here a plan for long-
term storage and/or

disposal of nuclear

Has there been an
adeguate number of
operating hours for the
technology under
consideration? (5 yrs)

Possible Pilot Project

[ > e

waste?

Do actual costs exist
from other projects to
develop an accurate
roonomic assessment?




Why | am interested in small reactors:

Provide baseload energy — heat and power

Can load follow

Carbon free

Safer?

Competitive Pricing?

Better long-term certainty of energy costs?
Reduced risk of environmental contamination?
Possible complement to existing AK resource mix
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