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Project Overview
Sodium Fast Reactor (SFR) Research Plan

Identifies the current state of Safety-Related
Gaps for the SFR

Prioritizes gap closures

Uncertainties exist regarding DOEs capabillity to
support a SFR license application

Panels were formed in 5 topical areas to elicit the
current state-of-SFR-licenseabillity

Organized by: Denman (SNL), LaChance (SNL),
Sofu (ANL), Flanagan (ORNL), Wigeland (INL),
and Bari (BNL)

42 experts from the DOE lab complex, academia,
Industry and international bodies
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Project Overview

Initial Gap Identification
and Rankings (-3 years)

Planning

What topical
areas are

vital to SFR
Licensing?

Advanced Burner
Reactor Sodium
Technology Gap
Analysis

Fuel Cycle Research & Development

Advanced Sodium Fast
Reactor Accident
Initiators/Sequences
Technology Gap
Analysis

Fuel Cycle Research & Development
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SAND REPORT
SAND2011- 6546
Uniimited Reiease
Printed September, 2011

Sodium Fast Reactor Fuels and Materials:

Research Needs

SAND REPORT
SAND2011-4145
Uniimited Reiease
Printed June, 2011

Sodium Fast Reactor Gaps Analysis of
Computer Codes and Models for Accident
Analysis and Reactor Safety

R Schmidh, T.Sofu. T Wev ] Thomuas, R Wigelasd J. Casbajo. H. Ludewiz. M. Cormadisi, H
Jeong. F- Serve, H. Ohshuma, ¥ Tobita

SAND REPORT
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Unimited Release
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Advanced Sodium Fast Reactor Accident
Source Terms: Research Needs

DA Powers, B Clémest, R. Desning. S. Ofno, R Zeyen
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(A) sondis Ntins! Laboratories

(7) sendis Ntioal Laboratores

Final Evaluation
(~1year)
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Volume |
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Regulatory Concern

» The phenomenon of interest can directly lead
to a material failure

* The regulatory bodywill require a high degree
of confidence in the experimental database,
materials knowledge or modeling techniques.

i ()

» The phenomenonis of secondaryimportance

to understanding overall material performance
and failure.

* The regulatory body will desire information
about the phenomenon.

» Understanding the phenomenonof interest s

not instrumental to predicting material
performance

Ranking Process

State of Knowledge

* A physics- or correlation-based model that
adequately represents the phenomenonover
the parameter space of interest is available.

» A database exists adequate to validate
relevant models or to make an assessment.

« A candidate model or correlation is available
that addresses mostof the phenomenon over
a considerable portion of the parameter space.

* Data are available but are not necessarily
complete or of high fidelity, allowing only
moderately reliable assessments.

Low (L)

* No model exists, or model applicability is
uncertain or speculative.

* No database exists; assessments cannot be

made reliably.

Nov. 13th, 2012
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Gap Categorization

All gaps identified by the reports

were.

« Summarized
» Grouped into topical areas

The degree of detailed

information varied between
expert panels

Nov. 13th, 2012

Gap Evaluation Process

Table 5. List of Research Gaps Associated with High Level Gap Topical Areas for

Sodium Technology (Cont.).

Gap Experimental Abilty to Details

Databaze Model
Hizh pressure flud jet leak L L This general phenomenon 15 considered important
into sodium m heat bt knowledze 13 good for sodimm-water

exchanger

interactions and is lacking for sedmm-CO,

Sodium Surface Pool Fire on an Inert Substrate (ST03)

Fadiation net heat flux L

Mass Burning Rate L

(Chade crust behavior on L
pool substrate

Mear-surface asrozal L
medistributi,

Swrface zerosol produchon L

Sodium aerosel source L

H Models are good but parameters are poor with low
accuraey {surface and aeresol ophical properties;
optical properies are hinked with sprays).

H When at high temperature burmng, the models are
zood. For smoldenng fires (bwmng through the
crust) the models are poor. Most experiments were
conducted using non-representative insulated
surfaces.

L Dnfficult to measwre expermentally becanse of the
low rezidence time of oxde to kydromdes.

L Mo good model 15 available.

L Interfacial effect at the crust 15 not well known.

Aexosol Dynamics (STO4)

L The zap panel did not have the expertise to list
spectfic research areas, but sodmm aerescl source
term was agreed to be an area where sigmificant
R&D 15 peeded.

L Hydroly=1s may not be lackmg data, but zerosol
behavior is the key concern

Cavity Liner (STOF
(because of the complexaty involved in the
delm and the Ve ints).
Alzo, there are hitls data for combined effects.

L There 15 very hitle medeling known between steel
and sodnm mrwed with sodium oxdes, peroxdes,
and hydresades at elevated temperafures

M The Japanese conducted some stesl mmersed info

sodium tests (Aoto et al. 1998; 2001).
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Gaps wereidentified in avariety of subjectareas

Gap Evaluation Process (2)

Importance to safety was either extracted fromthe underlying reports or from additional expert

judgment.

Fuels and Materials Gap Topical Areas Summary

Name of Gap Topical Areas %I:E?::e;z_a&ﬁ ?{t;;:-.:;:dge
High Bumup Fuel Charactenzation H M
Fission Product Carryover Fuel Charactenzation H L
MA Camryover Fuel Charactenization H L
Advanced Cladding and Duct Fabncation, HT-9, 8Cr-1Mo, ODS H M
Advanced Cladding and Duct Material Properties H M
Duct/Bundle Performance Expenience H L
Stmectural Matenal Issues, Fotating Plug, THX, EM Pump M L
Brayton (5/C0;) Matenals Issues H L
SFE. Fuels and Materials Enowledge Base Preservation H L
Fuel Performance Code Documentation and Training Issues H L

Nov. 13th, 2012
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Gap Evaluation Process (3)

Table 10. Fuels and Marerials Gap Closure Estimares.

Time Event
International Time Fequired Category (0, Orptional
Fundime Semsitivity  to Fill Gap Infermational ADO, DBE, Diesign
Programs? FEArS {vears) Precursors U5 Faciliies Facilifies BDEE. 5A) Impariance  Feature
Access toa St
Mot for Matal fhax imadiabon
Fusl 5— 10" facility - CEFE. /| BH&D o MM Te
Access toa fast
fhux imradiaton
Hiot fior Metal facility,
FA0? 10- 10 AFC Fusl 5=10* 5—10* Irmadiared FP fiasl - CEFR./ BN&D o HM Te
Access toa fast
fhax imadiaton
ot for Matal Tacility.
A3 1I- 10 AFC Fuel 5=10* 5—10® Irradiabed MA fizal - CEFE. { BH&D o HM Te
Tt for Matal
Fa0d 10- 10 AFC Fusl 5=10* 5 — - - o HL Te
ACCess i a Dhst
Mot fior Matal flux imadiaton
FA0E 1- 10 AFC Fusl 5—10* 5—10® facility - CEFE. { BH&D O HL Ves
ot for Azl
FADG 10-100* AFC Fusl 5=10* 5— 10" Senior persommnal - - HL Ko
Hiot for Ml Large sodimrm test
FROT  1OM-100M* AFC Fusl 5=10* 5= 10 Lo AN - HM o
Solar & Fossil Mot fior Matal Coupled Na'S-Cily
FA0E 1- 10 Enerpy*** Fuel 5—10* 5—10 test boop - - DBE HM Te
Mot for Matal
FA0e T00E-1M AFC Fusl <5 =5 Senior persommnal - - HM Ko
Tt for Matal
FALLD 1 0E-1 60 AFC Fusl 5 5 — 10 Semiar personnel HI1 No

* The experts did not reach a I:DIEEIEJ:-IE!H.IIL‘DE these. rmnges o each case, the hizhest ange was placed i the table. I|:|3:u..a=ed.|.dthem|:2!1.nn muredmnm:e..l.us.:l.ﬁ..atunl,‘]e Auiteor 4 chose 3-10 years and
Author B these < § years. Ar po point did Anthor A chose 10-15 years and Author B chese < 5 years )
*# When the exact Scility name is mknewn., the bomtory desipration is wsad
#++ Tf Solar and Fossil Energy can be comvinced to uses sodinm as their thermal storage medium for solar concentration and then decidad to couple as 5-C0), powsr conversian loop
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In early April, a draft of the report was distributed to a limited

audience of stakeholders including:

* Academics,
* Industrial Partners
 Laboratory Personnel

For minor comments, in-text changes were incorporated into
the final report.

When author consensus could not be reached, the comments
were summarized and placed in a feedback section at the end
of the report. Brief author responses wereincluded.

« 3 Laboratory Comments
* 4 Industrial Partner Comments

Nov. 13th, 2012
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* Documentation of safety related codes and experiments risk being lost

» Piecemeal and underfunded efforts will lead to lost information which will have to be reproduced in the
future

Coordinated Knowledge Management and Preservation Effort ($400K -$4M)

Improvements to U.S. safety related codes ($1.3M-$23M)

Metal)
» Modernization of U.S. Codes to satisfy current licensing needs

post-Fukushima

the U.S. (i.e., incorporation of sodium phenomena into MELCOR)

* Adequate stewardship and documentation of U.S. safety related codes required for licensing (e.g., LIFE-

* Code (e.g., SAS4A) improvements related to seismic response of the entire SFR system will be required

» Probabilistic safety analysis of containment response capabilities need to be developed for SFRs within

Continued U.S. experimental facility utilization, even if on a small scale ($6M-$60M)

» Ensures that future testing capabilities are not lost in budget conscious environments

« ldentify testing to address phenomenological uncertainties which could be performed to maintain
facilities

Treatment of the Applied Technology (AT) designation must be streamlined

» The current process makes removing AT designations on documents which no longer need to be
protected extremely difficult.
The U.S. NRC is not set up to handle AT documents.
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