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Promise of Advanced Nuclear

Reliable, safe, carbon-free energy that is competitive
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lacking credibility and a track record.
The dream of reviving nuclear power in the U.S. rests on a

new generation of smaller reactors meant to be easier to
build. But major obstacles loom.
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SMRs were touted to save the nuclear industry from its orig
overruns, typical for all large infrastructure projects regardlg
smaller, more economical, and flexible nuclear power solut
was still “just a concept” based on the assumption that the
which has worked remarkably well in many comparable se(
too. Without operational examples, however, all these were
speculative.

Steve Forbes Forbes Staff

“With all thy getting, get understanding."”
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Promise of Advanced Nuclear

Reliable, safe, carbon-free energy that is competitive

Cost of Hinkley Point nuclear plant backed by
B St o | 10 France, China spirals to US$38.5 billion

+ EDF and its partner in the project, China General Nuclear Power, will be asked to
provide additional funding, but it's unlikely the Chinese will agree, EDF said

Nuclear Energy

* French energy giant has increased the UK-based project budget multiple times

The Uncertain Costs of New Nucle It
What Study Estimates Reveal about the
Potential for Nuclear in a Decarbonizing World

Reports by Matt Bowen, Emeka Ochu & James 6lynn - December 07, 2023
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How to be competitive?

° Ca p ita I CO Sts [EZ;:i:t.itcf::c?nrg)/(ford Languages - Learn more
* Plant operating costs © com-petitive

. . /kem’'pedadiv/
e Construction time adjective

2. as good as or better than others of a comparable nature.
"a car industry competitive with any in the world"
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* Approach advanced reactors differently
—Focus resources on areas with highest value
—Decisions informed by safety and risk
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How to be competitive?

* Capital costs

Dictionary

s

* Plant o
* Constrl

* Approz

Evolve legacy approaches
for nuclear construction and operations
to make advanced nuclear competitive

—Focus resources on areas with highest value
—Decisions informed by safety and risk

Definitions from Oxford Languages - Learn more

ers of a comparable nature.
ith any in the world"
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Historical Plant Design

SAFETY
(Deterministic)

Class 1, Class 2
and Class 3

Safety
Related

Non-Safety
Related

Section VIII, B31




The Paradigm Shift

Incorporate probabilistic approaches to appropriately capture
safety and risk associated with advanced nuclear
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Select Key Industry Initiatives for Plant Design

Under
Development

Section Xl, Division 2 NEI 18-04, Revision 01 ASME Plant System Design
Reliability Integrity Standard
Management &
In-progress ANS Standards
@) O
NEI 18-04 ASME/ANS RA-S-1.4

Risk-Informed Performance-Based Probabilistic Risk Assessment Standard
Technology Inclusive Guidance for for Advanced Non-LWR Nuclear Power

Non-Light Water Reactor Basis
Development

Plants
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Probabilistic Approach

to Plant Design

SAFETY
(Deterministic)

Safety
Related

Non-Safety
Related
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Probabilistic Approach to Plant Design

SAFETY
(Deterministic)

RISK
(Probabilistic)
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SAFETY
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RISK
(Probabilistic)

TTTTTTTTTTTTTTTTTT




Probabilistic Approach to Plant Design

RISK
(Probabilistic)

SAFETY

(Deterministic)

Safety Related &
Increased Risk

Not Safety Related &
Minimal Risk
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Probabilistic Approach to Plant Design

RISK
(Probabilistic)

SAFETY
(Deterministic)

Safety Related & Not Safety Related &
Increased Risk Increased Risk
Safety Related & Not Safety Related &
Minimal Risk Minimal Risk
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Probabilistic Approach to Plant Design

SAFETY
(Deterministic)

Safety Related &

Increased Risk Not Safety Related &
Increased Risk

©
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E Safety Related &
= Minimal Risk Not Safety Related &
Minimal Risk
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Codes and Standards for Construction

* All requirements of a Code or Standard must be met
—Can add requirements
—Cannot subtract requirements
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Codes and Standards for Construction

* All requirements of a Code or Standard must be met
—Can add requirements
—Cannot subtract requirements

* Codes and Standards are essentially deterministic

—Rules to ensure design intent and safety are met
—Require repeatable and predictable processes
—Provide requirements for manufacturing (e.g., welding, bending)
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Codes and Standards for Construction

* All requirements of a Code or Standard must be met

—Can a

—Cann Codes and Standards Problem Statement:

* Codes all Codes and Standards have not evolved to align
—Rules { with safety and risk requirements for advanced
—Requi reactors

— Provid
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Now | want to build the plant

SAFETY
(Deterministic)

Safety Related &
Increased Risk

Not Safety Related &
Increased Risk

©
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E Safety Related &
= Minimal Risk Not Safety Related &
Minimal Risk
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Now | want to build the plant

Nuclear Codes

Section llI:
pressure
vessels, pumps,
valves, piping,
core supports,
containments
ACl 349
Concrete
N690 Steel
Structures
NQA-1
Quality
Assurance

RISK
(Probabilistic)

SAFETY

(Deterministic)

Safety Related &

Increased Risk

Not Safety Related &

Safety Related &
Minimal Risk

Increased Risk

Not Safety Related &
Minimal Risk
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Now | want to build the plant

RISK
(Probabilistic)

SAFETY
(Deterministic)

Safety Related &

Increased Risk
Not Safety Related &

Increased Risk

Safety Related &
Minimal Risk Not Safety Related &

Minimal Risk

Industrial Codes

Section VIII pressure
vessels

API| Standards
pumps

B16.34

valves

B31 series

piping

AISC steel

ACl 318 Concrete
ISO-9000

Quality
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Now | want to build the plant

SAFETY
(Deterministic)

Safety Related &
Increased Risk

Not Safety Related &
Increased Risk

RISK
(Probabilistic)

Safety Related &
Minimal Risk Not Safety Related &
Minimal Risk
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Now | want to build the plant

SAFETY
(Deterministic)

Option: Option:
Nuclear Codes Safety Relate.d & Industrial Codes
e Section Il Increased Risk . Section VIII
« ACI 349 Not Safety Relal.ted & . B16.34
. N690 i Increased Risk . B31 series
* NQA-1 o 2 « AISC
2 § « ACI318
g Safety Related & * 150-3000
= Minimal Risk Not Safety Related &
Minimal Risk + Additional
Requirements
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Now | want to build the plant

SAFETY
(Deterministic)

Option: Option:
Nuclear Codes Safety Relate.d & Industrial Codes
e Section Il Increased Risk . Section VII|
« ACI 349 Not Safety Rela!ted & . B16.34
. N690 i Increased Risk . B31 series
* NQA-1 o 2 « AISC
2 § « ACI318
g Safety Related & * 150-3000
= Minimal Risk Not Safety Related &
Minimal Risk + Additional
Requirements
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Why Section IlI?

* Advantages

— Nuclear Design Rules are well-understood and accepted by the
Regulator

—Service Levels allow appropriate consideration of infrequent
events

— Rigorous quality requirements

* Disadvantage
— Not competitive on cost or schedule

— Requirements may not be appropriate for components with
minimal contribution to safety or risk
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Why Section IlI?

* Advantages

— Nuclear Design Rules are well-understood and accepted by the

Regulg+==
— Servic
eventl Meeting the full nuclear code (Section Il1) does

—Rigord ot provide value commensurate with safety or

. risk for these components
* Disadva

1t

— Not cOmpettveurmrcoustorstreuuTe
— Requirements may not be appropriate for components wit
minimal contribution to safety or risk

N
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A New Option for Section Il Components

e Alternate Material Procurement
— Allow procurement of materials from commercial material suppliers
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e Alternate Material Procurement
— Allow procurement of materials from commercial material suppliers
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e Alternate Material Procurement
— Allow procurement of materials from commercial material suppliers

e Alternate Examination and Testing Requirements
— Allow ultrasonic inspection for piping as an alternative to radiography
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A New Option for Section Il Components

e Alternate Material Procurement
— Allow procurement of materials from commercial material suppliers

e Alternate Examination and Testing Requirements
— Allow ultrasonic inspection for piping as an alternative to radiography

— Allow random and progressive sampling for nondestructive examinations of
moderate energy piping
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e Alternate Material Procurement
— Allow procurement of materials from commercial material suppliers

e Alternate Examination and Testing Requirements
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— Allow random and progressive sampling for nondestructive examinations of
moderate energy piping

— Allow system leak test as an alternative to hydrostatic leak test for moderate
energy piping
— Allow shorter hold times for valve pressure testing
e Alternate Quality Requirements
— Allow alternate quality requirements to Section lll, Subsection NCA
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A New Option for Section Il Components

e Alternate Material Procurement
— Allow procurement of materials from commercial material suppliers

e Alternate Examination and Testing Requirements
— Allow ultrasonic inspection for piping as an alternative to radiography
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Section lll Status

2023
Edition

Before
2025

Edition

2027
Edition

Alt. Material
Procurement

P

Alt. NDE and Testing

Alt. QA
Requirements
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Challenge

How does the industry think differently to evolve Codes and
Standards to make advanced reactors competitive?
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Summary

* Plant design approaches recognize unique aspects of
advanced designs

* Codes and Standards have not evolved to align with
safety and risk requirements for advanced reactors

* Section Ill is leading the industry in thinking differently

— Alternatives are available or in-progress for items with minimal
contribution to safety or risk

* Increase competitiveness of advanced nuclear
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