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fuel cycle



Our team today

Andy Griffith * Executive Director of

the Deep Borehole
Demonstration Center An independent, nonprofit, science-driven organization

* Former Deputy
Assistant Secretary for - funded on a multinational, public-private partnership basis -
Nuclear Fuel Cycle and
Supply Chain at US that aims to advance the maturity of the safety case for deep borehole
Department of Energy disposal and the technical readiness levels of the disposal concept

- CEO DEEP Nathan Snoke HALLIBURTON
@ * New Energies
« Deep ISOLATION
L Global Account Manager
Isolation is:

* Halliburtonis:

= One of the world’s largest service
providers for the global oil & gas industry

= Hostof DBDC’s test facility in Cameron,

. An NEI member focused on
innovation across the back end of
the nuclear industry

. Founding member of Deep ¢ Texas
Borehole Demonstration Center = Akey partnerin Deep Isolation’s global
supply chain
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What we will cover uE)

1. The importance of focusing on spent nuclear fuel (SNF) management
and disposal options right at the outset of Norway’s nuclear power
program

2. The strategic options Norway faces in managing spent nuclear fuel

3. More detail on the option that we three believe is right for Norway:

deep borehole disposal
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Introducing the DBDC E'f-h%p?;

* An independent, non-profit organization with a single We have been working with
purpose: Norway since our inception
* To accelerate the global deployment of deep borehole disposal
as a solution for the safe geological disposal of radioactive waste, + Norwegian Nuclear Decommissioning
through non-radioactive demonstration, evaluation and has been a member since our launch
dissemination of learnings for borehole disposal technologies in February 2023, as part of ERDO
and processes, and the use of these learnings to further the SR,
generic safety case for borehole disposal. EREx) NND
working group oenee o
* Principles:
* Transparency, community engagement, scientific excellence * Since May 2023, we have been
* Along-term, phased, and prioritized approach working with Norsk Kjernekraft
through an MOU aimed at developing
* Public private partnership a demonstration repository in
* Early results Norwegian crystalline rock

* Governance:
NORSK

* A 501(c)(3) non-profit organization established in State of Texas ; KJERNEKRAFT

* Funded on a membership basis by public- and private-sector
supporters
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Why this matters (1 of 3)

Planning your solution for spent
nuclear fuel right from the start is
vital:

* Early nuclear countries did not
do this — and we wasted billions
as a result!

e Your disposal strategy will

impact on vital ‘front end’ issues:

e.g. siting, community
engagement, financing

BOREWOLE

TONSTR, CENTER

oThe world has not yet disposed any of the spent
fuel it has created over the last seventy years ....

.. and the current model for geological disposal
is costly and difficult to scale:

Planned Geological Disposal Facility

UK
€37.8
billion

The Onkalo spent fuel repository

France

€20-35 [EEMESET_} g3
billion L A billion

Source for cost estimates: Cost Comparison for Deep Borehole Disposal as Alternative to Mined Repository, Amentum 2024
(with USD converted to EUR at average 2023 exchange rate of $1 = €0.9241), except for France, where costs come from The
costs of geological disposal, Professor Neil Chapman ERDO Working Group, IFNEC Workshop, Paris 11t December 2018
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https://www.deepisolation.com/wp-content/uploads/2024/03/Cost-Comparison-for-Deep-Borehole-Disposal-as-Alternative-to-Mined-Repository.pdf
https://www.ifnec.org/ifnec/jcms/g_11530/3-arius-chapman
https://www.ifnec.org/ifnec/jcms/g_11530/3-arius-chapman

DEEP
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Why this matters (2 of 3)

e Spent nuclear fuel (SNF) management is about to get even more challenging ....

Grid-Scale Small Modular Reactors (SMRs) (50 MW+)

Micro-SMRs
(< 10 MW)

Generation lll+ Generation IV

/ 2
Sodium Cooled Fast High Temperature Gas
Water Cooled Reactors Reactors Molten Salt O K L O
( ) 4 \( ) 1.5 MW
: TERRESTRIAL :
td nuscaie arc .|| TERRESTRIAL
77 MW CLEAN TECHNOLOGY x energy 195 MW \.
: 1/
Rolls-Royce' 100 MW 80 MW =2+ ULTRA SAFE NUCLEAR
470 MW ‘mol’rex / 5 MW
clean energy
HITACHI /\ 300 MW
( 2(\;\:} R;:‘?‘SOJ TerraPower framatome @ Westinghouse
S (Natrium) 272 MW {) Kairos Power (eVinci)
HQLTES 345 MW 140 MW S MW
160 MW
Westinghouse CENERAL ATOMICS /—\ BW/QI-
AP300™ SMR .z. 265 MW TerraPower™. BWX Technologies, Inc
\ 300 MW J ) \ J\ J 5 MW J

Source: US Nuclear Industry Council
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Why this matters (3 of 3) BOII,QEEEIZILE

DEMONSTRATION ll CENTER

e and this uncertainty is a barrier to growth of the sector:

Opportunities and Barriers for Optimizing Costs across DEEP =Rl NF, NUCLEAR

| ENERGY

the Back End of the Advanced Nuclear Industry ISOLATION e e INSTITUTE

In March 2025, Deep Isolation, the Electric Power Research Institute and the Nuclear Energy Institute
published results of opinion research with utilities, regulators, waste managers, policymakers, and reactor
developers. Key results:

e 96% agreed that public support for new reactors is outpacing support for waste disposal facilities.

e 92% said that policy, funding, and attention are disproportionately focused on the reactors
themselves, instead of on the back end.

e  76% viewed uncertainty about future disposal paths as a major source of risk and additional cost

for the advanced nuclear industry.
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https://www.deepisolation.com/wp-content/uploads/2025/03/WMS25-25376b-Opportunities-and-barriers-for-backend-advanced-nuclear-final.pdf
https://www.deepisolation.com/wp-content/uploads/2025/03/WMS25-25376b-Opportunities-and-barriers-for-backend-advanced-nuclear-final.pdf

Spent fuel management considerations for quen\-"pmnfs
Norway

Long-term above-ground storage

Short-term storage at Close the
the power plant fuel cycle? Geologic disposal in a mined repository

Geologic disposal in a deep borehole repository pmm

Send SNF overseas for Re-patriate a smaller
recycling / re-processing volume of vitrified HLW
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Deep borehole disposal brings Norway BOREI-||0LE
new flexibility and optionality

* Regulators, policymakers and waste
management practitioners see four main

e - soacium ol pclankal dept s desors - benefits from deep borehole disposal:
2. Potential for cost, risk
1. Increased choice & and time reductions in
1000m o o . .
siting flexibility national disposal
programmes
il 3. Potentially attracti
- rotentially atiractive 4. Potential for economies
features from
. of scale around
UEETESE O regulatory processes
3000m community consent g P

————

* 4 out of 5 research participants would
welcome greater international collaboration

on deep borehole disposal — with full-
scale, end-to-end demonstration

High-Level Radioactive Waste Disposal: History, Status, Opportunities and Challenges” - November 4 and 5, 2020 the#1 prl Ority

Increasing isolation and
decreasing water fluxes 4000m
with increasing depth

5000m

Source: IFNEC Webinar, "Understanding Deep Borehole Disposal Technology in the context of Spent Fuel and
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The DBDC is delivering this full-scale demo
in a phased process ....

End-to-end borehole repository demonstration

Key:
[ Not covered in this phase
. Partly covered in this phase

. Fully covered in this phase

Phase 1

Surface and sub-
surface canister
testing

Phase 2

Full-scale
emplacement and
retrieval
demonstration

Phase 3

Full QA system for
emplacement and
retrieval (including
management of off-
normal events)

Phase 4

Surface handling
demonstration

Phase 5

Repository closure
and environmental
impact assessment

Site and borehole
characterization

Drilling and
borehole construction

Surface handling

Emplacement
and retrieval

Pre-closure
monitoring

Repository
closure

Post-closure
monitoring

followed by further demonstration in crystalline rock and other geologies

Enhanced understanding and documentation of the Generic Safety Case for Deep Borehole disposal

DEEP
BOREHOLE

DEMONSTRATION ll CENTER
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.... and we are making strong progress

United States

International

Supported by US and international stakeholders

—I!DEEP BATTELLE ;slb

ISOLATION

arpa-e
HALLIBURTON

ErR A
ELECTRIC POWER Southern
RESEARCH INSTITUTE Company

4 DEEPFISSION

Department for “ ;'
Energy Security .

& Net Zero
NUCLEAR AMRC

.":.-'.'.
ERm NORSK
working group NND KJERNEKRAFT
R
'S

g —qe Y T\
DEKOMMISSIONERING M

Organizations that have provided financial
and/or in-kind support to the Center’s mission

BOREWOLE

DEMONSTRATION ll CENTER

Study tour to DBDC by Czech
Government, Dec 2024, funded by
State Dept FIRST program

AP \ B
|

[}

Class 1 UCS prototype, at Dep Isolation’s fabricator (RV Industries
Inc in Philadelphia), prior to shipping to DBDC for testing

Corrosion testing at pressures and
fluid chemistry of disposal depths, at
Halliburton facility in Carrollton, TX

Deep Borehole Demonstration Center
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Introducing Deep Isolation

dgzd  About us: Deep Isolation is a US small business, established in 2016

I"’

Our technology supports storage, transportation and eventual geologic disposal of spent nuclear fuel
(or vitrified high-level waste for countries that adopt a closed fuel cycle), and is supported through grant

investment by the US Department of Energy and the UK Department of Energy Security and Net Zero

Focus on Europe: In 2020 we established a European business, based in London. Clients based in
Europe include:

/ (a¥'e)
(&) = SINND COVRA. G
NS AR OEKOMMBONEANG

Association for

)
e Multinational (7" NEK m\_
IAEA Radioactive \¢{ pEcommissioniNG FERMI. clea
gt DANSK DEKOMMISSIONERING ioning
ntermatio

i ' { MCING
nal Atomic Energy Agency Waste Solutions ((5¢7) FINANCING FUND

Will quickly highlight just four features of our technology that are potentially important for Norway
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https://www.google.co.uk/url?sa=i&url=http://www.gemini-initiative.com/event/joint-iaea-gif-technical-meeting-on-the-safety-of-htgr/&psig=AOvVaw00Mf0-VqV8Q_Py5qBi4qQX&ust=1582363503332000&source=images&cd=vfe&ved=0CAIQjRxqFwoTCJDvtsip4ucCFQAAAAAdAAAAABAD

Four key features of the Deep Isolation solution

1. Repository flexibility: we are the only organization able to offer tailored repository architectures

We design the repository around each specific lithology and inventory

Optimal might be vertical, deviated or horizontal — our partnerships, supply chain and our IP support
all of these

Any non-vertical borehole repository needs our patents

Directionally-drilled repositories can offer:

v High levels of safety

v' Cost and performance benefits
—

v Increased siting flexibility

i1 DEEPISOLATION © 2020 Deep Isolation EMEA Limited. Al Rights Reserved 13



Four key features of the Deep Isolation solution

2. High levels of passive safety: our generic designs in shale and granite surpass the strictest
safety requirements by a factor of 1,000, and low sensitivity to modeled accident scenarios

Deep Isolation has published extensively on safety performance of echnology Modeled Results®

Ry TSR Peak dose is not for over 1 million years — and then will be below
y Y: background radiation and 1,000x below the strictest regulatory limit

107 10°
10/ mrem/year : 0.1 mSv/year K
10'.—___y_.____r———A—————y—— 101
10 | | : | 10*
E i [advection] 3':'
£ - L\ =
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10°¢ d 1 M | 4 | BT I ‘]0'8
107 10° 10 10° 10° 107

Time (years)

1)  Post-Closure Safety Calculations for the Disposal of Spent Nuclear Fuel in a Generic Horizontal Drillhole Repository (2020) published by Energies.
2)  Safety margin for this Generic Reference Repository is compared to a regulatory dose standard of 0.1 mSv/year. This is the strictest individual dose limit we know of that has been set for a geologic repository, by the Swiss Federal Nuclear Safety Inspectorate (ENSI, 2009). Note that when compared
to requirements set by the U.S. Congress for Yucca Mountain in 40 CFR Part 191 (0.15 mSv/year) and by the IAEA in SSR 5: Specific Safety Requirements for Disposal of Radioactive Waste (1 mSv/year) the safety margin for this Generic Reference Repository is 1,500 x and 10,000 x, respectively.

3)  Eveninthe circumstances of a catastrophic earthquake immediately after repository closure that shears through the disposal section of the repository up to the aquifer, peak dose does not appear for 0.5 million years and 450x below the strictest regulatory limit.
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https://www.deepisolation.com/wp-content/uploads/2020/05/Deep-Isolation-Safety-published-in-Energies-sm.pdf
https://www.ensi.ch/wp-content/uploads/sites/2/2012/05/g03_erlaeuterungsbericht.pdf
https://www.ecfr.gov/current/title-40/chapter-I/subchapter-F/part-191
https://nucleus-apps.iaea.org/nss-oui/Content/Index?type=PublishedCollection&collectionid=m_7eeb23f5-bdc4-4672-ad64-39821db04214

Four key features of the Deep Isolation solution
3. Maturity: A focus on depths/diameters that leverage mature drilling technology

4 DEEPISOLATION

Deep Isolation’s

Universal Canister System (UCS)

AT

U.5. DEFARTMENT OF

ERGY

o ONWARDS
Lift adapter
Class 1 Class 2 Class 3
Capacity:

TRISO blocks 0 6 6
TRISO compacts 162 198 216
Vitrified Waste 0 3 3

Containers
LWR spent fuel 1 o o
assembly
Shell ID 12.75” 14.50” 17.50”
Shell OD 14.75” 16.75” 20.35”
Max weight 2,000 Ibs 2,500 Ibs 4,000 Ibs
content

Drilling for borehole disposal: EPRI/NEI/MIT maturity assessment

Internal Clearance of Bore (Diameter)

Small Medium Large very
Large
<01m 0.1m 0.3m 0.5m 0.75m 1.0m s1m
’ (4in) (12in) | (20in) | (30in) | (39in)
Shallow | 0.5-1
2
Medium
B 3
=
=
£
&
a8 4
Deep
5
Very | 612
Deep +

Adapted from “Why Demonstration of a Deep Borehole Disposal Concept Matters to the Nuclear Industry”,
A. Sowder (EPRI), R. McCullum (NEI) and V. Kindfuller (MIT), IHLRWM 2015, Charleston, SC, April 12-16, 2015

I:I Mature application

© 2025 Deep Isolation, Inc. All Rights Reserved

Feasible application
requiring modest
development and
involving modest
uncertainty

Beyond current
technology envelope,
requiring substantial
development and
involving large uncertainty



Four key features of the Deep Isolation solution
4. Savings: cost, risk and time reductions across the national waste program

$1.20
$1.00

$0.80
$M per
metric ton $0.60
of uranium
$0.40

$0.20

$-

Source of mined and borehole
disposal costs: Cost Comparison
for Deep Borehole Disposal as
Alternative to Mined Repository,
Amentum, March 2024.

Source of storage costs: DI
analysis of Spent Nuclear Fuel and
Reprocessing Waste Inventory,
DOE, Nov 2024 and Audit Report
on DOE’s Nuclear Waste Fund, Nov
2023

4 DEEPISOLATION

$1.2 M

per metric ton

Savings of 60%
compared to mined $460 K
disposal

per metric ton

14 DEEP ISOLATION

Mined repository
(Deployment: 20-50 years)

Deep Isolation boreholes
(Deployment: 3-10 years)

Equivalent to 20
years of dry cask
storage...

$340 K
per metric ton

$460 K

per metric ton

20 years storage
(Deployment: 3-10 years)

.... which then
still requires
costly re-
packaging and
new disposal
containers

Source of costs for disposal
containers: average of the 2024
cost per ton of a) Deep Isolation’s
Universal Canister System and b)
DOE’s TAD canister for Yucca
Mountain

Source of costs for re-
packaging: The average for
encapsulation costs reported by
SNL, Posiva and SKB, inflated from
year of study to 2024 dollars

© 2025 Deep Isolation, Inc. All Rights Reserved


https://www.deepisolation.com/wp-content/uploads/2024/03/Cost-Comparison-for-Deep-Borehole-Disposal-as-Alternative-to-Mined-Repository.pdf
https://www.deepisolation.com/wp-content/uploads/2024/03/Cost-Comparison-for-Deep-Borehole-Disposal-as-Alternative-to-Mined-Repository.pdf
https://www.deepisolation.com/wp-content/uploads/2024/03/Cost-Comparison-for-Deep-Borehole-Disposal-as-Alternative-to-Mined-Repository.pdf
https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-33938.pdf
https://www.pnnl.gov/main/publications/external/technical_reports/PNNL-33938.pdf
https://www.energy.gov/sites/default/files/2023-11/DOE-OIG-24-02.pdf
https://www.deepisolation.com/wp-content/uploads/2024/03/Universal-Canister-System-UCS-for-Advanced-Reactor-Waste-Forms.pdf
https://www.osti.gov/biblio/1640970
https://www.osti.gov/biblio/1762633
https://inis.iaea.org/search/searchsinglerecord.aspx?recordsFor=SingleRecord&RN=36090684
https://www.skb.com/publication/2494604/TR-19-26.pdf

Halliburton Value Proposition

We collaborate and engineer solutions to
maximize asset value for our customers

HALLIBURTON




Halliburton global footprint

1919

Employees

40,000+

136 Nationalities

Operational Countries

70

Research Centers

11

. Locations

Main Technology Centers

Corporate Headquarters

Houston
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Halliburton Organization updated 2024

Drill Bits Landmark Software Artificial
Baroid and Services and Services Lift Boots & Coots Cementing

¢
i!‘

HALLIBURTON Completion and Production

- - Completion Multi-Chem Production
e X Tools Enhancement

Consulting Project Integrated Asset
Management Management

Sperry Testing Wireline and
Drilling and Subsea Perforating

Consulting and Project Management

HALLIBURTON
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