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RECORDS BEING RELEASED IN PART

The following types of information are being withheld:
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Ex.

Ex.

Ex.

Ex.

Ex.

Ex.

1. JRecords properly classified pursuant to Executive Order 13526
2:CJRecords regarding personnel rules and/or human capital administration
3:[JInformation about the design, manufacture, or utilization of nuclear weapons
CInformation about the protection or security of reactors and nuclear materials
[CIContractor proposals not incorporated into a final contract with the NRC
[Jother
4:[]Proprietary information provided by a submitter to the NRC
[JOther )
5:B¢] Draft documents or other pre-decisional deliberative documents (D.P. Privilege)
[] Records prepared by counsel in anticipation of litigation (A.W.P. Privilege)
[JPrivileged communications between counsel and a client (A.C. Privilege)
'[OOther
6: ] Agency employee PII, including SSN, contact information, birthdates, etc.
[JThird party PII, including names, phone numbers, or other personal information
7(A):[JCopies of ongoing investigation case files, exhibits, notes, ROI's, etc.
[JRecords that reference or are related to a separate ongoing investigation(s)
7(C):[JSpecial Agent or other law enforcement PII
[JPII of third parties referenced in records compiled for law enforcement purposes
7(D):[JWitnesses’ and Allegers’ PII in law enforcement records
[JConfidential Informant or law enforcement information provided by other entity
7(E):[JLaw Enforcement Technique/Procedure used for criminal investigations
[JTechnique or procedure used for security or prevention of criminal activity
7(F): §Z] Information that could aid a terrorist or compromise security

Other/Comments:




Powaell, Eric

From: Wagner, Katie @5 EE “ i E

Sent: Tuesday, May 15, 2012 7:.68 PM

To: Barto, Andrew; Sulfivan, Randy; Schrader, £nc: Jones, Steve; Mitman, Jeffrey, Bowman, Eric,
Wiit, Kevin, Tegeler. Bret Powell, Eric

Ce: Gibson, Kathy: Scofl, Michael; Poole, Brooke, Lewis, Roberl, Ruland, Wilfiam,; Giitter, Joseph:

McGinty, Tim. Ader, Chares; Bergman, Thomas; Skeen, David, Evans, Michele; Clifford,
James; Lee, Richard, Coyns, Kevin; Hogan, Rosemary; Santiago, Patricia; Wood, Kent;
Hansell, Samuel; Ennis, Rick; Esmaill, Hossein; Helton, Donald, Murphy, Andrew; Nosek,
Andrew; Plres, Jose

Subject: RE: ACTION: Spent Fue! Poo! Scoping Study {(SFPSS) Working Draft for Working Group
Review by EOB on Tue. SMay 22ng

- Please note that the resuits of the consequenge analysis are preliminary because they are calculated with & 13-mile
svacuation model. While a 10-mite evacuation model is applicable to some smaller releases. it i3 not realistc for some of
ihe larger releases. Updated results with the new evacuation mogdels are expecied in the coming weeks. - Thanks, Kate

From Wagner, Kéﬁe - | - ' | r%é F’g ’VE

Sent: Tuesday, May 15, 2012 7:42 M

Ta: Barto, Andrew; Sullivan, Randy,; Schrader, Eric; Jones, Steve; Mitman, Jeffrey; Bowman, Eric; Witt, Kevin; Tegeler,
Bret; Powell, Eric

Lc: Gibson, Kathy; Scott, Michael; Poole, Brocke; Lewls, Robert; Ruland, William; Giitter, Jeseph; McGinty, Tim; Ader,
Charles; Bergman, Thomas; Skeen, David; Evans, Michele, Clifford, James; Lee, Richard; Coyne, Kevin; Hogan,
Rosemary; Santiago, Patricia; Wood, Kent; Hansell, Samuel; Ennis, Rick; Esmalli, Hossein; Helton, Donald; Murphy,
Andrew; Nasek, Andrew; Pires, Jose

Subject: ACTION: Spent Fuel Peol Sooping Study {SFP55} Working Draft for Working Group Review by EOB on Tue., May
22nd

O ens 3
Al

Adlached is a workmg drafl for review and commenti by Other-Qffice Working Group members by end-of-business on
Tuasday, May 22™ We understand thal this is a large document and the review time is relgtively short, we appreciate
your input (o help meet our deadlines. A few notes about this document:

s This is 3 working draft which has not been formally reviewed by the SFFSS Team or technical writing editors yet
due to the light schedule involved. The formatting of the document has not been hnalized at this time.
Equations which gid not show up in the main .pdf document are attached it a MS Word file,

s The current plan is that the SFPSS repont witl be sent by memo from Brian Sheron, RES to Eri¢ Lesds. NRR at
the end of June for their cansideration as part of the NTTF Tier 3 issue regarding transter of spent fuel from
pools to casks.

» RES and NRR are still deta{mmlng the path and schedule to oblain publc comment on the report and providing it
to the Cormmigsion.

» Division Directors have been cc'ed on this emall at the request of RES Division Managemeant.

Please let me know if you have any questions or comments,
Thanks,

Katie Wagner

General Engineer

U.S. Nuclear Regulatary Cammission
{301} 253.7917

Katie Wagnec@nre.goy
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Powell, Eric

From: Weerakkody, Sunil ?{\'ZE

Sent: Wednesday, May 23, 2012 11.45 AM

To: Powell, Eric

Subject: RE: ACTION: Spent Fuel Pooi Scoping Study (SFPSS) Working Draft for Working Group
Review by EOB on Tue., May 22nd

Nice workl Thanks for copying. | browsed through some of the comments.,

Sunit
- From: Powell, Eric ;\) /20 . o (M"’
Sent: Tuesday, May 22, 2012 4:43 PM A 6

To: Wagner, Katle

Cc: Ader, Charles; Mrowca, Lynn; Weerakkody, Sunil

Subject: RE; ACTION: Spent Fuel Pool Scoping Study (SFPSS) Working Draft for Working Group Review by EOB on Tue,,
May 22nd

Ratie,
in the attached document you will find my comments.

Thanks,
Eric

From: Wagner, Katie

Sent: Tuesday, May 15, 2012 7:42 PM
To: Barto, Andrew; Sullivan, Randy; Schrader, Eric; Jones, Steve; Mitman, Jeffray; Bowman Eri; Witt, Kevin; Tegeler,
Bret; Powell, Eric

Cc: Gibson, Kathy; Scott, Michael; Poole, Brooke; Lewls, Robert; Ruland, William; Glitter, Joseph; McGinty, Tim; Ader,
Charles; Bergman, Thomas; Skeen, David; Evans, Michele; Clifford, James; Lee, Richard; Coyne, Kevin; Hogan,
Rosemary; Santiago, Patricia; Wood, Kent; Hansell, Samuel; Ennis, Rick; Esmaili, Hossein; Helton, Donald; Murphy,
Andrew; Nosek, Andrew; Pires, Jose

Subject: ACTION: Spent Fuel Pool Scoping Study {SFPSS) Working Draft for Working Group Review by EOB on Tue., May
22nd

c n ams ensitive pha a
All,

Attached is a workmg draft for review and comment by Other-Office Working Group members by end-of-business on
Tuesday, May 227 We understand that this is a large document and the review time Is relatively short, we appreciate
your input to help meet cur deadlines. A few notes about this document:

» This is a working draft which has not been formally reviewed by the SFPSS Team or technical writing editors yet
due to the tight schedule involved. The formatting of the document has not been finalized at this tims.
Equations which did not show up in the main .pdf document are attached in 2 MS Word file,

s The current plan is that the SFPSS report will be sent by memo from Brian Sheron, RES to Eric Leeds, NRR at
the end of June for their conslderation as part of the NTTF Tier 3 issue regarding transfer of spent fuel from
pools to casks.

» RES and NRR are stili determining the path and scheduie to obtain public comment on the report and providing it
to the Commission.

= Division Directors have been cc'ed on this ema! at the request of RES Division Management,

Please let me know if you have any questions or comments

[
+



.

Thanks,

Katie Wagner

General Englneer

U.S. Nuclear Regulatory Commission
{301} 251.7937

Katie. Wagner@nic.gov



Summary of Comments on SFPSS Report - ELP Comments.pdf
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SFP HRA Study

/ ﬁﬂmbw /4 2002 |
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Y. James Chang, RES/DRA
Jeffrey Mitman, NRR/DRA
Antonios Zoulis, NRR/DRA
Christopher Cahill, Region |
Elizabath Keighley, Region |



Purposes

» Brief the approach and preliminary results of
the SFP HRA task

e Obtain comments



About This Study

* A 0.7 G earthquake affects the Peach Bottom station
— Two reactors and two SFPs at the PB station site
— A~ 1in 60,000 years earthquake
* Assess the likelihood of successful mitigation on
earthquake induced SFP problem
— In this study, success is defined as gap release is prevented
— Focus on SFP safety; not reactor

— Recognizing the earthquake can be a common cause
failure mechanism causing multiple failures on various
structure, system, and components

* An appendix to the SFPSS report
— .By 9/30/2012



Study Framework

initiating This Study's This Study’s SFPSS’
Event R End Consequences End Consequences
£ Conditional
Class 1 9 ;x Gap Release \ With
i Prevented - 1 | — No Successful
H F X P . Gap Release Mitigation
; Conditional / {i.e., no offsite
A05-10g o Facts
Earthauake $SC Damage | ; | Probability of effects)
) g Class 2 Gap Retease
(¢t frequency) £ Prevented - 2
® ¢le \
q., Without
« Conattional | f o (1 — P} Gap Release Successtul
$ | ssCDamage | i § Probability of L Mitigation
Class n * § GapRelease
“ Prevented - n |
; Probabilitieg } Probabilitieg
: Will Not Be | | Will Be
' Estimated ! | Estimated




SFP Damage States

* No leak
— More than 9 days boiling to the fuel rack top

 Small leak

— Maximum leakage rate: ~ 250 gpm

* Moderate leak
— Maximum leakage rate: ~1900 gpm



SFPSS Classification

Table 16: OCP Delinition for a “Typical® Paach Bottom Opserating Cycle

Spent
fusel
o % of config.
C;OCP Time | oper- | Pool-reactor ; for high-
P ; Dascriptio | {days | ating | configuratio | density Peak assembly
#in ) cycls | n loading powes
el . Highest powered
1 I:fet?::hng 2-8 | 0.9% | Refuel Cbgnlgmi offcades
regetor {~ - ’ etueling ‘1]:4 assembly @ 4
173 core) :
Reactor
T&M f 8
2 | inspection 25" 2.4% { Refueling
and
_arefuebng ) %
Highest
decay Highest powered
3 | pover offloaded
porbion of assembly @ 37
non-outage days'
period
Next
highest Highest powered
4 officaded
assembly @ 107
days’
Exsting® + Highest powered
5 {officaded offioaded
assemblies) | assembly @ 383

@ 383 days




SFPSS’ Conclusions

Four classes of scenarios do not result in a
release from the fuel (before simulation
truncated)

— Boiloff scenarios with no SFP leaks

— Mitigated scenarios for small leaks

— Unmitigated scenarios in late phases (OCP 4&5)
— Mitigated post outage scenarios (OCP 3, 4, and 5)



Mitigation Time Used in The SFPSS

Sum of the following

* SFP level decreases 5 feet (including sloshed
water)

‘OCP3,485 ©  ~3.0hr = ~15min

¢ 30 minutes in diagnosis
* 2 hours in mitigation deployment



A Big Picture

(Given a 0.7 G Earthquake; Based on SFPSS)

(0.9%)

(0.25%) &

(99.2%)




Within The 0.8%

(Based on SFPSS Data)

Small Leak Moderate Leak

MT: Mitigation Time H,D: Hydrogen Deflagration lUse the lower value of high and low density loading
FUT: Fuel Uncovery Time  HD: High Density Fuel Load *Likely be green if spray is used
GRT: Gap Release Time  LD: Low Density Fuel Load 10



Summary of Success Criteria

_o_CP-3_ S <18hr o <25h e e
S ~ Inject or Spray o spray

*Assumptions:

1. After the fuel uncover, the refueling floor radiation is too high for workers to work

2. The established equipment (i.e., HPCl or {(RCIC and RHR}) can be used for injection
(but not spray) if available.

11



Study Assumption and Approach

* Success mitigation relies on

— Detecting the SFP is leaking

— Apply correct mitigative actions in time (inject/spray)
* Use gap release as success criteria

* Focus on Unit 3 (SFP and Reactor)

— Unit 3 reactor affects the work environment of Unit 3
SFP refueling floor

— Treat complications outside of the Unit 3 separately

12



Detecting SFP Leakage

Possible cues:
~Visual look at the pcol level |
-Local level indicator {LI- 2695)

;i—See leakage from SFP bottom

<Tell Tail drain

-__.-':Level mdlcator of sksmmer surge tank
~Refue in OCP 1&2)

_Eéftht;ua_ke plant |
walkdown procedure Step
10

| May sent operato to do on sate check

High radiation in SFP area

Report unusual water accumu!atuon and water ﬂow at

Security tour the plant
o | ~ stairwell | | | R



' Injecting/Spraying Water Into SFP

Deminalizationwater ~ ~ Not credited

Htgh pressure service water'_ ~ -Safety graded ‘seismic quahf“ ed 9000 gpm;.
(HPSW) - -Procedurized (AO 32 3-2/3) |

S | = __,:—HPSW e 4 RHR 9 SFP '
-Need ACto run-

. '-Do not need AC hor DC to operate _'__
| “—Draft water from the Conowmgo pond | |
—Inject/spray nozzle in place at SFP floor and TB roof



Two B5b Pumps

* Goodwin fire pump
— 650 gpm

* Goodwin Model 130
— 1300 gpm

Notes:
- Max small leak: ~ 250 gpm
- Max moderate leak: ~1900 gpm
- An Inject nozzle capacity: 500 gpm
- A spray nozzle capacity: 250 gpm

15



Instructions for Using B5b Pumps

* Hook on fire main for water source (PSG 4.1)

* If fire main not available then use
— Conowingo pond
— 2 CSTs and dike
— RWST and dike
— Torus storage tank

— Emergency cooling tower basin
» 3.5 million gallons; safety graded
* No apparent way to get water from the basin

16



Key Factors Affecting Unit 3 SFP Mitigation

* Unit 3 power availability
— LOOP
— SBO
— SBO without DC
~* Unit 3 reactor and containment status

* Issues outside of Unit 3, e.g.,
— B5b equipment availability
— Unit 2 status
— Conowingo dam status
— Structure damage and fire at specific locations

17



Preliminary Results
(OCP 1 & 2; Not Consider Issues Outside of Unit 3)

S.9hror
before CD

Moderéte
- leak

SBOw/oDC  No

*1 hr to sent EO to plant walkdown + 30 min detect leak + 2 hr deploy mitigation
Assume an EQ is available for the task | |

18



Preliminary Results

(OCP 3; Not Consider Issues Outside of Unit 3)

' ._Moderate_ LD
Leak

SBOwW/oDC  €D<3.5 hr/OK .




Steps Forward

* Estimate the Basic Human Error Probabilities
— Based on Unit 3 status |
- Bin the HEPs into several groups

* Add complications external to Unit 3 to adjust
the Basic HEPs

— Divide into two classes
* Make mitigation infeasible
« Make mitigation more difficult

— Provide examples but not exhaustive list

20



From: Ser Chadtes

To: . Benders. Seoty Shuske, Mohar.med

e Meoveca, g Schaderow Jason: Houking, Rimboth

Sulrfoc FW Inderins DRAFT Spent Fugi Pool Scoping Stucy sent ty ACRS wday
Dade: Tuesday, Aprf 23, 2013 514108 P

Attachments: Gilxson.y

Importance:

Kim previously provided you the RES respoose to our comments. In a discussion with Kathy Gibson
yesterday, she ask if there were any concems that we are sware of that would prevent NRO
concutrence an this report, She expects the report 1o come to NRQ by the end of the month for office
woncurrence and is booking foe zarly indication of major issues.

iy
11 missed someone that provided comments previously, please forward this e-mail. f)‘(-.-

1) -
----- Qriginal Megsage-----
From: Hawkins, Kimberly t
Sent: Friday, Aptil 12, 2013 12:42 PM [
Ta: Flanders, Scott; Shuaibi, Mohammed

Subject: FW: Interim DRAFT Spent Fuel Pool Scoping Study sent o ACRS today

Importance: High

Not sure If you saw this... Responses to o comments on the study... some were addressed and
resulted in revisions © the study; for others, RES previded its response.

---Original Message-----
From: Holahan, Gary
Sent: Friday, April 12, 2013 9:47 AM
To. Hawkings, Kimberly
Subject: FW: Interim DRAFT Spemt Fue! Pool Smping Study sert to ACRS today

Impartance: High
&t
From: Tracy, Glemn
Sent: Thursday, Aprll 11, 2013 5:37 PM
To: Molahan, Gary
Subject: FW: Interim DRAFT Spent Fuel Pool Scoping Study sent to ACRS taday
M

From: Sheson, Brian i
Sent: Thursitay, Apdl 11, 2013 4:51 PM

To! Johnson, Michael; Weber, Michael; Leeds, Eric; Wiggins, Jim; Tracy, Glenn; Haney, Catherine;

Saborius, Mark; Skeen, David J
Subject: FW: Interim DRAFT Speat Fuel Fool Scoping Study sent to ACRS today
importance: High

FY1.

~

From: Gibson, Kathy : "\:“"J \T
Sent: Thurstay, Aprll 11, 2013 4:40 M et
To: McGinty, Tim; Ader, Charles; Lombard, Mark; Skeen, David; Correla, Richare; Case, Michas!; R
Thaggard, Mark; Miller, Cheis i
Co Mclntyre, David; Bumadl, Scott; Richards, Stuart; Lee, Richard; Aigama, Don; Blount, Tom; Reis, -
Terrence, Shear, Gary; Shercn, Brian; West, Sreven e g
Subject: Interim DRAFT Spent Fuel Poot SCoping Study sent to ACRS today e~
Importance: High

Alo-H



Gentiemen,

The interim draft SFPSS report was due to the ACRS today at noon and we met that deadline, We are ,.,
scheduled for an ali-day briefing of the ACRS subcommittee an Materials, Metatiurgy ardd Reactor Fuels
an the study on May B. I encourage you and your staff to attend sl or part of the briafing as you have
time and interest. We will send out an agenda and stide package in advance of the meeting,

1 am oroviding for your information two documents: (1) A list of the divislon director level comments
that you provided in response to my request on 3/22/13 and our responses, and (2} a copy of the
version of the report that was sent today to ACRS.

I belizve we were able (o address your comments it this version of the report. We were not able to
incorporate them ait directly, but we describe why the study is the way #t is and adked significant
clarifications to add the context that yvou were seeking.

The study tearn will now go back to addressing the cormments recetved from your staff and BCs that we
were not able to get to before the ACRS deadline. Therefore, revisions to the report will continue.

" This email will be forwarded by Don Algama to your staff and BCs that have been involved In the

project.

It was just decided by senior management this week that the study report will be released for a 30-day
public comment perind from about June 10 ~ July 10 (ACRS full committee meeting). We are evaluating
how to accommodate this develipment within our schedule to have the report finalized by September.

As 1 indicated prewiously, the offices vill have at lsast one more opportunity to review and concur on
the report.

1 appreciate your quick review and thoughtful comments on the prior version of the report. Talso

. appreciata all the hard work and effort the team has put into responding to your comments, including

late nights and some vary animated conversations,
I trust that you wil} find this version an improvement.

ADAMs links:

View ADAMS PB Properiies
ML12101AL68 < itps:/{adan

Open ADAMS P8 Pacdkage (Issuance of the DRAFT “Consequence Study of a Beyond-Design-Basis
Earthquake Affacting the Spent Fuel Poo! for a U.S. Mark I Boiling Water Reactor” for ACRS
Revrewkntms.‘zanmmw_wmmammm

{cid:image002,)pg @01 CEIGCE SAFR5ES0]
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Comments to be addressed for ACRS 5C report:

NRR
1. From a D8S perspactive, we believe the report needs {0 be revised to clearly indicate

why the study was done, why we chose the seismic response that we did, and how this
compares to what would be expeciad at our 104 nuctear plants (or at least put In
perspective that this is representative of a small subset of U.8. reactor designs). | really
fiked Rich’s characterization in that the message is that we evaluated at the design basis
and got no refease. We doubled it and got no release, we tripled it and got no release so
we went to four times the design basis and finally got a retease for a very small number

of unmitigated scenarios.

Response: The report was ravised to incorporate the follawing peints that address this
comment

s The study was done fo confam the results of past studies using state-of-the-art
tecls. as well as Fukushima insights, in a publicly available study. '

o The study will inform the Tier 3 activity by providing an updated technical basis
for any requlatory action and input for the regulatory analysis,

»  The study used design, operational, and iocation data for a reference site for
which we already had information available, a BWR Mark | with an slevated SFP.
The report also considgered a 1x4 pattern (required aflar some time after
offlcading) as well as sensitivity analysis for more favorable fcading {(1x8) and
less favorable loading (checkerboard and uniform; snd sensitwities for other key
parameters that wifl provide insights for analysis of othar plants.

» The report was revised {0 make clearer that a low likelihood beyond design basis
seismi¢ event with and without mitigation was chosen to gamn risk insights that
could not be gained using a less severe saismic initiator, NRC analyzes low
likelihood beyond design basis seismic events with and without mitigation ta gain
insights on the safety margin provided biy NRC's regulatory framework,

= The study cancludes that the SFP is robust and not expected to leak, successful
mitigation prevents most releases, no early fatalities are expected and individual
LCF is low because effective protective actions limits individual exposure, (Note
that high and low density mdigated moderate leak scenarios in the first week
{OCP 1) resulted in releases, ail olher scenarios that resuited in releases were
unmitigated and within the first few months (OCP 1, 2, 3) after shutdown )

2. DSS also challenges why we are gvalyating land contamination since no previous study
directly discussed this issue. Considering tha?! the Commussion is currently reviewing
whether to change its long-standing policy on addressing land contamination, & may be
premature to evaluate this particular aspect in the report at this time.

Response: The study inciuded land contamination to provide inputs to a regulatory
analysis. A paragraph has been added to the introduction to describe the study’s
relationship tc the Tier 3 activities and how the study will be used in the current _
reguiatory process. Other analyses did avaiuate land contamination, including some

- directly {e.q.. NUREG/CR-68451, NUREG-4282), Land contamination is already part of
NRC's current regulatory framework including being used as input in SAMA/SAMDA
analyses and is an input to regulataryiback®t analyses as part of the cost bensfit
analysts, Chapter 7 was revised to distinguish the safety-related individual nealth effects

k-5



Response: This scope of this study does not include making recommendaticns for
further study. NRR will determine whether further analyses are needed to make any
regulatory determinations within NRC's currept regulalory framework. A paragraph has
been added to the introduction to describe the study's relationship to the Tier 3 activities
and how the study will be used in the regutatory process. The following statement has
been added to the introduction and results sections of the report:
Other aspects of SFP risk that have not been informed by this or past studies,
may be addressed by future studies, such as the site Level 3 probabilistic risk
assessment (PRA), as documentad in SECY-11-0088. “Options for Proceeding
with Future Level 3 Probabilistic Risk Assessment Activities,” datea duty 7, 2011,
and the associated staff requirements memorandum; or will be addressed
through cther inputs to the reguiatory decision-making process, as needed.

7. Appendix B-why is the first table included on Page B-37 It does not include any dala
regarding dry cask siorage.

Response: Appendix B addresses part of the SRM (dated July 16, 2012) {o compare the
results of the SFPSS with past studies and consider consequences associated with
loading, transfer, and long-term storage. Appendix B prowides a comparison of SFPSS
resuits to previcus spent fuel poal studies and updated analyses from NUREG-1864 Dry

Storage Pilol PRA ff will revise the introduction to Appendix B to make this ciear.
= reere Y
NRO

8. The report needs to describe how its results could be useful in making regutatory
decisions on matters including the Japan lessons-learned Tier 3 recommendation on
assassment of the transfer of spent fuel 1o dry-cask storage and recent Commission
direction on economic consequences. In responding 1o this comment, a fuller
characterization of the purpose and usefuiness of the report shoulkd be added, including
an explanation of how the study’s poirt-estimate approach is appropriate in the context
described above.

Response: NRR will determing whether further analyses are needed o make any

;L regulatory determinations within NRC’s current regulatory framework. A paragraph has
been added to describe the study’s ralationship tc the Tier 3 activities and how the study
will be used in the regutatory process. Using representative point-estimates with

/Uw&* - C/ sensitivities for important parameters is appropriate in research studies to be able 10

gain insights and data for regulatory decision-making in a reasonable pericd of time.

/( O\ The study used design, operational. and location data for & reference site for which we
already had information avaitable, a BWR Mark | with an elevated SFP. The report aiso
congidered a 1x4 pattern (required after some time after offloading) as well as sensitivity
analysis for mare favorable toading (1x8) and less favorabie loading {(checkerboard ang
aniform) and sensitivities for other key parameters that will provide ins:ights {or anaiysis
of other plams.

8. The report needs to describe the relationship between the study results and our current
approach to approving nuclear power plan! sites and designs. in addition to describing
{his approach, 2 column could be added to the assumptions in Chapter 2 to provide
context relative to the current regulatory approach for licensing nuclear power plants and

Y

-



11.

plantg’ keensing bases. Accordingly. the conclusions couwld also be reframed to highlight
the robustress of our reguiatory framework for the safe operation of nuclear power
plants, e.g., that mitigation strategies provide a significant reduction in release rates.

Response; NRR will use the study in making related Tier 3 regulatory determinations
within NRC's current regulatory framework, A paragraph has been added to describe the
study’s relationship to the Tier 3 activities and how the study will be used in the
regulatory process. The study's conclusions include that successtul mitigation generally
prevented releases. (Note that there were mitigated scenarios that resulted in releases,)

10. The Sfaff Requirements Memorandum (SRM) on SECY-08-0029 directed the State-of-

the-Art Reactor Consequence Analyses (SOARCA) to use individual cancer fatality risk
as it latent cancer health-effects metric. The study should follow the same approach by
using this metric and not reporting the total number of cancer deaths. For example,
Chagpter 7, Table 28 reports tolal latent cancer fatalities per year. Aiso, Chapler 11,
conclusion 11 states "For scenarios with large releases, significant numbers of latent
cancer fatalities are predicted when using a dose-rasponse model based on the lingar-
no threshold hypothesis; however, this would be a small fraction compared to cancer
fatalities from alf causes.”

Response: Given the uncertainty of low doses on health effects, LCFs is being remaved
as a quantitative metric. For clarification, SECY-08-0029 and the related SRM did not
“direct” SOARCA to exclude the reporting of LCFs or other potential societal heaith
effects Rather, the Commission agreed to the staff's recommendation that SOARCA
should report individual LCF risk. The basis for reporting individual LCF risk can be
found in the Qualitative Safety Goals (QS5Gs). However, the QSGs also provide the
basis for reporling societal health impacts, as they are an imporiant measure of the
safety of nuclear power in general. Therefore while LCFs are not quantified in the
report, they are stil discussed in broad terms. Societal dose as a surrogate provides a
reascnable measure for sacietal health effects and is not subject to the uncertainty of
fow dose health effects. Societal dose is algo an input to cost benefit analyses for
hackfiYreguiatory analyses and SAMA/SAMUA anslyses. Chapter 7 was revised to
distinguish the safety-related health effeds measures other measures that are inputs 1o
the cost-benefit analysis for the regulatory anaiysis.

A memarandum to the Commission dated Aprit 3, 2007 {OUQO-SI{}, stated that the staff
would not report land contaminationfeconomis consequences in SOARCA because of
modeling and poiicy issues. SRM-COMPBL-08-0002/COMGBJ-08-0003 directed the
staff o deveiop an imoroved economic consequence model for the MELCOR Accident
Consegquence Code System (MACCS). This SRM also stated that the resulting model
may be applied to the SOARCA resutts if 8o directed by the Commission. The study
should follow the same approach by not reporting land contamination.

Response: Land contamination and economic consequences results from MACCS2
models are routintely usad as inputs in NRC’s current regulatory framework in
backfitregulatory analyses and, in SAMA/SAMDA analyses, and have been reported in
pravious research studigs (8.g. NUREG/CR-6451, NUREG/CR-4882). Regarding the
use of MACCS2 for SAMA analyses, the ASLE has ruled that the models are adequate
for the regulatory purpose {Accession No, ML11200A224).



A paragraph has been added to the intraduction 1o describe the study’s relationship to
the Tier 3 activities and how the study will be used in the regulatory process. Chapter 7
was revised to distinguish the safety-reiated individual heaith effects measures from
other measures that are inputs t¢ the cost-benefit analys:s for the regulatory analysis.
NRR will use these measures within NRC's current regulatory framework,

Regarding the memorandum o the Commission dated April 3, 2007, current staff
updated its position on MACCS models in Enclosure 8 of SECY-12-0110 stating:

it is not pbvicus to current MACCS?2 experts at both the NRC and Sandia
National Laborataries (SNL) that rehabilitation and clean up, land contamination
area, or economic models and results are excessively conservative. Economic
resufts and some land contamination area results are controlled by user inputs
and couid be biasad 1o be aither conservative or nonconservative, depending on
the input values selected by the user. A MACCS2 user's guide and code manuat
is avallable for reference when deciding various parameter inputs. Other land
contamination areas produced by MACCS? are influenced chiefiy by the
Gaussian plume and deposition modeling. Based on the 2004 benchmarking
study, these values do not appear to have gither a conservative or
nonconservative blas,

The new econamic model is not relevant {o this study. It has not been completed and is
nat available for use al this time. Enclosure 9 of SECY-12-0110 also pravides detalis on
this project.

12. Table 3 (the last entry on page 19) includes this sentence:; “Vertical speciral

accelerations as high as horizontal acceterations are justified on the bases that nearby
earthquakes control the ground motions spectra for this event and that the frequencies
of interest for the stuay are frequencies near or above 10 Hz." Provide the basis for the
assumption that nearby earthquakes controf the estimated ground motions at the
reference site.

Response: The revised report now reads:

A few studies (e.g., McGuire, Silva, and Costantino, 2001, ASCE, 1949) indicate
that for rock sites and frequencies near and above 10 Hz, and especially nearby
seismic sources, vertical spectral accelerations may be as high as or exceed
horizontai speciral accelerations, For this siudy, the frequencies of interest are,
for the most part, frequencies near or above 10 Hz. Therefore, the assumption of
egual verticat and horizontal spectral accelerations was deemed to be a

- reasonable starting assumption. This assumption is aiso supported by seismic
hazard de-aggregation with the USGS (2008} model
{hitp./fearthquake usas.gov/hazards/appsifdeaggint) which indicates that for the
seismic bin of interest (high PGA, low likelihood events) the coninibulors 1o risk
would be moderate magnitude earthquakes at nearby distances.




13. Table 3 (the firsi entry on page 20) includes this paragraph:

The current seismic assessment uses a model and code generated by the US
Geological Survey (USGS, 2008). The USGS 2008 intormation is being further
developed and updated by a group of stakehoiders, including the NRC, in a collaborative
study which includes (a) the seismit source zone chacacterization, and (b) the ground
motion sttenuation models, In addition, the NRC is developing independent methods and
computer codes, which will be pubficly avaifable when completed, to combine (a) and
{b). Atthough part (a} of this updating effort has baen complefed in eary 2012, part (b)
and the computer corle development are stilf ongoing. Therefore, this sfudy used (he
earlier USGS information instead of the ongoing update program.

a. It seems that the intent of this paragraph is to reference the recently published
Central and Eastern United States Seismic Source Characterization (CEUS
5SC) moedel. Instead of saying: "The USGS 2008 information is being further
develeped and updated by a group of stakeholders, including the NRC, in a

“collaborative study,” the paragraph should reference the CEUS SSC modet and
note that it is a new seismic source moede} cosponsored by EPRI, DOE, and
NRC. Also, clarify that CEUS SSC is independent of the USGS 2008 model.

b. Change "ground motion attenuaticn modeis” to “ground motion prediction
equations (GMPESs)” and make the distinction that the GMPE update effort was
not part of the CEUS SSC modef and it 15 an indusiry effart, which is stifl in
progress.

c. Add a sentence to justify the use of the USGS 2008 mode! for the purposes of
this scoping study, since the USGS hazard model is not endorsed by the NRC in
ficensing new reactors (currently the CEUS SSC moede! is the NRC approved
starting model;.

d. Add a disclaimer stating that the use of the USGS hazard is not consistent with
the hazard defined in the kcensing basis for new reactors,

e. This comment alsa applies to Section 3.1 {page 29, 2 paragraph).

Response: The revised report will read (note that for a scoping study of this type we try,
to the extent passible. to avoid references to application reviews or licensing-related
activities)

A group of stakeholders, which includes the NRC, Is develsping a new
probabilistic seismic hazard model in a collaborative study which compriges two
parts: (1} the seismic source zone characterization and (2} the ground motion
attenuation models. In addition, the NRC is developing independent methods
and computer codes, which will be publicly avaiable when compieted. to
combine parts {1) and (2) above. Althcugh part (1) of this updating effor! has
been completed (NRC, 2012b), it was nct completed at the start of this scoping
study. In addition, part (2) and the computer code development are still ongoing.
Therefore, this study used the existing USGS (2008) mode! instead of the model
in the ongoing program



14. Table 3 (the first entry on page 22) includes this paragraph:

In general, for an aftershock o cause subsequent additional damage to a struclure, it
would have to occur mach cioser fo the site than the main avent and with characteristics,
for example frequency cortent, that would make the slructure especially vuinerabie to .
The earthquake ground motion considered in the SFP scoping study is & probabllistic
guantity that aggregstes molions from events with vanous magnitudes and distences to
the site. Farthis site, this probabilistic ground motion already tends to be contrailed by
relativaly close events in the larger magnitude range for the credible seismic sources. .
This main shock cracks the SFP studied but its sfructure is shil stable after the
parthguake and & cracks in a manner that altows for additional loading cycles at this
level. Under these conditions, earthquake ground motions greater than those for the
main shock would be needed lo further darmage the SFP, This is unlikely given that the
ground motion cansidered is afready controlied by close evenls with magniludes near
the credible upper magnitides for the sife.

It would be better to just siate that current probabilistic seismic hazard analysis (PSHA)
models do not consider aftershocks and that is why they were not considered in this
study. Otherwise the statements in the above paragraph would lead to the following
comments that shoufd be clarified;

a. There is no discussion on the controlling earthquakes and the associated annual
excesdance frequencies to support the statement that ‘[flor this site, this
probabilistic ground motion already tends 1o be controlled by relatively ciose
events in the larger magnitude range for the credible seismic sources.”

b. Aftershocks can be numerous and substantial (especially if the study is
considering very low probability everts).

¢. Aftershocks could in fact be closer to the site than the main shock, and that could
he significant since the repor! stated previously that the estimated ground
mations at the reference site are controlled by nearby avents.

Response: We verified that the contributing earthquakes are nearby evenis and the
report has been mogified to read:

in general, for an aftershock to cause subsequent additional damage to a
structyre, it would have to cccur significantly closer to the site than the main
event as well as spectral accelerations at frequencies that would make the
structure vyinerabie {o the ground motion For this site, and for events associated
with PGAs and spectral accelerations of interest for risk assessment (nigh PGA,
low likelinood events), the main contributors to the ground motion hazard for this
site are expected to be moderate magnitude nearby earthguakes
{http./learthquake.usgs.govinazards/appsideaggint. The main event would
crack the SFP studied but its structure would be stabie after the earthquake and
would crack in a manner that is expacied fo resist additional loading cycles at this
leve!, Under these conditions, earthauake ground motions with damage potentiat
greater than that for the main event would be needed to further damage the SFP,
This is thought to be unlikely given that the contnbutors to the ground motion
hazard are already nearby events.

-
/



15.

16.

17.

18.

Section 3.1 (page 29, 3™ paragraph) mentions the hazard estimates for a rock site. The
repart should discuss the implications far soil sites, as well as the implications of sites
with different controlling earthquakes. Clarify how SFP characteristics vary between
gifferent operating plants and what are the implications of this vanation.

Response: The study focuses on, to the extent possible. a site-specific hazarg estimate
$o avoid assumptions that are not realistic. The site chosen is a rock site. Consideration
of the items raised would be out of the scope of the work. See also the regponse 1o
Comment #1.

Section 3.1 (page 29, paragraphs 4 {0 6) includes bullets that compare the USGSE 2008
nazard estimates for the reference ste with the LLNL and EPRI results. The report
should clarify the purpose of these comparisons. '

Response: The report has been revised to read:

These comparisons are provided to compare the mode! used in this scoping
study to weli-known and extensively documented information sources (LLNL
model and EPR! model) that were used in past SFP risk studiss.

Section 3.1 (page 31, Figures 4 and 5) should indicate in the figure captions that these
are hard rack hazard curves.

Response’ The captions have been modified to address the comment.

Section 3.2 (page 33. last paragraph} includes this statement. "in addition to the PGA,
ground motions at & site are also characterized by their frequency content expressed in
terms of response spectra. Based on the USGS 2008 moded, a uniform hazard site
Ground Motion Response Spectrum (GMRS) (NRC, 2007b) was derived for the GI-189
study and used in this study,” 1t is incorrect to combine the tenm undorm hazard
rasponse spectra with the term GMRS. In addition, Fooingie 5 states that “the lerm
GMRS has a specific meaning in the context of Regulatory Guide {RGj 1.208 (NRC,
2007b}. Inthis repor, the term GMRS is used more generally.” The report should
describe how the response spectrum for the selected site was developed i itis not
consistent with the definition of the GMRS in RG 1,208, then use a different name.
Clarify whether the response spectrum for the reference site shown in Figure 7 is a
uniform hazard respense spestrum, in addition, do a giobal search for "GMRS” because
it Is used thraughout the report.

Response: The footnote has been deleted, After further examination, it was confirmed
that the GMRS in the report is based on the guidance in Regulatory Guide 1.208 usedin
gonjunction with USG$S (2008) model. This is ciearly noted in the report and repeated
often. Use of a different hazard modge! and maybe a more detaited analysis might
produce a somewhat different GMRS, We do not think that the footnote is needed
because the assumptions are clearly indicated. Also, as per the response to the
commaent related to the use of the USGS (2008) mede! (comment 13) we prefer not to
make references o licensing review aspects in a study of this type.

Nevertheless. when referring to the GMRS, the text in the repon wilt be moxdified to

. replace “site GMRS” with "reference GMRS." Algo, the tex) at the end of Section 3.2 and

after Table 3 will be modified fo read:



In addition 1o the PGA, ground motions at a site are also characterized by ther
frequency conten! expressed in terms of response spactra. Based on the guidance
in Regulatery Guide 1,208 (NRC. 2007b) used in conjunstion with the USGS 2008
model, mean uniform hazard response spectra were derived to then estimate a
reference ground motion respansa spectra (GMRS) far the Gl 189 gtudy. This
reference GMRS was subsequently scaled as indicaled in Section 3.3 below to
obtain the input free-fiekt ground motion response spectra used in this study.

The text at the beginning of Section 3.3 also will be modified to read:

The free-fieid reference GMRS for horizontal earthquake shaking for this site (s
based on the response specirum and PGA used in conjunction with research
assessments for GI-19G, which utilized the USGS 2008 model. This reference
GMRS has a zero-period speciral acceleration (PGA) of about .34 g.

19. In Section 3.3 (page 34, 1* and 2™ paragraphs), change “Peach Bottom" to “reference
site” and do a global search for further changes becaise “Peach Bottom™ appears in
multiple places.

Respanse: The report will be searched for that and the change made as appropriate,
which include the ocrasions noted in this comment. Note that the report identifies the
piant on which the reference plant is based

20. The second paragraph on page 35 includes this statement.

Vertical spectral accelarstions and the vertical PGA ara taken lo be the same as the
horizontal spectral acoelerations and PGA. This is assumed on the bases that nearby
earthquakes would control the ground shaking specira for this event ano that the
frequiencies of interest for this study are frequencies above 5 Hz [ASCE, 1399)
{(McGuire, Silva and Costanting, 2001}

The report should describe how controlling earthquakes were determined.
Response: The report has been revised to read.

A few studies (e.g., McGuire, Silva, and Costantine, 2001; ASCE, 1899) indicate
that for rock sites and frequencies near and above 10 Hz, and especially nearby
seismic sourcas, vertical spectral accelerations may be as high as or exceed
horizontai spectral accelerations. For this study, the frequencies of interest are,
for the most part, freguencies near or above 10 Hz. Therefore, the assumption of
equal verticat and honzontal spectral accelerations was deemed tobe 8
reasonable starling assumption. This assumpbion is also supported by seismic
hazargd de-aggregatien with the USGS {2008) model

{(htip:/fearthquake usgs govihazards/appsi#deaggint) which indicates that for the
saismic bin of intarest (high PGA, low likelihood events) the contributors to risk
wouid be moderate magnitude earthgquakes at nearby distances.

21. Section 3.3 {page 35, 2™ paragraph) describes other “ground motion response spectra
of interest for this study.” Clarify which response spectra were used in the structural



22.

23.

24,

25.

NSIR

25,

analysis described later in the repen,

Response: The report has been revised to clarify this, In addiion information from
Section 4 wilt be brought to Section 3.3. The end of section 3.2 will include the foliowing:

These spectra are of interest for comparison purposes. The spectra in the
NUREG-1150 study are also of interest because in-gtructure response spectra

-calculated for those ground motions were scated (see Section 4), in
approximation, to estimate n-structure response spectra for the input fres-figld
ground motion used in this study.

Chapter 11, conclusion §, footngte 43 gives the timeframe during which the fuel cannot
be cocled by air. The Information Security Branch of NSIR should be consulted to
confirm that this information is not security-retated sensitive unclassified non-safeguards
information, because the study is intended to be made publicly available.

Response: The RES staff views the information as non-sensitive because it stems from
the piant’'s response to a large sesmic event (something an adversary cannot generate).
Staft will canfirm with NSIR and revise the report if necessary.

Chapter 11, conclusion & seems to imply that the additional spent fuel pool
instrumentation required by Order EA-12.051 is not effective for mitigating spent fuel

_pool accidents. Text should be added to this conclusion to explain its technical basis.

Response: The repart indicates that the required instrumentation is important to provide
reliable indication to ensure that plant persohnel can pricritize emergency actions.
Furthar indication can affect which mitigation strategy is deployed as discussed in
Chapter 2 of the report. Consideration of EA-12-051 was outside the scope of the study
because it was not implemented by industry or verified by NRC at the ime the plant was
analyred

Chaupter 11, conclusion 7 seems to imply that the additional mitigation capabilities
required by Order EA-12-049 were not credited in the study. The additional mitigation
capabiities required by Order EA-12-049 should be credited to improve the study’s
realism.

Respense: Consideration of EA-12-049 was outside the scope of the study because it
was not implemented by industey or verified by NRC at the time the plant was analyzed.

Chapter 11, conclusion 16 states the study demonstrates that past spent fuel pool risk
estimates from large seismic events are similar to this sfudy for most consequence
metrics, Text should be added to this conclusion to explain its \echnical basis

Response: Agreed and revised the canclusion to reference consequence comparison in
Appendix 8.

Intre and Background Comments provided are repeated from the BC level review. Pg.8,
Section 1.5, the report identifies that the majority of the risk from a seismic event is due
to the inability of the operator to inject water into the pool for an extended period of time



27,

28

{e.g., days). Howsver, this is based upon a research assumption and not a direct result
of the seismic evant. As such. g general commaent that the research assumption of
inability of mitigation efforts to commence for 48 hovurs is not based upon current
Emergenty Preparedness program capabilities which would assume that mitigation
efforts commence significantly sooner rendering offsite release consequences moot,
This acknoewledgement of EP capabilities needs to be clearly stated garly in the
document and continuously throughout. if ficensees presenied onsite and offsite
coordinated emergency respanse plans with the response assumptions used in this
report, a reasonable assurance finding would definitely be in question.

Response: The assumptions in the study and the resulis of the study do not cali into
question a finding of reascnable assurance. Mitigation imes for the study were chosen
based on those assumed in SQARCA and informed by Fukushima Section 5 3 has
been revised to include a more detailed description of emergency measuses in place in
case of severe acoidents. This section has also been revised to make clear that the
fruncation and assumed mitigation imes were chosen by the team for purposes of the
study. The report also makes clear that the initiating event chosen for analysis is well
beyond design basis so a SFP failure resuiting in offsite consequences is unlikely. The
report also discusses the offsite response and chalienges to implementing this response.

The report was clarified to explain that NRC analyzes low likelihocd beyond design basis
sersmic events with and without mitigation to gain insights on the safety margin provided
by NRC's reguiatory framewark. The HRA combined with reporting both mitigated and
unmitigated results provides informative data to determine possibte regutatory
enhancements for consideration. The study corroborates the results of past studies.
The study concludes that SFPs are robust and not expected to leak as a resuit of a
seismic avent, successful mitigation prevents most releases, no early fatalities are
expected and individual LCF is low because effective protective actions limits individual
exXposure.

Major Assumptions  Comments provided are repegated from the BC level review -
Dispasttioning of comment was not complete and needs to be completed as a Division
Director comment. Major assumptions should include the fact that mitigation time is not
indicative of the current EP environment,

Responsa: See comment $26. Section 5.3 has been updated to include a more detaiied
description of emergency measures In place in case of severe accidents, This section
has also been revised to make clear that the truncation and assumed mitigation times
were chasen by the team for purposes of the study.

Pg 60 Comments pravided are repeated from the BC level review. Under “Liner Strains
and Small Leakage Rates”, 1st paragraph, “Maximum effective membrane liner sirains
from strain concentrations at the floor-walls junction are on the order of 0.037 (3.7
percent).”

2nd paragraph,“On the bagsis of the reported failure criteria, this study assumed a
somewhat conservative estimate for the liner failure sirain from {he paint of view of
leakage rate in order to characterize the leakage rate for 2 damage state with smalf
leakage flow rate. Specifically, a iner strain at failure of .10 (10 percent) was
assumed .." This comment was previously sent and the resolution was, "The study
cakculated the straing caused by the earthquake (demands). The reviewer is citing a
sentence that refers to strain capacity.” BC comment. clarity needs to be provided in



report as to the differences in the types of strains and the reasons/justification for the
- assumption which appears {o be extremety conservative with respect to the design.

Responsa: To clarify the tems raised in the comment, Section 4.4.1 is re-organized so
that the part on Damage States and Relative L ikelihoods wili be at the beginning of
section 4.4.1 {it was the last of three parts in this section). This is done to prompily
inform the reader that the siudy treats bath the induced strain (demand; and the limiting
faiture strains (capacity} as random varniables. Although, median induced strains are Jess
than median fimiting failure strains, the uncertainty assessment shows that there is a
small fikelihood that the liner would tear.

The text in the second and third paragraphs of the part Liner Strains and Small Leakage
Rates will be modified to read:

An approach and failure criteria for steel liners ysed in re:nforced concrete
containments i3 used hare 1o assess tearing of the SFP liner (Cherry, 2001 and
1686). Failure criteria for liners without corrosion damage reported by Cherry
(1898} are used in this study (o estimate limiting failure straing for the stainless
steel SFP liner. The appreach estimates the crack width by multiplying the tiner
sirain at failure by the width of the finite element with the maximum induced
effective strain, which is approximately equal to 3.7 mm (0.15 in.} as indicated
above.

Since both the induced strains (demands) and failure strains {capacity} are
treated as random variables, the strain at which the liner would tear, that is the
condition at which the induced strain exceeds the limiting failure strain, is also
random. An approach for a point estimate of that strain would be ta calculate the
mas! fkely failure strain, which would be a strain greater than the estimated
median induced strain {damand) of 0.37 but likely less than the median limiting
failure strain {(capacity) of about 0.10. Such an approach would invoive a mors
detailed uncertainty analysis and probabilistic modeling than that used in this
study. which does not seem justified given the approximations used as well as
the uncertainties invoived in the assessment of the flow rates through tears in the
liner. This study assumed a failure strain of 0.10 (10 percent) for the liner strain
at failure which is approximately equal to the assumed median failure steain,

29 Pg &1 Comments provided are repeated from the BC level review. Under "Liner Strains
and Small Leakage Rates’. “Given the estimated width, length and depth for each
localized liner tear and their number, it is still necessary to estimate he leakage rate
through these tears. Estimation of this flow rate uses the foliowing assumptions (1) the
flow rate can be estimated using an equation similar to that used for flow through the
concrete cracks and (2) the friction factor far that equation can be calculated on the
basis of test results for ieakage rates through cracks in pipes. These assumptions are
not validated at this time. Therefore, considerabie uncertainty exists for the resutting
leakage rate estimate.” This comment was previously provided and the response given
was: "The assumptions referred to by the reviewer refate to the leakage rate given the
estimated cracks in the Hiner. The initiation of cracks was calculated separately based on
the strain demands and capacities.” BC Comment. Response does not addrass
comment as to why non-validated leakage rates were assumed. If the leakage rate has
considerable uncertainly, the variability in the leakage rate should be stated and the
assumed leakage rate needs {o be justified as to why it was chosen given the



considerable uncertainty. More clanity needs {o be pravided on the basis for the
assumed leakage rats.

Response: the paragraph is modified to read:

Given the estimated width, length and depth for each localized liner tear and their
number, it is still necessary 1o estimate the leakage rate through these tears.
Estimatior of this flow rate uses the following assumptiong (1) the flow rate can
be estimated using an equation similar to that used for flow through the concrete
cracks and (2) the friction factor for that equation can be calculated on the basis
of test resuits for leakage rates through cracks in pipes. These assumptions are
not validated at this time. Therefore, considerable uncertainty éxists for the
resulting leakage rate estimate. The foflowing paragraph addresses the process
used to estimate the flow rate through these liner tears as well as sources of
uncertainty for this estimation. These uncentainties may result in flow rate
estimates that can vary by more than 100 %. it is noted that this damage state
(small lzakage rate) already (s a result of binning the uncertain {iner tearing into
two discrete tearing conditions to cover a range of uncertainty for liner damage
and associated flow rates. Assigning equal iikelihood {0 the two highly distinct
damage states acknowledges these uncertainties.

30. Pg 64 Comments provided are repeated from the BC level review. "Damage to the

31.

Reactor Bullding and Other Relevant SSCs" The response to the previously provided
comment did not addrass why the HRA assumed containment failure when the SFPSS
did not. The two studigs should reflect the same assumptions such that mitigation
efforts can be atigned between the studies. As it is, the two studies have significantly
different mitigation efforts for different reasons, How can a determination be made as to
how the two studies support ohe another with these dfferences? This s a fundamental
question that needs 1o be answered/clarified within the report.

Response: The containment in HRA (s the primary containment that if fatled :n a reactor
core damage event would make the refueling floor inaccessible for plant staff to inject or
spray water into the SFP.

The SFPSS assesses offsite consequences. It provides two bounding conditions:
10CFR50.54(hh)2) mitigation is assumed to be successfully deployed or this mitigation
is assumed to not be successfully deployed. The HRA estimates the probability of
kaving successful mitigation for various plant damage states. These two pleces of
information {i &., consequence and probability} complement each other to inform SFP
risk. The HRA provides scenarig-specific likelihoods for each plant damage state
{considering the state of tha reactor, offsite power, etc.} The HRA combined with
reparting both mitigated and unmitigated results pravides informative data to gain
istghts on the safety margin provided py NRC's reguiatory framework as well as
possible regulatory enhancements for consideration.

Chapter 7 Comments provided are repeated from the BC level review. 1° paragraph,
Doses are calculated at a great distance, e.g., 500 mites. Any health effects for small
doses at such distance are speculative. As such, there is no value addead to the repont
far this highiy specuiative result when considering its reguiatory purposes. If not
removed, then it is recommended that such health effects not be summed but rather
segmented into appropriate calegories and considerad separataly.
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Response: Given the uncertainty of low doses on haalth effects, L.CFs is being remaoved
as a quantitative metric. See reply to comment #10 for more information. Land
interdiction, displaced persons, and sadietal dose are reported to Inform regulatory
analysis under NRC's current regulatory framework. The consideration of distances
bevond 50 miles is consistent with most previous research studies {Sge also the
response 1o commant #43).

individual LCF nisk has been separated into appropriate categories and reported as a
range based on dose truncation ieveis, the same as what was done in SOARCA. This
SOARCA technique is preferred because it provides a range of results {that can be
compared to the quatitative health objectives, for instance).

Pg 27 Caomments provided are repeated from the BC level review. The criginal
comment (bedow) as previously submitted with the dispasttion/response is provided. The
“reviewer response” provides additional BC comment on the issue to be considered /
dispositioned.

There is some confusion as to the statement that dose truncation has baen
implermented. The comment was not referencing the calculation of consequences with
differing truncation models as has been dene, but rather the summing of small doses to
large numbers of people and reporting accumulated health effects white using he LNT
modet. Al the least, the NCRP technigiue should be used. 1T would be preferable t¢ use
the techniques of SOARCA and not report specutative dose and health effects beyond
the area of reguiatory interest o NRC, i.e., 50 miles. Additionally, the reporting of
summed health effects, i.e., LCF is not as useful a metric as individual rigk of LCF for
risk communication purposes. LCF is often misinterpreted as absoiute deaths, rather
than an estimate of potential consequences given a conservative treatment.

Response: Given the uncertainly of low doses on heaith effects, LCFs is being removed
as a quantitative metric. See reply to comment #10 for more information. Land
interdiction, displaced persons, and societal gose are reported to inform regulatory
aralysis under NRC's current regulatory framework. The consideration of distances
beyond 50 miles is consistent with most previous research studies (See also the
response to comment #43).

individual LCF risk has been separated into appropriate categories and reported as a
range based on dose truncation levels, the same as what was done in SOARCA. This
SOARCA technique is preferred because #t provides 2 range of results (that can be
compared to the gualitative health objectives, {or instance).

Pg 150 Comments provided are repeated from the BC level review. Add an itern 3 for
why the latent cancer fatality risk is low because: 3. of the emergency preparedness
responsse mitigation efforls.

Response: Section 7.2 has since been rewritten to make this point. In addition. the
study concludes that SFPs are robust and not expected to leak as a result of a seismic
event, successful mitigation prevents most releases, no early fatalities are expected and
indivigual L.CF is low because effective prateciive actions limits individual exposure.
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37.

38.

Maijor assumption | don't agrea with the assumption that offsite assistance will not arrive
for 24 hours and that mitigative efforts with such equipment (e.g., fire ruck) does not
begin for 48 hours afer the initiating event

Response: See response to comment #26. In Sechion 5.3, “At 24hrs™ has been changed
o “within 24hrs®, Section 5.3 has been updated to inciude a more detailed description of
emeargency measures in place in case of severe accidents.

Chap 8 The HRA improved the study analysis but was unable to jugge the effectiveness
of offsite resourcas such as a fire truck. This limitation should be noted as a
conservative fimitation of the study.

Response: A table was added to provide an explict list of scope and assumptions of the
HRA study. Further, new text is being explorad o clarify.

Conclusion 13 The fraquencies noted appear 1o tack consideration of the HRA sutcess
probabilities that would, 1 believe, reduce the frequencies reported.

Respongsa: The reliability of mitigation is not included as stated in Table 3 in Section 2.
The conclusion will be expanded to include mitigation results. The HRA provides
scenario-specific likelihoods for ach plant damage state (considering the state of the
reactor, offsite power, etc.) The HRA combined with reporting both mitigated and
unmitigated resuits provides informative data to gain insights on tha safety margin
provided by NRC's requlatory framework as well as pogsible regulatory ennancements
for consideration.

Section 8.1.2 the dose rate estimate is in error. The peak dose rate at the SFP rail is
used whereas the spray would be located same distance back in a lower dose rate
region. Additionally, the licensee has shielding on the floor to facilitate placement of the

spray.

Response. Based on the osciliation monitors {or SFP spray nozzies) setup locations as
indicated in the procedure TSG-4.1, the authors confirm that the dose rates stated in the
repont are catrect. in addition, NRC staff walked down this strategy at PB in May 2012
with a Region 1 SRA as part of the B.5.b component of the triennial fire inspection with 2
of the individuals (Equipment Operators) assigned 1o carry oul the strategy. At notime
did they identify shieiding that they anticipated using during deplayment of the strategy.
Additionally, the plant did not raise this as a result of thelr fact check of the HRA.,
Perhaps it is something that has been put in place since May 2012, but if sa, it's newer
than the snapshot of the plant that we set out to angalyze. If the shielding can be
confirmed and would have an impact on the results, a qualtative statement to that fact
can be added te the report.

Section 8.1.2 the timing used in the HRA to denote when mitigation cannot be
accomplished due 1o dose rate of steam environment, misjudges the ability of the ERO
to perform the relatively simple task of attaching a fire hose to a spray in a challenging
environment. For some analyses, ong hour of additional time to mitigate would aliow
succeEss.

Response; The high steam (or high temperature) becoming a fimiting factor only ocours
n smalt leak scenarios where the available time for respanse is greater than 13 hours.



Adding one or a few extra hours 10 the available time has lttle effects to HRA resulls.
This is because in these situations time is not the dominant factor affecting human
performance. Time is more important in moderate leak scenarios in which available time
is 6 hours and 2.5 hours for refueling and non-refueting scenarios respectively. The
radiation level is the limiting factor in these situations. Based on the SFP spray nozzles
setup location indicated in TSG-4.1 the radiation level at the locations at that time is
greater than 30 rem/hr. The time is firm in this criterion.

To set up the spray nozzles on the refueiing floor in a moderate leak scenario where the
leakage rate is greater than nozzie injection rate, based on procedure instruction the
plant staff would first connect two fire hoses to two spray nozzies and inject water into
the SFP. observing the change of the SFP water level (in this case the SFP water level
continues lowering), atlach a spray head to the spray nozzles gach to change from
injection mode to spray mode, ensuring the water spray info the SFP, and place a lead
bag an top of the spray nozzle each to damp vibration for stable SFP spray. Compieting
these tasks requires some time. The 30 rem/hr is a reasonable threshold for the
activities.

 Furthermore the study agsumpticns are consistent with Appendix EE of EPR] TR-

38,

40.

41,

1025295 (2012) which is the technical basis for Severe Accident Management that the
industry is relying on to update their Accident Management Programs.

Section 7.1.4 Please replace the second paragraph with the following: The staff
modeled offsite response organization (ORQ) decision making based upon the accident
seguences, timing, radiclogical release, knowledge of response activities and the
availability of emergency response echnical supporl. Since actions beyond the EPZ
would be taken ad hoc, there is no progedural guidance or exercise performance
documentation upon which to base assumptions. However, state and local OROs have
shown long standing capability and understanding of response to hypothetical
radiolegical accidents. The accidents modeled in the SFPSS are stow to develop
relative to the accident scenarios used in evaluated exercises. Additionally, there would
be national level assistance 10 help civil authorities with profective action decision
making. While alternative timing could be assurmed the staff used a best estimate
approach ta modeling ORO decision making for protective aclions beyond the EPZ.

Response: Text has been added as requested,

Section 7.2 This section describes the use of dose truncation models in a manner that
suggests they are a method o lower consequences rather than an alternative model,
Dose truncation model use should be put in conlext as alternative and potentially valid
heatth effects model

Response: Dose truncation models provide two benefits, an alternative {and potentially
valid) heaith effects mode! as well as a tog] to better understand the contributions to LNT
risk. Section 7.2 has since been reorganized and now is written to better represent the
dose truncation models as potentialty valid health effect modeis.

Fig 96 the title is confusing, is it meant to be “% of all individuals that are displaced™?

Response: Section 7.2 has since been rewritten and the figure no longer exists,

A
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44,

General. My primary concern with this document is the fact that we ane reporting
significant results from a highly conservative and very iow probability scenario that could
be misinterpreted by the public. Accordingly, | believe that a section should be added to
the document that discusses the resulis in the context of safety and adequate protection;
i.e., do we still believe that there is adequate pratection with the continued use of wet-
storage and is there enough of a safely enhancement from a cost-benefit perspsctive to
warrant moving more {o the use of dry storage.

Respense: As stated in Section { of the report the 1.5, Nuclear Regulatory Commission
{NRC} has mainfained that SFPs provide adequate protaction of the public health and
safety in either low-density or high-density storage configurations. This report does not
call into question this finding. The study also goes not make any determinations
regarding whether there is enougb of a safety enhancement from a cost-benefit
perspective 1o warrant moving more to the use of dry storage. That is the role of NRR
and the reguiatory analysis. A paragraph has been added to explain the study’s
applicability to the Tier 3 activity and the NRC's current regulatory framework. The study
corroborates the resuits of past studies. This study concludes that SFPs are robust and
not expected to leak as a result of a seismic event, successful mitigation prevents most
releases, no early fatalities are expected and individual LCF is low because effective
protective actions limits indivigual exposure.

General The use of our models at great distance (i.e.. up to 500 mites} becomes
speculative and indicales a level of fidslity that tikely exceeds their veracity. There are
uncertainties in sourca term, dispersion modeling, and weather at distance and
deposition at distance. The resuits are reported with excessive confidence. 1t would be
mare appropnate to provide estimates out 1o a distance that the analysis tonls could
more confidertly calcutate {e.g., 50 miles) and estimate qualitatively the potential
impacts further away. A statement that the relocation could potentiatly extend to 560
miles in the worst case, would be more appropriate than regorting the resulis as the
agency best estimate.

Response: Though MACCS2 nas been benchmarked against other Atmospheric
Transport and Dispersion models up to 100 miles with favorable results, the authors
acknowledge that uncertainty exists In light of this, we have added the statement

The accuracy of atmospheric fransport and deposition modeis teng to decrease
with distance, and therefore the resulis should be viewed with caution.

in addition, the figures showing jand contamination and displaced individuals at specfic
distances have been replaced with tables that more generally repon these
consequences at 0-50, 0-100, and 0-500 miles, which is largely consistent with most
past research studies.

Section 7.3.2 DD Comment: | am providing this comment to give the answer {o the
"disposition” question, Please reconsider original comment with this additional
information:

after reading this | cannot determine whether contaminated food is included in
consegquence data or not... it should not be, no one is going 1o eat contaminated food in
the US after this accident. :

=3



The basis for stating that no contaminated food will be consumed simply comes from the
knowledge of public and civil authority reaction {o actual and hypothetical radiclogical
incidents. in repeated exercises public officials have decided to condemn a regional
crop rather than parse contamination levels. Public reaction to confaminated food would
also be extreme and anything even remotely associated with the contaminated area
would be eschewed. There is no technical document establishing this outcome, it is just
the nature of current sociefy as alternative food sources woukd be widely available. 1t
cannot be said the "no contaminated food would be consumed™ as very low levels of
radioactivity currently exist in food currently, but the paint is that no significant amount of
contaminated food would be consumed. Pursuil of dose conseguences through this
exposure pathway seems inappropriate.

Response: Latent cancer fatalities are no longer being reported, and MACCS2 doss not
treat this pathway in indlvidua! LCF risk, and therefore the report no longer reports any
type of LCF metric from ingestion.

RES/DE

This report provides the methodology and results of a limited-scope consequence study
to update the best-astimate consequeances expected fram the application of a postulated
beyond-design-basis earthguake {with an estimated frequency of occurrence of one
event in 61,000 years} t¢ a seiected U.S. Mark { boiling-water reactor spent fuel pool.
The primary objective of the study is fo provide updated and publicly available
consequence estimates of a representative, postulated spent fuel pool severe accident
under high-density and low-density Ioading conditions. These estimates can then inform
ongotng discussions as to whether action should be taken to require operators of U 8.
nuclear power plants to expedite moverment of fuel from the spent fuel pool to onsite, dry
cask storage.

| would delefe the last sentence and teplace it with this:

These estimates can be used to confirm that the current industry strategy favoring high
density fuel storage in spent fuel pools remains adeguately safe and whether a change
in strategy towards low density fuel storage in spent fuet pools might represent a
significant safety improvement.

Response: We did not change the wording as suggestad, but we did revise the wording
to say “The study wili be used to inform regulatory decision-making regarding whether
expedited transfer of spent fuel from spent fuel pools {o casks is justified " Additionally,
a paragraph has been added to the report to describe the study’s relationship to the Tier
3 activities and how the study will be used in the current regulatory process.
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Mrowca, Lymi‘

From: Rodriguez, Veronica w E,R.‘

Sent: Wednesday, ay 2§, 2041 3:55 AW

To: Coe, Doug: Demosy, Gary

[+1 Miman, Jeffiey; Wong, See-Meng; Mrowea, Lynn; Cayoe, Keyin, Beasisy, Benjamin, Correis, Richand; Siu, Mathan; Stutzie, Martin;
Barnes, Valene; Nicholson, Thoenas: Peiers, Sean; O, Witliam; Mudson, Daniel; |barra, Jose; Dreuin, Mary; Lee, Samszon: Chack,
Michag!

Subjpct: RE: Juin Us .. ORA Seminar. Risk Assessrmnerd of Fuhushita Dafichi Reactors and Spert Fusl Pools

Cutside of Scope

From: Coe, Doug ( EEs
Sent: Wednesday, May 25, 2011 8:00 AM ﬁ
To: Rodriguez, Veronica; Demoss, Gary '

Cc: Mitman, Jeffrey; Wong, See-Meng; Mrowca, Lynn;, Coyne, Kevin; Beasley, Benjamin; Cosrela, Richard; Siu, Nathan; Shutzke,
Martin; Barnes, Vaierle; Nicholson, Thomas; Peters, Sean; Ott, Willlam; Hudson, Dantel; Iharra, Jose; Drouin, Mary; Lee, Samson;
Cheok, Michael

Subject: RE: Join Us ... DRA Seminar: Risk Assessment of Fukushima Daikchi Reactors and Spent Fuet Pools

Thanks very much Verenica! What a great idea. "m just afeaid that because of the {ate notice and scheduled date ot the Friday
before a 3-day weekend, many interested staff may not be able to attend.

Gary - Perhaps we could also do a joint NRR/RES seminar within the next couple months and include Mary Drouin’s work on
providing Event Sequence Diagrams 3o the Ops Center. Maybe even engage some of the RST directors {e.g. Fred Brown) and
NSIR/IRC s1aff to provide their perspectives? This is a marvelous KT opportunity whife these things are stRl fresh in our minds,

From: Rodriguez, Veronica NRL
Sent: Tuesday, May 24, 2011 6:02 PM

To: Mrowca, Lynn; Demoss, Gary; Coyne, Kevin; Beasiey, Benjamin; Coe, Doug

Cc: Mitman, Jeffrey; Wong, See-Meng

Subject: FW: Join Us ... DRA Seminar: Risk Assessment, of Fukushima Datichi Reactors and Spent Fuel Pools

Gutside of Scope

From: Rodriguez, Veronica

Sent: Tuesday, May 24, 2011 5:53 PM

To: NRR_DRA Distribution N /Q()\
Subject: Join Us ... DRA Seminar: Risk Assessment of Fukushima Dalichi Reactors and Spent Fuel Pools

DRA SEMINAR
Risk Assassment of Fukushima Dalichi Reactors and Spent Fuet Pools

in support of the NRC's Team tn Japan, NRR’s Division of Risk Assessment developed risk models of the Fukushima Datichi
reactors and spent fuel pools (SFP}. These madels characterized the “temporary” systems put in place to cael the fuel in the
reactors and $FPs. The models were built in SAPHIRE using basic risk methods including: event and fault trees, human reliability
analysis, etc. This seminar will present an avesview af the risk medels and the risk insights gained from the analysis. The
primary Insights were a list of vuinerabilities and risk prioritization for lowering the risk of a future large relesse. [ s
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WHEN? Friday, May 27, 2011
TimE? 11:00am-12:00pm {ET)
WHERE? T-7401

Presentation to be provided by:
Jetfrey Mitman and See-Meng Wong

42



- *

S¢haperow, Jason A .

Fram: Wagner, Katie

Sent: Tuesday. May 29, 2012 5:33 PM

To: Lee, Richard; Coyne, Kevin, Hogan, Rosemary, Sentiago, Palricia

Cc: Schaperow, Jason; Madni, imtiaz; Esmaili, Hossein, Heatton, Donald; Murphy, Andrew, Nosek,
Andrew, Pires, Jose

Subject: DRAFT SEPSS report for review by EOB ¢n June dth

Attachments: SFPSS Repor.pdf. Equation (SFPSS Repor).dogx; Commaent Tracker - Unresolved or

Refuted xisx

Good Afternoon Richard, Kevin, Rosemary, and Pat,

Attached ig the draft 3FPSS repart for your review, which is about 200 pages long  We ask that you complate your review

by ECB

*

on Manday, Jure 4”. Here are a few notes about this document:

The SFPES team is stilt working 10 resolve comments and have not reviewed each other's sactions in detail
However, the team is comfortable sending this draft forward for review at this time.
The equatians do nat show up in this version of the document, 80 an equation Jist is attached for your information
Some MACCS2 runs have not been completed at this time due to the pending implementation of new avacuation
models developed by NSIR in coaperation with Sandia staff The team does not expect most of the results ta
change dramatically once those are complete and | will send you the final offsite consequences chapler ance that
chapter is camplete.
The concurrence package is currently in the process of coming together. In the package, the report will be an
enclosure {o @ memo with the following characteristics (I will write the memo and send it to you in the next day or
woy .
o Wil be from B. Sheron fo £ Leeds.
o Conient
» Discuss that the SFPSS is a RES preduct that was executed as laid qut in the July 201! project
plan.
s Discuss that the SFPSS is for NRR consideration as part of the Tier 3 Japan Lessons Leamed
item. )

» Wil contain a placehoider for 2 few main conclugigns. ... -
©)5) | R

OP4 sert extensive comments on the abstract and executive surimary of the report on the aftemaan of Lo
Thursday, May 24", The SFPSS team has not processed these comments yet.

I received comments from QTE on the afternpon of Tuesday, May 26" The SFPSS team has not progessed

these comments vet either.

Notg' Jason and Iniaz have been o¢'ed since they are acting for Pat this waek.

Thanks,

Katie W

agner

General Engineer
U.S. Nuclear Regulatory Commission
{301} 251.7917

Katle. Wagner@nre.gov
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expecied hat MOX raieass would be much hgher becsuse the VERCOS (I thnk)
tests showed fughe: MOX *eloages Bt intarmedidra lamperatunas. When we 81
characlensic reactor 2avare actident s08aario, the kel tarmperatures ghot pasi
thase caveduly contralad [empereiuies 1o very high valuss. Al thet port, the MOX
rgleases were vaally, really, raplly fap ard the LEU wab fust reasying ragtiy, reatly
tast. 1 oid not matler. Adl the volalie Rasion products came ot al sbadt the a9
rate. | Brovc the (o3t dola v much betier & iong sustsired heat ups.  Sui ) might
Again. this :5 an uncertanly aasscrated with aging the code "as 8. Some sensilivly
shudios nave beun carried oul Bnd thi report wit acknowsadge s 8B 8r mportant
Ansumpban. It gddikon, CFD anatysis showad very stiong mixng cungits in ta
1efyeiing bay and yniform mixing wouit by expecled,

You resd squipmery, your néed BCORAS. You My have 2 leak rale that excesys youy
pumping capaoidy, you may b Fying 19 use a Rrewaler system thal oid pot Murvive
the everd, you may be dealing with the reactor acedent it is mors agcurs's Iy Gay
Mol we pre able 1o evacyate fens of hundress of thousards of 2eople 7om sress
lgegely ungfected by the garsmic eveot, whils we may be Unalis to ensxre adequale
rventory in the SFP based on | largs leak rate, radiningoa! rupedimeniy selsmic
damaogo, eic.

W agres, bui wo're not sure whai {1e point is reiative fo SEPSS.



Punke svacualion - MELCDR end MACCS srislysis was
uBRe tor developing evacualicn aiw re.ocstion
assumptians, nstead gt RASCAL.

Ragulis - Thy consequence/neh rasihs presentag in the
stdy assuma the probabity of milgation i e,

Yas, that 19 (he neture of a rapewrch prozect reiha: the a acluaf event ((he aperoach
in b same 49 SOARCA) Voe actually thoyy twould be Besl 1o uae e SOARCA
evacuation models 3% (3 60 If your CONmE i wii (8 modifind models you'l have 1o
Ieke that up with NSIR. A'so, it is our undersianding hat Eric (NSIF) 4id do soma
RASCAL araly6s.

Tre mitgatay results sssurne tha feilura probabibty for succassiyl depovment of
mtigaton i 0. The unmiligaied renAls assume if ix 1
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Schaperow, Jason g/

e
From: Schaperow, Jasan 'Jw %K 1t
Senl: Wetingsday, August 22, 2012 10:.37 AM .
To: Mrowea, Lynn (QW
Subject: FW SRM -as requested (EOM) )
Attachmenta: SRM 07-18 M120607C DOCX; Spent Fuel Pool Scoping Study doc

Regarding the Spent Fue! Paol Scoping Study, the Commission issued the attached SRM on July 16, 2012
The SRM containg additional requirements on;

» Comparing against risk associated with expadited movement to casks.

« Quantifying the risk reduction associated with mitigaticn,

« Considering the performance of spent fuel pools during actual earthquakes.

| have other comments on the Spent Fuel Pool Scoping Stugy, which | proviged to RES in May 2012. They are
attached for your information,

Jason

From: Wagner, Katie

Sent: Tuesday, August 21, 2012 1:56 PM
Teo: Schaperow, Jason

Subject: SRM -a5 requested (EOM)



July 16, 2012
RML121980043
IN RESPONSE, PLEASE
REFER TO: M120607C
MEMORANDUM TO: Edwin M. Hackett, Executive Director
Advisory Commitiee on Reactor Safeguards
R. W, Borchardt
Executive Director for Operations
FROM: Andrew L. Bates, Acting Secretary /RA/
SUBJECT: STAFF REQUIREMENTS - MEETING WITH THE ADVISORY

COMMITTEE ON REACTOR SAFEGUARDS, 8:30 A M.,
THURSDAY, JUNE 7, 2012, COMMISSIONERS’ CONFERENCE
ROOM, ONE WHITE FLINT NORTH, ROCKVILLE, MARYLAND
(OPEN TO PUBLIC ATTENDANCE)

The Commission met with the Advisaory Committee on Reactor Safeguards (ACRS) to discuss
the Committes’s recent accomplishments and its ongoing and future activities. The ACRS
presented updates on the following specific issues: 1. Spent Fuel Pool Scoping Study (SFPSS),
2. Implementation of Fukushima Recommendatians, 3. State-of-the-Art Reactor Consequences
Analyses (SOARCA), and 4, NRC Research Program.

As the ACRS noted in its April 25, 2012, letter on the SFPSS and reiterated during its meeting
with the Commission, “since the study will not address the safety consequences of the same
severe seismic events on cask loading, transportation, or long-term storage, the overall safety
benefit will not be quantified. The possibility that there could be negative safety consequences
associated with the expedited loading, fransfer, and long-term storage of possidly thousands of
DCSS {dry cask storage systems] would need o be considered.”

The Office of Nuclear Reguiatory Research should conduct a comparative assessment of
SFPSS results against previous studies of safety consequences associated with foading,
transfer, and long-term dry storage. These previous studies should be updated as necessary 1o
conduct the comparative assessment.

The staff should also conduct a human reflability analysis focused on the capability 1o implement
effective spent fuel pool cooling mitigating strategies, such as those required by 10 CFR
50.54(hh) or the recently issued Order EA-12-49, "Mitigation Strategies for Beyond-Design-
Basis External Events.”

Ir addition, the SFPSS8 should consider the avidence from the performance of the spent fuel
poals during the real incidents identified in the additionat comments by ACRS members in the
April 25, 2012, letter,



-2-

The results of the SFPSS and the comparative assessment should be provided to the ACRS for
its review, and subsequenily provided to the Office of Nuclear Reactor Regulation for uss in
disposition of the Near-Term Tasgk Force Tier 3 item on spent fuel storage, and gent 1o the
Commission as an infarmation paper after the staff has addressed the ACRS’s comments.

ce: Chairman Macfariane
Commissioner Svinicki
Commissioner Apostolakis
Commissioner Magwaod
Commissioner Ostendorff
OGC
CFO
OCA
oG
QOPA
Office Directors, Regions, ASLBP (via E-Mail)
PDR -



Patel, Amrit

From: Patel, Amrit

Sent: Thursday, March 31, 2011 8.24 Al

Yo Wood, Kent

Ce: VanWert, Christopher

Subjact: RE: Neutron Absorber Degradation in Full Density Water

Attachmaents: Qptimum Moderation of BWR REFFE Lattice With Fulj Absorber Degradation. xisx

Kent,
R N —~ O ) L

See attached. /\\)‘ } ( 0

Regards,

Ameit D. Patel
U.S. Nuclear Regutatory Commission
General Engineer

NRO/JOSRA/SRSE

From: Wood, Kent ‘ - ( _ ~
Sent: Wednesday, March 30, 2011 10:43 AM - IZ _(,_»{ 2 A
To: Patel, Amrit . _

Cc: VanWert, Christopher to

Subject: RE: Neutron Absorber Degradation in Full Density Water

Je L

Amyit,

| found this vesterday after we talked. What | took from it was that from 100% absorber in place to 0%
ahsorber in place was a 20-30% increase in keft

f you have some time I'd appreciaté if you could run some case and see if there is a optimum moderation
effact, both with and without the absorber.

Thanks,

e S S <,__—-—~&

From: Patel, Amrit

Sent: Wednesday, March 30, 2011 10:02 AM

To: Wood, Kent

Cer VanWert, Christopher

Subject: Neutron Alisorber Degradation in Full Density Water //

Kent, /\)

The figures below are from the papers | prepared while on rotation in SRXB. The rack design is based on the
Peach Bottom pool. The BWR fuel assembly type was a 10 x 10 array modeled with fresh fuel isotopics, The
reactivity equivalent fresh fuel enrichment (REFFE) of 2.67 wi% U-235 was used to simulate the maximum
reactivity siate of the in-reactor depleted fuel. The lattice used for the crificality cailculation with the REFFE fue!
includes no vanished rods and ng gadolinium.

o -



The purpie curve would likely be of most interest since this corresponds to the reactivity eguivalent of spent
fuel at peak raactivity, Of course, thig is for full density water. if you still want, | can do a criticatity search
iterating over moderator density at 100% absorber degradation ta find the optimum moderation, Let me know.

¥'m not sure how helpful this particular case is considering we don't know their pool design and management
scheme.
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Regards,

Amrit B, Patei
U.S. Nuclear Regulatory Commission
General Engineer

NRO/DSRA/SRSH
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United States Nuclear Regulatory Commission

Protecting People and the Environment

Eric E. Bowman

Senior Project Manager
Division of Policy and Rulemaking
Office of Nuclear Reactor Regulation
April 29, 2011
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Regulatory Requi

* IMC Order EA-02-026, Section B.5.b
e License Conditions

« 10 CFR 50.54(hh)(2)
- 10 CFR 50.34(i)
~ -10 CFR 52.80(d)

e 10 CFR 50.150 (new reactors only)



“Develop specific guidance and strategies to
maintain or restore core cooling, containment,
and spent fuel pool cooling capabilities using
existing or readily available resources
(equipment and personnel) that can be
effectively implemented under the
circumstances associated with the loss of large
areas of the facility due to explosions or fire.”



License Condition

Develop and maintain strategies for addressing large fires and explosions and
that include the following key areas:

(1) Fire fighting response strategy with the following elements:
1. Pre-defined coordinated fire response strategy and guidance
2. Assessment of mutual aid fire fighting assets _
3. Designated staging areas for equipment and materials
4. Command and control
5. Training of response personnel

(2) Operations to mitigate fuel damage considering the following:
1. Protection and use of personnel assets
2. Communications
3. Minimizing fire spread
4. Procedures for implementing integrated fire response strategy
5. ldentification of readily-available pre-staged equipment
6. Training on integrated fire response strategy
7. Spent fuel pool mitigation measures*

(3) Actions to minimize release to include consideration of:
1. Water spray scrubbing
2. Dose to onsite responders

* Omitted from those that screened out in Phase 2 Assessments



For Official Use Only - Security Related Information

Phase 2 Assessment |

Results

» 3 Licensees screened out
- Farley
- Indian Point 2
- Seabrook

e Criteria:
~ SFP below grade |
- Walis protected by backfill
- Inadequate volume to drain

For Official Use Only - Security Related Information °



10 CFR 50.54(hh)(2)

Each licensee shall develop and implement
guidance and strategies intended to maintain
or restore core cooling, containment, and spent
fuel pool cooling capabilities under the
circumstances associated with loss of large
areas of the plant due to explosions or fire, to
include strategies in the following areas:

(i) Fire fighting;
(ii) Operations to mitigate fuel damage; and
(iii) Actions to minimize radiological release.



10 CFR 50.150(a)

Aircraft Impact Assessment

e Applies to applicants for CP, OL, DC or COL
issued after July 13, 2009.

« Applicants must perform rigorous aircraft impact
assessment.

» Applicants must incorporate design features to
show that, with reduced use of operator action:

— Either the reactor core remains cooled OR the
containment remains intact,

AND

- Either spent fuel cooling OR spent fuel pool integrity is
maintained



For Official Use Only - Security Related Information

' Phase 1 Guidance
Expectation B.2.m.1

Licensees are expected to put spent fuel in a 1 x 4 repeating pattern or
equivalent, unless otherwise proven to be not applicable or achievable.
Licensees who choose to conform to the NRC-approved resolution (NRC
letter dated March 16, 2006 (ML060690339)) are expected to inciude the
following concept in procedures: "Where feasibie and practical, consistent
with safe fuel handling practices, the licensee should make every attempt
to pre-configure the spent fuel pool to enable direct placement of the
expended assemblies from the vessel to the final distributed fuel pattem.
Where this is not feasible or practical, licensees should distribute the fuel
into the final pattern as soon as possible but no later than 60 days after
subcritcality.” NRC staff also accepted alternate strategies for the timing
to achieve the appropriate pattern, which may be discussed in the site
specific inspection assessments. Licensces’ adopting the use of the NRC-
approved resolution documented their plans in a ietter to the NRC.

For Official Use Only - Security Related Information
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Phase 1 Guidance
.m.2

Licensees are expected to ensure
that hot fuel is not placed over spent
fuel pool rack feet. This restriction
should be proceduralized. If a
licensee's analysis concludes that
flow is not restricted by rack feet,
then this element is not applicable.

For Official Use Only - Security Related Information '’
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Phase 1
ExXpectation B

Gu |dance
2 2. m.3

Licensees are expected to ensure that a
contiguous area is established in the
spent fuel pool and that procedures
ensure sufficient space is available to
support the downcomer effect. This space
may be limited by spent fuel pool loading
issues (such as space, criticality, tech
spec issues, boraflex degradation). The
downcomer area should be maximized
based on limiting conditions in the pool.

For Official Use Only - Security Related information B
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2.2 SFP Internal Makeup

- 500 gpm beyond normal

- Diverse components, piping, and
power supplies external to SFP
building

For Official Use Only - Security Related Information '
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NEI 06-12 Strategies, cont.

2.3.1 SFP External Makeup

- Portable, Power-independent Pump
- 500 gpm for 12 hours

- 2 hours to implement

- Not concurrent for multi-unit sites
- Not concurrent w/spray

For Official Use Only - Security Related Information
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NEI 06-12 Strategies, cont.

2.3.2 SFP Spray
- Portable, Power-independent Pump

- 200 gpm per unit for 12 hours for shared
pools

- Some newly designed plants will have
hard piped spray headers mounted on
walls above SFP.

- 2 hours to implement
- Not concurrent for multi-pool sites
- Not concurrent w/spray

For Official Use Only - Security Related Information 14
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NEIl 06-12 E

quipment

. Stored on-site > 100 yds from SFP

* Not safety related (no QA,
seismic, EQ, etc.)

« May take off site for training

e May take out of service for
routine maintenance

For Official Use Only - Security Related information ™
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Example Pump and Nozzle

16
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Spray Testing

17




