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An Analysis of National Strategic Technology Management Strategy
Operation Case: US DoE's Spent Nuclear Fuel Disposal Campaign
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Abstract As the importance of national research and development (R&D) projects increases, securing
national technological competence through strategic allocation and the efficient utilization of limited
budgets is becoming more significant. Specifically, when technology development, application, and
management take a long time, a systematic technology management strategy based on priorities derived
through a sustainable and quantitative method is required. For the management of high-level radioactive
waste, the United States (US) Department of Energy (DoE) conducted two spent nuclear fuel disposal
campaigns in 2012 and 2019, prioritizing evaluation and establishing related R&D roadmaps based on
indicators such as Importance to the Safety Case (ISC), State-of-the-Art Level (SAL), and Time Value. The
derived priorities were linked to R&D issues and activities based on Features, Events, Processes (FEPs)
to have continuity, and a comparative analysis by priority was also conducted. Based on the results,
annual R&D and its performance, prioritized changes, and future action plans are continuously
managed. Currently, Korea sets the national R&D investment direction and standards (draft) for
establishing budget investment priorities. In the case of high-level radioactive waste, this is limited to
analyzing the level of domestic technology compared to those of leading countries through the 'Basic
Plan'. There are concerns that the current management method which is lacking in quantitative
evaluation will hinder policy consistency and public trust in high-risk areas. To promote deep geological
disposal due to the expected saturation of spent nuclear fuel disposal facilities in the future, it is
believed that Korea, like the US, would require a highly reliable and transparent technology management
strategy based on a quantitative evaluation method,
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Table 1. Key R&D decision-making methodologies

Description

a statistical programming method that measures

Data
efficiency and is widely used for performance
Envelopment . X -
. measurement in non-profit organizations and
Analysis .
the public sector.
a method of using an equation that describes
the general equilibrium of the economy by
Computable introducing specific assumptions about
General production technology, preference relationships,
Equilibrium |production factor endowments, and government

economic policies into an abstract general
equilibrium model

a method of deriving reasonable opinions by
conducting repeated surveys of experts in the
field in the absence of prior research

Delphi Analysis

a method of studying the behavior of an
industrial system and revealing the effects of

System
Y i policy, decision-making structure, and
Dynamics . . .
interconnections such as time delay on the
growth and safety of the system
) a method of evaluating mutually exclusive
Analytic . . L .
. alternatives in a complex situation with
Hierarchy X . K X
multiple decision-making goals or evaluation
Process

criteria
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Identify potential R&D issues
(information needs and knowledge gaps)

Characterize and evaluate R&D issues to support
prioritization

Identify overall UFDC issue priorities based on the
evaluation

Identify R&D projects to address high-priority issues

Evaluate R&D projects and select projects for funding

Fig. 1. 2012 UFDC Roadmap process
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Table 2. SAL metric values and definitions(2012)

AL
S . SAL Definition
Descriptive
The representation of an issue(process) is well
Well developed, has a strong technical basis, and is
Understood | defensible. Additional R&D would add little to
the current understanding
Fundamental . .
) The representation of an issue (conceptual
gaps in R . . .
and/or mathematical, experimental) is lacking
methods
Fundamental | The data or parameters in the representation
Data Needs of an issue(process)is lacking
Fundamental
Gaps in
Method, Both
Fundamental
Data Needs
The representation of an issue may be
Improved . . )
. technically defensible, but improved
Representation ) .
representation would be beneficial
Methods and data exist, and the
Improved representation is technically defensible but
confidence |there is not widely-agreed upon confidence in
the representation
Related to confidence, but focuses on
Improved improving the technical basis, and
Defensibility defensibility, of how an issue(process) is
represented

source : DOE, Used Fuel Disposition Campaign Disposal

Research and Development Roadmap. 2012.
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Fig. 2. Priority Scores for UFDC R&D Issues
source : DOE, Used Fuel Disposition Campaign
Disposal Research and Development Roadmap. 2012.

Table 3. High Priority Issue Scores.(2012)

Overall
FEP No. Title Priority
Score
2.2.01.01 Evolution of EDZ - Clay/Shale 8.00
2.2.08.01 Flow Through the Host Rock - Salt 7.73
Flow Through the Other Geologic
2.2.08.02 Units(Confining units, Aquifers, Salt) 773
2.2.08.06 Flow Through EDZ - Salt 7.73
Effects of Repository Excavation on Flow|
2.2.08.04 Through the Host Rock - Salt 7.10
2.2.08.07 Mineralogic Dehydration - Salt 6.49
2.2.01.01 Evolution of EDZ - Deep Boreholes 6.13
Chemical Characteristics of Groundwater
220901 in Host Rock - Deep Boreholes 5.86
Chemical Characteristics of Groundwater
2.2.09.02 in Other Geologic Units(Non-Host-Rock) 5.86
Radionuclide Speciation and Solubility in|
2.2.09.05 Host Rock - Deep Boreholes 5.86

source : DOE, Used Fuel Disposition Campaign Disposal
Research and Development Roadmap. 2012.
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Table 4. Relative Priority of Groups of R&D Issues
Sorted by Processes and Geologic Media.

GEOSPHERE Crystalline | Salt Shale
1.2.01. LONG-TERM Low Low Low
PROCESSES(tectonic activity)
1.3.01. CLIMATIC PROCESSES AND Low Low Low
EFFECTS
2.2.01. EXCAVATION DISTURBED . . X
ZONEED?) Medium |[Medium| High
2.2.02 HOST ROCK (properties) High High High
2.2.03 OTHER GEOLOGIC . . .
UNITS(properties) Medium |Medium | Medium
2.2.05. FLOW AND TRANSPORT . . .
PATHWAYS Medium |Medium|Medium
2.2.07. MECHANICAL PROCESSES Low Medium | Medium
2.2.08. HYDROLOGIC PROCESSES Low High |Medium

DOE, Used Fuel Disposition Campaign Disposal
Research and Development Roadmap. 2012.

source -

3.2.2 2019 ZEY HH0|E

20179 A& SFWST ZHHQ12 201249 UFDCEE
W AdolES HHxE A5y, 1) @A 2PF<0 R&D
2 A, 2) X9 F<2 R&DE 4+ Xﬂﬁﬂﬂ 3) 7
= R&D &= /\;G \:J /\Hg_,_ R&D o] /HZ% = ;5_0].0:1
o} & 201249 o]% XPH R&Do| gt @%.“ °
Z& R&D oJft9] 94 4 Z ol \igd
20199¥ 2= Ago] AletATH17].

kel
T

9]

= O
o=

o

KRS

=
Eg 4

20199 ZEY QolEt §F ASHEY A7
Bste] BANE, BANH, A @ A5 5o 24

Ast7] Qe A=, 20228704 Bast HE
R&DE oz XYsigict

Ao A9 B9 20123 frARsh Bt g
AE i Aol AtelE =9l

¥R 201293 FUSHA B7IA AP, B7F
71 A%, B B7h 87t <9l Bl 3
& Y 59 o8 SHAR FAston, ol Fig. 3
| Uehdgle A& FA] 2012493 LS 1SCot

KR
=

Eﬂ@

=2

774

o, 20194¥°f+= Time Value T4l
Eof F7}sk9Tt.

SALS Z-85I3
R&De| FU=HE Hl8= HED

Identify a set of items to be evaluated
(e.g., options, activities, or issues...)

Identify criteria and associated metrics for assessing
the set of items, such as:

a. Importance to the safety case

b. Potential to reduce key uncertainties

c. Other factors(cost, redundancies and/or synergies
among the items, etc.

Evaluate each R&D against the metrics

Define a “utility function” to combine the metric
values and produce an overall ranking or score for
each R&D item

Compare rankings of the R&D items
Fig. 3. 2019 SFWST Roadmap process

Table 5. ISC metric values and definitions

ISC ISC
. R ISC Definition
Numerical | Descriptive (see Safety Case Elements figure)
Value Value Y g
Knowledge gained by proposed R&D
strongly affects one of the three
High elements of “Disposal System Safety
5 Importance Evaluation” in the Safety Case
to SC (pre-closure safety analysis,
post-closure safety assessment,
confidence enhancement)
Knowledge gained strongly affects one
. of the Technical Bases elements of the
Medium . .
Safety Case but the Technical Basis
3 Importance )
element itself only weakly or
to SC X
moderately influences a safety
assessment metric
Knowledge gained is only of a
Low .
supporting nature and does not
1 Importance |
strongly affect the associated process
to SC .
model or model inputs

: DOE, DOE SFWST Campaign R&D Roadmap Update:
Fuel Cycle Research & Development. 2019
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Table 6. SAL metric values and definitions(2019)

SAL SAL Questions to answerd for:
Value Descriptive | (1)Rationale for current SAL
Value (2)R&D to move to next SAL
Fugii?eiztal Rationale for being at Level 5:
_* What is under development and what
Method or

5 data is being gathered?

Fundamental
a 2| « What are the fundamental gaps?
Data Needs,
R&D necessary to get to Level 4?
or Both

Rationale for being at Level 4:

_* What methods and data currently exis
t?

* Why is the representation reasonable?

* Why is there not widely agreed upon
confidence?

4 Improved
Representation

Table 7. Priority Score(PS) Matrix(combination of SAL
and ISC) for R&D Activities

1 2 3 4 5

High(5) L M M M-H H
Medium(3) L M M M M
Low(1) L L L L L
source : DOE, DOE SFWST Campaign R&D Roadmap Update:

Fuel Cycle Research & Development. 2019
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oJs} PA) & AG-E5te] Table 87 o] HIlh S
147702 Egstqirt.

2351990

Table 8. Number of R&D Activities considered in
each breakout session

R&D necessary to get to Level 3? Major Total Numb f
* e.g., what is needed to build agreeme X groupings of ota urr.l .e.r °
. . . Breakout session R&D Activities
nt and confidence in the representatio R&D Fval d
n? and what additional data need to b Activities valuate
e gathered? Argillite 8 31
Rationale for being at Level 3: Crysralline 17 40
* Why and what needs to be (and can b Salt 13 29
e) improved for defensibility for a gen Dual Purpose Canisters 6 6
3 Improved eric repository? (DPC)
Defensibility |R&D necessary to get to Level 27 Engineered Barrier System
* e.g., What level of effort on data and (EBS) 20 20
models would lead to the issue being International 21 21
technically defensible Performance Assessment 17
Rationale for being at Level 2: (PA)
* Why is it technically defensible? Other 7 -
Improved
2 . R&D necessary to get to Level 1?7 Total 109 147
Confidence N .
e.g., What R&D would lead to improve source : DOE, DOE SFWST Campaign R&D Roadmap Update:
d confidence? Fuel Cycle Research & Development. 2019
1 Well _
Understood
source : DOE, DOE SFWST Campaign R&D Roadmap Update: 50099 9] &7t #7ksto] R&D &0l ths H7}

Fuel Cycle Research & Development. 2019
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Fig. 4. Histogram of priority scores for each
host-rock breakout session
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Fig. 5. Histogram of priority scores for each R&D
activity grouping
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Fig. 6. Fraction CDF of Priority Scores for each
R&D Activity Grouping

DOE, DOE SFWST Campaign R&D Roadmap
Update: Fuel Cycle Research & Development. 2019
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Table 9. High Priority R&D Activities

High Priority R&D Activities

A-08
C-15

Evaluation of ordinary Portland cement(OPC)

Design improved backfill and seal materials

Development of new waste package concepts and
models for evaluation of waste package performance
for long-term disposal

Probabilistic post-closure DPC criticality consequence
analyses

Task 1 - Scoping Phase

Task 2 - Preliminary Analysis Phase

Task 3 - Development Phase

DPC filler and neutron absorber degradation testing
and analysis

Coupled multi-physics simulation of DPC
postclosure(chemical, mechanical, thermalshydraulic)
including processes external to the waste package

Source term development with and without criticality

Cement plug/liner degradation

EBS High Temp experimental data collection- To

E-11 | evaluate high temperature mineralogy /geochemistry
changes.

E-14 | In-Package Chemistry

E-17 | Buffer Material by Design

o4 Experiment of bentonite EBS under high temperature,
HotBENT

1-06 | Mont Terri FS Fault Slip Experiment

108 DECOVALEX-2019 Task A: Advective gas flow in

bentonite
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High Priority R&D Activities

TH and THM Processes in Salt: German-US
Collaborations(WEIMOS)

TH and THM Processes in Salt: German-US
Collaborations(BENVASIM)

New Activity: DECOVALEX Task on Salt Heater Test and
Coupled Modeling

New Activity: Other potential DECOVALEX Tasks of
Interest: Large-Scale Gas Transport

WP Degradation Model Framework

Salt Coupled THM processes, hydraulic properties from
mechanical behavior(geomechanical)

Coupled THC advection and diffusion processes in Salt,
multi-phase flow processes and material properties in
Salt

Coupled THC processes in Salt, Dissolution and
precipitation of salt near heat sources(heat pipes)

S-05

source -

Borehole-based Field Testing in Salt

DOE, DOE SFWST Campaign R&D Roadmap Update:
Fuel Cycle Research & Development. 2019

49 0919 54 Lol s ReD &

ASAL B BA AFE ARGt vaF &
Aoz Uitk HotBENT, FEBEX-DP ¥
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Al ZARSHIL Qlth

= ool
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201292 FEPT} 9AE R&D ol4E 7120 = H7}
3t9ion, 201992 R&D E52 71&08 Hrgth=
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Table 11. FEPS and their argillite-related activities

52 R&D FAIE 71E02 IF3RE Z3R= Table 10 o0
o N Act | ISC | SAL Activity
] YERR . A& 12 J%F W9 R&D &5°l Score
7].;2]_ 11:_%]-01 L]_E’l_u-_g;’{ ] _o”{ %‘_8.5@7]’ H]_oqg 7.] FEP 2.2.01.01 Evolution of EDZ  8.00(2012 Score)
o = EBS High Temp experimental data
o Al o
o= “&E}%E} Eo]— 33 —1 ]ﬁ ex) 7]'01] -6‘—9—0]- E-11 | H | 5 [collection- To evaluate high temperaturd H
HotBENT (High Temperature Bentonite Project)2} mineralogy /geochemistry
X7 . . . Argillite Coupled THM processes
° ] FEBEX(FUH scale Englneered Barriers Experlment) A-04 | H | 4 |modeling including host rock, EBS, and| M-H
g3t 48 = AP R&D FE=L m3kE o] 9t EDZ(TOUGH-FLAC)
E-10| H | 4 High-Temperature Behavior M-H
. . DECOVALEX-2019 Task E: Upscaling of]
Table 10. High Impact R&D Topic modeling results from small scale to
o7 | H | 4 one-to-one scale based in heater test M-H
High Impact R&D |High-Priority R&D|Medium-High-Priority data in Callovo-Oxfordian
Topics Activities R&D Activities claystone(COx) at MHM underground
High Temperature -1, D-4, 1-4, 1-6, 13 17 10 research laboratory in France.
Impacts 1-16, E-11, S-5 ) ) ’ DECOVALEX-2019 Task C: GREET
Buffer and Seal 1-4, E-9, E-17, 1-2, I-3, 1-7, A-4, I-09 | H | 4 | (Groundwater Recovery Experiment in | M-H
Studies A-8, C-15 C-6, C-8, C-11 Tunnel) at Mizunami URL, Japan
Coupled Processes S-1, S-3, S-4, 1-14, S-2, S-7, S-8, THM discrete Fracture Modelin: ;
~ g using
(Salt) 712, 1-13 S-11 A0S | M| 4 Rigid-Body-Spring-Network (RBSN) M
Gas Fl in the EBS 1-6, 1-8, 1-18 1-9, P-17
s Tow e D-1. D-3. D4 Analysis of clay hydration/dehydration
Criticality ’ D-S, ’ - A-07| M | 5 and alteration under various M
environmental conditions
Waste Package C-16. P-12 B4 E-6
Degradation > ’ E-08| H | 3 Radionuclide Interaction w/ Buffer M
In-Package Chemistry E-14 E-2, B-20, P-15, P-16 Materials
Generic PA Models B P-1, P-2, P-4, P-11, 12| M| s Buffer/backfill dry-out and resaturation M
P-13, P-14 process
Radionuclide B C-11, C-13, C-14. R . '
Transport P15, P16 05 | 1| 3 Mont Terri FEéFull fcale Emplacement) M
xperiment
DEFN Issues - 1-21, C-1, C-17
GDSA Ge'ologic B 0-2. 0-3
Modeling ° B
THC Processes in EBS - E-3 Table 1134‘ Zro] FEP 7]—;#% f-__l'-‘-‘%ig 20124
source : DOE, DOE SFWST Campaign R&D Roadmap Update: 7]_;(]— 1.;_ T':‘rqi EE‘Q % Oﬂ(EDZ) ﬁ:]7]-_
Fuel Cycle Research & Development. 2019
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H(ED7) HH-HEY/ARAL I AAE R&D
A9 Ao =FE R&D &&<I E-11
(EBS 22 Al Hlolg =) R&D L= 7€ =2 4
m B ol Table 129} Zo] 8719 FEPY} AAIHCH

Table 12. R&D activities and their related FEPS

FEP ggi FEP Name scoolrze
E-11(EBS Temp experimental data collection- To evaluate high
temperature mineralogy /geochemistry changes)
2.2.01.01] A Evolution of EDZ 8.00
2.2.08.01| S Flow through the Host Rock 7.73
2.2.08.01| A Flow through the Host Rock 3.65
2.2.08.01| C Flow through the Host Rock 3.65
2.1.04.01| * Evolution and Degradation of Backfill | 3.50
2.1.11.01| * Heat Generationin EBS 2.59
2.2.01.01] C Evolution of EDZ 2.58
2.2.01.01| S Evolution of EDZ 2.58
Table 13. Compare 2012 and 2019 assessment results

FEP FEP Name Szcoolrze
D-01(Probabilistic post-closure DPC criticality consequence
analyses) 2019 Score H
2.1.02.06 SNF Cladding Degradation and Failure 3.62
2.1.04.01 Evolution and Degradation of Backfill 3.50
2.1.07.04 Mechanical Impact on Backfill 2.94
2.1.07.05 Mechanical Impact on Waste Packages 2.76
2.1.09.02 Chemical Charact;;islt(i:;e;)f Water in Waste 276
2.1.11.01 Heat Generation in EBS 2.59
2.1.03.08[Evolution of Flow Pathways in Waste Packaged 1.96

Radiation Damage to EBS Components(in
2.1.13.02|Waste Form, in Waste Package, in Backfill, in| 1.73
Other EBS Components)
2.1.14.01 Criticality In-Package 0.96
2.1.08.02 Flow in and through Waste Packages 0.86
2.1.01.02 Radioactive Decay and Ingrowth 0.00
2.1.13.01 Radiolysis(in Wastii1 ?ii\:;ﬁ?, in Backfill, and 0.00
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