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1:.LJRecords properly classified pursuant to Executive Order 13526
2:JRecords regarding personnel rules and/or human capital administration
3:[JInformation about the design, manufacture, or utilization of nuclear weapons
[information about the protection or security of reactors and nuclear materials
[CIContractor proposals not incorporated into a final contract with the NRC
Cother
4:["]Proprietary information provided by a submitter to the NRC
[1Other
5:]Draft documents or other pre-decisional deliberative documents (D.P. Privilege)
[] Records prepared by counsel in anticipation of litigation (A.W.P. Privilege)
[]Privileged communications between counsel and a client (A.C. Privilege)
Other
6%<] Agency employee PII, including SSN, contact information, birthdates, etc.
[1Third 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):[]Special 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): va Information that could aid a terrorist or compromise security
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Schaperow, Jason

From: Schaperow, Jason ,«M FES

- Sent: Thursday, June 28, 2012 1:59 PM
Ta: - Gibson, Kathy, Esmaili, Hossein; Helton, Donald; Fuller, Edward, Santiago, Patricia; Lee,
Ri¢chard
Subject: FW: the additiohal questions
~ Attachments: RESPONSE: Commissioner Magwood Question on SFPs

This morning, we sent Commissioner Magwoaod's office the attached email. Subsequently, Rebecca Tadesse
from Commissioner Magwood's office called me and sent me the email below. At 1:15 p.m., | called her back

| toid her the following with respect to her first question below:

The post-9/11 sacurity studies included holes in the botiom of the pool and in the side of the pool. For a hole
in the bottom of the poo!, the pool drained down completely so the fuel was not covered. For a hole in the side
of the poal. the pool drained down to the elevation of the hole s¢ the fuel was partially covered.

The Spent Fuel Pool Scoping Study only has cases with a hote in the bottom of the pool. In the Spent Fuel
Pool Scoping Study, the poot drains down compiletely and the fuel heats up and catches fire. The poof drain-
down and heat-up plots for the two cases (1.75" hole (aka smali leak) and 4.5 hole (aka moderate leak)} are
gven on slides 15 and 16 of our briefing for Chairman Jaczko on June 12, 2012.

{ told her the following with respect to her second question below:

Plugging or clogging a hole in the pool wall might be accomplished by sliding a steel plate down into the pool.
Such mitigation strategies (lo slow or stop a leak) were congidered as part of the site-specific assessments that
each licensee conducted and the inspections that the NRC conducted at each site to address vulnerability and
mitigation measures. | do not know whether any of the plants have such mitigation strategies in place. As far
as ! know, there are no NRC requirements for this. However, Eric Bowman in NER would know exactly
whether any of the plants have such mitigation strategies (1o stop or slow a leak} in place.

From: Tadesse, Rebecca _

Sent: Thursday, June 28, 2012 10:30 AM , .
To: Schaperow, Jason cl & mritSon
Subject: the additional questions - T

Hi Jason,
Per our conversation these are the {wo guestions that the Commissioner wants ta get information on:
Do trese analyses assume inat the bottom of the fuel is still covered?

Doesn't this suggest that having some mechanism to siow the loss of water (plugging or clogging the hole)
would be important? Have they considered that?

Rebecca Tadesse

U.S. Nuclsar Regulatory Commigsion

Policy Advisor for Malerials

Office of Commissioner Witiam D, Magwoud
3C1-415-8425

R Tadessefnoc gov

- ks
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Schapsrow, Jason

From: Rini, Brett

Sent: Thursday, June 28, 2012 7:54 AM RES
To: Chen, YanJu f

Ca: Gibson, Kathy

Subject: RESPONSE: Commissioner Magwood CQluastion on SFPs

Yen,

Here’s our response 1o Commissioner Magwoad's question from this week’s briefing. Please forward to his office.

A staff briefing for Commissioners Magwood and Ostendorff on spent fuel safety on June 25, 2012, included

predictions of minimum decay times for which fuel in a spent fuel pool is air coolable for different fuel loading
patterns such as one recently officaded assembly surrounded by four iow power assemblies (1 by 4). During
the briefing, Commissioner Magwood askad how long it takas for the pool to drain and a zirc fire to begin for

scenarios in which the fuel is not air coclable.

For a 1.75 -diameter hole in the pool with the most recently offioaded fuel with 37 days of decay arranged ina
1 by 4 pattern, the water leve! reaches the top of the fuel at 20 hours and rapid cladding oxidation (zire fire)
begins at 40 hours. For a 4 5" -diameter hole, the water level reaches the top of the fuel at 3 hours arxi rapid
cladding oxidation begins at 16 hours. These predictions are part of the staff's analysis for the ongoing Spent
Fuel Poal Stoping Study that estimated that the frequency of SFP liner damage due to the seismic event
studied is roughly 1.6e-6 per year. The frequency of a radiological release is lowsr than this value by 1to 3
orders of magnitude for the scenario cansidered, due to the additional considerations of AC power fragility, ar
coolability during large portions of the operating cycle, and the beneficial effects of deploying mitigation (when
it is credited). _

if there are any questions or for further information, please contact Katie Wagner at (301) 261-7917 or

Katie. Wagner@nre.gov.

Thanks,
Brett
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. Ahn, Tae _
m L
Sdubject: 4713, Update - Seminar on Spent Nuclear Fuel
Location: E2C189
Start: - FriDa/26/2013 8:30 AM
Encd: Fri 0472672013 1230 PM

" Recurrence: _ - {none)

WMeeting Status: | Meeting organizer
Organizers - = Ahn, Tag

Heguired Attenders: - Wintenzo RONDINELLA@er europa.cu’s Guttmarn, Jack; Rubenstone, James; Lee,
. ' Richarg; Einziger, Rober; Yoglewede, John; Raynasud, Patrick’ Scott, Harold; Flanagan,
: ) : wiichelle; David Pickett; Gwg, Jin-Ping; Doolittle, Elizabeth; Smith, Shawn
Optional Attendees: Cao, Tianging; Kim, Yong; Gray, Anita; WcCartin, Timothy; Hill, Brittain; Partaio, Charity;
' Ounn, Darrell; Jagannath, Banad; "Pickett, David A.'; Gonzalez, Hipolito

Bridge Number: 800-779-6447, Passcode:[""
Video: CNWRA

Guest Speaker: _ sl ALer~ g

Dr, Vincenzo Rondinella

European Commission, Joint Research Centre, Institute for Transuranium Elements (ITU), P.O.Box 2340,
76125 Karlsruhe, Germany

$:30 am 10 9:00 am, meet with SFAS Director, Josephine Picoone = wmeadimg '
'_ ' — padelly - ain-deprd
_ ' ~ch
Main Presentation, 9:00 to 10: 00 am - 20, 0. fq (r;(?"() b

' “Safety of Spent Nuclear Fuel (SNF) after Discharge,”

- ﬂwﬂ‘o,{ :mﬁm & 91"'4‘84

~including accelerated damage studies and SNF measurements. 5m<5 irs (L o - J‘F“@

' Prcsmmdcn/ﬁxcﬁange, 10:00 — 11:00 am < M bh) s m’?‘(
t
- Properties and Bchawor of the High Burnup Structure and Data on Corrosxon/beachmg of SNF and
Analogues, | _ ol rpisiaad M;

- SIMFUEL Dissolution Test Results (INRC/T Ahn, 20 minutes)
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Presentation/Exchange, 11:00 am — 12:30 pm
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- 4n Overview of Same Ongoing EU Projects on Radionuclides Relevant i Performance Assessment and
SNF Characterization; Severe Accident Studies

- Scoping of Options and Analyzing Risk (SOAR) Models for Wm Form Dissotution (NRC/T Ahm, 20
minutes) _

Lunch, 12:30 pm

Notes:

(1) Time change

{2) New topic: severe acgident

(3) Vincenzo will hear about two more NRC activities on cladding stress (he is a coliaborator} and spent
fuel drying on 4/29 during International High-Leve} Radioactive Waste Management Conference in the
following week, Albugquerque.

315



Two B5b Pumps

* Goodwin fire pump

— 650 gpm -
ER-NN i
* Goodwin Model 130
— 1300 gpm
I
Notes:

- Max small leak: ~ 250 gpm

- Max moderate leak: ~1900 gpm

- An Inject nozzle capacity: 500 gpm
- A spray nozzle capacity: 250 gpm

15
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Fdimrose, Donald

From: Spencer Michgel

Sent: Friday, October 28, 2011 410 PM

To: Ralmross, Donad U
Ce: Hait, Michelle, Brown, David; Mulr. Jezsle, Whited Ryan, Ciayton Brent (,'\
Subject: RE inic related 1o 5FPs 6

Thanks, this is heipful. Long story shast; Our FEIS references the section of the GEIS that discusses SFP
accidents and concludes that impacts are SMALL,

Michael

From: Palmrose, Donald
Sent: Friday, October 28, 2011 3:56 PM Q.p
To: Spencer, Micheel \5

Cc: Hart, Michelie; Brown, David; Muir, Jessie; Whited, Ryan; Clayton, Brent
Subject: Info refated to SFPs

Michael,

As you mentioned in our prior phone call, Section 6.4.6 of the GEIS has info related to SFP accidents. From
reading the text, it appears that the following documents formed the basis for the conclusion inthe GEIS: 55
FR 38474 and NUREG-1092. | cannot download 55 FR 38474 from GAO's Federal Register website since
they only go back to Volume 58 (1884}, NUREG-1082 is related to ISFSis so | wouid not try to pull up that
document. i you have a way of getting 55 FR 38474, this is probably the best one to try reading. Also, if you
can get a copy of this FR, please send Michelle and me a copy.

Michelle sent me an email that points to 73 FR 46204 on the denial of two petitions for rulemaking related to
SFPs. This document is attached.

Finally, there is also an NRC Fact Sheet on “Reducing Hazards from Stored Spent Nuclear Fuel” at

hitp.{www nre govireading-rm/doc-collectionsffact-sheets/reducing-hazards-spent-fust imt This may only
help to put into context past NRC actions.

Hope this heips,
Don

Don Palmrose

Sr. Project Manager
NRO/DSER/RAP3
301-415-3803
T7-F38



Spilzbegg‘ Blair

A

Fron: Spitzberg, Blair
Sent: Monday, June 10, 2013 9:37 AM
To: Ketlar, Ray
Subject; FW: Diablo Canyon Seismic Faults
Attachments: ser chpt15.pdf
Tracking: Reciplont Reed

Kellar, Ray Read: 8/10/2013 9 37 AM

Sent: Thursday, March 19, 2009 9:58 AM

To: Shana Hefton

Cc: Eric Benner; Blajr Spitzberg
Subject: Clablo Canyon Setsmic Faults

Hi Shana,

(bXS)

Thanks,
Ray

Ray L. Kellar, P.E.

US NRC RIV

inspector

Phone; 817-860-8164

Fax: B817-86(-8188
Email:  raykellar@nrc.gov




15 ACCIDENT ANALYSIS
15.1 Conduct of Review

The statf evaluated the applicant’s accident analysis by reviewing Chapter 8, "Accident
Analysis,” of the Diablo Canyon ISFSI SAR (Pacific Gas and Electric Company. 2003),
gocuments cited in the SAR, and other relevant publicly avaitable information, including web
gites on the Intamet.

inthe ISFS! SAR and in its responss to the staff's Request for Additiona} information {RA)
(Pacific Gas and Electric Company, 2002), PG&E described the basis for selecting off-normal
and accident events to ensure that all relevant potential scenarios have teen considersd. The
selection of these off-normal and acoident event scenarios is based on guidance in
NUREG-1567 (U.S. Nuclear Regulatory Commission, 2000). In addition, PG&E also
reviewed other site-specific applications and associated NRC evaluations in developing the
spectrum of postulated events 10 be analyzed.

The dry cask storage system to be used at the proposed facility is the HI-STORM 100 System,
which has been reviewed by the NRC and approved for general use under Certificate of
Compliance (CoC) No, 1014-1 (U.S. Nuclear Regulatory Commission. 2002a). As discussed in
Chapters 4 and 5 of this SER, the design-basis loads considered in the HI-STORM 100 System
Final Safety Analysis Report (FSAR) bound the loaxting conditions at the proposed Diablo
Canyon ISFSL Thus, where applicable, the stalf relied on the review carried out during the
certification process tor the HI-STORM 100 cask systermn, as documanted in the NRC
Hi-STORM 100 System SER (U.S. Nuclear Reguiatory Commission, 2002b).

The staff reviewed the accident analysis to determine if the following regulatory requirements
have been met;

» 10 CFR §72.90 requires that: (a) site characteristics that may directly affect the
safety or environmental impact of the ISFSI must be investigated and assessed;
{b) proposed sites for the ISFSI must be examined with respect to the frequancy
and the severity of external natural and man-induced events that cauld affect the
safe operation of the 1SFSI: {c) design basis external events must be determined
for each combination ¢f proposed site and proposed ISFSI design; (d} proposed
sites with design basis extermal events for which adequate protection cannot be
provided through ISFSI design shall be deemed unsuitable for the focation of the
ISFSI; (e) pursuant to subpart A of Part 51 of Tille 10 for each proposed site for
an ISFS|, the potential for radiological and other environmental impacts on the
region must be evaluated with due consideration of the characteristics of the
population, including its distribution, ang of the regional environs, including its
nigtorical and esthatic valuas; and (1) the facility must be sited 50 as to avoid 1o
the extent possible the Iong-term and short-term adverse impacts assoiated
with the oocupancy and modgification of floodplains.

. 10 CFR §72.92 requires that: (a) natural phenomena that may exist or that can
gocur in the region of a proposed site must be identified and assessed according
to their potential efects on the sale operation of the ISFSL. The important
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natural phenomena that affect the 1SFS! design must be identified; (b) records of
the occurrence and severity of thoss important natural phenomena must be
collected for the region and evaluated {or reliability, accuracy, and completeness.
The applicant shall refain these reconds until the license is issued; and (¢)
appropriate methods must be adopted for evaluating the design basis external
natural events based on the characteristics of the region and the ¢urrent stale of
knowledge about such events.

10 CFR §72.94 requires that: (a) the region must be examined for both past and
present man-made fagilities and activities that might endanger the proposed
ISFSI. The important potential man-induced events that alfect the |SFSH design
must be identified; (b) information conceming the potentiat occurrence and
severity of such events must be collected and evaluated for retiability, accuracy,
and compleleness, and {c) appropriate methods must be adopted for evaluating
the design basig external man-induced events, based on the current state of
knowledge about such events.

10 CFR §72.98(a) requires that the regional extent of external phenomsna,
man-made or natural, that are used as a basis for the design of the ISFS]
be identified,

10 CFR §72.98(c) requires that thoss regions identified pursuant 1o paragraphs
10 CFR §72.98(a) and §72.98(b) be investigated as appropriate with respect

to: {13 the present and future character and the distribution of population,

{2) consideration of present and projected future uses of land and water within
the region. and (3) any special characteristics that may influence the potential
consequences of a release of radioactive material during the operational lifetime
of the ISFSL.

10 CFR §72.102(1){1) requires that the design earthquake for uae in the design
of structures be determined as follows: (1] tor sites that have baen evaluated
under the criteria of Appendix A of 10 CFR Part 100, the design earthguake must
be equivalent to the safe shutdown earthquake for & nuclear power plant; and

(2) Regardiess of the results of the investigations anywhere in the continanial
U.8., the design garthquake must have a vailug for the horizontal ground motion
of no Iess than 0.10 g with the appropriate response specttum.

10 CFR §72.106(b)} requires that any individual located on or beyond the neares!
boundary of the controlled area not receive from any design basis accident the
more limiting of a otal effective dose equivalant of 0.05 Sv (5 rem), or the sum of
the deep-dose equivalent and the commitled dose equivalent 1o any individual
organ or tissue (other than the lens of the eye) ¢of 0.5 Sv {80 rem). The lens of
the eve dose equivalent shall not exceed 0.15 Sv (15 rem) and the shallow dase
equivalent to skin or to any extremity shall not exceed 0.5 Sv (50 rem). The
minimum distance from the spent fuel or high-ievel radicactive waste handling
and storage facitities 1o the nearest boundary of the controlled area must be at
least 100 meters.
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10 CFR §72.122(b} requires that {1} structures, systems, and components
important 1o safety be designed to accommodate the effects of, and to be
compatible with, site characteristics and environmental conditions assotiated
with normal operation, maintenance, and testing of the ISFSI and 1o withstand
postutated accidents; and {2) Strucluras, systems, and components important to
safety must be designed o withstand the effects of natural phenomena such as
earthquakes, tomadoes, lighting, hurricanes, floods, isunami, and seiches,
without impairing their capability o perform safety functions. The design bases
for these structures. systams, and components must reflect: (i) structures,
systemns, and compenents important to safety must be designed to withstand the
effects of natural phenomena such as earthquakes, tornadoes, lighining,
hurricanes, floods, tsunami, and seiches, without impairing their capability 1o
perform their intended design functions. The design bases for these structures,
systemns, and companents must reflect; (A) appropriate consideration of the most
severe of the naturai phenomena reported for the site and surrounding area, with
appropriate margins 1o take into account the fimitations of the data and the
period of time in which the data have accumulated, and (B} appropriate
combinations of the effects of normal and accidert conditions and the eftects of
natural phenomena. (i) The ISFSI also should be designed 1o prevent massive
coltapse of budlding structures or the dropping of heavy objects as a result of
building structural failure on the spent fuel, high-evel radicagtive waste or on 10
structures, systems, and components important {o safety.

10 CFR §72.122(c) requires that structures, systems, and components isnportant
to sately must be designed and located so that they can continue to perform
thewr safely functions effectively under credible fire and explosion exposure
conditions. Noncombustible and heat-resistant materials must be used wherover
practical throughout the ISFSI, particutarly in locations vital to the controf of
radicactive materials and to the maintenance of safety control functions.
Explosion and fire delection, alamm, and suppression systems shall be designed
and provided with sufficient capacity and capability o minimize the adverse
eftects of tires and explosions on structures, systems, and components
important to safety. The design of the ISFSI must include provisions to protect
against agverse effects that might result from sither the operation or the failure
of the tire suppression system.

10 CFR §72.122(h){1) requires that the spent fuel dadding must be protected
during storage against degradation that leads to gross ruptures or the fuel must
be otherwise confined such that degradation of the tuel during storage will not
pose operational safely problems with respect to its removal from storage. This
may be accomplished by canning of consdlidated fuel rods or unconsolidated
assemblies or other means as appropriate.

10 CFR §72.122(h}{4) requires that storage conlinement systems must hava the
capability for continuous monitoring in a manner such that the licensee will be
able 1o determine when corrective action needs to be taken 1o maintain safe
storage conditions. For dry spent fuel storage, periodic monitoring is sufficient
provided that periodic monitoring is consistent with the dry spent fusl storage
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cask design requirements. The monitaring period must be based upon the spent
fuel storage cask design requirements.

. 10 CFR §72.122(h}(5) requires that the waste must be packaged in a manner
that allows handling and retrievability without the release of radicactive materials
10 the environment or radiation exposures in excess of 10 CFR Part 20 limits.
The package must be designed 1o confine the high-level radioactive waste for
the duration of the licenss.

* 13 CFR §72.122(i) requires that instrinnentation and control systems must be
provided to monitor systems that are important (o safety over anticipated ranges
for normal operation and off-narmat operation.

. 10 CFR §72.122(1) requires that Storage systems must be designed to allow
ready retrieval of spent fuel, high-level radicactive waste for further processing
or digposal.

] 10 CFR §72.124(a} requires spent fusl handling, packaging, transfer, and
storage systems must be designed to be maintained subcritical and to ensure
that, belore a nuclear criticality accident is possible, at least two untikaly,
independent, and concurrent or sequential changes have occurred in the
conditions essential to nuclear criticality safety. The design of handling,
packaging, transter, and storage systems must include margins of safety for the
nuclear criticality parameters that are commensurate with the uncertainties in the
data and methods used in calculations and demonstrate safety for the handling,
packaging, transfer and storage conditions and in the nature of the immediate
environment under accident conditions.

. 10 CFR §72.128(a){2) requires that spent fuel storage be designed with suitable
shielding for radioactive protection under normal and accident conditions.

The proposed ISFSI facility must be sited, designed, constructed, and operated so the
above-mentioned regulatory requirements are mat {0 adequately protect public health and
safety during all credible off-normal and accident events.

15.1.1 Off-Normal Events

The off-narmal events are described in Section 8.1, “Off-Normal Operations,” of the SAR. This
section of the SER discussas results from the review of potential off-normal conditions, which
include cask drop from less than design allowable height, partial vent blockage, and operational
avents. Where applicable, the staff relled on the analyses in the HI-STORM 100 System FSAR
and the related staff evaluation as documented in the HI-STORM 100 System SER (U.8.
Nuciear Reguiatory Commission, 2002b).

18.1.1.1 Cask Drop Less Than Design Aliowable Height

Due 10 the dasign features and administrative controls applied Yo the ISFSl-related activities
conducted within the DCPP FHB/AB, a potential drop of the HI-TRAL 125 Transfer Cask is only
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considered during the periad that the loaded Transter Cask is moved between the FHB/AB and
the Cask Transfer Facility (CTF). Similarly, the drop of a loaded storage cask is only
considered during movement between the CTF and the ISFSI storage pads. In its response
the staff's RAI {Pacific Gas and Electric Company, 2002), PG&E committed to design the cask
transporier 50 it wilt have redundant drop protection features and will conform to the criteria of
NUREG-0812 (U.S. Nuclear Reguiatory Commigsion, 1980), American National Standards
Institute (ANS[) N14.6 {(American National Standards institute, 1993), and ASME 830.9-1988
{ASME Intemational, 1996). The staff previously determined that a specific limit on cask Iift
height during transfers between the FHB/AB, CTF, and the storage pads is not necessary If
these cask transportar design requirements are met (U.S. Nuclear Regulatory Commission,
2002a). Therefore, based on the applicant’'s commitment to these design standards, transfer
and storage cask drop events are not considered credible and an evaluation of a cask drop tess
than the design allowable helght is nat required.

15.1.1.2 Partial Vent Blockage

The staff previously determined that the HI-STORM 100 storage cask provides adequate heat
removal capacity under partial vent blockage conditions, so long as the fuel specifications and
loading conditions as defined in the HI-STORM 100 System CoC and SER (U.S. Nuclear
Regulatory Commission, 2002a.b} are adhered 1o and the environmental characteristics of the
site are bounded by the corresponding design criteria (see Section 6.1.3 of this SER). The
propossd Diablo Canyon ISF81 Technical Specifications inciude surveillance requirements for
ensuring that the cask heat removal system is operationat during storage (i.e., the air ducts are
inspected every 24 hours to ensure that the ducts are free of blockages).

15.1.1.3 Operational Evenis
Failure of instrumentation

No off-normal events that invoive failure of instruments and control systems are postulated
because the passive dry cask storage system does not rely on permanent instruments o
monitor the heat and radiation at the ISFSI storage pad site. The HI-STORM 100 storage
casks will be visually inspected as required by the Technical Specifications to snsure that the
overpack inlet and cutlet air ducts remain free from blockages. If a blockage is detected, it will
be removed within ona operating shift. Radiation and airborne radicactivity will be monitored
using portable hand-held radiation protection instruments and dosimelers during transfer
operations al the CTF and routine maintenance at the ISFS! starage area.

Based on the staff's review of tha information provided regarding failure of instrumentation,
there is reasonable agsurance that important to safety functions will not be affected for the
proposed cask system or the proposed ISFSI.

ghi act
The staff reviewed the information presented in the ISFSt SAR Chapters 3 and 4, “Principal
Design Criterla,” and, *ISFSt Design,™ and Section 8.2.4, “Drops and Tip-Over.” Vehicular

impact is postulated by the staff to occur during mavement of a lnaded transfer cask from the
FHB/AB to the CTF, or movement of a loaded storage averpack from the CTF to the storage
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pads, of in the storage pad area. Vehicular impacts are postulated to result from an interaction
between the cask transporter, dan onsite service vehicle. or an off-site vehicle used by site
personnel and a Ioaded transter or storage cask. Equipment failure, operator error, or a naturat
event {e.g., tornado) may lead to this off-normal event. Occurrence of this event would be
aasily identifiable from visuat evidence, such as dents of scratches on casks, onsite vehicies.
and other ISFSI facility structures, systems, and components (SSC).

As discussed in the HI-STORM 100 System FSAR, the HI-STORM 100SA storage cask and
HI-TRAC 125 Transfer Cask are designed to withstand a tornado missile equivalent to the
impact 0! an automobile weighing 1,800 kg [3.968 Ib] traveling at a speed of 202 km/h [56 m/s]
{126 mph [185 ft/s}} (SAR Table 3.2-2). This tornado-missile analysis for the storage cask and
the staft avaluation are provided in the HI-STORM 100 Systeam FSAR and the related NRC
SER. That analysis indicated that such impacts woulg not result in damage to the cask
contenis. Since ansita vehicles at the DCPP are assumed to be traveling at a much lower
speed than that assumed in the tomado missile analysis, pogtulated vehicular impacts for the
HI-STORM 100 System iranster and storage casks are bounded by the tornado missile
analysis, and no damage to the spent fuel contents will result from these events. -

The cask transporter and CTF are designed to withstand a tornado missile equivaient 1o the
impact of an automobile weighing 1,800 kg [3.968 Ib] traveling at a speed of 15 mvs {48.8 s
{33.3 mph}} (SAR Table 3.2-2) (Pacific Gas and Electric Company, 2003). The tornado missile
analysis and the staff’s evaluation are provided in Section 8.2.2 the ISFS] SAR and Section
15.1.2.10 of this SER, respectively. Onsita vehicles will generatly be traveling at a much lower
speed. Therefore, vehicular iImpacts for the cask transporter and CTF are also bountgded by the
tornado missile analysis.

The staff finds that potential vehicular impact will not impair the ability of the SSCs o maintain
subcriticality, confinement, and sufficient shielding of the stored fuel.

Loss of Electrical Powsr

The stati reviewed the information presented in Section 8.1.8, “Loss of Electrical Power,” of the
SAR as an ofl-normal event. Total loss of extemal alternating current power 15 postulated to
occur during the facility operations. The loss of slectrical power at the Diablo Canyon ISFSI
facility may occur because of natural phenomena, such as lightning or high winds, or as a resuft
of failure of the electrical distribution system or equipment. A loss of electrical power will be
detected through loss of functions of the electric-powered equipment.

No safety featuras required for kfting, upending, and lowsring of the HI-TRAC 125 Transfer
Cask, multi-purpose canister (MPC} and HI-STORM 1008A storage cask at the CTF will be
affected by a loss of power, because these operations will be conducted by the cask
transporter, which is driven by an on-board diess! engine. Similarly, the emplacement
operations of a HI-STORM 100SA siorage cask on the ISFSI storage pad location are also
conducted using the cask transporter and do not rely on electric power from other onsite or
ofisite sourcas,
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Electrical power is supplied through onsite sourtes to each of the three lifting screw jack motors
and centrol systems that operate the CTF lifting platform. The CTF lifting platform will raise and
tower the MPC during the transfer operation of the MPC from the HI-TRAC 125 Transfer Cask
e & HI-STORM 1005A storage cask. In the event of a power loss during the operations of the
{ifting platiorm, ali three screw jack motors will stop simultaneocusly to prevent a potential
uncontrolied descent of the storage cask inside the CTF, The lift jacks will remain stopped and
will require manual action to restar! upon restoration of power. in the uniikely event of an
extended period of power loss, the storage cask (including the MPC) will be raised to grade
level from the CTF lifting platform within 22 hours using the cask transporter to ensure that
short-temn cladding temperature limits will not be exceeded.

No radiological impact is expacted from a loss of electiic power because there is no joss of
MPC confinementt during this off-normal event. In addition, the transfer cask is designed to
provide adequate shielding and decay heat removal from the canisters. The operators would
take measures o maintain adequate distance and additional shielding betwsen themselves and
the CTF to minimize exposure until power is restored and the transter operation is resumed.

The staft concludes the applicant’s avaluation of loss of electricat power as an off-normet event
is adequate in providing reasonable assurance that Diablo Canyon ISFSI operations can be
conducied without endangering the health and safety of the public.

Cask Transporter Off-Normal Operation

The staff reviewed the information provided in Section 8.1.7 of the SAR, “Cask Transporter
Off-Normal Operation.” The transporier with a ikcaded {rangfer cask will travel a distance of 1.9
km [1.2 mi] along the transporter routs from the DCPP to the CTF and will take approximately
3.0 hours per transport. The transporter is also used in the transter operation of an MPC from
the HI-TRAC 125 Transfer Cask 1o a storage cask at the CTF and in the emplacement of
storage casks on the ISFS| pads. The off-normal events from operation of the cask transpaorter
could arise from driver error or incapacitation, transporter engine failure because of mechanical
faiture, or loss of hydraulic fluid in the hydraulic system. A support team will walk with the
transporter and observe the driver and transporter movement. At the sight of driver distress or
swerving of the transporter, the support personnel can stop the transporter using either of two
stop switches located outside the transporter. The transportar is also equippsd with automatic
shutoff control to stop the venicle in the event of incapacitation of the driver. The same ¢ontrol
will also be used for emergency stops during the lifting operation at the CTF. Transporter
engine failure would stop the vehicle or hydraulic brakes would engage 1o stop lifting
operations. Mydraulic system failure would be detected by pressure instrumerntation on the
transporter, and any loss of hydraulic fluid will engage hydraulic brakes {o stop fifting
operations. The transporter is designed to opsrate in a “fail-safe” mode so any uncontrofled
lowering of a transfer cask loaded with an MPC or storage cask is precluded.

Oft-normal events associated with cask transparter operation are not expected to cause
radiological dose as the confinement and shielding of spent nuclear fuel will not be atfectsd,

The staff concludes that the applicant’s assessment of cask transporter off-normal operation is

adequate in providing reasonable assutance that Diable Canyon ISFSH operations can be
conducted without endangering the health and safety of the public.
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15.1.1.4 QH-Normal Ambient Temperatures

The off-normal environmental temperature range for the Diabio Canyon ISFSHis -4.4 10 36.1°C
[24 to 97°F]. This oft-normal temperature range is bounded by the previously evaluated
off-normal temperature ranges for the HI-STORM 100 storage casks and HI-TRAC 125
Transter Cask. Specifically. the previously evaluated off-normal temperature range for the
HI-STORM 1008A storage cask is -40 10 38 °C [-40 10 100 “F] and for the HI-TRAC 125
Transfer Cask, ~18 to 38 “C [0 t0 100 °F]. The siaff previcusly determined that the
HI-STORM 1008A storage casks and HETRAC 125 Transfer Cask designs provide adequate
heat removal capacity during oH-normal ambient temperature conditions so long as the fuel
specifications and loading conditions as defined in the HI-STORM 100 System CoC and SER
{U.S. Nuclear Regulatory Commission, 2002a,b) are met. The Diablo Canyon ISFSI Technical
Specifications will ensure that the relevant conditions assumed in the previous analysis for the
HI-STORM 100 system are also rnet for the Diablo Canyon spent fuel.

15.115 CH-Norma!l Pressures

Section 8.1.1.1 of the Diablo Canyon ISFS] SAR indicates that the off-normal pressure within
the MPC, which is the sole pressure boundary for the HI-STORM 100SA storage cask, is
evaluated considering a concureent rupture of 10 percent of the stored fuel rods while exposed
10 off-normal ambient temperaturas of 38 “C [100 "F]. Note that this off-normal temperature
bounds the off-normat temperature for the proposed Diablo Canyon site (see Section 6.1.3 of
this SER). The staff previously determined that the meihodology used 10 assess this oH-nomal
condition is accepiable and that thera are no consequences that alfect the public health and
safety so long as the fuel specifications and loading conditions as defined in the HI-STORM 100
System CoC and SER (U.S. Nuclear Regulatory Commission, 2002a,b) are mel. The Diablo
Canyon ISFSI Technical Specitications will ensure that the relevant conditions assumed in the
previous analysis for the HI-STORM 100 system are also met for the Diablo Canyon spent fuel.

15.1.2 Accidents

The ISFS| SAR includes a discussion of potential accidents resulting from both extematl natural
and man-induced events at the proposed facility. Natural phenomena events are discussed in
Chapter 2, “Site Charactetistics” of the SAR. The stalf's evaluation of those events is
discussed in Chapter 2 of this SER, The accident analysis review tocused on the effects of the
natural phenomena and human-induced events on 88Cs important to safety. Analylical
techniques, uncertainties, and assumptions were sxamined, Each event was examined to
ensure that it includes: (1) a discuasion of the cause of the event, {2) the means of detection of
the event, (3) an analysis of the consequences and the protection provided by devices or
systems designed to limit the extent of the consequences, and (4} any actions required of the
operator.

The Diablo Canyon ISFSI will use the RI-STORM 100 dry cask storage system. Where

applicable, the staff relied on the analyses in tha HI-STORM 100 System FSAR and the related
staff evaluation as documented in the HI-STORM 100 System SER.
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15.1.2.1 Cask Tip-Over

The stalf has praviously determined that cask tip-over events need not be congidered for the
approved HI-STORM 1008A system, based on the cask anchorage system used and the
storage pad design specifications {U.8. Nuclear Regulatory Commission, 2002a.b). Sections
3.3.2 and 4.2.1.10of the ISFSI SAR {Pacific Gas and Electric Company, 2003) describe the cagk
anchoring system that will be used for the Diablo Canyon [SFSI, and this design also preciudes
the need for consideration of cask tip-over events. The staff's evaluation of the storage pad
and anchorage system design can be found in Section 5.1.3 of this SER.

15.1.2.2 Cask Drop

Due to the design features and administrative controls applied to lcad handling activities in the
FHB/AB, a potential drop ¢f the loaded HI-TRAC 125 Transfer Cask is only considered during
movement between the FHB/AB and the CTF. Similarly, a drop of a loaded HI-STORM 100SA
storage cask is only considered during transport between the CTF and the ISFSI storage pads.
In its response to the statfs RAI (Pacific Gas and Electric Company, 2002}, PG&E committed to
design the cask transporter so it will have redundant drop protection features and will conform
{0 the criteria of NUREG-0612 {U.S. Nuciear Regulatory Commission, 1980}, American
National Standards Ingtitute {ANSI) N14.8 {American National Standards Institute, 1993), and
ASME B30.9-1906 {(ASME intemational, 1856). Based on the applicant's commitment to these
design standards, transfer and storage cask diop events are not considered credibie.
Therefore, a lifting height limit need not be specified for the loaded casks during movements
betwean the FHB/AB, CTF and the storage pads, provided that all of these cask transportst
design requirements are met,

15.1.2.3 Fiood

The applicant has not considered flooding a credible accident at the Diablo Canyon ISFSL. As
discussed in Section 2.1.4, "Surface Hydrotogy,” of this SER, PG&E demonstrated that local
natural and man-made drainage systems are sufficient to prevent flooding of the 1ISFSI pad site
and CTF,

16.1.24 Fire and Exploslion

Fire

The staff reviewed the information presented in Section 8.2.5, “Fire,” of the ISFSI SAR.
Additional information presented in SAR Sections 4.2.3.3.2.10, “Fire;” and 4.2.3.3.2.11,
"Lightning,” was also cmsicered in this review.

Locations pertaining to the proposed ISFSI that (ail within the purview of 10 CFR Panl 72 review
are the transport route from the DCPP FHB/AB to the CTF, within the CTF, and within the cask
storage area. Credible fire accidents potentially affecting SSCs important to safety at the
proposed facility identitied by PG&E are:

(4))] Aronsite cask transporter fuel tank fire;
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¥4 OCther onsite vehicls fuel tank fires;
3 Combustion of other local stationary fus tanks;
4 Combustion of ather local combustible materials;
5 Fire in the surrounding vegetation; and
(6) Fire from mineral cit from the Unit 2 transfarmers.
Additional information and the staff’s evaluation are grovided in Section 8.1.5.1 of this SER.

The cask transporter will be used to move the spent nuclear fue! in an MPC from the FHB/AB to
the CTF using the HI-TRAC 125 Transfer Cask. After the MPC has been transferred 1o the
HI-STORM 1008A starage cask at the CTF, the cask transporier will be used to move the
loaded storage cask onto the storage pad. To limit the potential exposure of the HI-TRAC 12§
Transfer Cask and HI-STORM 100SA storage casks to a fire attnbutable to the transporter
diese! fuel, the fuel tank used for the transporter will be limited to a 188-L [80-gal] capacity by
the ISFSI Technical Specifications.

One postulated fire scenario for the CTF or the storage pads involves the diesel-fueled cask
transporter with a 183-L [50-gal] fuel tank. The tank may rupture, resutting in the spilling and
ignition of all of the diesel fuet. The ability of the HI-TRAC 125 Transfer Cask and HI-STORM
1008A storage casks to provide continement and protect the spent nuciear fuel from gross
degradation as the result of a 189-L {50-gal] diese! fuel fire was previously reviewed and found
to be acceptable by the staft (U.S. Nuclear Regulatory Commission, 2002a,b), and these
findings alse apply to the Diabla Canyon ISFSI for this analyzed event.

Ag described in Section 8.2 5.2 of the ISFS! SAR, administrative controls will be implemented to
ensurg that transient sources of fuel in volumes larger than 188 L [50 gal} will be at a sufficient
distance away {rom the ISFSI storage pads at all times, the CTF during active MPC transter
operations, and the transport route during cask transfer. There ig af least g 30.5-m [100-1f)
clearance between the storage area, CTF, or the cask transport route, and any onsite .
stationary fuel tanks, as described in SAR Section 2.2.2.2.

In its response o NRC additional questions on supplemental blasts and explosions (Pacific Gas
and Electric Company, 2003b), PG&E indicated that a 3,028-L [800-gal} gasoline wanker truck
will use the transport route near the storage area to deliver fuel 1o the vehicle maintenance
shop located approximately 810 m {2,000 #] northeast of the storage area six times a week,
The tanker truck transport route passes by the storage casks on the north side of the proposed
dry storage area. To determine the potential consequences of a gasotline tanker wruck fire
occurring near the propased storage facility, a bounding 7,570-1. {2,000-gal] fire loading
analysis was conducted to assess the potential effects on the HI-TRAC 125 Transfer Cask,
which bounds the patential effects on a HI-STORM 100SA storage cask (Pacific Gas and
Electric Company, 2003a). This fire loading analysis adequately demonstrated that a
nonengulfing 7.570-L [2,000-gal] fuel tanker fire will not adversely affect the HI-TRAC 125
Transfer Cask or a HI-STORM 100SA storage cask at the Diablo Canyon ISFSL.
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Onsite stationary fuel sources include:

k) Three fusl tanks {946 L [250 gal] of propans, 7,571 L [2,000 gal] ot No. 2 diesal,
and 11,356 L [3,000 gafl of gasoiine} located baside the main plant road, 366 m
71,200 fi} from the cask transport route at {5 negrest point; al

{2)  The Unit 2 main bank transformers filled with mineral oil.

The separation distance between the three stationary fuel tanks and the transport route is

366 m {1,200 H]. Because of the separation distance, radiation is the only mechanism through
which released heat would be trangferred to the cask. The surface area of & hemisphere with a
368-m [1,200-ft] radius is in excess of 836,131 m? [9 x 10° ft*]. The projected area of the cask
is approximately 20 m® {220 #?]. Therefore, only 0.0025 percent of the total heat energy
released simuitaneously from these tanks would be directed toward a single cask. Thisis a
small amount of energy, and consequently, a fire in the transporter fuel tank would be
hounding.

The potential for a fire within the CTF as the resutt of a cask transporter or gasoline tanker truck
fuet spill was addressed in response 1o additional NRC questions {Pacitic Gas and Etectric
Company, 2003c). To mitigate the potential effects of these postulated fire events, the
transponer will be designed with a removable fuel tank, and the CTF opening will be located at
& higher elevation than the surrounding area so any fuel spilled will flow away from the facility.
Moregver, administrative controls will prohibit any fransient fuel sources beyond that of the cask
transponer from coming into close proximity of the CTF during transfer operations,

Vegetation surrounding the storage pad area is primarily grass with no signilicard brush or trees
{Pacific Gas and Electric Company, 2003). A polentiat fite in the vegetation may be started by
an offsite fire spreading onto the proposed site or by a lightning of a transmission line strike.

As discussed in Section 8.2.5.2 of the SAR, “Accident Analysis” (Pacific Gas and Electric
Company, 2003), no combustible materials will be stored within the security fence of the
progosed facility at any time. A walk-down of the general area and the transport route will be
conducted prior to any loaded cask transport 10 ensure that all combustible materials are
controlled according to the administrative procedures. PG&E will implement a maintenance
program to prevent uncontrolied growth of vegetation surrounding the storage area,

PG&E submitted an analysis of potential effects of wildfires on the HI-8TORM 1008A storage
casks (Holtec International, 2001a). This analysis evaluated two scenarios: (1) no wind and
(2) 24-km/hr [15-mph] wind in the uphill direction. Although it is expected that tacility personnel
will try to suppress or control the fire quickly, it is postulated that no fire tighting activities occur.
Using simulation codes FARSITE and FLAMMAP, Holiec international developed the values for
the parameters necessary 1o describe the wildfire characteristics (namely, fire intensity, rate of
spread, and flame length)(Pacific Gas and Electric Company, 2003).

There will be a minimum of a 15.2-m (50-fi} gap between the storage pads and the security
tence on the north side of the proposed facility. The gap will be at least 12.2 m {40 fi] on the
other three sides, The restricted area fence surrounds the area protected by the security fence
and is approximately 30.5 m [100 ft] from the storage pads. Hoitec International (2001a)
assumed that the area within the proposed storage facility nuisance fence would be covered
with either gravel or concrete. Therefore, the area surrounding the storage pads would be
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covered with noncombustible materials, which will not onty act ag g barrier for progression of
wild fires but also will not add any additional fuel to the fire,

Electrical iransformers are located approximately 73 m [240 f] from the transporter routs. The
mineral oif within these transformers could be ignited by lightning strike, vehicle crash, or
internal electrical faults {Pacitic Gas and Electric Cormpany, 2003c). Administrative procadures
wilt prohibit movement of the loaded transporter during inclement weather. Additionatly, DCPP
transition operations significantly reduce the potential for transformer mineral oit being ignited
by lightning or internal electric faults. Each active transformer has a tire-suppragsion system
that will activate in case of a fire, Administrative procedures will also prohibit use of onsite
vehicles during transporier operation, negating the potential of a vehicle accident initiating a
transtormer fire. Moreover, even i a transformer mineral oil fire were to octur, #s effect on the
transfer cask during transport would be bounded by the nonengulfing 7,570-L {2,000-gal] fire-
oading analysis.

The staff reviewed the information provided by the applicant regarding potential onsite fires and
wildfires at the proposed facllity. Tha staff found the applicant’s analysis acceptable because:

. Through design and administrative procedures, potential fire events will be
minimized for the CTF,
* The storage casks are designed to withstand a fire from 50 gallons of diese) fuel

int the fuel tank of the cask transporter.

. Both the transfer and storage casks will be able 1o withstand a nonengulfing
7.570- {2,000-gal} tuet fire.

» Adequata analysis was presented about potential affects of the tanker truck fire
on storage casks sitting on the pads.

. The area surrounding the storage pads will be covered with
noncombustible materials.

Onsite and Offsite Explogion
The staff has reviewed the information presented in SAR Sections 2.2.2.3, "Onsite Explosion
Hazards"™: 8.2.6, "Explosion”; and 3.3.1.6, "Fire and Explosion Protection.” In addition, the staif
also reviewsd analyses of potential explosion events in Holtec Intemational (2002) and PG&E
Calculation No. PRAD1-01, "Rigk Assessment of Dry Cask/Spent Fuel Transportation Within the
DCPP Qwner Controlied Area,” (Pacife Gas and Electric Company, 2003¢). Potential sources
of explosions within the proposed factity include:

H Detonation of a transparter or onsite vehicle fuel tank

{2} Detonation of a 3,028-L [800-gaf! tanker truck while transporting fuel near the
storage pad

{3) Detonation of a propane bottle transported past the ISFSI storage pad
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)] Detonation of an acetylene bottle transported past the ISFSI storage pad

{5) Explosive decompression of a compressed gas cylinder

(6} Detonation of large stationary fuel tanks in the vicinity of the transport route

{7y  Detonation of the bulk hydrogen storage facility

{8) Detonation of acetylene bottles stored on the east side of the cold machine shop

important to safety SSCs that are required to funclion after an explosion svent include the
storage casks, the transportation casks, the transporter, and the CTF. Regulatory Guide 1.91
(U.8. Nuclear Regulatory Commission, 1978) provides an acceptable methodology to estimate
the minimum separation distansce between an explosion source and a structure so that the peak
positive incident overpressure woukd be less than 6.9 KPa [1 psi]. If the minimum separation
distances calculated by following the suggested methodelogy of Regulatory Guide 1,91 are not
sufficiently large to aliow a conclusion that the peak positive incidant overpressure would be
less than 6.8 kPa [1 psil, an analysis of the frequency of hazardous materials shipment may be
used to show the associated rigk is sufficiently low. {f the hazardous materials are shipped by
more than ons transportation mode, the frequency of exposure for the modes should be
summed. Regulatory Guide 1.91 also states that potential expiosion hazards can be screenad
out i, based on realistic or bast estimate bases, an expostire rate less than 1077 per year can
te demonstrated. If conservative estimates are used, an exposure rate less than 107 per year
is sufficiently low.

Regulatory Guide 1.91 sets 6.9 kPa [1 psi] as the peak positive incident overpressure below
which no significant damage to the structures would be expected 1o result from an explosion.
Explosion-induced ground motions are bounded by the sarthquake criteria. Similarly, effects of
explosion-generated missiles would ba bounded by those associated with the air overpressure
levels if the threshoid air overpressure from any explosion sourcs is kept below 6.9 kPa [1 psi],
based on Regulatory Guids 1.91.

A pOiential explosion event can affect (1) canister transfer oparation at the CTF, (2) storage
casks placed on the pads, and {3) the ransfer cask moved by the transporter from the FHB/AB
to the proposed facility. Potential sources of explosive materials that may affect the storage
casks and the canister transfer operation are (1) detonation of the transparier or onsite vehicle
fuel tank, (2} detonation of a 3,028-L [800-gal tanker truck while transporting gasoline past the
ISFSI starage pads, (3) detonation of a propans bottle transported past the ISFSI storage pads,
(4) detonation of an acetylene bottle transponted past the ISFS! storage pads, (5) detonation of
large stationary fuel tanks, and (8) an explosive decompression of & compressed gas cylinder.
Other sources are far away from the proposed storage site and caontain sufficiently small
amounts of explosive materials such that they do not pose a credible hazard o the storage
casks and canister transfer operations. A transfer cask loaded on a transponter could be
aftected by (1) detonation of the fuel tank of the transporier or an onsite vehicle (including the
potential explosion of a parked vehicle fuel tank), (2) explosion of large stationary fuel tanks in
the vicinity of the transport route, (3) explosion of the Bulk Hydrogen Storage Facility, and

{4) sxplosion of acetylene bottles stored on the east side of the colkd machine shop, Explosion
of tha mineral oif in the Uinit 2 main bank transformers was determined 1o be a non-credible
scenario,
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Transporer and/or Onsite Vehicle Fuel Tanks

Potential sources of explosion considered for the Diabio Canyon ISFS! accident analyses
include the fual tanks of the onsite transponer or other onsite vehicles, indluding 3,028-L [800-
gal] gasoline tanker trucks (Pacitic Gas and Electric Company, 2003). The maximum capacity
of the fuel tank of the onsite transporier is 189 L [50 gal] of diesel fuel, The average capacity of
the fuel tank of any onsite vehicle is 76 L [20 gall{Pacific Gas and Electric Company, 2003¢}. A
3,028-1 [800-gal] capacity gasoline tanker truck wilt use the onsite road near the storage pads
on its way o and from the maintenance shop, located approximately 666 m [2,000 fi] nartheast
of the storage pads. PG&E will impose administrative controls to prevent a 15,142-L {4,000-gal}
fuel truck from passing near the proposed storage facility at any time, and to also prevent it
from entering the owner-controlied area at all white spent nuclear fuel is being transterred from
the FHB/AB to the storage pads (Pacific Gas and Electric Company, 2003c).

Detonation of the fuel tank of a transporier end/or an onsite vehicie tould potentially occur near
the storage pads, CTF, and transport route. These events have been analyzed by PG&E, as
they could potentially affect the storage cask, the transter cask, or the structure of the CTF.

In its analyses, PG&E assumed that a minimum distance of 15m [50 ft] will be maintained
between the source of explasion and the nearest storage cask because:

. Mo gasoline-powered vehicles will be allowed within the restricted area of the
proposed lacility; and

. A minimum distance will be maintained between the storage casks and the
protected area lanca at the north zide of the proposed faciity.

The flash point of diese! fuel is §1.7 °C (125 °F). Based ¢n the Fire Protection Association
tHandbook {National Fire Protection Association, 1987}, the flash point of a liquid must be less
than 37.8 °C [10D °F] io be classified as a flammable fiquid. Therefore, diess! in the fuel tank
of a transparter does not pose & credible axplosion hazard,

Reguiatory Guide 1.91 provides a methodology 1o estimate the exposure rale r.

r=nf-s (15-1)
whare,
a - explosion rate {per mile)
H - frequency of shipment (per year)

- exposure digtance (mifes)

Based on data from the National Highway Traftic Safety Administration of the U.S. Department
of Transportation, a total of 6,323,000 crashes involving all types of motor vehicles took place in
2001 (U.S. Department of Transportation, 2003a). Additionally, approximatety 4,450,339 miliion
km [2.781,462 million mi] were traveled in that year by all types of vehicles. Therefore, the
vehicle involvernent rate would be 227 per 160 million km [100 million mi] of travel. Based on
2001 crash statistics compiled by U.S. Department of Transponation, approximately 30 percent
of all vehicle crashes canstitute a single-vehicle crash. Additionally, approximately 30 percent
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of alt single-vehicle crashes ook place at a speed below 48 kmhr [30 mph]. Moreover,
approximately 0.1 percent of all vehicle crashes resulted in a fire.

PG&E, through administrative controls, will preven! any vehicle from passing another within the
setback distance of 52.5 m [175 ft] from the proposed facility (Pacific Gas and Electric
Company, 2003¢). Consequently, only a single-vehicle accident needs to be considered
further, This sstback distance was ssiected so that the resulting air overpressure from an
exploding 76-L [20-gal] gasofine tank would be 6.9 kPa [1 psi}. Additionally. PG&E witl use
administrative controls to prevent any motor vehicles from exceeding the speed fimit of

40 kmvhy {25 mph] in the area of the proposed facility (Assumption 7). Therefore, the frequency
ol vehicle fire has been estimated by PGSE to be 3.28 x 10 'Y per km [2.04 x 107" per mi].
Assuming conservatively that every vehidle fire feads to an explosion, the explosion rate of
vehicle tire, n, would be 3.26 x 107" per km {2.04 x 10 *° per mi,

The exposure distance, &, is the distance akong the road within the setback region of the
proposed facility from which the storage casks would have the potential to receive an air
overpressure greater than 6.9 kPa [t psi]. This distance Is estimalest to be approximately 80 m
[300 fi}. As stated by PG&E (Assumption 10), a maximum of 140 gasoline-powered vehicles
would pass by the proposed facility in a day. Consequently, approximately 51,100 times in a
year all tems important to safety at the proposed facility would be exposed to the explosion
hazard from passing gasoline-poweared mator vaehicles. Therefore, the annual frequency of
exposure, 1, is

300

= 204 e i
r 04 x 10 XS“QOXSSBO

= §92x 107 por year (15-2)

The staft concludes that the annual frequency of accurrence of a transporter and/or ansite
vehicle fuel tank explosion was estimated in a conservative manner.

Parked Vehicle Fuel Tanks

PG&E used a probabilistic analysis to estimate the annual frequency of explosion of an on-site
vehicte, parked in the power plant parking lots, that may have a potential to damage a transter
cask being hauted by the transporter on the transport route.  Singe the start of construction of
DCPP 30 years ago, there has never been an explosion of a parked car, akhough one parked
car caught fire. PG&E conskiers thig an incredible scenario as, by administrative procedures,
walk-downs of the parking lots would be performed looking for any explosion hazards, such as
gasoiine leaking from a vehicle, betors a loaded transporter passas by. Additionaily,
administrative and physical controls would prevent movement of any vehicle within 52.5 m
{175 11} of the transporter.

PG&E conducted a search for industry information regarding the frequency of explosion of
parked vehicles; however, ng data have been found. Aithough administrative and physical
controls woulkd make an explosion of a parked car an incredible scenario; nevertheless, PG&E
conducted an analysis o estimate the magnitude of the potential hazard. An analysis of
gasofine-powered moving vehicles estimated the frequency of fire (and explosion) to be

3.26 x 10°'° per km [2.04 x 107'° per mil, based on a single-vehicle crash. Since any cars
parked within 52.5 m [175 1] of the moving loaded transporter would not be allowed o
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move, reduction of one arder of magnitude in the explosion rate to 3.26 x 107" per km
[2.04 % 107" per mi] would be reasonable.

The transporter carrying a HI-TRAC Transfer Cask will make eight trips per year from the
protected area of the power plant to the proposed storage facility. Therefore, frequency, f,
would be 8/yr. The exposure distance, 8, is estimated to be 333 m [1,000 ft]. Assuming a
maximum of 200 vehicles would be within the setback distance of 32.5 m [175 ft] at any
moment while the transporter {8 moving. the annuai frequency of expesure, 7, is

1000

- -11
7= 204x 10 x200x8x5’280

= 8.18 x 107 per year ' (15-3)

The staff concludes that the annual frequency of pccurrence of a parked vehicle fuel tank
explosion was estimated in a conservative manner.

PG&E performed a probabilistic risk analysis (Pacific Gas and Eleciric Company, 2003¢) to
estimate the annual frequency of the potential explosion hazard from the 3,028-L- [800-gal]
gasoline tanker truck while passing near the proposed storage pads. Based on the U.S.
Department of Transportation (2003a,b} statistics for large trucks, 429,000 crashes took place
in 2001 with approximately 334,721 million km [207,686 million mi} of travel. Therefore, the
involvement rate for large trucks wouk! be 207 per 161 million km {100 million mil,

Single-vehicle accident data compited by the U.8. Depariment of Transpartation show that a
total of 88,000 of the crashes involved a single vehicle, which is approximately 22 percent of all
large truck crashes. Additionally, approximately 31 percent of these crashes took place at a
speed below 48 km/hr [30 mph]. Moreaver, approximately 0.5 percent of all large truck crashes
resulted in tires (U.S. Department of Transportation, 2003a}.

PG&E committed to prevent any vehicle from passing the tanker truck within 180 m [600 ft] of
the proposed facility when the tanker truck is in motion (Assumption 8), so that only single
vehicle crashes need to be considered in the analysis. The sethack distance is calculated
using the methadology given in Reguiatory Guide 1.91, s0 that the air overpressure
experienced by any safety-related SSCs from an accidental explosion of the gasoline tanker
truck would be & maximum of 6.9 kPa [t psi]. Additionally, administrative controls would
prevent any vehicle movement at a speed greater than 4G km/hr {25 mph] within the setback
region from the proposed facitity (Assumption 7},

Assuming that the gasoline tanker will explode i caught on tire, PG&E estimated that the
frequency of tanker explosion would be

| 031 ) .
20?x0'22x100x10“ x 0.005 = 7.06x 107°° per mile {15-4)

The exposure distance, s, is astimated to be 690 m [2,300 ft] based on a 180-m [600-f1]

exciuysion area from the nearest cask in the proposed facifity. Assumption 5 states that the
tanker truck would pass by the propesed facilily six times in pach week. Therefore, the annual
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frequency of shipment, f, is 312. Using Regulatory Guide 1.91, the estimated exposure rate, r,
is:

2,300

- 10 .
r=708x10"" x 312« 5280

= 3.53% 10°% per year (15-58)

The staff concludes that the annual frequency of cccurrence of an explosion of the 3,028-L
[830-gal] gasoline tanker truck whils using the transport route near the proposed storage pads
was estimated in a conservative manner.

The maintenance facility east of the proposed {SFSI uses acetylene for the cutting 1orch and
propane to run forklifts. One acetylene bottie is the maximum required in 1 year. The forklift
uses a 25.5 L [7 gal] liquelied propane bottle which is replaced at a maximum {requency of
once per week. Through the use of administrative controls, PGEE will ensure that alt
compressed gas bottles transported past the proposed ISFS! are appropriately secured in the
transporting vehicle in the upright position {Pacific Gas and Electric Company, 2003c,
Assumption 19).

In analyzing this explosion event, PGAE considered that the bottie containing 25.5 L (7 gal] of
liquefied propane may fupture while being transported past the proposed ISFBI, releasing the
compressed gas. The propane could subsegquently mix with air and the resulting vapor cloud
could detonate, which could generate an air overpressura that could be damaging 10 the

~ storage casks. For this event, Holtec International {2001b) and PG&E (2003) assumed that the
minimum distance betwesn the point of explosion and the storage casks would be the distance
between the storage pads and the ISFSI security fence, because no combustible materials
would be permitted inside the proposed ISFSI. The detonation of 26.5 L [7 gal] of propane is
equivalent to 4.7 kg [10.37 1b] of trinitrotolune (TNT). At a distance of 15 m [50 ], the resulting
air overpressure would be 16.9 kPa [2.45 psi] (Holtec International, 200tb}. Similar calculations
parformed by Holtec intemational for transport of the acetylene bottles, which contain smaller
quantities of compressed gas, resulted in an estimated overpressure of 8.2 kPa [1.12 psil;
therefore, the postulated expiosion of a propane bottle is the bounding event. PGAE asserted
that because the HI-STORM 100SA storage casks are designed o perform satisfactorily under
68.8 kPa [10 psi} of air overpressure for a duration of 1 second, accidental detonation of a
propane or an acetylens tank while being transportad past the proposed facility would not
damage the storage casks placed on the pad (Pacific Gas and Electric Company, 2003; Holtec
International, 2001b). However, this overprassure level is greater than the recommended air
overpressure limit of 6.9 kPa [1 psi] of Regulatory Guide 1.81; therefore, PG&E conducted a
provabilistic risk analysis (Pacific Gas and Electric Company, 2003¢) to sstimate the annual
exposure frequency of SSCs important 0 satety to a higher air overpressure level.

In its analysis, PG&E postulated that the motive force required for a compressed-gas bottle to
1ail or explode would be tram a vehicle crash. Because the crashes near the proposed ISFS)
are assumed to be only singie-vehicle incidents, PG&E used an explosion rate, n, of

7.06 x 107° per mile, estimated for large truck crashes. Additionally, the fraquency of bottle
shipment, 1, is assumed o be four times a week or 208 times a year o be conservative, The
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exposure distance, s, is assurmed 1o ba 630 m {2,300 H], the same as with the tanker truck
crash. Therefore, the estimated exposure frequency, v, is

»

r=706x 107 x 208 x 5380

= 6.39% 107" per year (15-6)

Although pressurized gas bottles may also fail along the waided seam, the bottles are required
o meet the current industry standards. Therefore, this mode of tailure of gas bottles was not
congsidered credible.

The staff concludes that the annual frequency of occurrence of an explosion of the propane and
acetylene bottles transported past the storage pads was estimated in a oonservative manner,

Compressed Gas Gytinders

Cylinders containing compressed acelylense, air, argon, helium, nitrogen, oxygen, and propane
gases are stored inside the reactor-controlled area. Internal pressure of the compressed gas
cylinders can be in excess of 13.8 MPa (2,000 psi]. The potential energy of the stored cylinders
at such high pressures could have significant effects during a rupture because this potential
energy would be released as kinetic energy that couid potentially damage SSCs important to
safely. PGAE postulated that these compressed gas cylinders may be damaged in a way that
the valve assembly at the top of the cylinders is broken. This failure would create a hole,
approximately 5 cm [2 in] in diameter, at one end of the cylinder. Gases escaping through this
hofe would impart a large acceleration to the cylinder body and/or the valve assembly. The
cylinders and/or the valve assemblies could accelerate toward the cask systems resulting in
impacts {Holtec international, 2001b).

One function of both HI-TRAC 125 Transter Cask and HI-STORM 1D08A storage casksis to
prevent any missiles {e.g., gas cylindar body and valve assembly} frorm affecting the MPC.
Based on the calculations performing by Holtec International (2001b}, any missile impacting the
HI-TRAC 125 Transfer Cask must penetrate & minimum of 3.8 cm [1.5 in} of steel before
impacting the confinement boundary of the MPC. Similarly, any missile has to penetrate at
least 5 cm {2 in] of steel before Impacting the MPC for the HI-STORM 100SA storage cask
neglecting the presence ot the concrete averpack. Holtec International (2001} estimated the
maximum velfocity of alf ruptured gas cylinders using the bounding discharge coefficient so that
the estimated aceeleration and the resulting force are maximum, and, therefore, the depth of
penetration in a steel plate would be maximum,

The maximum depth of penetration by the gas cylinder body ocours with propane gas and Is
equal to 0.59 ¢m [0.232 in]. The valve assembly produces a penetration of 0.61 om [0.241 inl.
Therefore, the maximum depth of penstration for all types of cylinders and the valve assemblies
is substantially less than the steel thickness available to resist penetration. Consequently, there
is reasonable assurance that no SSCs important to safety will be damaged from accidental
rupture of compressed gas cylinders.
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Stationary Fuel Tanks Near the Transport Boute

Three large stationary fuel tanks are located approximatsly 380 m [1,200 ft] from the ransport
route at the closest point to the proposed ISFSI. These tanks include a 946-L [250-gal]
propane tank, a 7,671-L [2,000-gal] diesel fuel tank, and an 11,356-L [3,000-gal] gascline tank.
These three fuel tanks are located close enough to each other so that an explosion of one tank
could cause potential rupture of the other two tanks. Diesel fuel does not present an explosion
hazard because of its high flash point. While a rupture and subsequent detonation of either the
propane tank or the gasofine tank could potentially rupture the diesel fust tank, the spilled diesel
fual would burn without exploding. Conssquently, the stored diesst fuet would not contribute to
the explosion averpressure. Therefore, this event is limited to the near-simultaneous explosion
of both the propane and gasoline tanks to generate any incident air overpressure. An explosion
of these tanks may potentially aftect the canister transfer operations at the CTF, the storage
casks placed on pads, or the loaded transfer cask en route to the CTF,

Haoitec International {2001b) estimated the air averpressure from a simuitanecus explosion of
846 L [250 gal] of propane and 11.356 L [3,000 gal] of gasoline. These sources are aquivalent
10 53.27 kg [117.33 b} of TNT, which generates an air overpressure of 5.79 kPa [0.84 psi] at a
distance of 366 m [1,200 ft], the minimum distance between the stationary fuel tanks and the
transport route (Pacific Gas and Electric Company, 2003}. Based on Regulatory Guide 1.91,
an air overpressure of 5.79 kPa {0.84 psi] would not cause damage to any safety-related
structures. The ISFSI security fence and the CTF are further away from the siorage tanks than
the closest point on the transport raute. Therelfore, it is expected that the air overpressure at
these locations will be lower than 5.79 kPa [0.84 psi],

The stationary fuel tanks are more than 805 m [0.5 mi} from the proposed storage pad location
and at an elevation of approximatsly 61 m [200 11} below. These tanks are located southwest of
the proposed faciity with prevailing southeastem wind directions. Therefors, the winds woudd
normally take the vapor cloud sauth of the proposed facility, Additionally, the vapor cloud
generated at the fuel fank location needs to climb the 81-m [200-H] hill 1o reach the proposed
facility. Moreover, there is a major cut in the hillside directly above and east of the tanks, This
cut would fikely channel the vapor cloud away from the proposed facility. Therefore, there is
reasonable assurance that any vapor cloud generated at these stationary tanks would not pose
any undue hazard to the proposed facility.

The stationary fuel tanks will be periodically filled by standard fuel tankers with a capacity
between 11,356 to 16,142 L [3,000 to 4,000 gaf}. During any spent fuel transfer operation, the
filling of these tanks would be suspended and all vehicle movements will be administratively
controlled in accordance with the Cask Transportation Evaluation Program in the Diablo
Canyon ISFS| Technical Spectfications. Additionally, Section 8.2.6 of the SAR states that
administrative controls will be used 10 ensure thal the air overpressure raceived by any
safety-relatad structures from an explosion of a tanker truck woulks be less than the

8.9-kPa [1-psi] limit.

Bulk Hydrogen Storage Facility

A bulk hydrogen tacility is located approximately 4.5 m [15 #t] from the transport route from
where the loaded transler casks enter and leave the FHB/AB of Unit ¢ of the DCPP. This
facility cantains B hydrogen tanks with a total capacity of approximately 8,495 L [300 1], These
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tanks are refilled approximataly twice a month and are kept in a seismic-qualified rack enclossd
in a seismic-qualified vault. The vault has a 0.3- [12-in} diameter top vent 1o ensure that no
leaked gas builds up. The vauit only opens toward the FHB/AB. The hydragen facility is
designed against excessive flow, overpressurization, and vehicle damage during refilling,
Therefore, it is exdremely difficult to accumulate significant quantities of loaded gas leading o
an explosion.

The Electric Power Research Institute Fire Events dalabase considers hydrogen fire to be a
credible event and provides a frequency of 3.2 x 102 per year {Pacific Gas and Eiectric
Company, 2003c). Therefore, the hourty frequency ot fire at the bulk hydrogen facility is
estimated 1o be 3.2 x 10°7/8760, or 3.7 x 10°7. Because the design of the facility prevents
gooumulation of leaked hydrogen gas in confined spaces, it is extremely difficult to have an
explosion even in the case of a hydrogen fire. PG&E assumed that in 10 percent of the cases,
a hydrogen fire would lead to an explosion in the butk hydrogen facility and, therefore, the
estimated hourly frequency of hydrogen explosion would be 3.7 x 107 x 0.1, or 3.7 x 102,

PG&E states that the loaded cask transporter would be in the vicinty of the hydrogen tanks for
less than 1 hour during each spent fuel transfer from the FHB/AB to the storage pad
{Assumption 14), and there will be eight spent fuel transfers each year (Assumption 1). To add
further congervatism, PGAE assumed a yearly exposure of 10 hours. Therefore, the annual
exposure frequency of the transfer cask to a potential hydrogen tank explosion would be

837x10°*x10=37x10 " per year (16-7)

The staff concludes that the annual frequency of ocourrence of an explosion of the bulk
hydrogen storage facility having an impact on a loaded transfer cask was estimated in a
gconservative manner.

Acetylene Botles Stored on the East Sidde of the Gold Maching Shop

A maximum of 10 acetylens botlles are stored on the east side of the cold machine shop near
the DCPP. This fatiltty is more than 7.5 m [25 ft} from the transporter route and is protected by
concrete block walls on two sides. The third side is protected by a building. Administrative
procedures ensure that these bottles are restrained in an upright position because of seismic
considerations, This rastraint ensures that no potential missiles, originated fram an exploding
bottle, would be aimed at the transporter route. Furthermore, the cold machine shaop facllity
focation allows limited access of vehicles. Additionally, administrative procedures will control
any vehicle movement within 52.5 m [175 ft] of the transporter route when the transporter is
hauling a loaded transfer cask. Theratore, there would be no motive force available to initiate
damage to the gas boitles leading lo an expiosion al those times. Consequently, PG&E
concluded that accidental detonation of acelylens bottles stored on the east side of the cold
machine shop would not be a credible hazard 1o any safety-related SSC for the proposed
ISFSI.

inerat Ol from Dia riyon P t Plant Unit 2 Main Bank Transformers

There are six transformers on the Unit 2 side of the DCPP: three single-phase 500-kV, two
three-phase 25-kV, and one three-phase 12-kV. Additionally, two spare trangformers are
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stored adjacent to the active transformers. The three single-phase 500-kV transformers are
located approximately 240 feet fram the closest point to the transport route. The other
transformers are mostly shielded from the transport route by these 500-kV transformers
because of the layvout with respact to the transport route, Each active transformer has a fire-
suppression systern that will activate in case of a fire.

The mineral oil in the transtormers acts as a coolant. it has a flash point of 138 "C {278 *F].
Therefore, an explosion of mineral oil does not pose a significant hazard {(Hollec Intemational,
2001b) because this is not a flammable liguid. To be classified as a flammabie liquid, the flash
peint of the liquid should be less than 37.8 °C {100 °F] (National Fire Protaction Association,
1897). Although an electrical fault may occur within one of the transformers, the resulting
rupture of the transformer case may ignite and bumn the mineral oil, but the mineral oif would not
explode. Therefore, a potential explosion of the mineral ol at Unit 2 of DCPP was not
congidered a credible hazard for ISFS! operations.

Summary of Review

The potential explosion hazards that may afiect the slorage casks or the cask or canister
transfer operations are: (1) detonation of the transporer or onsite vehicle fuel tank,

(2) detonation of 3,028-L [800-gal] tanker truck while transporting gasoline past the ISFS|
storage pads, (3) detonation of a propane bottle transporied past the ISFSI storage pads,

{4) detonation of an acetylene bottie ransported past the ISFS! storage pads, {5) detonation ot
large stationary fuel tanks, and {6) an explosive decompression of a compressed gas cylinder.
Other sources are far away from the proposed storage site and contain sufficlently smail
amounts of explosive materials to not pose a credible hazard 10 the storage casks and cask
and canister transfer operations, A transfer cask loaded on a transporter could be affected by:
(1) detonation of the fual tank of a transporter or an onsite vehicle fuel tank (including the
potential explosion of a parked vehicle), {2} explosion of large stationary fuel tanks in the vicinity
of the transport route, (3) explosion of the Bulk Hydrogen Storage Facility, arct (4) explosion of
acetylene bottles stored on the east side of the cold maching shop. The Diable Canyon ISFS!
Technical Specifications will include requirements for a Cask Transportation Evaluation
Program, which will specify administrative controls to prevent movement of the tanker truck and
any onsite vehicles during transporter operation. Similarly, no acetylene or propane bettles will
be transported during transporter operations. Decomprassion of compressed gas cylinders
doas not pose an air overpressure hazard; missites generated by the decomprassion of the
cylinders are the primary concem in this situation,

PG&E conducted a probabilistic risk analysis (Pacific Gas amd Electric Company, 2003¢) of the
remaining explosion hazards that have a potential to cause damage to salety-related structures
at the proposed facility. Based on the previcus discussion, the annual requency of exposure to
explosion hazards of the storage casks placed on the storage pads at the ISFStand the
canister transfer operation at the CTF is:

+ P
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Similarly, the annual frequency of exposure to explosion hazards of the transler cagk while
being transported by the transporter (s:

+ P,

goerviene

+ P

#
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or, B, =0+618x10* +0+37%x107 +0=376 X107 per year. (15:9)
Regulatory Guide 1.91 provides an acceptable methodology to evaluate the potential hazards
by an explosion on safety-related S8Cs, Regulatory Guide 1.81 also states that potential
explosion hazards can be screened out if the annual exposure frequency Is less than 10 and
conservative estimates are used. PG&E made gonservative estimates of the potential
explosion hazards, so an annual frequency limit of 10°% is applicable here. Therefore, the staff
cancludes, based on the review of information and analyses presented by PG&E, that no
safety-related SSCs at the proposed facility will be subjected to explosion overpressures that
exceed the 8.9 kPa [1 psi] threshold.

' The staft reviewed the information pravided by the applicant regarding potential hazards from
an accidental onsite exploslon at the proposed facility. The staff found the analysis
acceptable because the applicant:

* Appropriately identified the potential sources of hazard; .

. Used the Regulatory Guide 1.91 value of 6.9 kPa [1 psi] as the limiting air
overpressure for all safety-related structures;

* Developed a probabilistic hazard analysis to eslimate the annual frequency of
exposure of safety-related structures from each potential source of explosion for
those situations that do not meet stand-off zone criteria based on the 6.9-kPa [1-
psi] air overpreasure limit;

. Summed the annual frequency of explosion hazard from each individual source
to estimate the total hazard to the proposed facilty, as recommended in
Regulatory Guide 1.91; and

. Used conservative assumptions to estimate the annual frequency of exposure
from each source of the explosion hazard.

Based on the foregoing evaluation, the staff finds that the Diablo Canyon 1SF5I $5Cs will be
able to maintain subcriticality, confinement, and sufticient shieiding of the stored fuel for all
postulated onsite explosion events.

15.1.28 Electrical Accldent

Section 8.2.8 of the SAR evaluates the potential consequences of lightning strikes and a
500-kV transmisslon line drop on the HI-8TORM 100SA storage casks and the HI-TRAC 125
Transfer Cask. 0Of the different 500-kV transmission line drop scenarios that were considered,
the worst-case condition is defined by & line drop of a singie conduciaor of one phase, which
causes a single line-to-ground fault curren! angd a voltage-induced arc at the point of contact.
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Both electrical events (i.e., lightning strike and 500-kV transmission line drop) manifest
themselves as electrical discharges that travel along the least resistive path through the cask to
ground. Because these gvents originate irom sources that are outside the confines of the cask,
the path of lsast slectrical resistance for the Hi-STORM 100SA starage cask is the averpack,
and tor the HI-TRAC 125 Transfer Cask, the enclosure shell. As a result, the MPC will not be
susceplible to any electrically induced damage in aither case.

In the case of a lightning strike, it was satisfactorily demonstrated that the temperature increase
of the HI-STORM 100SA storage cask overpack and HI-TRAC 125 Transfer Cask enclosure
shell will be Jess than 0.6 “C [t °F}.

For the case of the 500-kV transmission line drop, it was determined that holes would be
created in both the HI-STORM 100SA storage cask and HI-TRAC 125 Transfer Cask outer
shells by way of material sublimation. Behir the steel outer shell of the HI-STORM 100SA
storage c¢ask is a thick concrete layer that would exhibit only localized spalling and
orystaliization in the immediate region where the steel outer shell sublimation occurred. The
staff determined that the resulting effects on the HI-STORM 1008A storage cask decay heat
removal and radiation shielding capabilities would be minimal. A hole created in the HI-TRAC
125 Transfer Cask outer shell could cause a loss of the water jacket designed to provide
neutron shiglding and facilitate removal of the spent nuclear fuel decay heal. As discussed in
Section 8.2.11 of the SAR, a loss of the water jacket does not cause the accident radiation
dose 1o offsite individuals to exceed the limits of 10 CFR §72.106, and the increase in fuet
¢ladding and component matsrial temperatures will not exceed their short-term accident
termperature mits. Moreover, the MPC intemal pressure will remain below the accident design
limit gauge prassure of 1.38 MPa [200 psi]. Additionally, these events are even less likely to
impact a loaded transfer cask, as cask transfer activities are of relatively short duration, and will
generally not be conducted under the adverse conditions most tikely to result in a lightning
strike or transmission line drop.

15.1.28 Earthquake .

The staff has reviewed the information presented in the following SAR sections: 8.2.1,
*Earthquake”; 2.6, "Geology and Seismology”; and 3.2.3, "Seismic Design.” Section 4.5 of the
SAR classifies the SSCs important to safety based on the Quality Assurance {QA) Program
described in Chapter 11 of the SAR. The importance to safety for each of these S8Cs is
further refined into thrae QA classification categories (L.e., Categories A, B, and C) based on
ihe guidance contained in NUREG/CR-6407 (McConnell, st ai., 1996). The Category A SSCs
important to safety include the: (1) MPC; (2) fusl basket; (3) damaged fuel container,

{4} transfer caslk; (5) MPC lift cleats and downloader slings; (8} transfer cask impact imiters and
fift inks; (7) HI-STORM 100 System fifting brackets, mating device bolts, and shielding frame,
and Iift links; {8) cask transporter; and (9) fateral restraints (HI-TRAC 125 Transfer Cask and
transporter at the CTF). The classification of Category B SSCs important to safety include the:
{1) HI-STORM 1008A storage cask overpack; (2) storage pads; (3) overpack anchorage
nardware; {4) CTF; (5) transfer cask horizontal lift rig and lift slings; (8) upper and lower {uel
spacer columns and end plates; (7) transporter connector ping; and {8) helium fill gas. The
classification of Category C SSCs impaortant to safety includes the HI-STORM 100 System cask
mating devices (except bolts and shielding frams).
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A seismic event can occur at any time during any stage of a transfer or storage operation
involving a cask or a canister. At a specific site, earthquake potential is often described by the
annual probability of exceeding certain ground motion levels or seismic hazard curves. The
design earthquake, double-design sarthquake, Hosgrl earthquake (HE), and tong term seismic
program {LTSP) earthquakes form the seismic licensing basis for the DCFP, The applicant
indicated that, because both DCPP and the ISFS8I gites are classified as rock and they have
similar ranges of shear-wave velecities within the rock classification, and because the distance
i the controliing seismic sourcs is essentially the same, the DCPP ground motions are judged
1o be applicable to the ISFSI design. Section 2.1.6 of this SER provides additional information
about the seismic ground motion hazard and the stalf's review of the information.

In conducting analyses of transporter stability, slope stablility, and {SFSI storage pad sliding, the
applicant developed the ISFSI long-period (ILP) earthquake spectra, The ILP are 847
percentile spectra &t damping values of 2, 4, 5, and 7 percent for the horizontal and vertical
components that extended out 10s and that include near-fault effects of directivity and Hing.
The applicant indicates that the ILP spectra envelop the double-design earthquake spectra at 2-
and 5-percent damping; the HE spectra at 4-, 5, and 7-percent damping; and the long term
seismic program earthquake spectra at 5-percent damping. The applicant further indicates that
the use of ILP earthquake spectra for transporter stabitity, stope stability. and ISFS! storage pad
sliding would provide an extra design margin by oonsidering long-period energy. Five sets of
ILP spectra-compatible time histories generated from large-magnitude earthquakes (M > 6.7}
recorded at short distances {< 15 km [9.3 mi] from tha fault) were used as input for the
analyses. Based on the statemenis provided in the SAR, the staff concluded that the use of
ILP spectra-campatible time histories to assess transporter stability, siops stability, and ISFSI
storage pad sliding potential is acceptable.

ismic Analysis of Cask Tran tion on Transport Bout

The transport route trom the FHB/AB at the DCPP to the ISFSI storage pad is approximately
1.93-km [1,2-mi] long. Approximately one-third of the route is on bedrock, and the rest is on
surficial deposits over bedrack. The route is made up of slopes with an 8.5-percent nominal
grade decline and a §-percent nominal grade incline and a 2-percent grade perpendicular to the
roadway with g decline toward the hill side. The minimum roadway width is 7.92 m [26 ff]. The
cask transporier carries a HI-TRAC 125 Transter Cask in a horizontal position from the FHB/AB
w the CTF for MPC transfer operation, After the MPC transfer operation is executed, the cask
transporter carries the loaded overpack in a vertical orientation ¢ the final position on the ISFSI
storage pad. The cask transporter is 5.37-m [17.625-] wide and 7.47-m {24.5-1t} long. The
applicant states that the maximum accepiable sliding movement along the roadway is limited to
the cask transporter track length 1o ensure that the transporter wilf remain on the roadway after
axiting & tum in the roadway. Assuming that the cask transporter travels along the middle of
the roadway, the atlowsbie lateral sliding distance is the distance betwsesn the sdge of the
transponer and the edge of the roadway, which is approximately 1.28 m [4.19 ft),

During transport to the ISFSI storage pad, the cask transporter protects the MPC from the
effects of sarthquake ground motions. The transporter stability assessment discussed in the
SAR was analyzed three dimensionaily. The cask transporier, the HI-STORM 100SA storage
cask, the HI-TRAC 125 Transfer Cask, the MPC (including the fuel basket, fuel, and lid), and
the cask lids were modeled as rigid bodies. The mass of the MPC and the contained spent
nuctear fuel is lwmped in a free-standing rigid cylinder. Three cases of roadway conditions were
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modeled: flat surtace, 6-percent grade, and 8.5-percent grade. For all cases, thé ground
surface was treated as a nondeformable boundary. The SAR states that a transporter stability
analysis was performed for a potential transporter overturning or sliding off the roadway using
only the bedrock ground acceleration associated with the ILP earthquake time histories. The
maximom sliding along the roadway axis of approximately 0.77 m [2.52 fi] occurred on the
portion of 8.5-percent grade roadway, and the maximum sliding transverse 10 the roadway axis
of approximately 0.27 m [0.89 ft] accurred on the portion of the roadway with a 6-percent grade.
These sliding distances are small compared to the corresponding allowable sliding distance,
The analysis also demonstrated that overturning is not credible under the ILP seismic events,

The applicant indicates that peak ground acceterations at cerigin points along the surface of
-surficial deposits over bedrock of the transport route can be 1.5 to 2.0 times the ampiitude of
the peak ground acoslerationt on bedrock. PG&E did not specifically analyze the potential for
overtuming and sliding of the tranaporter on surficial deposits. The SAR points out that a
significant safety margin exists to prevent a transporter from overturning or sliding off the
roadway while traveling on the surficial deposits even through the ground acceleration would
he amplified.

PG&E provided two analyses 1o address the potential accident scenario, in which an
sarthquake occurs white the cask is being transported on a portion of the roadway underlain by
soill to the CTF or ISFSI pad. The first is a risk assessment to show that this scenario is not
gredible, The second is a caloulation to show that fransporter and cask will remain stable
during an earthquake. The staff's review of these two analyses is discussed in detall in the
tollowing paragraphs. In summary, the staff agrees with the PG&E assessment that this is not
a credible scenario. The staff conciudes that the regulatory requirements of 10 CFR §72.90,
§72.90(a), §72.98, §72.102, and §72.122 have been satisfied.

PGAE conducted a probabilistic risk assessment calculation and concluded that the annual
probabiiity of damage to the transporter while transporting spent fuel from the power plani to
the CTF is 2.1 x 107", which is substantialty less than the 1 x 10°° threshold criterion
recommended for credible svents, The PGAE probabilistic risk assessment calculation
includes the 1.4 x 10" annual exposure probability for transport casks on the transport route
(12 hriyr) and the 1.2 x 1077 annual exceedence probability for two times the ILP earthquake
groumd mations,

The staff reviewed the PGAE probabilistic risk calculation and agrees with their conclusion.
Spedifically, the annual exceedence probability for earthquakse-induced damage of the transter
cask while in transit from the power plant to the CTF is less than 1 x 10°° and 15, therefore, not
a credible hazard. The use, however, of the annual exceadance probability associated with
twice the ILP earthquake ground motions is nol considered to be appropriate. Twice the ILP
earthquake ground motions was used by PG&E to account for possible site response
amplification on those portions of the transport route underiain by soil, not as an added factor in
the probability calculation. For this reason, the annual probabilities of the ILP earthguake
ground motions, not the annual probabilities for twice the ILP earthquake ground motions,
should be used in the probabilistic risk caloulation,

The staff independently estimated the upper bound annual exceedence probability for
earthquakse-induced damage of tha casks while in transit from the power plant to the CTF. The
estimated probability would be no more than 1.4 x 1077 per year. The calculation performe by
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the staff assumed & maximum annual probability for the 1P earthquake ground motions 1o be
fess than 1 x 107, When combined with the 1.4 x 107 probability of annuat expasure of the
transfer casks being in transit, an upper bound value of 1.4 x 10 7 probability of apnual
exposure is calculated. The exac! probability depends on a number of faglors, including

the spactral frequency of intarest and the statistical measure usad {mean, median, of

84th percentile). Based on this caiculation, the staf concludes, with reasonable assurance, that
earthquake-induced damage of the loaded transfer cask white in transit from the power piant 1
the CTF is not a credtible hazard,

Seizmic Anglysia of the Cask Transfer Fagility

The staff reviewed Section 4.2.1.2 of the SAR and found that the structural analysis of the CTF
demonstrates that it s designed to mitigate the sffects of seismic loading as documentad in
Section 5.1.4.4 of this SER.

The steet structures of the CTF were anatyzed to demonsirate compliance with the matenial
aliowables {Hotec International, 2001¢). This analysis addressed the following maijor structural
elements: main shell, ifting jacks, jack suppon plattorm, CTF base support block, and fifting
platform, The appropriate spectral values are used o acoount for possible amplification of the
horizontal accelerations of the stacked components. The applicant demonstrated that the
factors of safety for all components and all load conditions are greater than 1.0. The adsquacy
of the structures has been demonstrated by the analysis results given in the SAR, as designed

- 1o satisfy the requirements of ASME Section Ill, Subsection NF (ASME International, 1985a).

Loads from the Hoitec intemational structural evaluation were also used in the calculation of the
necassary thickness and reinforcement for the CTF concrete (ENERCON Services inc.,,
2001a). The analysis determined the required size and general reinforcing requirements ‘o
resist the loads applied to the concrete structure. The concrets structure is designed to
withstand loads from both the CTF and the transporter. Using the controlling load
combinations, an analysis identified shear and axial forces and moments in the reinforced
concrete structural elements of the CTF, Steel reinforcement size and placement for the pad
and wall were established based on thesa demands. The design of the concrete structure and
its reinforcement are based on the requirements in American Concrete Institute {ACI) 348-87
(American Concreta institute, 1998). Results of the analysis indicate thal the available design
strength of the CTF exceeds that required for the faclared design ads.

Seismic Analysis of the HI:STORM._1008A Qverpack Anchored on the ISFSI Siprage Pad

Structural analyses of the anchored HI-STORM 1005A overpack are provided in the HI-STORM
100 System FSAR (Holtec International, 2002). The stalf's evaluation of the HI-STORM 100
System FSAR is documented in the NRC HI-STORM 100 System SER {U.S. Nuclear
Reguiatory Commission, 2002b). The Diablo Canyon ISFSI SAR Section 4.2.3 provides a
summary of the analyses performed in the HI-STORM 100 System FSAR. The loading
conditions at the Diabla Canyan ISFSI are enveloped by the loading conditions considered in
the HI-STORM 100 System FSAR (Hotec International, 2002). As documented in the Hi-
STORM 100 System SER, the structural analysis shows that the structural integrity of the
HI-STORM 100 Systern cask system is maintained during all credible loads. Based on the
rosults presented in the HI-STORM 100 System FSAR, the stresses in the overpack struclures
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during the most critical load combinations are less than the allowable stresses of ASME Boiler
and Pressure Vessel Code, Section 11} (ASME International, 1998b) for the structures materials.

Seismic Analysis of the |SFS] Storage Pad

SAR Section 8.2.1.2.3.1, "Cask and Anchorage Seismic Analysis,” summarizes seismic
analyses of the cask and anchorage system performied by Holtec International. The staff's
review of this analysis is summarized in Section 5.1,3.4 of this SER. Although the Diablo
Canyon site-gpecific seismic zero pericd accelerations for all events are lowsr than those
identified in Appendix B of the Holtec HI-STORM 100 Ceantificate of Compliance {U.S. Nuclear
Regulatory Commission, 2002a}, Holtec International performed a specific analysis of the cask
anchoting system to be used at Diablo Canyon 1SFSI (Holtes International, 2001d). The
primary reason for this analysis was the difference in the number of anchor rods identified for
the Diable Canyon ISFS! anchoring system with respect to the design basis given for the Hi-
STORM 100SA System (Holtec Intemational, 2002). The results indicate that the casks do not
develop body decelerations that exceed the cask design basis of 45 g. The seismic events
postulated for the Diablo Canyon ISFSI| do not induce stresses in the prelcaded anchor studs,
cask flange, and shell that excesd the design-basis ASME Code limits. The interface loads
transferred to the ISFS] pad embedment were astablished using acceptable methods.

SAR Section B.2.1.2.3.2, "Storage Pad Seismic Analyses,” identifies the analysis performed to
ensure that the reinforced concrete pads and the anchored casks remain functional during afl
saistmic conditions. Two analyses are covered in thig saction, a static analysis (ENERCON
Services Inc., 2001b) and a nonlinear pad sliding analysis (Pacific Gas and Electric, 2001a).
The static analysis was perfermed to determine the storage pad size and thickness required to
resist the loads resulting from seismic accelerations applied to the pad and resullant loads from
the cask dynamic analysis {(MHoltec intemational, 20014d). In addition to the cask loads, an
inertial force was applied to the pad with reference (o the zero period acceleration of the
seismic event. The pad and cask vertical displacements are small and within acceptable limits.
Thase maximum tensile stresses in the concrete are less than the tensile stress that will cause
cracking in the 34.5-MPa {5,000-psi] concrete. The maximum compressive stress is
significantly less that the 34.5-MPa {5,000-psi] design value. Sections throughout the pad were
isolated for the HE seismic event calculations and the internal forces acting upon them were
computed. The resulting intemal forces for design purposes are given in Table 11 of the
ENERCON calculation package (ENERCON Services Inc., 2001b). The resuilts of the analysis
were used in Calculation No. PGE-008-CALC~007 (ENERCUON Services Inc., 2003a) to
evaluate the concrete per the design codes and to daetermine the size of the stesl reinforcement
needed for compliance with the requirements of ACt 348-37 (American Concrete [nstitute,
1988). The staff has reviewed this calculation and finds that it demonstrates compliance with
the raquirements of ACI 348.97.

The anchorage system was designed to meet the ductile anchorage provision of the proposed
Draft Appendix B for ACH 348-37. To satisfy the requirements of Appendix B of AC| 349-97, the
diagonat tension shear capacity must exceed the anchor bar ductile dasign strangth of 1.05 MN
[235.63 kips]. The applicant has provided sufticient reinforcing steel to ensure the failure cone
lor concrete pullout intersacts sufficient rebar (o prevent brittle failure (ENERCON Services Ing.,
2003a). The reinfarcing steel in the storage pad (ENERCON Services Ing., 2003b) has been
sized in accordance with the requirements of ACI 34G-87.
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15.1.2.7 Loss of Shielding

Section 8.2.11 of the SAR (Pacific Gas and Electric Company, 2003) evaluates the potential
congequences of a logg-of-neutron shielding for the HI-TRAC 128 Transter Cask. The potential
consequences of this postulated accident were determined by assuming & loss of the water
jacket and Holtite-A solid neutron shielding. The staff previously determined that the
methadology used to assess this pastulated accident is acceptable and the shori-term fuel
cladding and other component temperature limits, the MPC acaident internal pressure, and
the accident dose limits defined by 10 CFR §72.106 are not exceeded, so long as the fuel
specifications and ipading conditions as defined in the BI-STORM 100 System CoC and SER
{U.S. Nuclear Regulatory Commissian, 2002a.b) are adhered to. The stalf has confirmed that
appropriate limits have been incorperated into the proposed Diablo Canyon ISFSI Technical
Specitications.

Section 8.2.8.3 of the SAR specifies that the consequences of postulated explosion events
analyzed for the Diable Canyon ISFSI are enveloped by the design-basis accident conditions in
the HI-STORM 100 System FSAR (Holtec international, 2002). Additionally, there is no effect
on shieiding, criticality, thermal, or confinament capabifities of the HI-STORM 100 System as a
result of the explosion pressure lpad. Based on the struclural and radiological evaluations
presented in Chapters 3 and 11 of the HI-STORM 100 System FSAR, the applicant concludes
that the MPQC confinement boundary will remain intact and the shielding effectiveness of the
storage and transfer casks will not be signiticantly alfected by any potential ansite explosion.

Congidering the results of the onsite explosion accident analysis evaluation presented in
Section 15.1.2.4, “Fire and Explosion,” of this SER, the staff finds that the maximum reduction
inn [SFSI radiation shielding thickness, material shielding effectiveness, or loss of temporary
shiglding in all pessible shielding areas caused by postulated onsite explosion events, has been
adequatsly evaiuated by the applicant. Therefore, the information and analyses presented by
the applicant provide reasonabie assurance that the accident dose to any individual beyond the
owner-conteolfed area will not excead the limils specified in 10 CFR §72.108(b), and the
occupational exposures from accident recavery operations will not exceed the limits specified in
10 CFR Part 20,

15.1.2.8 Adlabatic Heatup

The staff has previously determined that the methadalogy used to estimaie the time required to
reach the short-term, fuel-cladding temperature limit of spert nuclear fuel stored in the
HI-STORM 1040 System storage cask ungder adiabatic conditions is acceptable (U.S. Nuclear
Regulatory Commission, 2002a,b). The HI-STORMK 100 System FSAR (Holtec International,
2002, Figure 11.2.6) indicates that a iotal cask decay heat ioad of 30 kW {102,360 BTUM],
which bounds the cask decay heat load specified for the Diablo Canyon ISFSI, will not cause

. the shori-term cladding temperature limit for the spent nuclear fuel to be exceeded for 45 hours
under adiabatic conditions. Moreover, the internal pressure limit for the MPC is not exceeded
within the 45-hour imeframe for this condition.

in the event that the HI-STORM 100 System storage cask is subjected 1o conditions that
thermally insulate its exterior {.g., encasad within soil as the result ot a landslide), the
previously reviewed and accepted recavery operation procedures will be implemented
(U.S. Nuctear Regulatory Commission, 2002a,b).
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15.1.2.9 Full Biockage of Alr Inlets and Qutlets

The staff previously determined that the methodology used to estimate the time required to
reach the short-term, fuel-gladding temperature imit of spent nuclear fuel stored in the
HI-STORM 10054 storage cask subjected to 100-percent blockage of the air inlet ducts is
acceptable (U.S. Nuclear Regulatory Commission, 2002a.b). For the bounding values of decay
heat load of 30 kW [102,360 BTU/hr] and insolation of 834 w/m? [800 g-cal/cm] per day {387
Wim? [123 BTU/Mr-1t7]}, the short-term cladding temperature limit for the spemt nuclear fuel will
not be exceeded for 72 hr when the HI-STORM 100SA storage cask air inlet ducts are
100-percent blocked. Moreover, the internal pressure Himit for the MPC is not exceeded within
the 72-hour timeframe for this condition. Furthermore, the HI-STORM 100 Systern CoC (U.S.
Nuclear Regulatory Commission, 2002a, Appendix A} includes surveillance requirements for
ansuring that the cask heat ramoval system is operational during storage (i.e., tha air ducts are
inspected every 24 hours 10 ensurs that the ducts ara free of blockages). In the event that the
HI-STORM 100SA storage cask air inlet ducts are found to be partially obstructed or blocked,
the previously reviewed and accepled recovery operation procedures will be implemented
(U.S. Nuctear Regulatary Commission, 2002a,b}.

15.1.2.10 Tornadoes and Misslles Generated by Natural Phanomena

The staff reviewed the information presented in the Riablo Canyon ISFSI SAR Sections 3.2.8,
“Tornado and Wind Loadings;” 3.3.2.3.3, "Maximum Permissibla Tomade Wind and Missile
Load;” 4.2.3.3.2.6, “Tornado Winds and Missiles,” and 8.2.2, “Tornado.” The staff also
reviewed responses 1o requests for additional information (Pacific Gas and Electric Company,
2002; RAls 4-3, 15-18, 15-19, 15-20, and 15-21), including the report, “Design Basis Wind and
Tornado Evatuation for DCPP”, {Holtec International, 2001e, Attachment 4-1) and Section 3.3,
“Wind and Tornado Loadings.” of the FSAR for DCPP, Unils 1 and 2 {Pacific Gas and Electic
Company, 2001b). This evaluation assumed that site personnel would not have any prior
warning belose the ISFS! 8SCs are impasted by a putential design-basis tornado or a tomado
missite.

The annual mean number of days with tornadoes is zero for the 1SFSI site. Characteristics of
the design-basis tomado and tomado missile are given in Section 3.2.1 of the ISFSI SAR. The
SAR developed the characteristics of the design-basis tornado in accordance with the DCPP
licensing-basis wind speed of 89 mvs [200 mph}]. The proposed site is located in Region Il as
defined in Regulatory Guide 1.76 {U.8. Nuclear Regulatory Commission, 1974). Tha
characteristics of the design-basis tormado for the proposed [SFS1 are defined &s a tomadd with
a maximum wind speed of 89 my/s [200 mph], a rotational speed of 70 mis [157 mph), a
transiational speed of 19 m/s {43 mph], and a 5.8-kPa [0.86-psi] pressure drop at a rate of

2.5 KPa/s [0.36 psifg].

The design-basis tormado missiles considered in the Diable Canyon ISFS] SAR are based on
Spectrum H missiles of Section 3.5.1.4, "Missiles Generated by Natural Phenomena,” of
NUREG-0800 {U.S. Nuclear Regulatory Commission, 1981a), the Diablo Canyon FSAR
Updats {Revision 14, Pacific Gas and Clectric Company, 2001b}, and the three 500-kV towsr
missiles specific to the ISFSI {Pacilic Gas and Electric Company, 2003). Thess oblects are
postulated to be picked up and transported by the winds of a design-basis tornado. A list of
these missiles is provided in Table 15.1.
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Table 15-1. Tornado missiies considered in Diablo Canyon independent Spent Fuel
Storage Instaltation (ISFSI)

Velocity Considered
nvs [mph]
Diablo Canyon
ISFSi Safety Holtac
Mass Analysis intarnational
Missile kg [Ib} Report {Reglonl) |
Automobite 1.800 10 1,814 [3,968 10 4,000] 56 {126) 56 [126]
Utitity Pote 510 [1,124) 16 [35] 481107 4]
33 om- [13.5 in-] diameter, 1.7 m
135 4 kang, density of 6838.8 kg'm®
(43 /P in Diablo Canyon Power
Plant Units 1 & 2 (DCPP)
30 cn-[12 in-} 340 [744) 2.2(5) 286 (62.8]
diameter Schedule 40  [4.5 m [15 #] long, density of
pipe 7.848 kg/m® 1480 Ib/Af] in DCPP
15 ¢m- [6in-} diameter | 130 [285] 31{7) 42 {93.9]
Schedule 40 pipe 4.5 m [15 t] lonyg, density of
7,848 kg/m® [480 /1] in DCPP
20-cm- [8-in-} diameter 125 [2785] 56 [126] 56 [126)
solid steel cylinder
10 om x 30 ¢m x 48 [108] 89 [200] ]
305m{4inx12inx  {in DCPP Units 1 & 2, 91 kg {200 Ib}, Not Applicable
10 i} board density ot BO1 kg/m? [50 ibvitY)
7.5 cm- [3 inj diametwer, {34.5(76] 29.8(88.7)
3.05m [10 #-] long in DCPP, 4.5 m [15 ft-] Ion? pipe Not Applicable
Schedule 40 pipe with density of 7,849 kg/m® [480
ib/#t)
500-kY insulator string  {344.7 [760) 70 [157] Nat Appiicable
Semx5emx032cem (3986 70 [157]
[2inx2inx 1/81in} Not Applicable
stegl angle (1.5 m {5 1Y)
long}
2.5 cm- [tin-) diarmeter 14 (8] 2215 40 [89.5)
steel rod 0.9 m [3 #t-] iong, density of
7,849 kg/m? [490 b/t in DCPP
| 2.5-cm- {1-in-] 0.22 [0.5 58 {126) 58 [128)
diameter solid steel
sphere
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Important 10 safety SSCs that may be alfacted by design-basis tornado migsiles are: (1) the
CTF, (2) site ransporters, {3} the transter cask, and (4) the storage casks, Thess $5Cs are
taquirad ta function during thes design-basis event,

Based on the resulting kinetic energy, PGAE's analysis assumad that an automobile at

203 km/hr [126 mph}, a 500-kV insulator string at 253 kmvhr (157 mph], and a 2.5 cm-[1 in-]
diameter steel rod at 144 km/r [89.5 mph] are the bounding missiles for the large,
infermadiate, and small missties categories. PG&E assumad that the impact velocity of an
automobile is consistent with that sugpested in NUREG-0800. PG&E developed an equation
to estimate the maximum horizontal missile velocity for a 322-knvh [200-mph] tornado from a
386-km'h (240-mph] Type HI tormado curve using Figure 16.3.1 of Simiu and Scantan (1986}.
HMowever, the basis for the equation is not clear. This formula will produce a different result for
the correlation power factor if tornados other than Type il are used.

The staff's confirmatory calcutation indicated that energy imparted by the automobiie is
significantly larger than that of a utility pole. Therefore, any impact of a wility pole would be
hounded by the automobile impact for assessing transporter stability. Holtec international
{2001e) studied the effects of transporter stability while rangporting a loaded transter cask to
the storage area at the proposed facility. This analysis included a large missile represented by
a 1,800-kg [4,000-Ibj car traveling at a speed of 56 m/s [126 mph]. The impact analysis result
tirclicates that a ioaded transporter would be displaced laterally by a digtance of only 1.65 ¢cm
[0.85 in]. The transponter rermains stable and does not tipover as a result of this impact.

The staff reviewed the informatinn provided by the applicant, evaluated the analyses of
potential hazards from design-basis tomadoes and tornada missiles at the praposed lacility,
and conducted a contirmatory analysis. The staff concludes that a tomado or
tornado-generated missile would not impair the ability of the SSCs 1o maintain subgriticality,
confinerment, and sufficient shislding of the spent fugl during transfer or storage.

16.1.2.11 Accldents at Nearby Sites—Alrcraft Crash Hazards

The staff reviewed the information presented in the Diablo Canyon I1SFSI SAR, Section 2.2
{Pacific Gas and Electric Company, 2003). In addition, the staff reviewed information
presented by PGAE in respanse to staff questions regarding alrcraft crash hazards (Pacific Gas
and Electric Company, 2003d). The purpase of this review is 10 ensure that the risk to the
proposed facility caused by airgraft hazards has been appropriately estimated and is
acceptabie.

The staff reviewed the aircraft crash hazard analysis in accordance with NUREG~0800,

Section 3.5.1.6, "Aircraft Hazards.” The staff accepts the methodology in NUREG-0800, as
applicable, for reviewing the aircraft crash probability for the proposed ISFSI. Section 3.5.1.6 of
NUREG-0800, provides three screening criteria that must be satisfied to conclude, by
ingpection, that the aircralt hazards at a nuclear power plant are less than 1 x 107 per year for
accidans that couid result in radivloglcal consequences greater than 10 CFR Part 100
exposure guidelines. The staff's review indicates the proposed facility site does not satisfy
scraening Criterion 11.1(a). which states, “The plant-lo-airport distance, D is between 5 and 10
statute miles, and the proiected annual number of operations is less than 8§00 ¥, or the plant-
to-airport distance, D, is greater than 10 slatute miles, and the projected annual number of
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operations is less than 1000 02" Based on the information given in the SAR, and the air traffic
increase projectad in the next 25 years by the Federal Aviation Administration (FAA). the
projectad annuatl number of operations may not satisfy Criterion 1.1{a). Additionally, screening
Critarion 1. 1{c) states, "The plant is at least 2 statule miles beyond the nearest edpge of a
federat airway, holding pattern. or approach pattern.” As stated by the applicant in Section
2.2.1.1 of the SAR, air tratfic to San Luis Obispo County Regional Airport passes the proposed
site at a distance of 1.6 km [1 mi]. Therefore, screening Criterion 11.1.(c}) is alsc nat salisfied,
and in accordance with NUREG-~0800 review guidance, a detailed review is needad to gssess
the aircraft crash hazards for the proposed site. PGAE provided iis detailed analysis to
estimate the annusal frequency of a potential aircraft crash at the proposed 1SFSI (Pacific Gas
and Electric Company, 2003d). Additionally, the staff conducted its own confirmatory analysis.
Thase analyses are discussed in the foliowing sections.

Estimating the fotal probability of an aircraft crash onto the proposed ISFSI requires an
evaluation of ¢crash probabilities from several sources:

J Aircraft taking off and landing at San Luis Obispo County Regional Airport;

» Aircraft taking oft and landing at other municipatl airports located close to the sie,
such as Oceario County Airport, Camp San Luis Obispo Heliport, and
Vandenberg Air Force Base;

. Airgraft flying the low-attitude flight corridor V-27 (commercial airway) and either

landing at or departing from San Luis Obispo Caunty Regional Airport, or
not landing at or departing from San Luis Obispo County Regional Airpont; and

» Aircraft ftying mililary training route VH-249.

San Luis Dbispo County Regional Airport Is approximately 19.3 km [12 mi] east of the proposed
site. This airport has four runways. Only Runway 11 Is equipped for instrument landing
approach. The other three runways are used for visual landing. Some aircraft use Airway V=27
to align for Instrument landing at the airport. Some of these aircraft come within approximately
1.6 km {1 mi] of the proposed ISFSH site at An elevation of 814 m {3,000 4). Based on
NUREG-080D, any aircraft flying Airway V27 for instrument landing at San Luis Obispo
County Regional Airport wilf be in an in-flight mode. Their contribution to the overall crash
hazard has been accounted for in the analysis of V-27. The commonly used approach route for
visual landing at San Luis Obispo County Regional Airport passes approximately 12.8 km [8 mi]
from the proposed site.

In Section 2.2.1.3 of the ISF51 SAR, “Hazards from Air Crashes,” PGAE states that
approximatsly 92,330 operations (take offs or landings) cccur annually at San Luis Obispo
Regional County Airport, However, while discussing jocal traffic on Airway V-27, PGAE stated
approximately 16,000 takeof!s and landings occur annually at San Luis Obispo County Regional
Airport, based on an average of data from 1938-2001, by commercial or air-taxi aircraft,
Primarity turboprop aircratt with a gross weight of not more than 13,808 kg {30,000 [b} are used
in these commercial flights. Additionally, private aircraft (i.e., general aviation aircraft) landed at
or took off from San Luis Obispo County Regional Airport approximately 7,560 times monthly,
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based on the average of data from 1988-2001. These aircralt have gross weight of less than
5670 kg (12,500 ib]. Consequently, ai least a total of approximately 108,720 landings and
depantures took place annually at the San Luis Obispo County Regional Airport without counting
the operations by military aircraft.

PG&E concluded thal no analysis would be necessary as the number of annusl operations at
San Luis Qbispo County Regional Airport is below the number needed fo have an annuai ¢rash
trequency of 1077 based on Criterion 11.1{a) of NUREG-0800.

The staft independently varified the number of annual operations at this airport from the FAA
database at ship:/ Lt 1 B/defaylt. ardi another source at
<http://www.airnav.com>. Based on this information, approximately 72,000 annual operations
take place at the San Luis Obispo County Regional Airport, out of which approximately 16,500
operations are by commuter aircraft and approximately 55,000 operations are by general
aviation aircraft, in addinon to approximately 900 operations by military aircraft. Because the
number of annuat operations given by PGAE {i.e., 108,720 with 800 additional operations by
military aircraft) is bounding, the statf used that value for fusther review.

The staff reviewed tha information and the analysls provided by the applicant with respect to the
potential hazards of aircraft taking off and landing at San Luls Obispo County Regional Airport.
The staft found the hazards acceptable because adequate information has been presented to
describe the potential hazards and an acceptable methodology has been used to screen the
potential hazards. As the airport is approximately 18.3 km [12 mi] away from the proposed
ISFSI site, the estimated annual frequency of crash onto the proposed ISFS! is insignificant
using the methodalogy giver in NUREG-0800 to analyze the crash potential of aircraft landing
at or taking off {rom an airport. Based on the this information, the staff has concluded that
aircraft taking off and landing at San Luis Obispo County Regional Airport woukd not pose any
undue hazard to the proposed ISFSI.

Aircraft Taking Off and Landing at Qceano County Airport, Camp San Luls Oblspo Heliport, and
Yandenberg Air Force Base

There are several smaller municipal airports in the vicinity of the proposed site. Oceano County
Airport is located 24 km [15 mi] away from the proposed site. Only general aviation aircraft with
weight not more than §,670 kg [12,500 Ib] use this airport. in the Diablo Canyon ISFSI S8AR,
PG&E estimated annuat! traffic at this airport 1o be no more than 26,400, Both the FAA
database at <http:// e 1 Bid tm> and another source at
<http:/fwww.aimay.coms give the astimated annual number of flight operations at this airport to
be approximately 10,000. Therefore, the estimated number for annual flights used in tha SAR
is congervative. Again, PG&E concluded that no analysis would be necegsary, based on
Criterion .1{g) of NUREG-0800, as the number of annual operations at Oceano County Airport
equates 0 an annual crash frequency of 1077, or lower. Based on the anafysis methodology
given in NUREG~08B00, the staff estimates that the frequency of aircralt crashing onto the
proposed I1SFS! while taking off or landing at Oceano County Airport is ingigniticant.

Camp San Luis Obispo airfisld, located approximately 13 km {8 mi] northeast of the proposed
ISFSI site, is a heliport owned by the U.S. Army. The staff concludes that landings and takeoffs
by helicopters at this heliport do not pose a credible hazard to the proposed 15FSI because of
the type of aircraft and the long distance from the ISFSI, based on the U.S. Depattment of
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Energy (DOE) Standard, “Accident Anafysis for Aircraft Crash Into Hazardous Facilities.”
(DOE-STD-3014~96, U.S. Department of Energy, 1938).

Vandenberg Air Forqe Base is 56 km [35 mi] away from the proposed site, At this distance, fhe
number of takeoffs or tandings per day will not exceed the NUREG-0800 criterion that would
require further analysis. Therefore, any landing or takeoff operations at Vandenberg Alr Force
Base will poge a negligible hazafd 1o the proposed Diablo Canyon ISFS!.

Aircraflt Flvin - Allit irway Victor 27 (V-27

A low-altituds Alrway Victor 27 {V-27) passes approximately 8 km {5 mi] east of the proposed
facility. Aircraft use this airway to fly between the Sania Barbara area and the Big Sur area.
Aircralt using V-27 can either land at San Luis Obispo County Regional Airport or fly through to
their destination without landing. The majority of the aircralt using airway V-27 fly at an en
route altitude of 3,333 m {10,000 fi} above mean sea leve! (MSL). Occasionally, V-27 is also
used by traffic approaching San Luis Obispo County Regional Airport from the south for
instrument landings on Runway 11, or for instrtument departures o the south from Runway 11,
Some landings on Runway 29, and instrument gepartures o the south from Runway 29 also
use ¥-27. Some aircraft using this approach or departure pattern pass as close as 1.6 km

[1 mi] from the proposed ISFSI site at an elevation of 914 m [3,000 fi].

Aircraft Landing or Departing San Luis Q bispo Gounty Redional Ajrponrt Using V-27
PGSE used the FAA database <iiip/www 200 data Jaa, goviiaaatadsall htm: 1o obtain

information about commereial or alr taxi (AT) and general aviation operations at San Luig
Obispo County Regional Airport. An average of 16,000 AT operations (i.e., takeoffs or
landings) took place annually during 19968-2001. Additionally, an average of 1,781 AT landings
took place annually at this airport under instrument meteorological conditions.

Based on the scheduled airline flight information at San Luis Qbispo County Regional Airport,
PG&E estimated approximately 65 percent of the commercial traffic is departing to or
approaching rom the south, Therelore, approximatsly 1,781 x 0.65, or, 1,157 instrument
landings may use the V-27 airway annually. Assuming a similar number of takeof{s using
insteument conditions, approximately 2,314 flights will use Airway V27 annually, and this
number was considared in the aircraft hazards analysis for the proposed {SFSI

The FAA database shows that approximately 7,560 landings and takeoffs by general aviation
aircraft took place monthly at San Luis Obispo County Regional Airport over the 4-year period
of 1888-2001. Ouring the same period, an average of 1,430 llights, which includes local and
itinerant general aviation and military flights, landed at San Luls Obispo County Regional Airport
annually under instrument conditions. PG&E again assumed that approximately 65 percent of
the general aviation traffic is departing 1o or approaching from the south. Therefore, PGRE
considered that approximately 2 x (1,430 x 0.65). or 1,860 operations (takeaffs and landings)
tock place annually under instrument conditions.

The nearest major airway intersections (CREPE and CADAB) are approximately 18 km [11 mi]
and 34 km [21 mi] rom the proposed ISFSI site. Holding pattems at both of these intersections
would place the aircraft even further away from the proposed ISFSI site, thus they are not
considered (o contribute to the overall aircralt hazard.
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Since the Morro Bay Very-High Frequency Omnidirectionat Range Navigation System is used
for missed approaches to San Luis Obispo County Regional Airport, PGSE estimated that

§ percent of all Instrument landing approaches areg missed, and each aircrall remains in the
holding pattemn for 10 passes. Therefors, for purposes of this analysis, commercial aircratt
{raffic is assumed to increase by an additional §79 {2,314/2 x 0.05 x 10) annuai {lights and
generat aviation aircraft traffic by 465 [1,860/2 x €.05 x 10] additionat annual flights. Inits
response to additional staff questions, PG&E stated that the assumption that 5 percent of all
instrument landing approaches are missed is conservative based on discussions with the
personnel at the controt tower of San Luis Obispo County Regional Airport regarding the
specific approaches avallable to the airport. Additionally, discussions with pilots of commercial
and private aircraft support this conclusion, San Luis Obispo County Regicnal Airport has
{imited landing facilities. Most instrument approaches are near minimum weather requirements
for using the visual flying rule and result in a visual landing under an instrument flying rule
approach. Essentially, zero landing misses take place under this type of approach to the
airport. Runway 11 is the only runway available with a precision instrument landing system. I
wind and fog results in downwing landing on Runway 11, commercial aircraft wifl not depart San
Luis Obispo County Regionat Airport,

PGAE states that aircraft approaching from the south and not during weather classified as
instrument meteorclogicat conditions will fly to the CADAB intersection and will land on

Runway 29 under visual control. These aircraft do not generally use Airway V-27 while landing
at San Luis Obispo County Regional Airpert. However, when San Luis Obispo County Regional
Airport is under instrument meteorological conditions, all aircraft arriving from the south will use
Runway t1 approach, if the celling is below 270 1o 330 m [900 to 1,100 #], depending on the
aircraft type. This approach uses V-27. However, if the ceiling is above 270 to 330 m [800 1o
1,100 ], the pilot may also use the Runway 2¢ approach, which does not use V27,
Consequently, a major portion of the aircraft approaching San Luis Obispo County Regional
Airport from the south (PG&E has estimated it o be approximately 85 percent) do not use V-27
- toiand, however, FQRE has conservatively assumed that all aircraft approaching from the
south use Alrway V-27. The V~27 airway has a width of 12.8 km {8 statute mi] with a center
approximately 8 km [5 mi} from the proposed [SFS| site. Consequently, the proposed ISFSI
site is 1.6 km [1 statute mi] from the edge of V-27 airway, and an effsctive width equal to 16 km
[10 statute mi] is used in accordance with NUREG-0800 fo estimate the probabiiity of air
crashes from traffic using this airway at the [SFS! site.

PG&E assumed that the wingspan af commercial aircraft is 29.9 m [88 ft) with a skid distance of
213 m [700 1t]) and cotangent of the impact angle, cot @, equal to 10.2. Using length, width, and
height of the facility as 152, 32, and 6.1 m {500, 105, and 20 #], PG&E eslimated the eftective
area of tha facility to be 0.0580 km? [0.0224 m#*] for commercial aircraft, using the formula given
in DOE Standard DOE-STD-3014-86. Using a wingspan of 22.3 m [73 i), skid distance of
213 m [700 1], and cot ¢ of 10.2, PGAE estimated the effective area of the facility to be

0.0554 km® [0.0214 mi?} for general aviation aircraft.

Use of 213 m [700 fi] as the skid distance by PG&E is based on the fayout of the proposed
facitity. The proposed faciity Is surrounded by hilis on three sides, which limits the potential skid
distance by a crashing aircraft to reach to the SSCs important to safety. The fourth side is
protected by a drop in the terrain with a slope greater than 1:1 (PG&E SAR, 2003, Figura 2.2-1).
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PG&E assumed a crash rate of 2.5 x 10 '° per km [4 x 10" per mi} for commercial aircraft and
0.97 x 1077 per km [1.55 x 10°7 per mi] for genaral aviation aircraft flying in this corridor. The
crash rate for commarcial gircraft is based on the suggesied value in Section 3.5.1 .6 of
NUREG-0800. Additionally, PG&E used Kimura, et. al (1986) to select the crash rate for
genaral aviation aircralt,

Based on the above parameters and using the formula given in NUREG-0800, Section 3.5.1.8,
PG&E estimated the annuat ¢rash frequency onto the proposed ISFSt by commercial airgraft to
be 2.59 x 10°°. Similarly, the annual crash frequency of general aviation aircrafl is estimated by
PG&E tobe 7.7 x 1077. Theretore, the total crash frequency by aircraft flying airway V-27 is
7.73 % 1077 per year,

The staff consulted the FAA database <hiip://www.apo data faa.gov/faaatadsall. hims to

indapendently verify the number of annual flights by both commercial and general aviation
aircraft approaching San Luis Obispo County Regional Airport during instrument meteorological
conditions. The staff confirmed that the 4-year (1988-2001) averaye of flights during
instrument meleorclogical conditions for both types of aircraft are acceplable. Additionally,
inclusion of 2002 date would somewhat decrease the annual average for both commerclal and
general aviation atroraft. Thersfore, the applicant’s consideration of information from
19982001 is appropriate.

Commergial Aviation

San Luis Obispo County Regional Airport is served primarily by turboprop or smaler aircraft for
the commercial or air taxi traffic. The maximum capacity of these aircraft is 41 people with a
maximum gross weight of 13,608 kg [30,600 k). Athough PG&E used the crash rate of
commercial aircraft equal to 4 x 107'¢ per mile, as suggested in Section 3.5.1.8 of
NUREG-0B00, the staff used a crash rate of 9.28 x 107'° per km [5.801 x 107 per mi], as
given in Table 2.13 of Kimura, et al. (19886) for off-airport crashes with destroyed airoratt or
aircraft that sustained substantial damage to the airframe as a result of the crash. Staff
considers this crash rate 1o be more appropriate for the type of aircraft under consideration. A
search of the website <httpfwww sioai comfflightinte tmi> shows that certified alr carriers
operate at this airport. A certified air carrier is an air carrier possessing a Certificate of Public
Convenience and Necessily issued by the U.S. Departimeant of Transpantation in accordance
with 14 CFR Part 121 to operate scheduled air services (Kimura et al., 1896). The information
obtained by the stal! independently from the websites <hitp.Hairnav.com» and
<hiip:fwenw.ocrt comy5010WEB/Jefault. btms indicates that the traffic at San Luis Obispo
County Regional Airport does not have any air-taxi operations, rather it has commercial
operations. Therefore, the staff used the crash rate of 9.28 x 1D per km [5.801 x 10" per
mi] as the ¢crash rate appropriate for commercial aircraft operating at San Luis Obispo County
Regional Airport.

Although PG&E stated that San Luis Obispo County Regional Airport is primarily serviced by
turboprop or smaller aircraft for commercial traffic, PG&E used a wingspan of 29.4 m {98 ft], as
suggested for air carriers in commergial aviation in Table B-16 of DOE Stendard
DOE-STD-3014-88. This table suggests that the wingspan {or turboprop aireraft, classified as
general aviation aircraft, is 22.3 m [73 ft]. Therelore, usg of a higher value for wingspan will
produce a larger estimate of the effective area, and therefore, it is conservative. The staff used
a wingspan of 29.9 m [98 ft] for commarcial aviation. Additionally, the staff considered all
general aviation aircraft to be the turboprop type, which has the largest wingspan of all general
aviation aircraft types,
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Table B~17 of the DOE standard provides the suggested values for the mean of the cotangent
of the impact angle {cot ). For commercial aviation aircralt, the suggested value is 10.2. DOE
{1986) recommends cot g equal to 8.2 for general aviation aircrait. Mean skid distances for
commercial and general aviation aircraft are 439 and 18 m {1,440 and 60 H], as per Table 8-18
of the DOE Standard. PG&E asserted that a commergial aircralt would not have encugh space
to skid for a distance of 438 m [1,440 ft] because of the topography surrounding the proposed
ISFSI. The staff agrees with this conclusion and has used a skid distance of 213 m [700 ] as
an appropriate skid distance far commercial aircratt in the caiculation. Nevertheless, the staff
also used 439 m [1,440 ft] in the calculation to test the sensitivity of the skid

distance parameter.

Using a wingspan of 29.9 m {98 fi], cot ¢ of 10.2, and a skid distance of 213 m [700 ], the statf
estimates the eftective area of the propased facility to be 0.058 km? [0.0224 mi®]. Using a skid
distance of 439 m [1,440 f1], however, the estimated area increases to 0.0997 km? [0.0385 m#|
for commercial aircraft, Using a wingspan of 22.3 m {73 ft], cot ¢ of 8.2, and skid distance of
18 m [60 H], the effective area is 0.01844 km? [0.00712 mif]. As discussed befars, the effectiva
width of the airway is 16 km [10 mi]. Based aon this information, the staff estimates that the
annual frequency of a crash of a cormmercial aircraft onto the proposed facility, using the
formula given in NUREG-0B0D Section 3.5.1.8, is approximately 3.8 x 10°®, for a skid distance
of 213 m [700 ft]. Assuming a skid distance of 439 m {1,440 fi}, (which is not considered
realistic given the topagraphy surrcunding the proposed ISFSI), the probability ot a commercial
aircraft crash increases to approximately 6.5 x 10°° per year.

General Aviation

PGA.E stated that the general aviation airgralt using the airport and airways near the proposed
ISFSI include small single- and dual-engine aircraft, and small cerporate aircraft powered by
either propeligr or jet. These aircraft with an average gross weight of less than 5,670 kg
[12,500 Ib] have a maximum capacity of eight peaple. Kimura, et al. (1996) provide crash rates
per flignt mile for single- and mutti-engine reciprocating, turboprop and turboet, rotary wing with
gither reciprocating or turbine engine aircraft. Because the proportion of these aircraft is not
known, the staff considers the use of a crash rate of 2.48 x 1077 par km [1.550 x 10’ par mi] for
all powered aircraft appropriate. As a parn of the sensitivity analysis, the staff also used the
crash rates equal to 2.416 % 10" per km [1.510 x 107 per mi) for alt fixed-wing {single- and
multi-engine reciprocating, lutboprop and turbojet) aircratt and 5.669 x 1077 per km

[3.643 x 10°7 per mile] for alf rotary-wing {reciprocating or turbine engine) aircraft. Additionaily,
a wingspan of 22.3 m [73 fi] has been used. As discussed before, this (5 a conservative
astimate of the actual wingspan as the typical wingspan of & general aviation aircraft is glven
as 15.2 m {50 1], except for a turbogrop aircraft, which has & wingspan of 22.3 m [73 H] (U.S.
Department of Energy, 1996). Additionally, a skid distance of 18 m [80 ff] and oot @ of 8.2 have
been used to sstimats the effective area of the proposed tacility. The effective area of the
proposed facility has been estimated to be 0.01844 km? [0.00712 mit]. Therefore, the staff
estimates that the annual frequency of crash of a general aviation aircraft onto the proposed
ISFSI, using the formula given in NUREG-0800, Section 3.5.1.6, is approximately 2.6 x 10°*
assuming the crash rate for total powered general aviation aircralt, Assuming the crash

rates for all fixed-wing and all rotary-wing aircraft, the estimated annual frequencies of crash

of a general aviation aircraft onto the proposed ISFS! are approximately 2.5 x 1077 and

5.9 x 1077 per year, respectively,
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The staff reviewsd the information and analysis presented by the appficant with respect to
patential hazards of aircraft flying airway V-27 to tand at or depart from San Luis Obispo Gounty
Regional Airport. The staff found them acceptable becauss:

. Adequate information has been presented to describe the potential hazards;

. appropriate bases has bean provided for the assumed crash rates for both
commercial and general aviation aircralt,

) appropriate bases have been provided for the assumed number of Hlights of each
type of aircraft in the vicinity of the proposed 1SFSI using this flying corridor; and

. conservative values of crash paramsters have been used to estimale the annual
crash frequencies for difterent types of aircraft.

Aircraft Not Landing or Departin n Liis Ohis cunty Regional Airpont Using V-27

As discussed before, V-27 is a federal airway also used by alrcraf flying between the Sania
Barbara ang Big Sur areas. These aircraft do not land at San Luis Obispo County Regional
Alrport. Tha majority of the aircralt in V27 fly at an aitituds of 3,333 m [10,000 ft] above MSL,;
however, some smaller aireraft may fiy at elevations as low ag 1,050 m [3,500 ft]. Based on
information from the FAA, PG&E estimates thal mostly commercial aircraft fly in this airway at a
rate of approximately 20 per day or, 7,300 fiights per year. Using a crash rate of 6.4 x 10 per
flight km [4.0 x 10" per flight mi] and an effective area of 0.058 km® [0.0224 mi?), PG&E
astimated the anmval raquency of aireralt flying in this part of V-27 crashing omto the proposed
tacility would be 6.53 x 10°%.

The staff estimated the annual crash frequency of alrcrafi in this category, assuming a skid
distance of 213 m [700 ft}, and a crash rate of 9.282 x 107 per flight km [5.801 x 10 '° per
flight mi}, as the contribution of this activity to the overall crash frequency is relatively minor.
Using the methodology given in NUREG-0800, the staff estimated the crash frequency at the
ISFSI for this category of aircraft to be approximately 9.5 x 10°® per year. The staff reviewsd
the information and analysis presented by the applicant with respact to potential hazards of
aircraft using Airway V27 10 transit between the Santa Barbara and Big Sur aréas. The staff
found the applicant’s analysis acceplabls because:

. Information presented te describe the potential hazards is adequate;

] an appropriate basis has been provided for the assumed crash rate, and
. an appropriate basis has been provided for the assumed number of flights of

each type of aircraft in the vicinity of the proposed ISFSI,

Aircraft Flving in Military Training Route YR~249

VR-249 is a military training route. Alrcraft can fty at any elevation up to 3,333 m (10,000 ft].
Flight through this route requires at least & km [6 mi] of visibility with a celling at 800 m

[3.000 ). Aircraft using this route usually remain offshore. The ISFSiI SAR indicates that these
aircratt do not fly directly over the proposed I1SFSI or DCPP,

15-38



A majority of the aircraft that fiew through VR-249 in the period of Seplember 2001t to
Septernber 2002 were F-18 military jets. Additionally, a imited number of F-16s, C-130s, and
EA6EB aircralt ang some heticopters used this route. Based on the information obtained by
PG&E from the Naval Air Station at Lemoore, bombs are not carrisd onboard a majority of the
aircraft that fly VR-2489, aithough air-to-air missiles and cannonimachine guns may be carried.
The amount of explogive charges in these amaments is considered to be too small {0 pose a
hazarg to the proposed ISFSL.

The route VR-249 ig used by military aircraft infrequently; approximately 80 flights annually.
Additionally, aircraft fly near the proposed ISFS! area in normal flight mede, not in high-stress
maneuvers, To be conservative, PG&E assumed that approximately 75 flights use this route in
ayear. PG&E assumed a wingspan of 33.5 m [110 1] for an F-18 alroraft, Additionally, a skid
distance of 213 m [700 #t] and cot g of 10.2 have been assumed by PG&E. The calculated
gffective area of the proposed fagility is 0.059 km? [0.0228 mi®.

PG&E was not able to obtain specific crash information for F-18 airgraft t0 develop a crash rate
in normal inflight mode. As a result, PG&E assumed a crash rate of 4.378 x 10°% parkm
[2.736 x 10 per mi} for all types of aircraft flying in this corridor, based on the crash rates for
F-16s developed for a separate ISFS] license application for the Private Fuel Storage Fagility
{Private Fuel Storage Limited Liability Company, 2002). PG&E assumed that the crash rate for
F-16 aircraft could be applied 10 F-18 aircraft. The centerline of the route VR-249 s
approximately 3.2 km [2 mi] oHshore, PG&E assurmed the width of the route for estimating the
crash hazard as 1.6 krn [1 mi]. The resulting crash hazard has been estimated to be

4.88 x 10 % per year,

The majority of the aircratt flying through the route VR-249 are F-18s, The staff used the
information given in Tables B~18 through B~18 of the DOE Standard {U.S. Department of
Energy, 1996} to astimate the effective area of the proposed ISFSI, assuming all aircraft are
either F-16s, F-18s, C-130, or EA~6H. Both F-18s and F-18s are high-performance small
aircraft with wingspans of 10.0 m {32 1 10 in] and 13.62 m [45 fi], respectively. The suggested
value for cot g is 10.4 and the skid distance is 136 m [447 ff] for both of these aircraft (U.S.
Depariment of Energy, 1996). It should be noted that C-130s are transport aircraft and should
be categorized as large military aircraft. The EA~EB is & twin-engins aircraft used 1or electronic
oountermeasures and is based on the airframe of A-6 aircraft. It has been categorized ag a
small military aircraft for estimating the effective arsa of the proposed ISFSI. C-130s have a
wingspan of 40.4 m[132 ft 7 in). EA-6Bs have a wingspan of 16.2 m [53 ft]. A skid distarce of
112 m [368 1] and cot ¢ of 9.7 have been used tor C-130 aircralt. Similarly, a skid distence of
136 m [447 #t] and a cat @ of 10.4 have been used for EA-6B aircraft (U.S. Department of
Energy, 1996), The estimated effective area of the proposed ISFS) is 0.0388 km* [0.0148 mf]
lor F~16s, 0.0386 km? [0.0153 mi®] for F-18s, 0.0401 km?* [0.0155 m#] for EA-58s, and
0.0409 km® 10,0158 mi] tor C~130s. Therelore, & value of 0.0386 km* {0.0152 mi?.
appropriate for ~~18s, has been used by the staff. Use of the effective area for any other
aircraft would make an insignificant difference in the estimated annual frequency of aircraft
crash onto the proposed ISFSI.

The staff searched the website <hitp:/iwww.chinfg,navy. minavpalib/factfile/airgraft/air-ta18.html>
of the U.S. Navy and found that the F-18 is a twin-engine ajrcraft. it is expected that the crash
rate of a twin-engine, high-performance aircraft would be less than a single-engine aircralt, such
as an F-16. The crash rate given in Table 4.8 of Kimura, et al. (1996) for F~16s and F-15s
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{a twin-engine aircraft) indicates that the F~15 has a lower prash rate than F-18. Similarly, it is
expected that the crash rate for an F~18 would be less than or equal to that for an 16 aircraft,
Therefore, in the absencs of speciiic infommation, assuming an F-16 crash rate of 4.378 x 10°°
per km [2.736 x 10°* per mi] for an F-18 is acceptable. This assumption is also considered valid
because the potential crash of a military aircralt traversing route VR-249 would produce a small
contribution to the overall aircraft crash hazard at the Diablo Canyon ISFSI.

Although the centerline of the route VR-249 is approximately 3.2 km [2 mi] offshore, PG&E
assumed the width of the route for estimating the erash hazard as 1.6 km {1 mi]. This
assumgption is conservative because it places all 75 flights in a 1.8-km- {1-mi-} wide corridor
centered over the proposed ISFSI site for crash hazard estimation purpose. In reality, some of
the aircraft would tly further away from the proposed 1SF8I site. The staff also used a width of
the route equal to 1.6 km {1 mi]. Using these parameters, the estimated crash hazard of
aircraft fiying route VR-249 is approximatety 3.1 x 10 ® per year.

The staff reviewad the data and analysis presented by the applicant with raspect 1o the potential
hazards of aircraft flights in military {raining route VR-249. The siaff found them to be
acceptable because:

. Adequate information has been presented to describe the potential hazard;
. an acceptable methodology has been used to estimate the crash potential; and

. PG&E conservatively used the crash rate of a single-engine aircraft, the F~18,
which is expected lo hitve a higher crash rate than the twin-engine F-18, which
is the aircraft primarily used on this route. In addition, PG&E conducted a
sensitivity analysis by doubling and tripling the crash rate used to show that the
crash rate for this route has only a minor effect on the cumudative aircraft crash
hazard for the proposed ISFSL

Probability Acceptance Criterion for Airceaft Crash Hazards for the Diahlo Canyon Indepandent
Spem Fuel Stotage Facility

NUREG-0800 Section 3.5.1.8, “Aircralt Hazards” provides the methedology to estimate the
annuat frequency of a crash of an aircraft onto a nuclear power plant. An operating nuctear
power plant requires active systems to control the dynamic nuclear and thermal processes that
oceur in the conversion of nuclear snergy into thermaf power. In the event of a mishap, large
amounts of therrmal energy within the reactor core can be affected. Emergency cooling
systems are provided as part of a reactor facility design to avoid core damage or melidown and
the release of radivactive material into the envitonment.

Compared to a nuclear reactor fachity, an ISFSI is a passive system that does not have
complex control requirements and that has cantents with relatively low thermat enargy.
Therefore, potential fuel damage andg the associatext radioactive source terms from 2 potential
accident are significantly less than those expected from & polential accident at a nuclear reactor
facility. As a result, the estimated consequences from a potential accident at an ISFS! are less
sovere than from a potential accident at a nuclear reactor facility. Thersfore, the staff
conciudes that a frequency of 1 x 10 ® crashes per year is an appropriate acceptance critesion
for evaluating aircralt crash hazards at the proposed Diablo Canyon [SFSL.
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Summary of Review and Discussion

PG&E examined past and present activities in connection with potential hazards from the crash
of both civilian and military aircraft flying in the vicinity of the proposed Diablo Canyon ISFSL
The activities examined include aircraft taking off and fanding at San Luis Obispo County
Regional Airport, Qceano County Airport, Camp San Luis Obispo Heliport, and Vandenberg Air
Force Base; aircraft flying Airway V-27; and military aircraft flying in route VR-249, The
applicant provided sufficient information and used acceplable methods to evaluate the potential
hazard to the proposed ISFSI from an aircraft crash. The staff reviewed the scenarios, data,
information, and analyses presented by PG&E in connection with the proposed facility and also
cartied out independent confirmatory analyses in selected cases, as presented in the previgus
section of this SER, The confirmalory analyses relied on some different assumptions from
those applied by PG&E.

Summarizing the staff review, the crash frequencies for aircratt are given in Table 15-2. As
indicated in the discussion of aircraft hazards within this section, these frequencies are
estimated on the basis of several siements that determine the overall tikelihoad that sach
specific type of aircraft operation may lead to an impact at the proposed facility, Typically,
these slements include measures that reflect traffic density (8.q.. flights per year), a crash rate
{e.g., crashes per mile}, effective target area, as well as width of the flying coridor. Other
factors, such as human errors in alrcraft design, tabrication, or maintenance, atso influence the
estimated probabitities bid have not been addressed explicitly since their stfacts are inherantly
taken into accourt through the use of historically established crash rate data,

Table 15-2. Estimated Annual Frequency of Aircraft Crashes at the Diablo Canyon
Independent Spent Fuel Storage Instaliation

Estimated Annual Frequency
{Crashes/Yesar)

Source PG&E U.S. NRC
Aircraft taking off and landing at San Luis Obispo 0 ~0
County Regional Airport (SLOC Airpordt)
Alrcraft taking off and larnding at other nearby airports 0 -0
Aircraft flying Airway V-27 using SLOC Airport
sCommercial Aviation 259 x 10_"’ 3.8x10°
+General Aviation 772107 | 25x 10710 5.9 % 107
Aircraft flying Airway V27 not using SLOC Airport 6.53 x 10 9.5 x 10®
Aircraft flying mifitary training route VR~249 4.68 x 10°® 3.1%x10°
Cumulative Aircraft Crash Hazard - 825 1071 29 x107106.3x 107

The estimated crash frequency values detemmingd by the stafl, as listed in Table 15-2, may be
ditferent from those determined by PG&E because of the sensitivity or canfirmalory calculations
performed by the staff. PG&E has used mare ¢onservative values than suggesied in the DOE
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Standard (U.5. Department of Energy, 1996) far skid distance of a crashing genaral aviation
aircraft. Consequently, tha calculated elfective area and, in turn, the estimated annuat crash
frequency are higher and more conservative. The values determinad by PG&AE have bean
accepted by the staff as reasonable. Based on the information presented in Table 15-2, which
damonstrates that the conservative estimates of aircraft crash probabilities are below the
threshold probabitity criterion of 1 x 10°® crashes per year for facilities of this type, the staff
eoncludes that the analysis of aircraft crash hazards for civilian and military aircralt and
ordnance for the proposed Diablo Canyon ISFS! is acceptable.

re Developm

PGAE estimated the projected growth of civilian flights based on the FAA iong-range forecast
{Federal Avialion Administration, 1999}. Commercial aircraft operations include air carrier and
commutar/air taxi takeoffs and landings at all United States towered and nontowered airports.
Based on the FAA forecasts, the commercial aircraft operations are projected to increase from
28.6 million in 1988, tv 36.8 millionin 2010, and to 47.6 million in 2025. Therelore, commercial
aviation operations in the United States are projected 10 increase by 66 percent by 2025,

The annual general aviation operations (takeofls and landings) at all towered and nontowered
airporis in the United States are projected lo increase from 87.4 milfion in 1998 to 92.8 million in
2010 and to 99.2 million in 2025 (Federal Aviation Administration, 1993). Therefore, the FAA
projects an increase of general aviation traffic by 14 percent by 2025.

PG&E has discussed the long-term trend of military aviation to project the estimated aircraft
crash probability for the proposed ISFSI. The FAA predicts that the military air traffic would not
increase appreciably, if at all, in the foreseeable future. Based on the projections of the FAA,
the number of military aircraft handled by the FAA en route to traffic control centers will remain
constant at 4.2 million from 1998 through 2025.

Based on the estimated annual frequencies listed in Table 15-2 and the increase in commercial
and general aviation traffic projected by the FAA, the annual frequency of aircraft crash onlo
the proposed ISFS] would increase to 9.40 x 1077 by 2025, as calculated by PG&E. Applying
these same growth factors to the estimated crash probabifity of commercial and general
aviation aircraft, the stafl estimates that the crash frequency will increase t0 3.4 x 10 " 1o

7.2 x 1077 per year by 2025, from the range of 2.9 x 107 tn 6.3 x 107 shown in Table 15-2.

Conclusion

Based on the information and analysis provided by PGAE, the stalf concludes that the
cumuiative probability of a chvilian or military aircralt crashing at or affecting the proposed ISFS)
is below the threshold probabifity criterton of 10 per year determined to be acceptable for
these types of facilities. Therefore, there is reasonable assurance that civiban or military air
crashes will not pose a hazard 10 the proposed Diablo Ganyon ISFSI,

151.2.12 Acclidents at Nearby Sites—Misslie Testing at Vandenbery Air Force Base
In its responses to siaff questions, PG&E provided information regarding operations at the

Vandenberg Air Force Base (Pacific Gas and Electric Company, 2003d). The base is located
approxirately 56 km [35 mi] south-southeast of the proposed Diablo Canyon [SFSE,
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Approximately 15 1o 20 missiles are tested each year at this base. Missiles are fired in
diractions ranging from due west to southeast. Thargtore, the tlight paths of these missiles do
not come near the proposed ISFSL Adgditonally, infercontinental ballistic missiles are tested at
Vandenberg Air Force Base. They are faunched from sites at the northern part of the base and
typically fiy due west. Typical faunches for spacelift missions are carried out at sites on the
southern part of the base and fly in a southerty direction. Polar orbit launches at this base are
also carried out in a southery diraction. Based on the information from the Base Chief Safety
Officer, the most northerly missile launch site is approximately 40 km [25 mi] south of the
propased ISFSI. Vandenberg Air Force Base is also a designated alternate landing site for
space shuftles, although the base has not been used yet for that purpose. The landing
approach is west to east and does not bring the shuttle within 48 km [30 mi] of the proposed
ISFSI. Therefore, the planned flight paths for missile tests and space shutiles to and from
Vandenberg Air Force Base are always in a direction away from the proposed Diablo Canyon
ISFSI site.

Only g small fraction of the missiles tested deviate from the intended trajeclories. If g missile
after faunch deviates from its planned flight path, the missile is destrayed before the debris path
exceeds a narrow preplanned window. Therefore, the probability of missiles launched from
Vandenberg Air Force Base striking any safety-related SSCs is negligibly smali.

The staff reviewed the information with respect 1o potential hazards of missila testing at
Vandenberg Air Force Base. The staff found the information acceptable because:

. Veriflable information from the U.S. Alr Force was used 10 determineg the number
of missile tests carried out annually and their intended flight paths:

. intended flights paths are always away from the proposed ISFSI site; and

. The U.8. Air Force uses avoidance as one of the primary safety measures 1o
protect facilities.

Based on the foregoing information, there is reasonable assurance that ditferent missile tests
and potential space shuttle landings at Vandenberg Air Force Base will not pose a hazard to the
proposed ISFS] because (1) the selected flight paths arae away from the proposed ISFSI site
and {2} several low-prabability events would need to occur before a missile or the space shuttle
would hit the proposed ISFSI,

15.1.2.13 Leakage Through Confinement Boundary

Seaction 8.2.7 of the ISFSI SAR evaluates the potential consequences of teakage resuiting from
a confinement boundary accident. The polential consequences of this postulated accident are
determined by assuming that 100 percent of the cladding for the fuel rods have ruptured and
the MPC preasure boundary has been breached. The staff has praviously determined that the
methodology used to assess this postulated accident is acceptable and that there are no
consequences thal affect the public health and safety so long as the fuel specifications and
toading conditions as defined in the HI-STORM 100 Systern CoC and SER (U.S. Nuclear
Regulatory Commission, 2002a,b) are met. The Diablo Canyon ISFS8I Technical Specifications
will impose similar conditions and limits on spent fue!l storage so that the staff’s previous
conclusions are applicable in this case. Moreover, NUREG~1586 (U.S. Nuclear Regulatory
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Commission, 1997, Chapter 7, Section V.2) indicates that casks closed entirely by welding do
not require seal monitoring, The MPC, which Is the confinement system for the HI-STORM 100
System, is closed using a walded seal. As a result, the staff finds the applicant proposal not to
provide monitoring of the confinement barrier for the HI-STORM 100 System acceptable
because the casks will be loaded, welded, inspected, and tested in accordance with appropriate
procedures. The NRC stalf of the Spent Fuel Project Office has issuad Interim Staff Guidance
document 1SG-18, which also addresses welded stee! canisters, including the Holtec HI-
STORM 100 MPCs. in ISG-18, the staff concludes that there is reasonable assurance that no
credible leakage would occur from final closure welds of austenitic stainless steel canisters.

15.1.2.14 Loading of an Unauthorized Fuel Assembly

Section 8.2.9 of the ISFSI SAR indicates that loading of an unauthorized fuel assembly into the
MPC will not ocour because of the Technical Specifications and administrative procedures that
will be implemented during loading operations. The Technical Specifications and administrative
procedures are discussed in Chapters 10 and 16 of this SER.

15.1.2.15 Partial Blockage of Multi-Purpose Canister Vent Holes

Section 8.2.13 of the SAR evaluates the potential consequences of the partial blockage of the
MPC vent holes. The potential consequences of this postulated accident were determined by
assuming that only the minimum semicircular area of the vents are credited in the thermal
models. The staff previously determined that the methodology used to assess this postulated
accident is acceptabie and partial blockage of the MPC vent holes has no effect on the
structural, confinement, and thermal analyses of the MPC so long as the fuel specifications and
loading conditions as defined in the HI-STORM 100 System CoC and SER (U.S. Nuclear
Regulatory Commission, 2002a,b) are met. The Diablo Canyon ISFSI Technical Specifications
will impose similar and appropriate limits and conditions so that the staff's previous conclusion
for the Holttec HI-STORM 100 system is applicable to the Diablo Canyon ISFSI.

15.1.2.16 100-Percent Fuel Rod Rupture

Section 8.2.14 of the ISFSI SAR svaluates the potential conseguences of 100-percent fuel rod
rupture within the MPC. The potential consequences of this postulated accident were
determined by assuming that the fission-product gases and fill gas are released from the fuel
rods inlo the MPC cavity. The staff has previously determined that the methodology used to
assess this postulated accident is acceptable and 100-percent fuel rod rupture within the MPC
has no effect on the shielding, criticality, and thermal analyses of the MPC s0 long as the fuel
specifications and loading conditions as defined in the HI-STORM 100 System CoC and SER
(U.S. Nuclear Regulatory Commission, 2002a,b) are met. The Diablo Canyon ISFSI Technical
Specifications will impose similar and appropriate limits and conditions so that the staff's
previous conclusion for the Holtec HI-STORM 100 system is applicable to the Diablo Canyon
ISFSI.

15.1.2.17 Transmission Tower Collapse
Section 8.2.16 of the ISFSI SAR addresses the potential collapse of two 500-kV transmission

towers that are in the vicinity of the ISFSI storage area and the CTF. The transporter will be
designed to protect the transfer cask from the direct impact of a collapsing tower, As a result,
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an analysis of a transmission tower coltapsing on the loaded Hi-TRAC 125 Transfer Cask is not
necessary.

Two ower-collapss scenarios were svaluated (Holtec Intermationai, 2001f). The first scenario
was a tower collapse onto the CTF, with the tower directly impacting the lid of an MPC, which
has been lowered into the HI-STORM 100 System storage overpack located within the confines
of the CTF shell. The second scenario was a lower collapse onto a HI-STORM 100SA storage
cask anchored 10 the ISFSI storage area pad.

Using an explicit finite slement modeling method, PG&E determined that the maximum impact
force on the MPC fid was 1.8 MN [427 Kips], and for the anchored HI.STORM 1005A storage
cask, 2.4 MN [534 kips]. In the case of the MPC lid, thig impact force Is bounded by previously
evaluatad tornado missile impact loads, as approved by the staff for the H-STORM 100 system
(U.S. Nuciear Regulatory Commission, 2002a,b). For the anchored HI-STORM 1008A storage
cask, the impact {orge is predominantly oriented in the vertical direction. The horizontal
component ol the tower collapse impact force on the anchared HI-STORM 1008A storage
cask, 0.4 MN [83 kips], is bounded by previcusly evaluated tormado missiie impaci loads
approved by the staff for the H-STORM 100 system. The vertical component of the tower
collapse impact forcs on the anchored HI-STORM 100 SA storage cask, when converted into
an equivatent gravity load, is also bounded by the previcusly reviewed and accepted squivalent
gravity load for a cask drop (i.e., 45 g).

Even though an analysis of a collapsing tower impact with the HI-TRAG 125 Transler Cask was
not performed, the potential impact forces would be similar to those calculated for the MPC and
anchored HI-STORM 100SA storage cask. Because these impact bads are bounded by
previously reviewed and accepted loading conditions for the HI-STORM 100 system, the staff
has determined that a separate analysis is not needed.

15.1.2.18 Nonstructural Fallure of a Cask Transfer Facllity Lift Jack

Section 8.2.17 of the ISFSI SAR evaluates a postulated failure of a CTF lift jack. The CTF
liting mechanism is configured with three lifting jacks, and the postulated lift jack failure
evaluation assumes that only one of these will fail at any given time. If the failed mechanism
cannot be repaired within 22 hours, {which corresponds to the time determined by analysis for
the short-term fuel cladding temperature limits to be reached due to the diminished convective
cooling efficiency of the HI-STORM 100SA siorage cask when located within the CTF), the
MPC wili be retumed to the HLTBAC 125 Transfer Cask and the storage cask removed from
the CTF so the necessary repairs can be made. This will be a requirement of the Diablo
Canyon ISFSI Techrical Specitications.

The design of the CTF {ifting mechanism is such that the three fifting jack power screws are
atways loaded in tension. Because of this tension loading-only design feature, buckling failure
of the lifting jack power screws, either singly or in ¢combination, is untikely.

15.1.2.19 Accldents Assoclated with Pool Facliities

The proposed ISFSI will use dry storage technology only; there will be no pool at the proposed

ISFSI. Therefore, accidents associated with poot facilities are not applicatide for the Diablo
Canyon ISFS1.
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16.1.2.20 Building Structural Fallure and Collapse onto Structures, Systems,
and Components

Section 4.4.5 of the ISFS! SAR svaluates the CTF far response to the design criteria identified
in Chapter 3, “Principal Design Criteria” of the SAR. The CTF is designed to survive these
events, {See also SER Section 15.2.2.18, “Transmission Tower Collapse”™). Therefore, an
accident involving structural failure of the facility is not apgticable.

15.1.2.21 Hypothetical Fallure of the Confinement Boundary

The HI-STORM 100 System MPC is a seal-weldsd pressure vessel, designed, fabricated, and
tested in accordance with ASME Code requirements and acceptable alternative methods, as
described in the ISFSI SAR. The MPCs have redundant welds 10 ensure that radicactive fuel is
contined. The ISFS! SAR and HI-STORM 100 System FSAR have demonstrated that the MPC
would maintain its integrity and the fuel would be adegualsly protected under site-specific and
generic design-basis nomal, off-normal, and accident conditions. As discussed in Chapter 8 of
this SER, the dose (at the owner-controlled area boundary) calculated {rom a hypothetical
faiture of the confinement boundary is below the gose limit specified in 10 CFR §72.106(b).

15.2 Evaluation Findings

The applicant has provided acceptable analyses of the design and perigrmanca of S8Cs
impartant fo safety under credible off-nomal events and acoident scenarios. The following
summarizes the findings of the staff that pertain to the off-normal evant and accident review.

Of-Normai Events

PG&E has committed to design the cask transporter so it will have redundant drop protection
features and wilf conform 1o the requirements of NUREG-0612 (U.S, Nuclear Regulatory
Commission, 1980), American National Standards Institute {ANSI) N14.6 (American National
Standards Institute, 1993), and ASME B30.9-1998 (ASME International, 1886). The staff
previously determined that a specific limit on cask lift height during fransters between the
FHB/AB, CTF, and the storage pads is not necessary if these cask transporter design
requirements are met (U.S. Nuclear Regulatory Commission, 2002a}). As a result, an
evaluation of a cask drop less than the design allowable height is not required.

The staff hag previously determinad that the HI-STORM 100 System storage cask provides
adequate heat removal capacily under partial vent blockage conditions so long as the {uel
specifications and loading conditions as defined in the HI-STORM 100 System CoC and SER
(U.S. Nuclear Regulatory Commission, 2002a,b) are met and the emviranmental characteristics
of the site are bounded by the corresponding design criteria (see Section 6.1.3 of this SER),
The staft finds that the Diablo Canyon ISFSI Technical Specitications will impose appropriate
limits and that the environmental characteristics of the ISFSI site are within the correspending
daesign criteria, such that the staff's previous conclusions for the Holtec HI-STORM 100 systarn
are also applicable to the Diablo Canyon ISFSE. In addition, the Diablo Canyon ISFSI Technical
Specifications include surveillance requirements for ensuring that the cask heat removal system
ie operational during storage (i.e., the air ducts are inspected every 24 hours to ensure that the
ducts are tree of blockages). inthe event that the HI-STORM 100SA storage cask air inlet
ducts are found to be partially blocked, the hiockage will be removed within one eperating shift.

15-46



The staff finds that thare is reasonable assurance that imporiant to safety functions will not be
affected for the proposed cask sysiem or the proposed 1SFSI due te failure of instrumentation.

The staff finds that potential vehicular impact will not impair the ability of the $5Cs to maintain
subcriticality, confinement, and sufficient shielding of the stored fuel.

The stalf finds that the applicant’s evaiuation of toss of electrical power as an off-normal event
5 acceptable and concludes that there is reasonable assurance that Diable Canyen ISFSI
opermations ¢an be ¢conducted withowt endangering the health and safety of the public.

The gtaff finds that the applicant’s assessment of cask transporter off-normal operation is
acceptable and concludes thal there Is reasonabils assurance that Diablo Canyon [SFSH
operations can bea conducted without sndangering the health and salety of the public.

The staff previously determined that the HI-STORM 1008A storage and HI-TRAC 125 Transfer
Casks provide adequats heat removal capacity during off-normal ambient temperature
conditions so long as the fuet spacifications and loading conditions as definad in the HI-STORM
100 System CoC and SER (U.S. Nuclear Regulatory Commission, 2002a,b) are mel. The staff
finds that the Diablo Canyon ISFS8! Technical Specifications will impose similar and appropriate
lirnits and conditons 80 that the statl's previous conclusion for the Holteo HI-STORM 100
system is applicable to the Diablo Canyon ISFSI.

The statf previously determined that the methodalogy used o assess oif-normal pressure within
the MPC is acceptable and that there are no consequences that affect the public heaith and
salety so long as the fuel specifications and loading conditions as defined in the HI-STORM 100
System CoC and SER {U.S. Nuclear Regulatory Commission, 2002a,b) are met. The staff
finds that the Diablo Canyon ISFSI Technical Specifications will impose similar and appropriate
limits and conditions g0 that the slaff's previous conclusion for the Holtec HI-STORM 100
system is applicable o the Diablo Canyon ISFSI.

idents

The statf has previously determined that cask tip-over events need not be considered if the
storage cask anchorage system and the storage pad are sufiiciently designed to preclude such
an event {U.S. Nuclear Regulatory Commission, 2002a,b). The staff finds that the design of the
storage pads and cask anchorage system for the Diabio Canyon ISFSI is acceptable, and is
sufficient to prevent a cask tip-over accident for the spectrum of seismic events evaluated tor
the site. The staff's structural evaluation of the pad and cask anchorage system can be found
in Section 5,1.3 of this SER,

PGA&E has committed to design the cask transporter such that it will have redundant drop
protection fegtures and conform to the criteria of NUREG-0612 (1.5, Nucisar Regulatory
Commission, 1880}, ANSI N14.6 (American National Standards Instiute, 1983), and ASME
B30.9-1996 (ASME Intemational, 1¢96). The staff previously determined that a spaciic limit on
cask {ift height during transters between the FHB/AB, CTF, and the storage pads is not
necessary if these cask transporter design requirements are met (U.S. Nuclear Regulatory
Commission. 2002a). As a result, an evaluation of a cask drop is not required.
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The staff finds that the information pravided by the applicant ig sufficient to characterize
Hooding as a noncredible accident at the Diablo Canyon ISFSI. As discussed in Section 2.1.4,
“Surface Hydrolagy,” of this SER, PG&E has adequately demonstrated that iocal natural and
man-made drainage systems are sufficient to prevert fiooding of the ISFSI pad site and CTF.

The staft reviewed the information providad by the applicant regarding potential fire and
explosion hazards at the proposed facility. The staff finds that the design basis parameters for
gl credible on-site tire and explosion hazards will not be exceeded and that the 5SCs will meet
all subcriticality, confinement, and shielding requirements for the stored fuel.

The staff concludes that earthquake-induced damage of the spent fual while in trangit from the
power plant to the CTF is not a credible hazard, basex on the low probability of the event and
the limited frequency and duration of the transfers.

The sigff finds that the design of the CTF concrete structure and its reinforcement satisfies the
applicable codes and standards for all design basis accident loads.

The staff finds that the design basis loading conditions for the Diablo Canyon ISFSI are
enveloped by the loading conditions congidered in the HI.STORM 100 System FSAR (Holtec
International, 2002). As documented in the HI-STORM 100 Sysiem SER, the structural
analysis shows that the structural integrity of the HI-STORM 100 System is maintained during
all credible loads. Based on the results presented in the H1-STORM 100 System FSAR, the
stresses in the storage cask and anchorage structures during the most critical load
combinations are less than the allowable stresses of ASME Boifler ang Pressure Vaesset Code,
Saction i {ASME International, 1998b) for the materials to be used.

The stafi finds that the Diablo Canyon ISFSI storage cask anchorage system was designed to
meet the ductile anchorage provision of the proposed Draft Appendix 8 for ACI 349-97 for the
most critical load combinations.

The stafl previously determined that the methodology used to assess the loss of neutron
shielding accident is acceptable and the short-term fuel cladding and other componant
temperature limits, the MPC accident intemat pressure, and the accident dose fimits defined by
10 CFR §72.106 are not exceeded so long as the fuel specifications and loading conditions as
defined in the HI-STORM 100 System CoC and SER (U.S. Nuclear Regulatary Commission,
2002a,b) are met. The staft finds that the Diablo Canyon 1SFSI Technical Specifications will
impose similar and appropriate limits and conditions sa that the stalf’s previous conciusions for
the Hoitec HI-STORM 100 system are applicable to the Diabk Canyon ISFSL. In the event that
the HI-TRAC 125 Transfer Cask loses its neutron shielding, appropriate recovery operation
procedures will bg implermented.

The staff finds that the maximum reduction in ISFSI radiation shielding thickness, material
shielding eHectiveness, or loss o! temporary shieiding in all possitle shielling areas caused by
postulated on-site explosion events has been adequately evaluated by the applicant.
Thersfore, the information and analysis presentad by the applicant provide reasonable
assurance that the dose to any individual beyond the owner-controlled area will not axceed the
limits specified in 10 CFR §72.106(b} and the occupational exposuras from acckient recovery
operations will not exceed the limits specitied in 10 CFR Part 20,
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The HI-STORM 100 System FSAR (Holter International, 2002, Figure 11.2.8) indicales that a
total cask decay heat foad of 30 KW [102,360 BT U/hr], whigh bounds the cask decay heat load
specified for the Diablo Canyon ISFSI, wifl not cause the short-term cladding temperature limit
tor the spent nuclear fuel to be axceeded for 45 hours under adiahatic conditions. Moreover,
the internal prassurs fimit lor the MPC Is not exceeded within the 45-hour timeframe for this
condifion. In the event that a HI-STORM 100 System storags cask is subjected to conditions
that thermally insulate its exterior (e.g., encased within soil as the resuit of a landslide},
appropriate recovery gperation procedures will be implemented.

The staff previously determined that the methodology used to estimale the time required to
reach the shont-term, fuel-cladding temperature limit of spent nuclear fuel stored in the
HI-STORM t00SA storage cask subjected to 100-percent blockage of the air inlet ducts is
acceptable (U.S. Nuclear Regulatory Commission, 2002a,b). For the bounding values of decay
heat load of 30 kW {102,360 BTU/hr] and insolation of 834 w/m® {800 g-calcm?®] per day

(387 Wim? [123 BTUhr-H]}, the shont-term cladding temperature limit for the spent nuclear fuel
will not be exceeded for 72 hr when the HI-STORM 100SA storage cask alr inlet ducts are _
100-percent blocked. Moreover, the internal pressure limit for the MPC is not exceeded within
the 72-hour time frame for this condition. Furthermore, the Diablo Canyon {SFSI Technical
Specitications includes surveillance requiremerts for ensuring that the cask heat removal
system is operational during storage (i.e., the air ducts are inspected every 24 hours (o ensure
that the ducts are free of blockages). In the event that the HI-STORM 100SA storage cask air
inlet ducts are found o be 100-percent blocked, appropriate recovery operation procedures will
be impiemented.

The staff reviewed the information provided by the applicant, evaluated the analyses of
potential hazards from design-basis tornadoes and tornado missiles at the proposed fadility,
and conducted a caonfirmatory analysis. The staff concludes that a tomado or
tomado-generated missile would not impair the ability of the $5Cs to maintain subcriticality,
confinement, and sufficient shielding of the stored fuel.

The statf finds that the applicant has adequately demonstrated that the cumulative probability of
accurrence of civilian and military aircralt crashes, and ordnance accidents is below the
threshold probavility criterion of 1 x 10°¢ crashes per year, As a result, the staff concludes that
civilian and military aircraft crashes, and ordnance accidents at the Diablo Canyon 1SFS] are
not credible events and require no further evaluation.

The staf! finds with reasonable assurance that ditferent missile 8sts and potential space shutlle
landings at Vandenberg Air Force Base will not pase a hazard to the proposed facility because:
{1) the selected Hight paths are away from the proposed ISFSI site, and (2) several low-
probability events would need to oceur belore a missile or the spacs shuttie would hit the
proposed 1SFSL.

The staff has previously determined that the methodology used to assess leakage through the
confinement houndary is acceptable and that there are no consaquences that affect the public
health and aafety so long as the fuel specifications and loading conditions as defined in the
HI-STORM 100 Systern CaC and SER (U.S. Nudlear Regulatory Cammission, 2002a,b) are
met. The staff finds that the Diablo Canyon 1SFSt Technical Specifications will impose similar
and appropriate limits and conditions so that the staff's previous conclusion for the Holtec HI-
STORM 104 system is applicable ta the Diablo Canyon ISFSI. Moreover, NUREG-1536 (U.S.
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Nuclear Regulatory Commission, 1987, Chapter 7, Section V.2) indicates that casks closed
entirely by welding do nol require seal monitoring. The MPC, which is the confinement system
for the HI-STORM 100 System, is closed using a welded seal. As a result, the staff finds the
applicant’s proposal not to provide monitoring of the confinement barrier far the HI-STORM 100
Systemn acceptable bacause the casks will be loaded, welded, inspected, and tested in
accordance with appropriate procedures,

Section 8.2.9 of the SAR (Pacific Gas and Electric Company, 2003] indicates that an
unauthorized fue! assembly will not be loaded into the MPC becauyse of the technical
specifications and administrative procedures that will be implemented during loading
operatiorts. These technical specifications ang administrative proceduras are discussed in
Chapters 10 and 16 of this SER.

The stafl previously determined that the methodology used to assess partial blockage of the
MPC vent holes is acceptable and this posiulated accidaent has ng effect on the structural,
confinement, and thermal analyses of the MPC so long as the fuei specifications and loading
conditions as defined in the HI-STORM 100 System CoC and SER (U.S. Nuclear Regulatory
Commission, 2002a,b) are met. The staf! finds that the Diablo Canyon 1ISFSI Teshnical
Specifications will impose similar and appropriate limits and conditions so that the staff's
pravious conciusion for the Heltec HI-STORM 100 system is applicable to the Diablg Canyon
ISFSL

The staft praviously determined that the methodology used to assess the potential
conseguences of a 100-percent fuel rod rupture within the MPC is acceptable and this
postulated accident has no effect on the shielding, criticality, and thermal analyses of the MPC
8o long as the fuel specifications and loading conditions as defined in the HI-STORM 100
System CoC and SER {U.8. Nuclear Regulatory Commission, 2002a,b) are met. The staff
finds that the Diablo Canyon 1SFS1 Technicatl Specifications will impose similar and appropriate
fimits ardd conditions so that the staff’s previous oonclusion for the Holtec HI-STORM 100
system is applicable to the Digbio Canyon (SFSL

The staff finds that the impact loads associated with the two postulated tower-collapse
scenarios ars boundsd by previously reviewed and accepted loading conditions (U.S. Nuciear
Regulatory Commission, 2002a,b).

The design of the CTF fifting mechanism is such that the three lifting jack power screws are
always loaded in tension. Because of this tansion loading-only design feature, the sta find
that a buckling failure of the lifting jack power screws, either singly or in combination, would
not oceur.

The staff finds, based on information provided by the applicant, that an accident involving
structural failure of the facility is not applicable,

Based an the information provided, the staff finds that a postulated failure of the confinement
boundary would result i offsite accident doses belaw the dose fimits specitied in 10 CFR
§72.106(b} because the HI-STORM 100 Syster MPC is a seal-welded pressure vessel,
designed, fabricated, and tested in accordance with the applicable codes and standards.
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In summary, the PGAE analyses of off-rormal and accident events demonstrate thal the
proposed Diabla Canyon ISFS! will be sited, designed, constructed, and operated so that during
all credible off-normal and accident evenis, public health and salety will be adequately
protected. Based on analyses submitted by the applicant and indepandent confirmatory
analyses performed hy the staff, the staff finds that the proposed ISFSI will maintain
subcriticality, maintain confinement, and provide sufficient shielding for alt credible off-normal
events and accident scenarios consistent with the requirements of 10 CFR §72.92, §72.94,
§72.98(a), §72.98(b}, §72.98(c) §72.102(f), §72.106(h), §72.122(b), §72.122(c), §72.122(h),
§72.122(), §72.122{), §72.124(a), and §72.128(a)(2).
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Front: ader, Chyntes
T3 : ; s Shuaihi, Mahammed

Suairject FW: Interin ORAFT Spent Funl Poot Scoping Study sent ¢ ACRS today
Oata: Tuesday, Al 23, 2013 $:£1:08 P

Attachivents: Eaghy Mpvey Gitenuvd

sl provided

Impuoriznce: High

Kim previously provided you the RES response to our comments. In a disoussion with Kathy Gibson
yesterday, she ask if there wera any concerns that we are aware of that would prevent NRD
concurrence on this report. She expects the report to come to NRO by the end af the month for office
concurrence and is fooking for earty indication of major issues.

If 1 missed someone that provided comments previausw, please forward this e-mail, (‘/\ xtfi/

From: Hawkins, Kimbesly

Sent: Friday, April 12, 2013 12:42 PM

To: Fanders, Scott; Shuaibl, Mohammed

Subject: FW: Interim DRAFT Spent Fuel Pool Scoping Study sent to ACRS today
Imporiance: High

ey
-----Original Message----- i 1 )w_
N

#ot sure i you saw this,.. Responses to our commerits on the study... some were addressed and
resulted in revisions to the study; for others, RES priwided its response.

-----Qriginal Messaga-—-

From: Holahan, Gary

Sent: Friday, April 12, 2013 9:47 AM

To: Hawkins, Kimberly

Subject: FW: Interim DRAFT Spent Fuel Pool Scoping Study sent to ACRS today
Importance: High

From: Tracy, Glenn

Sent; Thursday, Aprit 11, 2013 5:37 PM

To: Holahan, Gary

Subject: FW: Interim DRAFT Spent Fusd Pool Scoping Study sent to ACRS today

From: Sheron, Brian

Sent: Thursdlay, April 11, 2013 4:51 PM

To: Jobnson, Micheel, Weber, Michael; Leeds, Eric; Wiggins, Jim; Tracy, Glenn; Heney, Catherine;
Satarius, Mark; Skeen, David

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

Impistance; High

FYL.

From: Gibson, Kathy ’“\w .
Sent: Thursday, Apr# 11, 2013 4:40 PM Jmecd
To: McGinty, Tim; Ader, Charles; Lombard, Mark; Skeen, David; Correia, Richard; Case, Michae!; e
Thaggard, Mark; Mifler, Chris

Cr: Mclntyre, David; Bumell, Scoft; Richards, Stuart; Lee, Richard; Algama, Don; Blount, Tom; Reis,
Terrgnce; Shear, Gary; Sheron, Brian; West, Steven

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

Importance: High
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Gentiemen, ©oA

The interim draft SFPSS report was due to the ACRS today at noon and we met that deadline, We are /'” \
scheduled for an all-day briefing of the ACRS subcommittee on Materials, Metaflurgy and Reactor Fuels |
on the study on May 8. I encourage you and your staff fo attend all or part of the briefing as you have 'x‘
time and interest. We will send out an agenda and slide package in advance of the meeting, :

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 believe we were able to address your comments in this version of the report. We were not able to

incorporate them all directly, but we describe why the study is the way it is and added significant
clarifications to add the context that you were seeking,

|

I am providing for your infarmation two documents: (1) A list of the division director level comments {
i

|

}

i

The study team will now go back to addressing the comments received from your staff and BCs that we i
were not able to get to befare the ACRS deadline. Therefore, revisions to the report will continue. :

This email will be forwarded by Dun 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 period from about June 10 ~ July 10 (ACRS full committee meeting). We are eveluating |
how to accommadate this development within our schedule 1o have the report finalized by September,

As 1 indicated previously, the offices will have at least one more opportunity to review and concur on
the report.

1 appreciate your guick review and thoughtful comments on the prior version of the report. I also
appredate all the hard work and effort the team has put into responding to your comments, including
late nights and some very animated conversations.

I trust that you will find this version an improvement.

ADAMs links:

i
View ADAMS P8 Properties

ML13101A168<MW@M&&&M@M&Q&&S&ME@L

WWWW

Open ADAMS P8 Package (Issuance of the DRAFT "Consequence Study of a Beyond-Design-8asis
Earthquake Affecting the Spent Fuel Peol for 3 U.S. Mark I Boiling Water Reactor” for ACRS
ReVEthﬁQS;A.&QﬂIHSXtJ&QXI&iQEKMKUQ&!HM

{cid:image002.jpg@01 CE36CE. SAFS6ESD]
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Comunents to be addressed for ACRS SC report:

NRR
1. From a DS8S perspective, we believe the report needs to 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 expected at our 104 nuclear plants (or at least put in
perspective that this is representative of a small subset of U.S. reactor designs). | really
liked Rich's characterization in that the message is that we evaluated at the design basis
and got no release. We doubled it and got no release, we tripied it and got no release so
we want to four times the design basis and finally got a release for a very small number
of unmitigafed scenarios.

Response: The report was revised {o incorporate the following points that address this
comment:
» The study was done to confirm the resulls of past studies using state-of-the-art
tools, as well as Fukushima insights, in a publicly available study. '
» The study will inform the Tier 3 aclivity by providing an updated technical basis
for any regulatory action and input for the reguiatory analysis.
+ The study used design, operational, and tocation data for a reference site for

which we already had information avaitable, 4 BWR Mark | with an elevated SFP.

The report also considered a 1x4 pattern (required afer some time after
offloading) as well as sensitivity analysis for mare favorable loading (1x8) and
less favorable loading (checkerboard and uniferm) and sensitivities for other key
parameters that will provide insights for analysis of other plants.

+ The report was revised to make clearer that a low likelihood beyond design basis
seismic event with and without mitigation was chosen to gain risk insights that
could not be gained using a less severe seismic initiator. NRC analyzes low
likelihcod beyond design basis seismic events with and without mitigation to gain
nsights on the safely margin provided by NRC's regulatory framework.

« The study conciudes that the SFP is robust and not expected to leak, successful
mitigation prevenis 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 mifigaled moderate leak scenarios in the first week
(OCP 1) resulted in releases, all other scenarios that resulted In releases were
unmitigated and within the first few months (OCP 1, 2. 3) after shutdown.)

2. DSS also challenges why we are evaluating land contamination since no previous study
directly discussed this issue. Considering that the Cormission is currently reviewing
whather 1o change s long-standing policy on addrassing fand contamination, it may be
premature {o evaluate this particular aspect in the repori at this time.

Response. The study included land contamination to pravide inputs to a regulatory
analysis. A paragraph has been added to the introduction to describe the study's
refationship to the Tier 3 activities and how the study will be used in the current
regulatory process. Other analyses did evaluate land contamination, including some
directly (&.g., NUREG/CR-6451, NUREG-4882) 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 regulatary/backfit analyses as part of the cost benefit
analysis. Chapter 7 was revised to distinguish the safety-related individuai health effects

+
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measures from other measures that are inputs 1o the cost-benefit analysis for the
regulatory analysis,

3. The resuits of this study in Section 11 and in other sections need to be put into context }
by comparison of the resuits against some standard such as the Quantitative Health
Objectives or Qualitative Safety Goals similar to the comparison to the QHOs of
NUREG-1738 results discussed on page 13. Some may argue that is comparing apples
to oranges but the QSGs are based on risk {0 the general public of nuciear power versus
other societal risks. This would give the public understandable measures ta compare the
results aganst as opposed to resuits without any context.

£

y &'g@st

Response: We agree that some level of comparison is appropriate. Section 7 has been -
rewritten, and now includes the statement, which will also be integrated int¢ Section 11

When the relgase frequency 8 considered, the latent cancer fatality risks from the
events analyzed in this study are very small, in the 1E-12 to 2E-11 per year range, when
using an LNT dose response model. For perspective, the Commission’s safety goa!
poficy retated to the cancer fatality quantiative health objective (QHQ) represents a 2E-8
per year objective for an average individual within 10 miles of the nuclear plant site
(NRC, 1983). While the results of this study are scenario-specific (a beyond design-
basis seismic event) and related to a single spent fuel pool, staff concludes that since
these risks are several orders of magnitude below the QHQ, it is unlikely that the results
here would contrbute significantly to a risk that would challenge the Cormmission’s
safety goal policy (NRC. 1986). '

4. SRM dated July 16, 2012, documented the ACRS comment to ensure that
consequences associaled with expedited loading, transfer, and long-term storage need
to be considered. While Enclosure 1 {0 the draft SFPSS indicates those areas have
been included, the assessment in Appendix B campares consequence results to
MUREG-1864, which does not include assessmaeant of the consequences of expedited
transfer to dry casks. Appendix C also does not address expedited transfer in the currert
context of the term to move all but the newest fuel out of the pool. This fact is pointed out
in the SFPSS on Page 4, that the study does not address certain considerations,
including expedited discharge of fuel from the pool to dry storage.

Response: The approach for rasponding {0 the SRM was to obtain near term insights in
Appendices B and C within the SFPSS praject timeframe. This risk comparison
template is intended to inform the Tier 3 warking group cansidering expedited transfer of
spent fuel, The Tier 3 plan includes 3 phases. Phase 1 will use this study to deternine
whether a significant safety enhancement could be achieved by expedited fransfer and
prowvide inputs to a regulatory analysis. More detailad freatment of thaese issues may be
addressed as part of subsequent phases of the Tier 3 activity on expedited spent fual
transfer. as necessary.

5. Why was land contamination included on the study?
Response. Please see response to comment #2.

6. The SFPSS shauld make a recammendstion on whether future studies are needed or
riot and what they would or should entall or point 1o the Trer 3 effort.



7.

Response: This scope of this study does not include making recommendations for
further study. NRR will determine whether further analyses are needed to make any
reguiatory determinations within NRC's cusrent regulatory framewark. A paragraph has
been added to the introduction to describe the study’s refationship o the Tier 3 activities
and how the study will be used in the regulatary 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 documented in SECY-11-0088, “Options for Proceeding
with Future Levet 3 Probabilistic Risk Assessment Activities ” dated July 7, 2011,
and the associated staff requirements memorandum; or wifl be addressed
through other inputs to the regulatory decision-making process, as nreeded.

Appendix B-why is the first table included on Page B-37? it does not include any data
regarding dry cask storage.

Responss Appendix B addresses part of the SRM (dated July 16, 2012) to compare the
results of the SFPSS with past studies and consider consequences associated with
ipading, transfer, and long-term storage, Appendix B provides a comparison of SFPSS
results {0 previous spent fuet pocl studies and updated analyses from NUREG-1864 Dry
Storage Pilot PRA, Staff will revise the introduction to Appendix B to make this clear,

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

Response: NRR will determine whether funther analyses are needed 10 make any
regulatory determinations within NRC's current regulatery framework. A paragraph has
been added to describe the study's relationship to the Tier 3 activities and how the study
wiil be used in the regulatory process. Using representative point-estimates with

Ks\ensitiviﬁes far important parameters is appropriate in research studies to be abie to

gain insights and data for regulatory deciston-making in a reasonable period of time.

The study used design, operational, and location data for a reference site for which we
already had information available, a BWR Mark | with an elevated SFP. The report also
considered a x4 pattern (required after some time after offioading) as well as sensitivity
analysis for more faverable loading (1x8) and less favorable loading (checkerboard and
uniform) and sensitivities for other key parameters that will provide insights for analysis
of other plants.

The report needs {o describe the relatianship between the study results and our current
approach {0 approving nuclear power plant sites and designs. In addition to describing
this approach, a column couid be added to the assumptions in Chapter 2 to provide
confext refative to the current regutatery approach for licensing nuclear power plants and

hY
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10.

11.

plants’ licensing bases. Accordingly, the conclusions could also be reframed to highlight
the robustness of our regulatory 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
reguiatory process. The study’s conclusions include that successful mitigation generally
prevented releases. (Note that there were mitigated scenarios that resulted in releases.)

The Staff Requirements Memorandum (SRM) on SECY-08-0029 directed the State-of-
the-Art Reactor Consequence Analyses (SOARCA) to use individual cancer fatality risk
as its 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,
Chapter 7, Table 29 reports total latent cancer fatalities per year. Also, Chapter 11,
conclusion 11 states “For scenarios with large releases, significant numbers of latent
cancer fatalities are predicted when using a dose-response model based on the linear-
no threshold hypothesis; however, this would be a small fraction compared to cancer
fatalities from all causes.”

Respanse. Given the uncertainty of low doses on health eflects, LCFs is being removed
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 sacietal health
effects. Rather, the Commission agreed to the staff's recommendation that SOARCA
shouid report individual LCF risk. The basis for reporting individual LCF risk can be
found in the Quaiitative Safety Goals (QSGs). However, the QSGs also provide the
basis for reporting societal health impacls, as they are an important measure of the
safety of nuctear power in general. Therefore while LCFs are not quantified in the
repott, they are ofill discussed in broad terms. Societal dose as a surrogate provides &
reasonable measure for societal health effects and is not subject to the uncertainty of
fow dose heatth effects. Societal dose is also an input to cost benefit analyses for
backfitregulatory analyses and SAMA/SAMDA analyses. Chapter 7 was revised to
distinguish the safety-related health effects measures other measures that are inputs to
the cost-benefit analysis for the regulatory analysis.

A memorandum to the Commission dated Aprit 3, 2007 (CUOQO-SII), stated that the staff _
would not report land contamination/economic consequences in SOARCA because of
modeling and policy issues. SRM-COMPBL-08-0002/COMGBJ-08-0003 directed the
staff ta develop an improved economic consequence madel for the MELCOR Accident
Consequence Code System (MACCS). This SRM also stated that the resulting model
may be applied to the SOARCA results if so directed by the Commission. The study
should follow the same approach by not reporting land contamination.

Response. Land conlamination and economic consequences results from MACCS2
models are routinely used as inputs in NRC's current regulatory framework in
backfit/regulatory analyses and, in SAMA/SAMDA anaiyses, and have been reported in
previous research studies (e.g. NUREG/CR-8451, NUREG/CR-4982). Regarding the
use of MACCS2 for SAMA analyses, the ASLB has ruled that the models are adequate
for the regulatory purpose (Accession No. ML11200A224)



12.

A paragraph has been added to the intraduction to 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-related individual health effects measures from
other mersures that are inpuls to the cost-benefit anaiysis for the regulatory analysis.
NRR will use these measures within NRC's current regutatory framework.

Regarding the memorandum to the Commission dated Apnl 3, 2007, current staff
updated its position on MACCS models in Enclasure @ of SECY-12-0110 stating:

It 15 not obvious to current MACCS2 experts at both the NRC and Sandia
National Laboratories (SNL) that rehabilitation and clean up, land contamination
area, ar economic models and results are excessively conservative. Economic
results and some land contamination area results are controlled by user inputs
and coutld be hiased to be either conservative or nenconservative, depending on
the input values sejected by the user. A MACCS2 user's guide and code manual
is available for reference when deciding various parameter inputs. Other land
contamination areas produced by MACC 82 are influenced chiefly by the
Gaussian plume and deposition modeling. Based on the 2004 benchmarking
study, these values do not appear {0 have sither a conservative or
nonconservative bias.

The new economic maode! is not relevant {o this study. L hak not been completed and is
not availabie for use at this time Enclosure 9 of SECY-12-0110 also provides details on
this project.

Table 3 (the last entry on page 19) includes this sentence. "Vertical spectral
accelerations as high as horizontal accelerations are justified on the bases that nearby
earthquakes control the ground motions spectra for this event and that the frequencies
of interest for the study are frequencies near or above 10 Hz." Provide the basis for the
assumption that nearby eanthquakes control 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, 1999} 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
horizantal spectral accelerations. For this study, the frequencies of interest are.
for the most part, frequencies near or above 10 Hz, Therefore, the assumption of
equal vertical and horizontal spectral accelerations was deemed to be a
reasonable starling assumption. This assumption is also supported by seismic
hazard de-aggregation with the USGS (2008} mode!
{htip:/earthquake_ usgs. gov/hiazards/apps/i¥deaggint) which indicates that for the
saismic bin of interest (high PGA, low likelihood events) the contributors to rigk
would be moderate magnitude earthquakes at nearby distances.



13. Table 3 (the first entry on page 20j includes this paragraph:

The current seismic assessment uses a model and code generated by the US
Geological Survey (USGS, 2008). The USGS 2008 information is being further
developed and updated by a group of stakeholders, including the NRC, in a collaborative
study which includes (a) the seismic source zone characterization, and (b) the ground
moticn attenuation models. In addition, the NRC is developing independent methods and
computer codes, which will be publicly available when completed, to combine (a) and
(b). Although part (a) of this updating effort has been completed in early 2012, part (b)
and the computer code development are still ongoing. Therefore, this study used the
earlier USGS information instead of the ohgoing update program.

a.

e.

It seems that the intent of this paragraph is to reference the recently published
Central and Eastem United States Seismic Source Characterization (CEUS
8SC) model. Instead of saying: "“The USGS 2008 information is being further
developed and updated by a group of stakeholders, including the NRC, ina
collaborative study,” the paragraph should reference the CEUS SSC model and
note that it is a new seismic source model cosponsored by EPRI, DOE, and
NRC. Also, clarify that CEUS 85C is independent of the USGS 2008 model.

Change “ground motion attenuation modsls” to *ground mation prediction
equations (GMPEs)" and make the distinction that the GMPE update effort was
not part of the CEUS SSC model and it is an industry effort, which is still in
progress.

Add a sentence to justify the use of the USGS 2008 model for the purposes of
this scoping study, since the USGS hazard model is not endorsed by the NRC in
licensing new reactors (currently the CEUS S8C model is the NRC approved
starting model).

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

This comment also 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 possible, to avoid references {0 application reviews or licensing-related
activities)

A group of stakeholders, which includes the NRC, is developing a new
probabilistic seismic hazard maodel in a coliaborative study which comprises two
parts: (1) the seismic source zone characterization and (2) the ground motion
aftenuation models. In addition, the NRC is developing independent methods
and computer codes, which will be publicly available when completed, to
combine parts (1) and (2) above. Although part (1) of this updating effort has
been completed (NRC. 2012b). it was not 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) model 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 to cause subsequent additions! damage fo a structure. it
would have 1o ocowr much closer to the sile thar the main event and with charactenstics,
for example frequency content, that would make the structure especially vuinerable to .
The eartfiquake ground mation considered in the SFP scoping study is a probabilistic
quantity that aggregates motions from events with various magnifudes and distances to
the site. For this site, this probabilistic ground maetion already tends 1o be controfled by
relatively close events in the larger magritude range for the credible seismic sources. .
This main shock cracks the SFP studied but its structure is stifl stable after the
earthquake and i cracks in a manner that allows for additional loading cycles at this
fevel Under these conditions, earthquake ground mations greater than {hose for the
main shock would be needed to further darmage the SFP. This is unfikely given that the
ground motion considered is already controlled by close events with magnitudes near
the credible upper magnitudes far the site.

It would be better to just state that current probabilistic seismic hazard analysis (PSHA)
rmodels 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 should be clarified:

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

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

¢. Aftershocks could in fact be closer to the site than the main shock, and that could
be significant since the report stated previously that the estimated ground
maotions at the reference site are controlied by nearby events. '

Response: We verified thét the contributing earthquakes are nearby events and the
report has bean modified to read:

in general, for an aftershock 10 cause subsequent additional damage lo a
structure, it would have to occur significantly closer to the site than the main
event as well as spectral accelerations at frequencies that would make the
structure vulnerable to the ground motion. For this site, and for events associated
with PGAs and spectral accelerations of interest for risk agsesament {(high PGA,
low likelihood events), the main contributors to the ground motion hazard for this
site are expected to be moderate magnitude nearby earthquakes
{hitp./learthquake. usgs.govihazards/appsfdeaggint). The main event would
crack the SFP studied but its structure would be stable after the earthquake and
would crack in @ manner that is expected to resist additional loading cycles at this
level. Under these conditions. earthquake ground motions with damage potential
greater than that for the main event wouid be needed to further damage the SFP.
This is thought to be unlikely given that the contributors to the ground motion
hazard are already neartyy events,



15.

16.

17.

18.

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

Response: The study focuses on, to the extent possible, a site-specific hazard estimate
to 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 response to
Comment #1.

Section 3.1 {page 29, paragraphs 4 to 6) includes buliets that compare the USGS 2008
hazard estimates for the reference site with the LLNL and EPR| 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 model used in this scoping
study to well-known and extensively documented information sources (LLNL
model and EPRI model) that were used in past SFP risk studies.

Section 3.1 (page 31, Figures 4 and 5) should indicate in the figure captions that these
are hard rock 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 a site are also characterized by their frequency content expressed in
terms of response spectra. Based on the USGS 2008 model, a uniform hazard site
Ground Motion Response Spectrum (GMRS) (NRC, 2007b} was derived for the GI-199
study and used in this study.” Itis incotrect to combine the term uniform hazard
response spectra with the term GMRS. In addition, Footnote 5 states that “the term
GMRS has a specific meaning in the context of Regulatory Guide (RG) 1.208 (NRC,
2007b). In this report, the term GMRS is used more generally.” The report should
describe how the response spectrum for the selected site was developed. If it is 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 response spectrum. In addition, do a global search for "GMRS” because
it is used throughout 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 used in
conjunction with USGS (2008) model. This is clearly noted in the report and repeated
often. Use of a different hazard model and maybe a more detailed 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
comment refated to the use of the USGS (2008) model (comment 13) we prefer not {o
make references to licensing review aspects in a study of this type.

Nevertheless, when referring to the GMRS, the text in the report wili be modified to
replace "site GMRS” with “reference GMRS.” Also, the text at the end of Section 3.2 and
after Table 5 will be modified to read:



in addition to the PGA, ground moations at a site are aiso characterized by thelr
frequency content expressed in terms of response specira. Based on the guidance
in Regulatory Guide 1.208 (NRC, 2007b} used in conjunction with the USGS 2008
model, mean uniform hazard response spectra were derived to then estimate a
reference ground motion response spectra (GMRS) for the G 198 study. This
referance GMRS was subsequently scaled as indicated in Section 3.3 below to
obtan the input free-field 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-field reference GMRS for horizontal earthquake shaking for this sde is
based on the response spectrum and PGA used in conjunction with research
assessments for G1-199, which utibized the USGS 2008 model. This reference
GMRE has a zero-period spectral acceleration (PGA) of about 0.34 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 because “Peach Bottom” appears in
multiple places.

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

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

Vertical spectral accelerations and the vertical PGA are taken to be the same as the
forizontal speclral acceterations and PGA. This is assumed on the bases that nearby
earthquakes woufld control the ground shaking spectra for this event and that the
frequencies of interest for this study are frequencies above § Hz (ASCE, 1999)
(McGuire, Silva and Costantino, 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 Costantino, 2001; ASCE, 19988} 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
horizortal spectrat accelerations. For this study, the frequencies of interast are,
for the most part, frequencies near or above 10 Hz. Therefore, the assumption of
equal vertical and horizontal spectral accelerations was deemedio be a
reasonable starting assumption. This assumption is also supported by seismic
hazard de-aggregation with the USGS (2008) model

{http:/fearthquake usgs.govihazards/apps/#deaggint) which indicates that for the
seismic bin of interest (high PGA. Jow likelihood events) the contributors to risk
woulld be moderate magnitude earthquakes at nearby distances.

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

{



22.

23.

24

25.

NSIR

26.

analysts described later in the report.

Response: The report hag been revised (o clarify this. In addition infarmation from
Section 4 will be brought to Section 3.3. The end of section 3.2 will include the following:

These spectra are of interest for comparison purposes. The spectra in the
NUREG-1150 study are also of interest because in-structure response spectra
calculated for those ground motions were scaled (see Section 4), in
approximation, to estimate in-structure response spactra for the input frea-field
ground motion used in this study.

Chapter 11, conclusion 5, footnote 43 gives the timeframe during which the fuel cannot
be cocled by air. The information Security Branch of NSIR should be consutted to
confirm that this information is not security-related sensitive unclassified non-safeguards
information, becatise the study is intended fo be made publicly available.

Response: The RES staff views the information as non-sensitive because it siems from
the plant's response {0 a large seismic evant (something an adversary cannot generate).
Staff will confirm with NSIR and revise the report if nrecessary

Chapter 11, conclusion 6 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 basls.

Response: The report indicates that the required instrumentation is important to provide
refiable indication to ensure that plant personnel can priontize emergency actions.
Further 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 time the piant was
analyzed.

Chapter 11, conciusion 7 seems to imply that the additional mitigation capabilities
required by Order £EA-12-048 were not credited in the study. The additional mitigation
capabifities required by Order EA-12-049 should be credited to improve the study's
realism.

Response; Consideration of EA-12-048 was outside the scops of the study because it
was not implemented by industry or verified by NRC at the time the plant was analyzed.

Chapter 11, conclusion 18 states the study demonstrates that past spent fuel pool rigk
estimates from large seismic events are similar to this study for most consequence
metrics. Text should be added to this concliusion to expiain its technica!l basis.

Response: Agreed and revised the conclusion to reference conseguence comparison in
Appendix 8.

intro and Background Commaents 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 injedt water into the pool for an extended period of time



{e g., days). However, this is based upon a research assumption and not a direct result
of the seismic event. As such, a general comment that the research assumption of
inability of mitigation efforts to commence for 48 hours is not based upon current
Emergency Preparedness program capabiiities which would assume that mitigation
efforts commence significantly sconer rendering offsite release consequences moot,
This acknowledgement of EP capabilities needs to be clearly stated early in the
document and continugusly throughout. K licensees presented onsite and offsite
cogrdinated emergency response plans with the response assumptions used in this
report, a reasonable assurance finding would definitely be in question.

Response. The assumplions in the study and the results of the study do not call into
question a finding of reasonable assurance. Mitigation times for the study were chasen
based on those assumed in SOARCA and informed by Fukushima. Section 5 3 has
been revised to include a more detailed description of emergency measures in place in
case of severe accidents. This section has alse been revised to make clear that the
truncation and assumed mitigation times 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 resulfing in offsite consequences is unlikely, The
report also discusses the offsite response and challenges to implementing this response.

The report was clarified o explain that NRC analyzes low likelihood beyond design basis
geismic events with and without mitigation to gain insights on the safety margin provided
by NRC’s regulatory framework. The HRA combined with reporting both mitigated and
unmitigated results provides informative data to determine possible regulatory
enhancements for consideration. The study corroborates the resuits of past studies.
The study concludes that SFPs are robust and not expected to leak as a result of a
seismic event, successful miligation prevents most releases, no early fatalities are
expected and individual LCF is low because effective protective actions limits individual
exposure.

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

Response: See camment #28. Section 5.3 has been updated to include a more detailed
description pf emergency measures in place in case of severe acgidents. This section
has also been revised to make clear that the truncation and assumed mitigation times
were chosen by the team for purposes cf the study

. Pg 680 Comments provided are repeated from the BC level review. Under "Liner Strains
and Small Leakage Rates’. 1st paragraph, "Maximum effective membrane liner strains
from strain concentrations at the floor-walls junction are on the order of 0.037 (3.7
percent).” ’
2nd paragraph,”On the basis of the reported failure criteria, this study assumed a
somewhat conservative estimate for the liner failure strain frem the point of view of
leakage rate in order to characterize the leakage rate for a damage state with smaill
leakage flow rate, Specifically, a liner strain at failure of .10 (10 percent) was
assumed...” This comment was previously sent and the resolution was, “The study
calculated the strains caused by the earthquake (demands). The reviewer is citing a
sentence that refers o strain capacity.” BC comment: clarity needs to be provided in



report as tc the differences in the types of strains and the reasons/justification for the
assumption which appears to be extremely conservative with respect to the design.

Response: To clarify the items raised in the comment, Section 4.4.1 is re-organized so
that the part on Damage States and Relative Likefihoods will be at the beginning of
section 4.4.1 (it was the last of three parts in this section). This is done to promptly
inform the reader that the study treats both the induced strain (demand) and the limiting
faiture straing {capacity) as random variables. Although, median induced strains are less
than median limiting failure strains, the uncertainty assessment shows that there is a
small likelihood that the liner would tear.

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

An approach and falture criteria for steel liners used in reinforced concrete
containments is used here to assess tearing of the SFP liner (Cherry 2001 and

. 19%96), Failure cntena for liners withoul corrosion damage reported by Cherry
{1896} are usad in this study 1o estimate limiting failure strains for the stainless
steel SFP finer. The approach estimates the crack width by multiplying the liner
strain at failure by the width of the finite element with the maximum induced
effective strain, which is approximately equal to 3.7 mm (D.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 to calculate the
most likely failure strain, which would be a strain greater than the estimated
median induced strain (demand) of 0.37 but likely less than the median {imiting
failure strain (capacity) of about 8.10. Such an approach would involve a more
detailed uncertainty analysis and probabilistic modeling than that used in this
study. which does not seem justified given the approximations used as welt as
the uncertainties involved in the assessment of the flow rates through tears in the
liner. This study assumed a Tailure strain of 0.10 {10 percent) for the liner strain
at {silure which is approximately equaf to the assumed median failure stram

29, Pg 61 Comments provided are repeated from the BC level review. Under “Liner Straing
and Small Leakage Rates’, “Given the estimated widlth, length and depth for each
localized liner tear and their number, i is still necessary to estimate the leakage rate
through these tears. Estimation of this flow rate uses the following 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 for that equation can be calculaiad on the
basis of test results for leakage rates through cracks in pipes. These assumptions are
not validated at this time. Therefore, considerable uncertainty exists for the resuiting
leakage rate estimate.” This comment was previously provided and the response given
was: "The assumptions referred to by the reviewer relate to the leakage rate given the
estimated cracks in the liner. The initiation of cracks was calculated separately based on
the strain demands and capacities." BC Comment: Response does not address
comment as to why non-validated leakage rates were assumed. if the leakage rate has
considerable uncertainty, the variability in the leakage rate should be stated and the
assumed leakage rate needs to be justified as to why it was chosen giver the



considerable uncertainty. More clarity needs to be provided on the basis for the
assumed leakage rate.

Respansge: the paragraph is modified to read:

Given the estimated width, length and depth for each localized finer tear and thewr
number, it is stil necegsary to estimate the leakage rate through these tears.
Estimatign of this flow rate uses the following 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 for that equation can be calculated on the basis
of {est results for leakage rates through cracks in pipes. These assumptions are
not validated at this time. Therefore, considerable uncertainty exists for the
resulting leakage rate estimate. The following paragraph addresses the process
used to estimate the flow rate through these liner tears as well as sources of
uncertainty for this estimation. These uncertainties may resuit in flow rate
estimates that can vary by more than 100 %. 1t is noted that this damage state
(small leakage rate) already is a result of binning the uncertain finer teanng into
twa discrete tearing conditions to cover a range of uncertainty for liner damage
and associated flow rates. Assigning equal likelihood to the two highly distinct
“damage states acknowledges these uncertainties.

30. Pg 64 Comments provided are repeatéd 'from the BC lavel review. "Damage to the

Reactor Building and Other Relevant S5Cs" The response to the previously provided
comment did not address why the HRA assumed containment failure when the SFPSS
did not. The two studies should refiect the same assumptions such that mitigation
efforts can be sligned between the studies. As it is, the two studies have significantly
different mitigation efforts for different reasons. How can & determination be made as to
how the two studies support one another with these differences? This is a fundamental
question that needs to be answered/clarified within the report,

Response: The containment in HRA is the primary containment that if failed in 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:
TOCFRS50.54 (hh}(2) mitigation is assumed to be successfully deployed or this mitigation

. is assumed to not be succassfully deployed. The HRA estimates the probability of

3t

having successiul mitigation for various plant damage states. These two pieces of
information {L.e., consequence and probability) complement each other ta inform SFP
risk. The HRA provides scenario-specific kelihoods for each plant damage state
{considering the state of the reactor, offsite power, etc.) The HRA combined with
reporting both mitigated and unmitigated results provides informative data to gain
insights on the safety margin provided by 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 miles. Any health effects for small
doses at such distance are speculative. As such, there is no value added to the report
for this highly speculative result when considering its regulatory purposes. If not
removed, then it is recommended that such health effects not be summed but rather
segmented into appropriate categories and considered separately.



32,

33.

Response: Given the uncertainty 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 dose are repuorted to inform reguiatery
analysis under NRC's current regutatory framework. The consideration of distances
beyond 50 miles is consistent with most previous research studies (See aiso the
response to comment #43).

Individual LCF risk has been separated into appropriate categories and reponted as a
range based on dose truncation levels, the same as what was done in SCARCA. This
SOARCA technique is preferred baecause it provides a range of results (that can be
compared to the qualitative heaith objectives, for instance).

Pg 27 Comments provided are repeated from the BC level review. The original
comment (below) as previously submitted with the disposition/response is provided. The
“reviewer response” provides additional BC comment on the issue to be considered /
dispositioned. '

There is some corfusion as to the statement that dose truncation has been
impiemented. The comment was not referencing the calculation of consequences with
differing truncation models as has been done, but rather the summing of small doses to
{arge numbers of people and reporting accumulated health effects while using he LNT
model. At the ieast, the NCRP technique should be used. 1T wouid be preferable to use
the techniques of SOARCA and not report speculative dose and heailth effects beyond
the area of requiatory interest to NRC, i.e., 30 miles. Additionally, the reporting of
summed health effects, Le., LCF is not as useful a metric as indivigual risk of LCF for
risk communication purposes. LCF is often miginterpreted as absolute deaths, rather
than an estimate of potential consequences given a conservative treatment.

Response: Given the uncertainty of low doses on health effects, LCFs is being removed
as a quantitative metric. See reply to comment #10 for more information. Land
interdiction, displaced persons, and societal dose are reported to inform regulatory
analysis under NRC’s current reguiatory framework. The censideration of distances
beyond 50 miles is consistent with meost previous research studies (See also the
response to comment #43). -

ingividuat LCF rigsk has been separated into appropriate categories and reported as a
range based on dose truncation leveis, the same as what was done in SCARCA. This
SOARCA technigue is preferred because it provides a range of results (that can be
compared to the qualilative health objectives, for instance).

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

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, successiul mitigatien prevents most releases, no early fatatities are expected and
individua! LCF s low because effective protective aclions imis individual exposure.
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38.

Major assumptior | don't agree with the assumption that offsite assistance wilt not arrive
for 24 hours and that mitigative efforts with suich equipment (e.g., fire truck) does not
begin for 48 hours after the initiating event

Response: See respanse to comment #26. In Section 5.3, "At 24hrs™ has been changed
to “within 24hrs”, Section 5.3 has been updated to include a more detailed description of
emergency measures in place in case of severe accidents.

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

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

Conclusion 13 The frequencies noted appear to lack consideration of the HRA success
probabilities that would, | believe, reduce the frequencies reported.

Response. The reliability of mitigation is not inctuded as stated in Table 31n Section 2.
The conclusion will be expanded to include mitigation results. The HRA provides
scenario-specific likelihoods for each plant damage state (considering the state of the
reactor, offsite power, etc.} The HRA combined with reporting both mitigated and
unmitigated results provides informative data to gain insights on the safety margin
provided by NRC's regulatary framewark as well as possible regufatory enhancements
for consideration.

Section 8.1.2 the dose rate estimate i1s in errar. The peak dose rate at the SFP rail is
used whereas the spray would be located some distance back in a lower dose rate
region. Additionally, the licensee has shielding on the floar to facilitate placement of the
spray.

Response: Based on the oscillation monitors (or SFP spray nozzies) setup lpcations as
indicated in the procedure T8G-4.1, the authors confirm that the dose rates stated in the
report are correct. 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 compaonent of the triennia! fire inspection with 2
of the individuals (Equipment Operators) assigned to carry out the strategy. At no time
did they identify shielding that they anticipated using during deployment ¢f the strategy.
Additicnaliy, the plant did not raise this as a result of their fact check of the HRA.
Perhaps it is somathing that has been put in place since May 2012, but if so, it's newer
than the snapshot of the plant that we set out to analyze. if the shielding can be
canfirmed and would have an impact on the results, a qualitative statement to that fact
can be added ta the report.

Section 8.1.2 the \iming used in the HRA to denote when mitigation cannat be
accomplished due {0 dose rate or steam envirenment, 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, ane hour of additional time to mitigate would allow
sUCCess.

Response: The high steam {or high temperature) becoming a limiting factor only cccurs
in small leak scenarios where the available time for response is greater than 13 hours.



Adding one or a few extra hours to the available time has little effects to HRA results.
This is because in these situations time is not the dominant factor affecting human
performance. Time is more impartant in moderate Ieak scenarios in which available time
is 6 hours and 2.5 hours for refueling and non-refueling 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 ppﬁ the spray nozzles on the refualin'g‘ﬂoor in a moderate leak scenario where the

‘leakage rate is greater than nozzle injestion 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 ievel
continues lowering), attach a spray head to-the spray nozzles each to change from

"~ injection mode to spray mode, ensuring the water spray into the SFP, and place a lead

38.

40.

41,

bag on tap of the spray nozzle each'to damp vibration for stable SFP spray. Completing
these tasks requires some time. The 30 rem/hr is a reasonable threshold for the
activities. e

Furthermore the study assumptforis aré consistent with Appendix EE of EPR] TR-

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 secand paragraph with the following: The staff
modeled offsite response organization (ORQ) decision making based upon the accident
sequences, timing, radiological release, knowledge of response activities and the
availability of emergency response technical suppart. Since actions beyond the EPZ
would be taken ad hoc, there is no procedural guidance or exercise performance
documentation upon which to base assumptions. However, state and local ORQOs have
shown long standing capability and understanding of response to hypothetical
radiological accidents. The accidents modeled in the SFPSS are slow to develop
relative to the accident scenarios used in evaluated exercises. Additionally, there would
be national level assistance to help civil authorities with protective action decision
making. While alternative timing could be assumed the staff used a best estimate
approach to modeling ORO decision making for protective actions beyond the EPZ.

Response: Text has began. added as requssted.

Section 7.2 This section describes the use of dose truncation models in a manner that
suggests they are a method to lower consequences rather than an alternative model.
Dose truncation model use should be put in context as alternative and potentially valid
health effects model '

Response: Dose fmncatioh models provide two benefits, an aiternative (and potentially
vaiid) health effects model as well as a tool 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 potentially valid heaith effect models.

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.

16
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43,

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

Response: As stated in Section 1 of the report the U.S. Nuclear Regulatory Commission
{NRC} has maintained that SFPs provide adequate protection 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 does not make any determinations
regarding whether there is enough of a safety enhancement from a cost-benefit
perspective to warrant moving niore to the use of dry storage. That is the role of NRR
and the regulatory analysis. A paragraph has been added (o expiain the study's
applicability to the Tier 3 activity and the NRC's current regulatory framework. The study
corroborates the results of past studies. This study concludes that SFPs are robust and
not expected to leak as a result of a seismic event, succassful mitigation prevents most
releases, no early {atabties are expedted and individual LCF is low because sffective
protective actions timits individual exposure.

General The use of our models at great distance {i.e., up to 500 miles) becomes
speculative and indicates a level of fidelly that likely exceeds their veracity. There are
uncertainties in source term, dispersion modeting, and weather at distance and
deposition at distance. The resulls are reported with excessive confidence. It would te
more appropriate to provide estimates out 1o a distance that the analysis toots could '
more corfidently calculate (e.g., 50 miles) and estimate qualitatively the potential
impacts further away. A staternent that the relocation could potentially extend to 500
miles in the worst case, would be more appropriate than reporting the resulis as the
agency best estimate.

Response: Though MACCS2 has been benchmarked against other Atmospheric
Transport and Dispersion modsals up to 100 miles with favorable resulls, the authors
acknowledge that uncertainty exists. in light of this, we have added the statement:

The accuracy of atmospberic fransport and depusition models tend to decrease
with distance, and therefore the resuits should be viewed with caution.

in addition, the figures showing {and contamination and dispiaced individuals at specific
distances have been replaced with tables that more generally report these
conseguences at 0-60, 0-100. and 0-500 miles, which is largely consistent with most
pasi research studies.

. Section 7.3.2 DD Comment: | am providing this comment to give the answer to the

"disposition” question. Pleasa reconsider original comment with this additional
information: :

after reading this | cannot determine whether contaminated food is included in

consequence data or niol,.. it should not be, no one is going to eat contaminated food in
the US after this accident. :

;7



The basis for stating that no contaminated food will be consumed simply comes from the
knowledge of public and civil authority reaction to actual and hypothetical radiological
incidents. In repeated exercises public officials have decided o condemn a regionat
crop rather than parse contamination leveis. Public reaction to contaminated food would
also be extreme and anything even remotely associated with the contaminated area
waould be eschewed. There is ne technical document establishing this outcome, it is just
the nature of current society as siternative foad sources would be widely available. it
cannot be said the "no contaminated food would be consumed™ as very low levels of
radioactivity currently exist in food currently, but the point is that no significant amount of
cantaminated foud would be consumed. Pursuit of dose consequences through this
exposure pathway seems inappropriate.

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

-RES/DE

This report provides the methodalogy and results of a limited-scope consequence study
to update the best-estimate cansequences expected from the application of a postulated
beyond-design-basis earthquake (with an estimated frequency of occurrence of ane
event in 61,000 years) to a selected U.S. Mark | boiling-water reactor spent fuel pool.
The primary objective of the study is to provide updated and publicly available
consequence estimates of a representative, postulated spent fuel pool severe accident
under high-density and low-densily loading conditions. These estimates can then inform
ongoing discussions as to whether action should be taken to require operators of U.S.
nuclear power plants to expedite movement of fuel from the spent fuel pool to onsite, dry
cask storage.

1 would delete the last sentence and replace if 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 densily fuel storage in spent fuel pocls might represent a
significant safety improvement. '

Response: We did not change the wording as suggested, but we did revise the wording
o say “The study will be used ta inform regulatory decision-making regarding whether
expedited transfer of spent fuel from spent fuel pools 10 casks 15 justified.” Additionally,
a paragraph has been added to the report to describe the study’s relationship to the Tier
3 achivities and how the study will be used in the current regulatory process.

-
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Ader, Charles ; —

From: - Gibson, Kathy

gent: - Wednesday, Novernber 09, 2011 3:14 PM

To: Conreia, Richard; Cog, Doug; Case, Michael, Richards, Stuart

Ce: : Scott, Michael; Lee, Richard; Sheron, Brian, Holian, Brian; Ader, Charles; Ruland, Willlam
Subject: RE: Status of Spent Fuel Pool Scoping Study Interim Deliverables and Location in ADAMS
Altachments: Kathy Hatvey Gibson.vcf

For you infermation, status and location of interim deliverables in ADAMS outlined by the PM below.

e e———

Fromi: Lee, Richard

. Sent: Wednesday, November 09, 2011 1:43 PM

To. Glbson, Kaﬁ’fy
Subject. FW: Status of Spent Fue! Poal Scoping Study Interim Deliverables and wcat:on In ADAMS

~ Kathy:

“

Adfollows is the status of the int&?é deliverables due at the end of October 2011 {which may be viewed in

Please inform other RES Division Directors on the status of this activity as you see fits.

Thanks,
Richard

From: Wagner, Katle | lemrpliids F AT
Sent: Tuesday, November 08, 2011 4:14 PM Kaleatobia S5ME

To: Lee, Richard
Cc: Esmatll, Hossein; Helton, Donald; Nosek, Andrew; Murphy, Andrew; Pires, Jose
Subject; Status of Spent Fuel Pool Scoping Study Interim Detiverables and Location In ADAMS

Quﬁr

Good Aﬁemoon Richard, ‘}Q\f\’

AL ‘JAMS Pa\,k age ML113110789Y as part of the Spent Fuel Poot Scoping Study:

e A aft report documenting seismic and structural assessment activities to date as well as a draft report
ofy seismic initiators provided by DE staff. Work toward developing the initial damage states necessary
ff" :nmatmn of the accident progression analysis is still sngoing.

. -.,ome information has been obtained from a June 2011 DOE Science Council briefing about onsite

. radiation fields at Fukushima and a contract at ORNL has been initiated (a kick-off meeting was held on
Oct. 31) to oblain a repont regarding the specific potential radiation fields at the Peach Bottom site,
T‘hes task is being done by DSA/FSCE staff.



s Adraft interim report discussing probabifistic considerations has been completed by DRA/PRAB staff.

» A draft report describing MELCOR SFP modeling and capabifities famillarization activities has been
completed by DSAFSCB staff.

» A draft interim report digcussing offsite release and consequence modeling considerations hag been
completed by DSA/AAB. This includes discussion on the scope, modeling decisions, and input data for
EP, dose, and economic parameters, as well as other needed emergency and long-term phase input
parametars. Preliminary discussions with NSIR on this project have taken place, and more detailed
discussions on emergency preparedness and response are planned for November.

s A draft communication plan has been complated by DSA/FSCB staff.

The above reparts fulfill most of the requirements laid out for Phase 2 in the July 2011 SFPSS plan. Work in
November will focus on:

completion ¢f the ongoing preliminary structural assessments and emergency preparedness scoping;
conduct of the ORNL task on acnessibility related to radiation fields

continued MELCOR modef familiarization and development

event tree model development

supporting routine brisfings for other office staff and RES management

supporting emergent briefings {e.g., the NRR LY)

® % & & & o

Thank you,

Katie Wagner

General Engineer

U.S. Nuclear Regulatory Commissian
(301) 253.7837

Katie. Wagner@nrc goy
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Powell, Eric -

From: Helton, Donald ’R E S

Sent: Wednesday, March 07, 2012 7:49 AM

To: Ader, Charles

Cc: Powell, Eric; Mrowea, Lynn, Wagner, Katie

Subject: ACRS Stides ont SFPSS - Dfficial Use Only
Attachments: ACRS_Subcomm _Mar8_FINAL_ver2_05Mar2012.pptx
Charlie:

Per your request when we talked in the hallway yesterday afternoon, the slides we used yesterday (o brief the
ACRS on the RES SFP Scoping Sludy are attached. Note that these slides are Qfficial Use Only (it was a
closed briefing). We will be presenting on the project (methods/models only) at both the RIC and an April
ACRS full committee meeting.

If you want anything else, don't hesitate to ask.

Don

Do Heleon

Diviston of Risk Avalysis

NRC Office of Nuclear Regnlatory Research

Physical address: 21 Church Screer, CSB4-C9, Rockville, MD 20850
Poseal address: US NRC / MS CSB4-C7M / Washingron, DC 20555
Ph: 301 2517594



UNITED STATES NUCLEAR REGULATORY COMMISSION
Protecting People and the Environment

Spent Fuel Pool (SFP)
Scoping Study

| Katie Wagner |
Office of Nuclear Regulatory Research

Briefing for ACRS
March 6, 2012
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@’ US.NRC Timeline of Major SFP-related
o Activities

Frotocting Feopls and the Envircasment
Spent Fuel Pool
Scoping Study

Comprehensive Site
Level 3 PRA Study
(2011 - 2015)

Action Plan Activities to
Increase SFP Cooling
Reliability (mid-90s)

Transition to High-

Density SFP Racking
(starting in late 70s) National Academy of Sciences
\ | Study (2003 - 2005)

1 | i 2 3 - \-ﬁ__-! ey 1 —
Early SFP Consequence / | \ '
Studies (e.g., NUREG/CR- NUREG-1738 Study Post-Fukushima
0649) and High-Density for Decommissioning Activities
Racking Review Criteria (1999 - 2001) ' (2011 - 2016)
Development (late 70s)

Post-8/11 Security
Resolution of Generic Issue 82,

_ Activities
“Beyond Design Basis Accidents (2001 — 2009)
in Spent Fuel Pools”
{late-80s)

OUO— Internal Use Only SFPSS ~ March 2012
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OUO—internal-Use Only —

BUSNRC  Background on SFP Risk

» SFP risk is low, due to the low frequency of
events that could damage the thick reinforced
pool walls

— Frequency of fuel uncovery; 6E-7 to 2E-6/yr —
NUREG-1738

— Consequences have been assessed to be large
due to the potential for heat-up of all the fuel in
the pool

— Heat-up of the fuel in the pool can lead to
“zirconium fire” initiation and propagation

— Large inventory of Cs-137

« The above has prompted questions as to
whether older fuel should be moved to casks

QU0 — Internaltse Only SFPSS ~ March 2012
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& USNRC Motivation for SFP Seismic Study

TSTIVE XTATYE NUCLEAR REGLYLATORY EOMMOMON
Protectisng Preple end the Knpirosuisnt

SFP Risk involves: « Part 50, 72 & 73 Regulatory Requirements

» SFP Seismic Hazards «  Multi-Unit Risk (e.g., SECY-11-0089 project)

* Dry Cask Storage Risk (e.g.. NUREG-1864) + Design/Operation Differences Between

»  Cask Drop Hazards for SFPs (e.g., NUREG- Sites
1738) » Boraflex Degradation & Inadvertent

» Repackaging For Transportation Criticality

+ Fuel Storage Infrastructure {e.g., 2010 EPR! * Protection Against Malevolent Acts (e.g.,
study) post-9/11 security assessments)

*  Worker Dose (e.g., 2070 EPRI study) « Other SFP Hazards (e.g., NUREG-1353)

»  Emergency Preparedness (e.g., NUREG- + Actions in Response to Japan Events (e.g.,

1738} Near-Term Task Force Recommendation 7)

Past studies have indicated that SFP seismic hazard is an important piece
of overall spent fuel risk.

for this reason, SFP seismic hazard is the logical place to start in probing
the continued applicability of past studies and developing insights for

SFP the current spent fuel storage situation.
- Seismic Depending on the results gained from the study, additional work might be
- Hazard - necessary to obtain & more holistic answer.

QUO - Internal Use Only SFPSS — March 2012 4
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3 USNRG motivation for Seismic Study

Protaocting Peopls and the Environment

Annuai frequency of SFP fuel uncovery as reported in previous SFP risk studies -

NUREG-1353* Cask / NUREG-1738** Cask /
Heavy Hea

Load Loagy
Drop Dro

N P
Seismic Seismic

Other

*BWR, best estimate results **Based on Livermore hazard curves which generally

more closely match the updated USGS curves for the

studied plant
Past SFP risk studies indicate that seismic hazard is the

most prominent contributor to SFP fuel uncovery. While
these studies have known limitations, this is sufficient
motivation to focus on this class of hazards in the SFPSS.

QUO— Internal Use Only SFPSS - March 2012
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2 EWSWN“RS Overwew of Spent Fuel Pool

Scoping Study (SFPSS)

« Focus: reexamination of the potential advantages |
associated with moving older fuel stored in the SFP to dry
cask storage in an expedited manner

* Emphasis is given to acquiring timely results for ongoing
deliberations and external stakeholder interest. The project
is using:

* Available anformatton / methods
* Arepresentative operating cycle for a BWR Mark | (Peach Bottom)
- Past studies to narrow scope

+ Plan finalized: July 2011 (ML111570370)
Study to be completed by: June 2012

OUO— Internal Use Only SFPSS — March 2012 . 6
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g?&iﬁg Summary of Unique Aspects of
the SFP Scoping Study

+ Specific examination of the pool loading configuration (high-
density vs. low-density) for contemporary SFP loading and
requirements

« Updated SFP beyond design basis accident (BDBA)
consequence estimates (first for operating reactor since 1989)

» Site-specific (and thus more realistic) SFP BDBA consequence
estimates (not a focus of previous studies)

« First public capturing of SFP BDBA consequences considering
50.54(hh)(2) equipment

» First capturing of SFP BDBA seismic Istructural response since
late 1980s

« First publicly available NRC study utilizing MELCOR (our tool of
choice) for SFP analysis

OUO—Internal Use Only SFPSS — March 2012 7
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OUO - Internal Use Only

Prebohqg Poople and the Kavironmgnt

3" USNRC Technical Approach

* Two conditions to be considered:
-~ Representative of the current situation for the selected site (i.e.,

high-density loading and a relatively full SFP)

— Representative of expedited movement of older fuel to a dry cask

storage facility (i.e., low-density loading)

* Elements of the study include

Seismic and structural assessments based on available information to
define initial and boundary conditions

SCALE analysis of reactor building dose rates

MELCOR accident progression analysis (effectiveness of mitigation, fission
product release, etc.) -

Emergency planning assessment

MACCS?2 offsite consequence analysis (land contamination and health
effects)

Probabilistic considerations

oUO-- internal Use Only SFPSS - March 2012 8
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R RS TORE LGNSR
M«m hmp and the Luywormunt

‘Seismic and Structural
Methods and
Preliminary Results

Jose Pires

VUO=internal Use Only SFPSS — March 2012
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OUO - Internal Use Only

Prescribed Seismic Scenario

. Seismic event: 0.5 g to 1.0 g peak ground
acceleration (PGA )

— Challenging but very low frequency of occurrence (one

event in 61,000 years)

+ PGA 6 times greater than that for the SSE and beyond the seismic
design basis for Eastern US plants

— USGS hazard models (2008) being used as starting
model for ground motion response spectra

* Review of past studies indicates that less severe
events would not challenge the SFP

OUO ~ Internal- Use Only SFPSS — March 2012 10
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OUC— Internal-Use-Only

 USNRC

) reim Site Seismic Hazard

PGA exceedance probabilities from various models
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5.4 bbb EREESESE §4.38.3 4.5, 344

i

HUH T 1 SERAINEES

{ 44 4 EE > - -+ § EEE &

\i’% . -8 - $.5.3.3 44232 33 28 L 88 0. 0 13524 +43 14354 ¢ +4-43. e e SRR ES & 434

—;~ +44 -84 144 B¢ - e SRt & {3 b . BT 8 §E4 el e
$

1.E-04

By

I.E'OS 8% # "}j mfﬁ' B RYEEARERETS IS ERR AR V

pae

BES RS 151

—+—US5GS 2008 PGA
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’USNRC Initiating Event (IE)

Frequency

Seismic IE Frequency Comparison
(Based on USGS 2008)

. Bin1: <03g lin203t005g
~ Bin3: Oﬁto‘!g Bm4 >1g

L 1'.062;02 -

1 OOE-(}S

| .!ﬁ!ﬁaﬁtiék&vm Fréduénby (fyr} B

1 . 7 - 4
Seismic Bin#
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.

3 USNRC

OUO~ Internal Use Only

o Seismic Input

Objective: to provide initial seismic assessment
— Site Ground Motion Response Spectrum (GMRS)
Rock site |
— OBE is 0.05¢
- SSE is 0.12g

Challenging damage is not expected below seismic hazard Bin 3 - 0.5g
to 1.0g

- — Level of 0.71g used

USGS Hazard Assessments (2008) used as starting hazard level to
obtain GMRS shape (Similar to GI-199 Resolution) -
— Site GMRS scaled to obtain GMRS for Bin 3

Site GMRS rich in high frequencies (5 to 25 Hz)

OUO — Internal Use Only SFPSS — March 2012
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3'USNRC  go;

» o
" THITRD SIATES WIGLUAL TEGLRATORY CUMMISSNIN Selsmlc lnput
Protrottng Feople mnd the Enrironment

Ground Motmn Spectra 5% Dampmg (DRAFT )

2 A
s | —a-SSE(FSAR) i SN
16 H ———NUREG/CR-4550-PGA=0.12g | T 11" \

Acceleration {g)

" Frequency (Hertz)

Comparison of ground motion spectra: this study, SSE and spectrum
for the NUREG-1150 PRA (scaled to the SSE PGA)

OUO —Internal Use Only SFPSS - March 2012
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OUO — internal Use Only

3 ' USNRC Stru ctu ral In put

Protooting People wmd the Envivanwant

-

Obijective: to determine starting point for subsequent
accident progression analysis

Approach:

— Generally follows approach used for GI-82 (NUREG/CR-5176)
« Enhanced to address specific study aspects (Finite Element Modeling)
— Uses in-structure response spectra (accelerations) calculated for
the NUREG-1150 study (NUREG/CR-4550, Vol. 4, Part 3)
 Scaled for increased PGA (from 3xSSE to about 6xSSE)
« Scaled to account for high frequency content in the site GMRS
— Uses 3D nonlinear finite element analysis of the SFP structure
and its supports (subjected to equivalent static loads) to
calculate:

+ displacements, concrete and reinforcement strains and stresses,
structural distortion, and liner strains

QUQ—Jntemal—Use—Only SFPSS —- March 2012
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3 USNRC

P U.D.NNL, Structural Iinput

Profecting Peopie and tho Entironmient

 Analysis of the SFP structure subjected to equivalent static
seismic loads induced by the site GMRS provides input for
the estimation of the damage states for the SFP

» Loads considered

— Dead loads -- weight of the pool structure (mostly concrete), spent
fuel racks and assemblies, and water

— Seismic loads -- body forces from the accelerations of the pool
structure, hydrodynamic impulsive pressures and reaction forces
from spent fuel racks

— Combined vertical and horizontal ground shaking
« Finite element programs used:

— ANSYS to estimate and verify seismic loads (especially the
hydrodynamic impulsive loads and sloshing amplitudes)

— LSDYNA for the nonlinear analyses

OUO - internal Use Only SFPSS ~ March 2012
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OUO - Internal Use Only

g...,.,s.,:li.}}mc eactor Building and SFP

SFP Details

i 3D model of
the reactor
building

Used to generate 3D finite element models
of the SFP structure and its supports

OUO — Internal Use Only SFPSS ~ March 2012 17
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3 /’U S, NRC

fooiie TRITTRIY FTATES MOCLCAR m&mmsﬁﬂu
Protecting Peopls and the

OUO — Internal Use On

OUO - Internal Uss Onily
Finite Element Model of SFP

ate

Reactor
Shield
Building

All these
components
included in
the mode!

SFPSS — March 2012
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2 USNRC Structural Input

Pratacting Paople and the Exvivosment

« Approach (cont'd)
— Simpier approaches to assess damage to:

« Penetrations, support systems, other SSCs necessary for accident mitigation (e.g.,
building housing a portable diesel pump), other structures

* Approximations / assumptions

— Effects of ground motion incoherency on high frequency components
of floor spectra was not considered (possible conservatism)

— Floor spectra do not account for coupling of SFP components to
building (possible conservatism)
« Hydrodynamic pressures based on scaled floor response spectra

» Dynamic time-history analyses of the whole reactor building including the SFP
were not done at this stage

— Seismic loads from spent fuel racks and assemblies approximated

« May need adjustment based on the analysis reporis from the licensee submitted at |
the time of the license amendment for high density racking

. QUO -~ internal Use Only SFPSS ~ March 2012 19
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| QUO —Internal Use Only
> US.NRC  SFP Structural Analysis

Vertical In-structure Spectra Horizontal In-structure Spectra

inmc!meSpecﬂ Verﬁcal Scaledtolﬁg?ﬁ&{ftoe-ﬁddl % . InnmdureSm!ra Horizontal - Scﬂeﬁtologm{fm&ﬁdd) 5’5
i RS Damp%nzwm ; ;

Iy i) & \

X :;:f.f s IR R
ﬁ fi\ n i e F 3o NUREG JCR-4S50

g From RURES /CRA550
b~ This study (hased on mawses;

Z5 N et This study {based on 2008-USGS)

Acceleration (g}

Acceleration (g)

Frequency {(Hertz)
Sloshin

= Spectra shown are for 5% damping and 1.0g PGA ‘
« Analysis used 10% damping for the reactor building and 5% fﬂf tbe SFP. For sloshing lower damping was used.

+ Analysis conducted with ANSYS - Hydrodynamic pressures used to verify inputs used in the finite element analysis

OUO—1Internai-Use Only SFPSS - March 2012
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@' USNRC  preliminary Results

Protacting Perple and tha Environsmmt

» Concrete cracking — Results indicate a through-the-wall
concrete crack at the junction of the spent fuel pool walls
to the pool floor

— Crack thickness varies along this junction

« Liner strains — Maximum liner strains at the junction of the
walls and floor

— Analysis for the base finite element model (element size ~6 10 8
inches) shows strains in the range

« 1.5E-4 to 1.9E-3 (0.0019)
+ Yield strain: about 1.2E-3 (0.0012)

— Detailed liner analysis done to assess strain concentrations

OUC—internal-Use Only SFPSS — March 2012 21
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QU0 —internal Use Only

P USNRC

TRIED FIATES MELLR BEALATOAY GRDEAEEBION
Protuoting Frople avd the Kntiroemwsesl

Load Case: (100%V + 40%H)

DUO—Internal-Use Only
Preliminary Results

Preliminary
results for the

ghase model

and analysis

Concrete cracking

SFPSS - March 2012
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3 USNRC  prejiminary Results

Protacting Feppls und the Knviravment

e Liner strain concentrations

— Size of liner elements in the base model ~ 8 inches (~20 cm)
« Base model does fully capture liner strain concentrations at the junction

— Constructed detailed model of liner and liner attachment details with
elements as small as ~ 0.15 inches (~ 0.37 cm)
— Embedded this model in the base model to get strain concentrations

Liner in contact &

bedded shap

QUO —internal Use Only SFPSS - March 2012 23



mtr1
Cross-Out

mtr1
Cross-Out


CUO— internai-Use-Only

2 US.NRC Preliminary Results

Froiecting Prople avol the Ewvironeresl

* Assessment of liner strain concentrations
— Calculated displacements with detailed liner insert

OUO—Internal-Use-Only SFPSS ~ March 2012 24
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QUOQ -~ Internal Use Only

- USNRG preliminary Results

Frotecting Propie ond the Envivonosend

+ Assessment of liner strain concentrations
— Contours of maximum principal strains (mid shell surface)

Strains concentrate at the backup plates
with maximum less than the expected failure
strain

» Strains below yield away from the backup
plates (liner is not attached in these regions)

Prelimins
resuits

QUO—Internal Use Only SFPSS — March 2012 25
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SUSNRC

O o e Preliminary Results

Damage States (SFP structure)

» Most likely case — no liner tearing and so no
water leaking except from sloshing

« Small relative likelihood of:

—~ Extensive liner tearing with drainage controlled by
size of concrete cracking

~ Liner tearing localized at the backup plates

OUO - Internal Use Only SFPSS —~ March 2012 26
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| QQNRC Preliminary Results

o} Protecting People meil the Enrtrovmen

Penetrations, other structures and equipment

— Peneftrations
« The analysis shows that the pool is stiff and the distortions small
« Damage to penetrations is not expected

— Reactor building

» Fragility estimates for the NUREG-1150 study (in NUREGICR-4550) indicate a
median fragility of about 1.6 g

+ Natural frequencies of the reactor building are not in the high frequency region
of the GMRS used for the site (except for the vertical mode which does not
control the building fragility)

« On these bases, it is concluded that the reactor building would survive this event

— Building structure above the spent fuel pool and overhead crane

= Building structure above the pool is not vuinerable to earthquakes (it has low
mass and was designed to carry heavy crane loads of 125 tons)

- Qverhead crane, even if were to collapse, would not fall inside the pool

» On these bases, damage to the pool is not expected from this part of the
building from the ground shaking

OUO - internal Use Only SFPSS — March 2012

27


mtr1
Cross-Out

mtr1
Cross-Out


SV USNRC  prationtme

¥/ 2 M\ Preliminary Results

Froteoting Peapia wnd ths Enviroapsed

+ Penetrations, other structures and equipment
— Building housing B5B equipment
« Walter treatment building, which is not a seismic Category | structure

« Fragility of older buildings in the Central and Eastern United States (CEUS) not
especially detailed to resist earthquakes is expected to be less than that of Seismic
Category | buildings |

- Estimated median fragility for the turbine building (NUREG 1150 PRA) is about 0.5 g
(not Category I}

« Building collapse would not necessarily prevent access to equipment

+ Absent other information suggest considering equal likelihood of access and non-
access to the equipment for this event

« Spent fuel racks and assemblies
— The condition of spent fuel racks for the event was not calculated

— Sliding, rocking and possibly contact between racks might occur for
this event

» Would not necessarily imply damage to the racks and assemblies {(accelerations
less than those expected in cask accidents) but would result in some re-
arrangement of relative rack positions and clearances

SUO— Internal Use Only SFPSS - March 2012 28
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B & E% @Z%m% Status of Seismic and
Structural Inputs

« Finalizing quantification of intermediate damage state
and relative likelihood of damage states

- State with no leakage is the most likely condition (preliminary
result) |

» Checking potential for leakage from the reactor at
refueling conditions

« Verifying all results and documenting methods,
assumptions, analyses and results in report

OUO—=internalt Use Only SFPSS - March 2012 29
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Scenario Delineation

Don Helton

QUO - Internal Use Only SFPSS — March 2012
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3 USNRC Scenario delineation

Protecting Punple and the Snpireneest

Two SFP loading conditions to be considered:

— Representative of the current situation for the selected site (i.e.,
high-density loading and a relatively full SFP)

—~ Representative of expedited movement of older fuel to a dry cask
storage facility (i.e., low-density loading) |

 Successful deployment of mitigation and unsuccessful
deployment of mitigation considered for each scenario

« Three SFP damage states considered
« Seismically-induced rupture to reactor piping considered
« Operating cycle is dissected in to 5 phases

QUO— Internal Use Only SFPSS - March 2012
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< ;‘7U-S-NRC illustration of Pool Decay Heat and

5 VHITLD FIATEL MUSKFRA REANATORT DUMMISKON

e gl e e Operating Cycle Phases (OCPs)

;§ _~ High-density loading

>

i

O

m_

o

B

o

Q.
gii 1 100 200 ¢ 300 400 500 600 70p
i E i i ;I' ime After Shutdown (Days) E
N 1 ]
LI I | { t i

l OCP #5: Remainder of the operating cycle

OCP #4: From 60 to 240 days
OCP #3: Post-outage (25 to 60 days)

OCP #2: Latter half of outage (8 to 25 days)

— QCP #1. Defueling (2 to 8 days)
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3 PNITED YTATES Y00LEAR BEMITAYORY cara MU X
Protacting fecple and the Lurivasssent

OUO - Internal Use Only

OCP Details

Time window / (Time of Fraction of Pool-reactor Spent f}x el

OCP#|  ovaluation) [days] | operating cycle | SOmnaur- configuration for
¥ B gcy ation high-density loading
1 2-8 (5) 0.01
Refueling Non-dispersed
2 8 ~25 (13) 0.02
3 25 - 60 (37) 0.05
4 60 — 240 (107) 0.26 Un-connected Dispersed
5 240 -700& 0 —~2 (383) 0.66
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"US.NRC §?T‘-’ Cartoon — During Outage

g CHITED FTATES NUCLAAR REGRRATORY SOMMEIION

e gt ek e (Intended for slide show viewing)

Pre-Event:
Spent fuel pool, reactor well, and separator/dryer
storage pool are all hydraulically connected.
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@ USNRC sFp cartoon - During Outage

HAHH (Intended for slide show viewing)

For pcSt-c:utage events:
» The major difference is that the SFP is
hydraulically isolated from the reactor.

»No damage to the fuel transfer canal gate is
predicted.

» All other preceding descriptions remain valid.
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OUO - Internal Use Only

e / USNRG SCALE Analysis

NETED 1 aTES NULLEAR SRGAATDAY GUNMENG!
ﬁ‘tl assting Feople and the Encirossnant

+ SCALE computer suite used to estimate refueling floor
“shine” dose rates from fuel in SFP prior to radioactive

release (to provide additional context)
~ Not used to directly affect mitigation assumptions since 50.54(hh)(2)
includes consideration of deploying capabilities in high-radiation
“environments

» Leveraging a capability Oak Ridge National Labs used to
inform Fukushima response — “low hanging fruit”

* Results indicate:
— Worst-case locations exceed 25 remv/hour when SFP water level is
1-2 feet above top of fuel
- Time since discharge has a limited effect on dose rates
« Additional analysis ongoing:
— A single lifted assembly (event occurs during fuel handling)
— Lower-density pool loading
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- QWSMIERQ Mitigation Assumptions

Pratecting Feopls and the Encéronmmens

« Re-arrangement of fuel to favorable configuration (for high-density
loading) assumed to occur at the end of the outage

« Represents a compromise between pre-configuring (which we believe the
site did last outage) and waiting the full exemption time (which is a non-
public value) or longer

« For scenarios not including mitigative actions:
» No operator action is considered
« For scenarios including mitigative actions:

« Diagnosis is assumed to take until SFP level drops 5 feet + 30 minutes for
observation/decision-making (recall assumption of no AC power)

» Capacities / timings follow underlying endorsed guidance in NEI-06-12,
Revision 2 |

- Except where an additional 3 hour delay is permitted above and
beyond the 2 hour delay

oy —Internal-Use Only : SFPSS - March 2012
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OUO ~ Internal- Use Oaly

@ USNRCG - Mitigation Assumptions (2)

Mrotacting People tnd ths Envirenment

+ Mitigation parameters:
= 200 gpm spray (delivered; uniformly throughout SF P) or 500 gpm makeup

« Higher site-specific flow rates not credited based on uncertainty in pump
speed, pool coverage, etc. |

- Commences 2 hours after diagnosis
« Mode is determined based on SFP water level at time of deployment

» Later switching of mode is not considered based on modeling
simplification and complications of initiating event

+ Once deployed, equipment runs indefinitely

» Represents successful arrival of offsite support or deployment of other
onsite assets

- Effectiveness is determined by MELCOR
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QUO - Internal Use Only
Sample End-States
OCP #3 — Post-outage @ 37 days

>USNRC

TETIED STATER ¥UTTLAN RECRTLA TORY CON SEAKIO
Protycting Feaple and the Xnrironmusst

Prelimi |
R;eslz‘;:snary Radioactive Release
Scenario Characteristics Commences Prior to 72
hours?

SFP | High- Low-
Leakage Reactor Density Density

Case # Rate? Leakage? |Mitigation? Loading Loading

1 Yes No No
None

2 No No No

3 Yes il fopi d

. Small N/A Still deve opi'n.g boundary

4 | No conditions

5 Yes No No

| Moderate
6 No Yes Yes

SFPSS - March 2012
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. & gg}i@g Other Issues Not Addressed in
Defining Scenarios

+ Full core offload outages for vessel inspections

+ Presence of new fuel in the SFP as source of zirconium (for
a short period of time)

*  Multi-unit effects
— Only addressed until reactor/SFP become hydraulically decoupled

* Assembly in the process of being moved at time of event
* Inadvertent criticality events

* Recovery of offsite power

« QOther long-term recovery actions

» The intent is to address as many uncertainties as practical
via sensitivity studies
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~3’USNRC

ATES NPCLLAR RLRRATORY MR
Protucting Seople axd the Knyironien

Accident Progression
Methods and
Preliminary Results

Hossein Esmaili

QUO — Internal Use Only SFPSS - March 2012
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Use of MELCOR for SFP Analysis

Experimental
studies

Analysis

2
MELCOR Separate
Effects Analysis

MELCOR Whole-Poo!

(i.e. Integrated) Analysis
5 I . ':::.-;? f §

Computational =
Fluid Dynamics COBRA-SFS Analysis
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OUO - Internal Use Only
'USNRCG High-Density Post-Outage SFP
tmioissimn MELCOR Model
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OUO - Internal Use Only
Low-Density Post-Outage SFP

S USNRC
MELCOR Mode!

THTIR STATUA NUTRLAR RO TATOM SOMragsos
Protesting People axd the Kwvisommrnt

LEZEEZ S22 02

SFPSS ~ March 2012
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'USNRC

CHEITD gFATES HICLEAR REGUEATORY COMMISRON
Frosacring People and the Enrironment

Iy

OCP 3 Preliminary Result

(Moderate Bottom Hole - Unmitigated)
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'USNRC

FEITLD WIATEL ROCLEARBERLATUAY UCMMIVRON
Protecling People and ihe Exvironnsent

OUO—~internal Use Only
OCP 3 Preliminary Result

(Moderate Bottom Hole - mitigated)
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2 ;/U S.NRC OCP 3/4 Preliminary Results

TN IeTED STATES MUCAE TR REAGLLTD R CLMAITMON
Protocting Peopls and tha Enviranmeng

" Highlosding |  Low Loading

25T MW) S {215 MW)

“fitigation | Mitigated | mifigation | Mitigated
Low water level signal (hr) g . 0AT 047 I 047
Water Level at top of Racks {hr) 261 261 |° 261
End of mitigation degloyment (hr}) [ - - 287 - 1 297

- {Water level al racks base plate thr) | 5.3
. {Time of Release () 16T
Time of spray actutation (hr}

Feak cladding temperature (KK}

53 58 | 58
- {147 | - |
1 548 - | 598 |

__876 1557 | 898

S QCPA o
- High Lﬁadmg: ___towloading
TNe No
- m&hmﬁm Mitigated | mitigation | Mitigated
Low water level signai (hr) 047 0.47 0.47 0.47
Water Level at top of Racks (i) | 2681 | _2.61 261 | 281
End of mitigation deployment (hr} | - -~ | 297 - 297
Waler level gl racks base plate (v} | - 5.3 83 58 58
Time of Release (hr) N - - -
Time of spray actutation (hr} . 598 - 588
Peak cladding temperature (K} . 843 720 895 730
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PUSNRC ~ simplified Boil-off Model

FHIPRD VTATER NUGLEAR REGULATORY OUMMEERION
Protevting Feppls wnd the Knrironmaent

Addition of a single control volume for the Separated/Dryer (S/D) pool and Reactor (Rx)
Simplified SFP pool model (1 CV for empty racks, 1 CV for fueled assemblies)
Flow between Rx+S/0 to SFP controlied by valve (closed when level < SFP gate}

Decay heat for the SFP and Rx are user specified energy source (no core model)

QUQ - Internal Use Only SFPSS — March 2012
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s

USNRC Demonstration Boil-off Results

NPT NTATER NUCLLGA RECKE, A TORY EXIMMNANMN

Frodzciing Propls and the Envivonesent
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OUO— Internal Use Only

Consequence Analysis
Methods

AJ Nosek

OUO —Internal Use Only SFPSS — March 2012
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QUO - Internal Use Only

3 USNRC

N e Offsite Consequence Modeling

MACCS2 code will be used

— Input: Accident source term, weather, population and
economic data, protective measures

— Output: Consequences (e.g. contamination, health
effects) from atmospheric release

Modeling will levera?_\’e best practices from draft
NUREG-1935 (SOARCA)

« Population and economic data updated for 2011

QUQ - Internal Use Only SFPSS - March 2012
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QUO - Internal Use Only
/gi@@g | MACCS?2 Modelmg
Code Modules

« ATMOS
— Atmospheric transport and dispersion
— Source term from MELCOR and ORIGEN calculations

« EARLY (1 week)

— Early consequences |
» Altered by countermeasures such as sheitering, evacuation, and relocation

— Early doses also contribute to long-term consequences

 CHRONC (50 years)

— Long-term consequences

« Altered by countermeasures such as decontamination, interdiction, and
condemnation
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H OUD—internal Use Only
:
-5
oL
;

g&%‘frlil}x% MACCS2 Modeling: Atmospheric

Release and Exposure Pathways

MACCS2 models the radioactive release to the atmosphere (e.g. plume rise, dispersion, dry and
wet deposition)

MACCS2 estimates the health effects from: inhalation, cloudshine, groundshine, skin deposition,
and ingestion (e.g. water, milk, meat, crops)
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QU0 —internal Use Only

¥ USNRCG  mAccs2 Modeling: Atmospheric
Transport and Dispersion (ATD)

+ Dispersion based on Gaussian plume model (with provisions for
meander and surface roughness effects)

— Phenomena not treated in detail in this model are: Irregular terrain,
spatial variations in wind field, temporal variations in wind direction

+ Meteorological data required

— Wind direction and speed, Pasquill stability category, precipitation,
(seasonal [PM,AM]) mixing layer height, and boundary weather

» Multiple weather sequences (accounts for uncertainty in weather
conditions at the time of the accident)
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QUQ - Internal Use Only

PSWNES MACCS2 Modeling:
Protective Measures

« Emergency phase response

— Evacuation -
+ 360 degree, 10-mile radius (Pennsylvania specific)
« 7 Cohorts will represent different groups of the public
« Road network route considerations
+  Seismic-specific considerations
« Start of evacuation will depend on sequence

— Sheltering
— Relocation: two triggers
- Kl ingestion
« Long-term phase response

— Relocation

— Decontamination, condemnation, and interdiction (from both
food/water and land)

— Trade-offs exist between health effects and economic costs
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s & LQSNEZQ MACCS2 Modeling:
Dose and Health Effects

« Stochastic health effects (e.g. latent cancer fatalities)

— Three dose response models
+ Linear, no threshold {LNT) hypothesis

+ Linear, low-dose truncation
-~ 620 mrem/fyr (U.S. average dose)
~ 5 rem/yr or 10 rem lifetime (HPS position)

— Risk reduction factor of 2 for low dose and dose rates to account for low-LET
radiation (DDREF)

» Deterministic health effects (e.g. early fatalities)
- Values informed from the joint NRC/CEC (Commission of the
European Communities) expert elicitation study
 Federal Guidance Report 13
— Dose conversion factors: pathway, organ, and nuclide specific
— Includes 825 nuclides and acute capabilities
— Incorporates ICRP-68/72 Standard and BEIR V
— Most current federal guidance published by EPA
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~3° USNRC Consequence Reporting

Frotecting Feaple udtlub vironmenl

« Health Effects

— Primary Plan: Report the conditional risk of early fatal:tles
and latent cancer fatalities as related to distance from the
site. (ldeal for informing individual members of the
public

« Land Contamination

— Primary Plan: Report total land contamination for the site
region above a specified dose level (e.g., the habitability
criterion for the selected site of 500 mrem/year)

— Additional Plan: Report land contamination above a
specified activity level (e.g. Cs-137 Bg/m?)

OUQ — Internal Use Only SFPSS —March 2012
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‘ QminBmg Consequence Reporting

Prolaching Prople and the Envirorment

When is land considered “contaminated”?
When (after the accident) should we evaluate land contamination?

Radiation Dose Limit to Members of the Public
A“?;f;g‘;se Standard/Regulation/Guide Timeframe Applicability Notes

??7 ERPA/NRC long-term cleanup standard long-term seyere actidends currently in rukemaking

25 CFR 20 subpart E long-term | decommissioning unrestricted use of land

100 CFR 20 subpart O operation ficensed operation

100 ICRP standard long-term severe accidants with “optimization™

100 DHS Protective Action Guide long-term severe acoidents with “optimization”

500 Pennsylvania Code Title 25 § 219.51 | after emergency severe accidents
2000 EPA Protective Action Guide after emergency severe accidents | for first year (500 mrem thersafter)
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Concluding Remarks
and Questions

Katie Wagner

OUO —Internal Use Only SFPSS ~ March 2012

59


mtr1
Cross-Out

mtr1
Cross-Out


@ USNRC  coordination and Communication

Froteoting Prople and the Enciresment

*

Internal:

- Work'ing with Japan Lessons Learned Project Directorate Steering
Committee on path forward

— Input from program offices
~ — Briefings for Senior Management and Commissioners
Interactions with licensee

ACRS:

— Informal discussion

— Closed March Subcommittee meeting

— Planned open April Full Committee meeting (methods only)
External:

— Mentioning of study in Congressional testimony, senior
management presentations, etc.

— RIC 2012 pr_esentation
~ A communication plan has been drafted (currently working w/OPA)
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0OLIO —~ internal Usae Only

@ USNRC  sEpss Project Team

Drateoting People and the Lurironourst

- Katie Wagner — Overall project lead
* Hossein Esmaili — Accident progression lead

- Don Helton — Boundary conditions and probabilistic
aspects lead

» Andy Murphy — Seismic analysis lead
» AJ Nosek — Offsite consequence lead
« Jose Pires — Structural analysis lead
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Powell, Eric

From: Hefton, Donald - /\29(7

Sent: Thursday, May 31, 2013 7.56 AM

To: Powell, Eric

Ce: Wagner, Katie

Subject: RE: ACTION: Spent Fue! Pool Scoping Study (SFPSS) Working Draft for Working Group

Revisw by EOB on Tus., May 22nd

Eric,
in using the terminology I've used in the SFPSS repon, I'm trying to stick to the foliowing convention:

Security-related events = loss of Jarge area of the plant (explosions or malevolent aircraft impact) + other land-
based or water-based attacks + ingider threat --> by direction, not considered in PRAs (for now) due to issues
in estimating initiating event frequancies (note that these events are outside the scope of SOARCA, §FPSS,
and the Vogtle Level 3 PRA - they are handled via delerministic programs and requirements)

inadverient aircraft impact = NPP near an airport has some low likelihood of being struck by a malfunctianing
aireraft during initial ascent or descent, and is a safety-related {(as qpposed to security.refated) hazard --» this
accident has been considered in past PRAs {including bu?h’};ast agency SFP PRAs; it was not a selected
sequence for either SOARCA or SFPSS; while for Vogtie it is TBD whe!her it would be screened in or out but
is, at least theoretically, within scope)

Does that make sense? Does it suggest any change to the report 40 alleviate your concern?
\

Best, )

Don

b ey \SEO

Sent: Wednesday, May 30, 2012 5:32 PM

To: Helton, Danald

Cci Wagner, Katie

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

Don,
Thanks for yaur thoraugh review of my comments.

Numbers 1. 3, & 4 below are addressed by your response. Mowever, | have a guestion about #2 1o make sure
| understand what you are saying. Specifically, using the tanguage “asrcraft crash {or impact)” is done because
of previous SFP PRA studies? 1 can understand the sabotage aspect of your comment, but from my
perspective saying loss of large area of the plant due to fire or explosions covers 50.54(hh}{2) and AlA
scenarios. However, if other losses, caused by something other than an aircrafl crash, have never reslly been
analyzed in PRA space | can understand the difficulty that would raise and the constraints that limited
resources plays into this effort (SFPSS).

Like | said, from my perspective saying aircraft crashes is very specific and loss of large areas is more
inclusive to other threats.

Thenks,
Eri¢




From: Helton, Donaid R E 6

Sent: Tuesday, May 29, 2012 11:00 AM '

Tao: Powell, Eric :

Cc: Wagner, Katie

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

Eric,

['ve gone through alt your comments, and there were a few that seemed to warrant a response, which I've
provided betow. if there are any of these thal you believe need to be added to the “unresolved” list, please let
me know.

Thanks for finding the time to review the report!
Don

1) Q: Is this [not addressing many multi-unit aspects] really appropriate given the events at Fukushima? More
of a philosophical question, but | would say that it is not appropriate given how such an event would affect
multiple units on a site. .. [From tater Section] EThis appears to address my earlier comment. However, |
would like to note that looking at only a single unit event, given a threat which affects more than a single unit, is
a dated approach and inconsistent with the lessons that have been leamed since the accident at Fukushima,
A Nonethelegs, that is the state-of-practice for this project and almost all others. Do you see this as
substantively different then the way new reactor licensing (e.g., SAMDAS) are currently conducted?

2) Q: While this {referring to the mentioning of inadvertent aircraft crashes on page 5] is true, 50.54{hh)}{2)
looks at losses of large areas from any number of threats. Why not use language similar? s it the sabotage
aspect? ..... Why [not include security-related events in SFPSS]? With the NTT Task Force recommendation
of making the 50.54{hh){2) equipment mora robust and required (or whatever Janguage they use), why not fook
at sabotage events in a general manner. Instead of saying aircraft crashes, we could say losses of large areas
of the plant due to any number of threats. 1 think it wouid be more flaxible and comprehensive this way.

A The first instance is specifically referring to the safety-related consideration of an inadvertent aircraft crash,
which was studied in the past SFP PRAS. Intentional aircraft crashes are not considered in SFPSS because (i)
their effect has already been addressed via the SFP security assessments, (i) the agency’s positian on not
quantifying risk from security-related events due to the inability to quantify the initiating event frequency, and
(it the need to reduce scope {0 manage schedule/resources.

3) Q. Based on the guidance in NEI 06-12, the site will have suffictent fuel for the pumping source to operate
for 12 hours without off-sitg support. This means that the 50.54(hh)(2) equipment relied upon to mitigate an
avent is only required to be able 1o operate for that amount of time. This is a potential issue, because if the
study is assuming off-site support doesnt arrive until 24 hours after the event {and implemented sometime
after) then for at least 12 hours the plant will not be able to provide makeup or spray to the SFP.

A: As we discussed in the meeting last week, this situation represents an intermediate state between the
mitipated and unmitigated scenarios,

4} Q: Revision 3 [to NEI-08-12] was issusd in September 2009.
A: Correct. but it only applies to new reactors. The endorsed revision for operating reactors is Revision 2.

From: Wagner, Katie \\ PR Fﬁﬂ e

Sent: Tuesday, May 22, 2012 4:44 PM

To: Esmalli, Hossein, Helton, Donald; Murphy, Andrew; Nosek, Andrew; Pires, Jose

Subject: FW: ACTION: Spent Fuel Pool Scoping Study (SFPSS) Working Draft for Working Graup Review by EQB on Tue.,
May 22nd



Forwarding

From: Powell, Eric D‘J ;Z 0
Sent: Tuesday, May 22, 2012 4:43 PM

To: Wagner, Katie

Ce: Ader, Charles; Mrowca, Lyan: Weerakkody, Sunil

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

Katie,
in the attached document you will fing my comments.

Thanks.
Eric

From: Wagner, Katie

Sent: Tuesday, May 15, 2012 7:92 PM o ' 6‘&
‘fo: Barto, Andrew; Sullivan, Randy; Schrader, Eric; Jones, Stave; Mitman, Jeﬁrey, Bowman, Eric; Witt, Kevin; Tegeler,

Bret; Powell, Eric

Cc: Gibson, Kathy; Scott, Michael; Poole, Brooke; Lewis, Robert; Ruland, Willlam; Giilter, 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; Esmalli, Hossein; Melton, Donald; Murphy,

Andrew; Nosek, Andrew; Pires, Jose

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

Attachment containg OUO — Sensitive internal information
All,

Attached is a working draft for review and comment by Other-Office Working Group members by end-of-business on
Tuesday, May 22, We understand that this is a large dotument and the review lime is relatively short, we appreciate
your input to hetp meet our deadiings. A few notes about this document

» This is a working draft which has not been formally reviewed by the SFP8S Team or technical writing editors yet
dus 1o the tight schedule involved, The formatting of the document has not been finalized at this time,
Equations which did not show up in the main .pdf document are attached in a MS Word flle,

o The current plan is that the SFPSS repont will be sent by meme from Brian Sheron, RES to Eric Leeds, NRR at
the end of Jure for their consideration as part of the NTTF Tier 3 issue regatding transfar of spent fuet from
pools to casks.

+« RES and NRR are still determining the path and schedule to obtain public comment on the report and providing it
to the Commission.

» Dwision Directors have been oc'ed on this emall at the request of RES Division Management.

Please et me know if you have any guestions or comments.

Thanks,

Katic Wagner
General Engineer
U.5. Nuzlear Regulatory Commission
(301) 2527817
tie \Wapner v
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Schaperow, Jasonl

From; Schaperow, Jasan Mﬂo
Sent: Tuesday, June 08, 2012 1:46 PM

To: Santiago, Patricia

Subject: RE: DRAFT SFPSS repart for review by EOB on June 4ib

Attachments; RE: SFPSS mesting

The analysis does not represent the Peach Bottom Atomic Power Station and is too simplified and
canservative to be usaful for regulatory purposes. My preliminary comments (in the attached email) need to be
rasolved by reviging the analysis and not by adding qualitative discussion to the report, Because no one has
rasaivad my preliminary commenis, the value of additional review is un¢lear.

From: Santiago, Patricia ﬁ =z s
Sent: Tuesday, June 05, 2012 12:50 PM

To: Schaperow, Jason

Subject: RE: DRAFT SFPSS report for review by EOB on June 4th

Can you tell me? The whole thing if you like but it is 177 pages so we should focus on what we can review to
assist them. AJ analyses will not be dane until Randy provides some EP input.
thanks

Sent: Tuesday, June 05, 2012 12:40 PM

To: Santiago, Patricia
€c: Nosek, Andrew
Subject: RE; DRAFT SFPSS report: for review by EOB on June 4th

Tharks. What part(s) of this report do you want me 1o review?

From: Sartisgo, Patricia ' T -
" Sent: Tuesday, June 05, 2012 12:35 PM ’\Ze_s

Ta: Schaperow, Jasen
Ce: Nosek, Andrew
Subject: PV DRAFT SFPSS report for review by EOB on lune 4th

You did get it but this is what AJ gave me
And {et’s set a time to discuss any input to AJ/Katie

Thanksl!
From: Wagner, Katie {0 e ? F
Sent: Tuesday, May 29, 2012 5:33 PM - : S WS .

To: Lee, Richard; Coyne, Kevin; Hogan, Rosemary; Santiago, Patrida
Cc: Schaperow, Jason; Madni, Imtiaz; Esmaili, Hossein; Helton, Donald; Murphy, Andrew; Nosek, Andrew; Fires, Jose
Subject: DRAFT SFPSS report for reviaw by EOB pn June 4th

Good ARemoon Richard, Kevin, Rasemary, and Pat,

Attached s the draft SFPSS report for your review, which is about 200 pages long. We ask that you complete your review
by EOB on Monday, June 4™ Here are a few notes sbout this document:

» The SFPSS team is stilf working o resolve comments and have not raviewed each other's sections in detail.
However, the ieam is comfortabie sending this draft forward for review at this time.
» The equations do not show up in this version of the document. so an squation list is attached for your information.

1




1 TR A ce

s Some MACCS2 runs have not been completsd at this time due to the pending implementation of new avacuation
modets developed by NSIR in cooparation with Sandia staff. The team does not expect most of the results to
change dramatically once those are complete and { will send you the final offsite conseguences chapter once that
chapter is complete,

+ The concurrence package s currently in the process of coming togethsr. In the package, the report will be an
engloswre 1o @ mamo with the following characterishes (| will write the merno and send it 0 you In the next day or

wol
o Wil be from B. Sheron to £, Leeds.
o Contant:
« Discuss that the SFPSS Is a RES product that was sxetuted as laid out in the July 2011 project
plan.
= Discuss that the SFPSS Is for NRR consideration as part of the Tier 3 Japan Lessons Learned
item,

» Wil contain a placsholder for a few main conclusions.
Some comments which the team has not resolved have been added to a tracking list, which is attached.
OPA sent extensive comments on the abstract and exacutive summary of the report on the aftarnoon of
Thursday, May 24" The SFPSS team has not processed these comments yet.
o |received comments from QTE on the afternoon of Tuesday, May 29" The SFPSS team has not processed
these commenis yet either,

Note: Jason and imtiaz have been co'ed since they are acting for Pat this week.

Thanks,

Katie Wagner

General Engineer

U.5. Nuclear Regulatory Commission
{301) 251.7917

Katie Wagner@nre.gov




Schaperow, Jason

From: Schaperow, Jason N i M{’ ;

Sent; Wednesday, May 23, 2012 §:25 AM
To: Heilton, Donald

Ce: Wagner, Katie

Subject: RE: SFPSS maeting

My issues are as follows:

» Seismic initiator - The analysis does not include a concurrent reactor accident.

» Arrangement of fuel - Peach Bottom uses a 1x8 arrangement of fuel, not the 1x4 arrangement assumed in
the study, _ _

* Pool damage - Fukushima shows that an earthquake would not make a hole in a spent fuel pool.

« Mitigation - Peach Bottom-specific mitigation measures are not credited.

+ Mitigation - Makeup and spray are likely, because the spent fuel pool is an open system and there is a long
time available until draindown and fuel damage. Also, offsite equipment began arriving at Fukushima within
about 8 hours (INPQ report of November 2011).

« Mitigation - The operators are likely to make openings in the reactor building to aid in spent fue! pod! cooling
and to prevent a buildup of hydrogen from a concurrent reactor accident,

» Mitigation - For one of the “mitigated” cases, the analysis assumes makeup when spray i$ needed {and
available) to prevent fuel overheating.

» Mitigation - The "unmitigated” cases include some B.5.b mitigation, namsly, arranging the fuel in a favorable
pattern for cosling.

« Release from clad-peliet gap - The assumed refease of cesium {magnitude of 0.05, chemical form CsOH} is
conservative,

*» Release from fuel peilet - The modeling was validated using in-pile tests for reactor accidents, which is not
prototypical of spent fuel pool accidents which progress more slowly and have lower fugl temperatures.

+ Hydrogen combustion - A single node is used for the area between the rafueling floor the reactor building
roof. Simple parametric modeling is used for determining whether there will be a burn.

* Public evacuation - Assuming that we can eévacuate tens and even hundreds of thousands of people but we
cannot get a couple of people up to the spent fuel pool with a fire hose seems iflogicat.

» Public evacuation ~- NRC recommended a 50-mile gvacuation for Fukushima.

« Public evacuation - MELCOR and MACCS analysis was used for developing evacuation and relocation
assumptions. instead of RASCAL.

+ Results - The consequence/risk results presented in the study asswme the probability of mitigation is zero.
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.. Schaperow, Jason

From: Schaperow, Jason

Sent: Tuesday, June 0, 2012 1:46 PM ath

To: Santiago, Patricia - by EOB N JUNé

Subject: RE: DRAF T SFPSS report for review b7

Attachments: RE: SFPSS meeting gimpiified and“) need 10 D
hed 8Ma% " e has

) ation and ® e
The analysis does not represent the Peach Bottom Atamic POWE’ ?é.mments (in ‘r‘;p
consarvative to be useful for regulatory purposes. My Pf_e"mngcusgion to the L s .
resoived by revising the analysis and not by adding quamat«vei wis unclear- T Z\::
resolved my preliminary comments, the value of additional &V € T

Fram: Santiago, Patricia

Sent: Tuesday, June 05, 2012 12:50 PM

To: Schaperow, Jason 4 we carl
Subject: RE: DRAFT SFPSS report for review by EOB on June 4th oGUS on wha

rpview 10

f
should
Can you telt me? The whoie thing if you like but 1t is 177 pag@€?® i%::g EP input- ’O e
assist them. AJ analyses will not be done until Randy provide® R T\)

thanks

From: Schaperow, Jason

Sent: Tuesday, June 05, 2012 12:40 PM

To: Santiago, Patrida

Cc: Nosek, Andrew

Subfect: RE: DRAFT SFPSS report for review by EOB on June 4th

| .5
Thanks. VWhat pari(s) of this report do you want me to review? e Q_V

om: Sanbiago, Patricia
wnt: Tuesday, June 05, 2012 12:35 PM
: Schaperow, Jason
- Nosek, Andrew
vjeck: FW: DRAFT SEPSS report for review by EOB on June 4th

did get if but this is what AJ gave me e W
fet's sat a time to discuss any input to AJ/Katie T ?S |

Ks!

Wagner, Katie -
fuesday, May 29, 2012 5:33 PM S
, Richard; Coyne, Kavin; Hogan, Rosemary; Santiago, Patricia A,,d,ew r
speraw, Jason; Madnl, Imtiaz; Esmaili, Hossein; Helton, Donald; Murphy’
: DRAFT SFPSS report for review by EOB on June 4th ot youf ré
wnoon Richard, Kevin, Rosemary, and Pat, K th =zt you
We a®®
s the draft SFPSS report for your review, which is about 200 pages larn& - _
Monday, June 4", Here are a few notes about this document: ez’ 8 ®
d eachs °

SFPSS tean is stifi working to resofve comments and have net revie W' "‘ﬁ."s time, o <&
‘ever, the team is comfortable sending this draft forward for review at 117 n list is¥ a
squations do not show up in this version of the document, so an equar <
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s  Some MACCS2 runs have not been completed at this time due to the pending implementation of new evacuation
models daveloped by NSIR in pooperation with Sandia staff. The team does not expect most of the results to
changs dramatically once those are complete and | will send you the final offsite consequences chapter ance that
chapter is complete.

s The concurrence package is currently in the process of caming together. in the package, the report will be an
enciosure to @ memo with the following characteristics (J will write the memwo and send it to you in the next day of
wol,

o Willbe rom B Sheron o £ Leeds.
o Content
» Discuss that the SFPSS is a RES product that was exgcuted as laid out in the July 2011 project
plan.
« Discuss that the SFPSS is for NRR consideration as part of the Tier 3 Japan Lessons Learned
tem.
* Wil contain a placehoider for 2 few main conclusions.
Some comments which the team has not resolved have been added to a tracking list, which is attached.
OPA sent extensive comments on the abstrast and executive summary of the regort on the aflernaon of
Thursday, May 24", The SFPSS team has not processed these comments yet.

» | receéived comments from QTE on the aflernoon of Tuesday, May 20" The SFPSS team has not processed

these comments yet either.

Note: Jason and Imtiaz have been cc'ed since they are acting for Pat this week,
Thanks,

Katie Wagner
General Engineer
.S, Nuclear Regulatery Commission
{301} 251.7917
atie. Wagner®@nre.gov
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From: - Powell, Eric

Sent: Tuesday, August 28, 2012 11:27 AM

To: Mrowca, Lyrm

Subject: FW, UPDATE #3: HRA associsted with RES Spent Fuet Pool Scopmg Sludy {SFPSS)
Anachments: SFPSS HRA Couaborazm Group.docx ’

Frong: Wagner, Katie ' ' _ i e ,\‘ & FSME‘J
Sentt: Thursday, July 12, 2012 8:10 AM (L L A

To: Barto, Andrew; Powell, Eric; Tegeler, Bret; }ona, Steve; Mitman, Jeffrey; Bowman, Eric; Wood, Kent; Ennis, Rick; Sullivan,
Randy; Schrader Eric; Witt, Kevin; Bioom, Steven

CC: Helton, Donald; Esmaili, Hossein; Murphy, Andrew; Nosek, Andrew; Pires, Jose

Subject: FW: UPDATE #3: HRA associated with RES Spent Fuel Pool Scoptng Study (SFPSS)

$8PSS Other-Office Working Group and QOthers,
Below is the third update on the recently-added HRA 1o keep you in the loop.

alsp, this afterngon {4-35pm EST) SFPSES team members will be briefmg Regicms fand IV gt the division leve! {via VTC (image

only) and teleconference {sound)) with the other Regions invited tc pa Mpate via teleconference. The briefing slides will be
extremely similar 10 those used for the Cmr. Magwood brisfing on July 2

Thanks,

Katie Wagner

General Enginaer

U.S. Nuclear Regulatory Commission
{301} 251.7917

Katie Wagner@nre.gov : i | | f@

AR 1 1 - A d——— AN A Y Y M1 S | Sy e e
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Sent: Tuesday, July 10, 2012 12:39 PM

ro: Ruland, Wiliam; Clifford, James; Roberts, Darreil, Lewis, Robert; Thaggard, Mark; Evans, Michele; Gillter, Joseph; Lee
amson; Wilson, Peter; Monninger, John; Weaver, Doug; Ader, Charles; Lombard, Mark; Gibson, Kathy; Scott, Michee

'¢? Correla, Richard; Peters, Sean; Uhle, Jennifer; Chang, James; Wagner, Katie; Weerakkody, Sunil; Fleger, Stephen; Witt,

evin; Ennis, Rick; Kah!er, Robert; Sullivan, Randy: Helton, Donaid; Mitman, Jeffrey; Zoulis, Antonios; Cahill, Christopher; Taytor,
sbert; Coyne, Kevin; Keighley, Elizabeth

sbject: UPDATE #3: HRA assodiated with RES Spent Fuel Pool Scoping Study (SFPSS)

v Diviston Directors supporting/engaged on subject MRA for SFPSS initiative

1. The staff has revised the project plan based upon comments received to date. We expect to send the p-oject
plan out for concurrence this week, in paraliel with management briefings on the plan. We expect that once

the plan is sufficently vetted. we will ask the RES FO to ticket it and thereby provide a definitive taskmg and
schedule 1o be completed, for planning purposes,

2. OurRES PM James Chang (RES), along with Jeff Mitman (NRR). Anthony ZoufisiNRR), and Chris Cahill (R]}
- will visit Peach Bottom on July 12 to gather specifics for the analvsis. The visit will consist of accident
mitigation walkthroughs and walkdowns of the main control room, water treatment building, fire header, cooling

tower basin, BSb equipment storage location, spent fuel pool cooling pump, refusting floor, and the spent fuel
pool

As a reminder. the enhancements o mitigation strategies (fo resist external hazards) expected from -
implementing the recent orders will NOT be included in this first HRA study, but we will hold the option of
another HRA study when those enhancements are in place.



.4, The NTTF Tier 3 information Commission paper is up to OEDD. For recammendation 5 (considgeration of
spent fuel transfer from poaois lo dry storage) it notes that in addition to the Speni Fuel Scoping Study and this
HRA study, the staff will also study the effects on fuel safety associated with increased fuel handling incident to
an accelarated dry cask storage campaign. NMSS is in the lead for this latter item but is planning to engage
RES for support. Additionally, similar direction on studving fuel handling may be forthcoming from the
Commission in the currently DRAFT SRM ~ M120607C (from the recent ACRS meeting with the
Commission).

5. | have attached an updated Coliaboration Group tabie based upon inputs recelved to date. This is the fisf we
will yse la communicate these updafes. Please let James Chang, Sean Peters, Rich Correia, and | know if
you would like to make any changes.

Thanks again 8nd please let us know if you have any questions, comments, or cConcerns.
Doug

Doug Coe

Deputy Director

Division of Risk Analysis [DRA}

Office of Nuclear Regulatory Research (RES)
U.S. Nutlear Regulatory Commission
Rockvitte, 84D

301-251-7914

doug.coe@nre.gov

14



Powell, Eric ok

From: Wagner, Katie WM

Sent: Tuesday, May 15, 2012 7:56 PM

To: ' Bario, Andraw, Sullivan, Randy, Schrader, Enc Jones, Stave Mitman, Jeffrey, Bowman, Enc;
Witt, Kevin; Tegelker, Brat, Powe#, Eric _

€t Gibson, Kath_y; Scott, Michael; Poo!e. Brogke, Lewis, Robert, Ruland, William; Gitter, Joseph;,

MceGinty, Tim; Ader, Charies; Bargman, Thomas: Skeen, David, Evans, Michele, Clifforg,
James; Lee, Richard; Coyne, Kevin, Hogan, Rosemary, Santiago, Palricia; Wood, Kent;
Hansell, Samuel; Ennis, Rick; Esmaili, Hossein; Melon, Donald; Murphy, Andrew; Nosek,
Andrew, Pires, Jose

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

All — Please note that the resuits of the consequence analysis are prefiminary because thay are calculated with a 10-mile
avacuation model. While a 10-mile evacuation model is applcable fo some smaller releases, i is not realistic for some of
the larger releases. Updated results with the new evacuation maodels are expected in the coming weeks, - Thanks, Katie

From: Wagner, Katie \(\ Ly
Sent: Tuesday, May 15, 2012 7:42 PM v

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

Cc: Gibson, Kathy; Scott, Michael; Poole, Brooke; Lewis, Robert; Ruland, Willlam; Giltter, Joseph; McGinty, Tim; Ader,
Charles; Bergman, Thomas; Skeen, David; Evans, Michele; Ciiiford, James; Lea, Richard; Coyne, Kevin, Hogan,
Rosemary; Santiage, Patricia; Wood, Kent; Manselt, Samusl; Ennis, Rick; Esmaill, Hossein; Relton, Donald; Murphy,
Andrew: Nasek, Andrew; Pires, Jose

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

Attachment containg OUO - Sensitive Internal Information
Al

Attached is @ work;ng draft for review and comment by Other-Office Working Group members by end-of-business on
Tuesday, May 22", We undersiand that this is a large document and the review time is relatively short, we appreciate
your input to help meet our deadtines. A few notes about this document.

» This is a working dralt which has not been formally reviewed by the SFPSS Team or lechnical writing editors yet
due 1o the tight schedule involved. The formatting of the document has not been finglized at this time,
Eguations which did not show up in the main .pdf documsnt are aitached in a MS Wordg file,

s The current plan is that tha SFPSS report will be sent by memo from Brian Sheron, RES 1o Eric Leads, NRR at
the end of June for their consigeration gs part of the NTTF Tier 3 issue regarding transfer of spent fuel from
pools to casks.

+» RES and NRR are still determining the path and schedule 1o obtain public comment on the report and providing it
to the Commission,

« Division Directors have been cc'ed on this email at the request of RES Divigsion Management.
Piease let me know if you have any questions or comments,

Thanks,

{atie Wagner

general Engineer

1.8, Nuclear Regulatory Commission
301} 251.7917

fatie Wagner@nre.goy



Powsll, Eric

Fsom: Wagner, Kalle : WM

Sent: Tuesday, May 15, 2012 7.66 PM .
To: Rario, Antrew; Sullivan, Randy; Schrader, Eric; Jones, Steve, Mitman, Jeffray, Bowman, Eric;
Wiit, Kevin; Tegeler, Bret; Powell, Eric _
=+ -H Gibson, Kathy; Scoft, Michael, Posle, Brooke; Lewls, Robert, Ruland, Williamy, Giitter, Joseph,

McGinty, Tim; Ader, Charles, Bergman, Thomas, Skeen, David; Evans, Michels; Clifford,
James; Lee, Richard; Coyne, Kevin, Hogan, Rogemary, Santiago, Patricia, Wood, Kent;
Hansell, Samuel;, Ennis, Rick, Esmalli, Hosasin, Helton, Donald, Murphy, Andrew; Nosek,
- . Andrew; Pires, Jose
Subject: RE: ACTION: Spent Fuei Pool Scoping Study (SFPSS) Working Draft for Waorking Group
Review by EOB on Tue.May 22nd

All ~ Please note that the results of the consequence analysis are preliminary because they are caiculated with a 10-mile
evacuation model Whife a 10-mile svacuation modei is applicable to some smaller releases, if is not realistic for some of
the larger releases. Updated results with the new evacuabon models are axpected in the coming weeks. -~ Thanks, Katie

Sent: Tuesday, May 15, 2012 7:42 PM e y

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

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

Subject: ACTION: Spent Fue! Peol Scoping Study (SFPSS) Working Draft for Working Group Review by ECB on Tue., May
2nd

Attachment containg OUO - Sensitive Internal iInformation
All,

Attached is a working draft for review and comment by Other-Office Warking Group members by end-of-business on
Tuesday, May 22" We understand that this is a large document and the review time is relatively short, we appreciate
yaur input to help meet our deadlines. A few notes about this document;

» This is a working draft which has not been formally revigwed by the SFPSS Team or technical writing editors yet
due fo the tight schedule involved. The formatting of the document has not been finafized at this time
Equations which did nat show up in the main .pdf document are attsched in a MS Word file.

s  The current plan is that the SFPSS report will be sent by meme from Brian Sheron, RES to Eric Leads, NRR at
the end of June for thair consideration as part of the NTTF Tier 3 issue regarding transfer of spent fue! from
pools to casks,

o RES anu NRR are stik determining the path and schedule 1o obtain public comment on the repont and providing it
to the Commilssion,

« Division Directors have been co'ed on this email at the request of RES Division Management.
Piease let me know if you have any questions o7 comments.
Thanks, |

Katie Wagner

General Engineer

U.S. Nutlear Regulatory Commission
1301) 251.7917

Latle Wapner@nre gory




Powell, Eric

_
From; Weerakkody, Sunil ‘v{\, g P_
Sent; Wednesday. May 23, 2012 11:45 AM
To: Powell, Eric
Subject: RE: ACTION: Spent Fuet Pool Scoping Study (SFPSS) Working Draft for Working Group

Review by EOB on Tue., May 22nd

Nice work! Thanks for copying. | browsed through some of the comments.

Sunil

Sent: Tuesday, May 22, 2012 4:43 PM

To: Wagner, Katie

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

Katie,
in the attached document you wili find my comments.

Thanks,
Eric

From: Wagner, Katie :
Sent: Tuesday, May 15, 2012 7:42 PM

To: Barte, Andrew; Sullivan, Randy; Schrader, Eric; Jones, Steve; Mitman, Jeffrdy; Bowman, Erfe; Witt, Kevin; Tegeler,
Bret: Powell, Erlc

Cc: Gibson, Kathy; Scott, Michae!; Poole, Brooke; Lewis, Robert; Ruland, William; Giitter, Joseph; McGinty, Tim; Ader,
Charles; Bergman, Thomas; Skeen, David; Evans, Michele; Clifford, James; Lee, Richard; Coyne, Kevin; Hogan,
Rosemary; Santiago, Patricia; Wood, Kent; Hansell, Samugl; Ennis, Rick; Esmalli, Hosseir; Helton, Donald; Murphy,
Andrew; Nosek, Ardrew; Pires, Jose

Subject: ACTION; Spent Fuel Pool Scoping Study (SFPSS) Working Draft for Working Group Raview by EOB on Tue,, May
2ind

Attachment containg OUO - Sensitive Intemnal Information
All,

Attached is a womng draft for review and comment by Other-Dffice Working Group members by end-of-businass on
Tuesday, May 22™. We understand that this is a large dodumient and the review time is relatively shorl, we appreciate
your inpul to help meet our deadlines. A few notes aboid this document;

» This is a working draft which has not been formally reviewed by the SFPSS Team or technical writing editors yet
due 1o the tight schedule involved. The formatting of the document has not been finalized at this time.
Equations which did riot show up in the main .pdf document sre attached in a MS Word file.

» 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 consideration as part of the NTTF Tier 3 issue regarding transfer of spent fuel from
poals 10 casks.

« RES and NRR are stiil determining the path and schedule to obtain public comment on the report and providing it
to the Commussion,

» Division Directors have been cc'ed on this email at the request of RES Division Mahagement,

Please let me know if you have any questions or comments.
1
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ABSTRACT

This report provides the methodology and results of a limited-scope conssquence study to
update the best-estimate consequences expected from the application of a postulated well-
beyond-dasign-basis earthquake (with an estimated frequency of accurrence of 1 event in
61,000 years) to a selected US Mark | boiting water reactor spent fusl pool. The primary
objective of tha study Is to provide updated and pubiticly available consequence estimates of a
representative, postulated spent fuel pool severe accident under high-density and low-density
loading conditions to frame ongoing discussions regarding the impact {from a defense-in-depth
perspective) of requiring operators of US nuclear power plants to expednte movermnent of fuel
from the spent fual pool to onsite, dry cask storage.

Regarding the event considered in this report, it is important to ramember that the study is
intentionally focusing on a very challenging and very uniikely event. All spent fuel pools are
designed to seismic standards consistent with othar important safety-related structures on the
site. The pool and its supporting systems are focated within structures that protect against
natural phenomena and flying debris. The poals’ thick walls and floors provide structural
integrily and further protaction of the fuel from natural phenomena and debris. |n addition, the
deep watar above the stored fuel (typically more than 20 feet above the top of the apent fuel
rods) would abisort the energy of debris that could fali into the pool. Finally, the racks that
suppot the fuel are designed to keep the fuel in its designed configuratian sfter a seismic event.
It is only because such a challenging event is studied that any offsite consequentes are
predicted,

il
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EXECUTIVE SUMMARY

Various risk studies {most recently NUREG-1738, “Technical Study of Spent Fuel Pool Accident
Risk at Decommissioning Nuclear Powsr Plants,” February 2001) have shown that storage of
spent fuel in a high-denstty configuration in SFPs Is safe and that the risk Is appropriately low.
These studles usad simplifiad and sometimes bounding assumptions and madels for
characterizing the likelihood and consequences of beyond-design-basis SFP accidents. As part
of NRC’s post-8/11 security assessments, SFP modeiing using detalled thermal-hydraulic and
severs accident progression models integrated into the MELCOR code were developed and
applied to assess the realistic heatup of spent fuel under various poo! draining conditions.
Moreover, in conjunction with thase post-89/11 securlly assessments, NRC hag required
enhancements via 10 CFR 50.54{hh)(2) for operating reactor SFP storage that are directed at
further improving the coolability of spent fue!l under event conditions in which a substantial
amount of water has drained from the storage pool. Thase mitigative strategies are being re-
visited as part of the agency's Japan Lessons Leamed imitative, and Orders have been issued
fo further upgrade nuclear power piants’ capabiiities in these areas.

Recently, the agency restated its views on the safety of spent fuel stored in high-density
configurations in a number of forums, including its response to Petition for Rulemaking (PRM)-
51-10 and PRM-51-12, the ravision to NUREG-1437 (the Generic Enviconmental Impact
Statement for License Renewa) and various responses fo extemal stakeholders related to the
March 2011 events at the Japanese Fukushima Daiichi reactors, However, this position relies
in part on the findings of the aforementloned security assessments, which are not publicly
available. The renewed interest in spent fuel storage engendered from the changes in path
forward of the planned geologic repository and from the aforementioned events in Japan hag
rekindled interest in mpturing the consequances from postulated accidents associated with
high-density SFP siorage in an updated safety shudy. An SFP risk study is being planned as
part of a larger inftiative Involving the conduct of a site Leve! 3 probabilistic risk assessment
{PRA), as documented in SECY-11-D089 and the associated Staff Requirements Mamorandum.

In the interim, a desire axisted to pmduce updated consequence estimates for a particular
scenario of interest4hat can in part act as a bridge between the current sme-of-know!adge
(much of which is Greater than 10 years oid or security-related and, thus nonpub!lcly avaliable)
and future studies. The current study fulfills that gap, investigating an important piece of the
overall puzzie. Other pieces of this puzzie haven been informed by past studies, will be
addressed by future studies, or will be addressed through other inputs in to the decisionmaking
process. This bigger picture is addressed via a Japan Lessons Learned activity related to
transfer of spent fuel from pool to cask storage,

Twe broad situations are considered in this study, which represent the following:

N A condition repreéantative of the current situation for the selected site (La., high-tensity
loading in the SFP, a relatively full SFP, and current reguiatory requirements with
respect to fuel configuration and preventive/mitigative capabilities); and

{2) A condition whars expedited movement of older fuel to dry cask storage has aiready
been achieved {i.e., low-density lcading in the SFP and current applicable reguiatory
requirements with respect to fuet configuration and preventive/mitigative ¢apabilities).
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For purposes of obtaining a near-term perspective on the issue, a singie site and single
assumed operating cycle ara used. The site characterization {selsmic response, decay haat,
radionuclide inventory, etc.) have been based on readily available information that primarily
stemmed from sources such as the NUREG-1150 study, seismic information developed by the
United States Geologleal Survey (USGS), and the post 9/11 security assessments’. Later in the
project, additional information was provided by the licensee which generally corroborates the
assumptions made in this study.

A boliing water reactor plant was chosen for this analysis, in part because these types of
reactors ofien engender more interest from external stakeholders owing to the fact that the Mark
1 and Mark Il designs have spent fuel pools are elevated relative to ground level. in the context
of safety-related events (as opposed to security-related events), the elevation of the pool will
affect the transmission of seismic loads through the stricture, can pgtertially inhibit accessibility
for taking mitigative action, and can potentially lead to flooding of safety-related equipment, if
the poal and surroundmg structures arg s»gmt‘mantly damaged The seieq_t_lgn ofa botlmg water
snde : : fusl

gooi ggggems, In rsalsty there are dxﬁefences between the ma;or desxgn types (PWRs versus
BWRs) which make sach more or less susceptible to spent fuel pool accidents on a scenario~
specific basis. Similarly, the selection of a site that has a separate SFF for each reactor (as
opposed {0 a shared pool) i ;s also not intended to suggest that thaese situations are inherently
mare vulnerable.

The study, which is described in much greatér detatl in the associated rspont, has led to the
following preliminary findings. Al of the findings below are sub;ecf ta the limitations spefled out
in the associated rgport.

1. Past studies have indicated that large seismic events could lead to the loss of structural
integrity of the spent fuel pool finer. The current work further confirms that such a
condition is uniikely but possibte. The spacific conditions under which a failure might
oceur are very site-specific,

2. Past studies have indicated that events that cause a loss of poot cooling, but not
structural falture of the poot linsr, laad to very slowly progressing accidents. For the
conditions studied here, no set of conditions short of liner fallure were suffigient for
leading o a radicactive release in fess than 3 days. In most cases, the avaitable time to
pravent the accident was much greater than 3 days.

3. In the cases studied, which in general did not account for muitiple and concurrent reactor
{ SFP accidents, the precise time to diagnose the need for SFP mitigation did not have a
strong effect on the course of avents,

. Neverthelass, the improved raliable and available SFP indication required by the
Order of March 12, 2012, is still appropriate given its essential nature In ensuring
that plant personnel can effectively prioritize emsrgency actions. The availability
of such instrumentation may have changed the mode {makeup versus sprays)
deployed for some situations studied here.

' The post 9/1 t-security assessments incded consideration of 5FPs and resulfed in the coliection of information
and tha devatopmant of computer models that provided a convenient starting point for the current study.
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This study considered variations in both pool loading configuration and the effective
deployment {or lack thereof) of mitigation. Of these, effective deployment of mitigation
had the largest impact on preventing a relaase of radiocactive material.

Resuits show that the use of favorable fuel configurations (.e., 1x4) has a very positive
effect in promoting coolablity and reducing the likelihood of a release should the SFP
become drained. In this study, without mitigative action, fuel was alr coolable at 60
days®, as opposed to estimates of roughly 1 year from past studies when hotler fuel was
contiguously stored. For the pattern currently employed at Peach Bottom (1x8), an even
shorlar coolability time is likely.

The following additional recommendations are preliminary, awaiting the outcome of the ongoing
consequence analyses. For the time being, they are based on preliminary results andfor
insights form past studies.

8.

10.

The difference batween high-denslity and low-density loading situations were as foliows:

. in terms of whether a raleaze occurred within 3 days {le, hkekhood)
difference was seen.

. in terms of the size of releases (i.e., an indicator of consequences), in the case
that a release did occur a large difference was seen.

. Overall {i.e., likelihood and consequences) the scenario-specific offsite
consequences weare higher for mgh density loading ¢ases, but below past
estimates for both, _

For the situations where a radioactive release was predictad, emergency preparedness
was successful in reducing the likelihood of early health effects to essentially zero.

For the situations whera a radloactive release was predicted, the predicted frequency of
occurrence of latent health effects was largely affected by the pool loading configuration.

The general reduction i in estimated consequences for the range of seismic events
studied here (0.5 to 1g), along with the relative increase in the frequency of larger
seismic events (> 1g) in the newer hazard updates, suggests that the leading
contribution to risk may have shifted to these extremely {arge events. If the conditionat
probabilities of having a release for the extremely large events is commensurate with
that from the evanis studied here, the overall estimated scenano frequencles would stil
be well below those of past studies. This assumption presumes that the damage to the
tuel, racks, and overlying building is not substantively different from that assumed here.

This study has not uncovered any information that would chalienge the existing agency
position that spemt fuel is stored safety in high-density configurations. Further, it dees not
suggest that past SFP risk estimates from large selsmic events are non-conservative.
Thus, under the existing regulatory framework, it does not challenge the established
regulatory position that expedited fuel mavement to casks is justified from a value/impact
perspactive, even withaut consideration of the negative aspecits of expedited fus!

movement (8.9., worker dosal.

? The actual time evaluated was 37 days for tha operating cycie phase. There is reason to believe that
the fuel may be air cactable in less than 80 days for a wide range of conditions, based on other separate
effects analyses.
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1. INTRODUCTION AND BACKGROUND

All operating reactors in the US are of the light-water reactor design. They utilize upright fuel
assemblies (usually roughly 12 feet in length) with jow-enriched Uranium oxide fuel (less than
5% Uranium-235). The fuel assemblies {which are comprised of numeraus fuel reds —~ typically
80-100 rogs for contemporary boiling watar reactor fuel and 200 ~ 300 rods for contemporary
pressurized water reacior fuel) are piaced in the reacior for 2 1o 3 operating cycles. Each
operating cycle typically lasts 18 to 24 manths. At the end of their reactor "life” the assemblies
are placed in large pools of water adjacent io the reactor (how adjacent depends on the plant
gesign) that are roughly 12 meters {40 feat) deap. The fuel assemblies are later loaded in to
casks, which are then moved to an Independent Spent Fuel Storage instaliation (ISFSI), usually
ongite. The casks are drained of water and inerted with helium during the loading process. This
situation leads to tha vernacular terms of “wel storage” (v éescﬁbe siorage in the spent fual
pool) and "dry storage” (to describe storage in casks)

Spent fuel pools in the Unded States were originally designed 1o store 1-2 reactor cores worth of
spent fuel, so that the fue!l could "cool down” (become less thermally and radicactively “hot”)
prior 1o its movement to a long-term storage repository. Owing to delays in the identification,
ticensing and construction of such a repository, US nuclear power plants “re-racked” their spent
fuel pools in the 1980s and 1990s to allow for the storage of larger numbers of spent nugiear
fuel assemblies (e.g., roughly 4 reactor cores worth for the plant studied in this report).
Throughout this time {including present day), the NRC has maintained that spent fugl pools
provide adequate protection of the public health and safety in either low-density or high~density
storage configurations. The basis for this position is discussed later in this section.

As also described later in this section, external stakeholders have periodically challenged this
position. This tension is natural because thera are a number of complex considerations when
weighing low-density versus high-density spent fuel storage. In understanding this tension, fet's
first stant with a few basic tenets:

. Thermal and radioactivity ioads associated with freshiy-discharged fuel necessitate the
need for wet storage

. All spent nuclear fuel, regardisss of age (a.k.a. time since discharge from the reaclor)
produces both heat and radiation

Now, let's congider some less-obvious considerations. The list below presents considerations
from the perspective of the pros and cons associated with postulated transitioning from the
existing usage of high-density racking in the US back to the usage of low-density storage. Ths
list is subdivided in to two panis, those considarations that are covered within this study, and
those that are not.

Considerations coverad within this study

. Expedited movement of fuet from the spent fuel pool to dry storage will decrease the
inventory of longer-lived radionuclides such as Cesium-137 present in the spent fuel

_ pooi

* As a result of the above, less radioactive material would be present in the pool if &
radioactive release cocurred, which would be expected to reduce potential land
contamination and economic impacts
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» Removal of older fue! reduces the overall heat load in the podot, which can have the
effect of delaying the start of a radioactive reisase (and thus increasing the time
avatlable to {ake mitigative action) for many types of accidents

. Removal of older fuet will increase the area available for air circulation (natural
cirgulation) should the poot become completely drained (the effect of this is somewhat
limited by the nature of spent fual racks as discussed later In thig report)

J Removal of oider fuel will increase the volume available for cooling water (note that this
{s mathematically & small effect with the older fue! comprising on the order of 5% of the
total pool volume -~ recall that most of the pool is occupied by water, not fuel)

Considerations not covered within this study

" Currenit regulatory requirements under 10 CFR Part 72 limit (from a practicality
perspective) the ability & transfer fuel with tess than roughly 3 te 5 years of cooling

. Discharging large amounts of fuel (and thus greatly increasing the amoury of fuel
contained in the ISFS) might require a Part 72 rulemaking effort {e.g., to accommodate
increases in the design-basis accident site arga boundary aliowable dose limits} and
potentially increage the risk associated with the ISFS!

» Expedited discharging of fuel from the spent fuel pool to dry storage increases the
frequency of postulated cask drops, which in turn increases the risk of causing damage
ta the pool that could tead to e radicactive release

. Expedited discharging of fuel increases occupational doses for workers involved with the
management and transfer of the spent fuel
» Earlier movement of fuel increases the probability that fuel will have to be re-packaged

latet for shipmant to the eventual long-term reposftory or interim storage site

For each of the tems covered by this repon, these tems are re.visited in Section 10 by
reflecting on the quantitative results provided by this study, The reader may quickly note that
the first sat of considsrations are generalfy “pros” associated with expedited fus! movement to
casks, while the latter list are generally “cons™. Why focus on the pros for this study? The
agency's position, that spent fuel storage in either pools or casks s safe is based on a number
of past studies and regulatoxy activities that are discussed later in this chapter. This regulatory
position is solid. In re-assessing this position, we have started by investigating whether any of
the "pros” are more compeliing than past studies suggest. If they are, then the Issue can be
addressed more hofistically to see if new information challenges the existing regutatory position.
Ctherwise, there is insufficient motivation (o spend the additional agency resources associated
with a more hollstic study, and these fesources are befter devoted to other aspects of the
agency's mission of profecting people and the environment.

1.1.Project Impetus

Various risk studles (most recently NUREG-1738, "Technicat Study of Spent Fuet Pool Accident
Risk at Decommissioning Nudiear Power Plants,” February 2001) have shown that storage of
spent fuel in a high-density configuration in SFPs is safe and that the risk is appropriately low.
These studies used simplified and sometimes bounding assumptions and models for
characterizing the likelihood and consequences of beyond-design-basis SFP accidents, As part
of NRC's post-9/11 security assessments, SFP modeling using detailed thermal-hydraulic and
severe accident progression models integrated into the MELCOR ¢ode were deveioped and
applied to assess the realistic heatup of spent fue! under various pool draining conditions.
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Moreover, in conjunction with these post-8/11 security assessments, NRC has required
enhancements via 10 CFR 50.54(hhX?2) for operating reactor SFP storage that are directed at
further improving the coolability of spent fuel under event conditions in which a substantial
amount of water has drained from the storage pool.

Recently, the agency has restaled its views on the safety of spent fuel stored in high-density
corfigurations in a response to Petition for Rulemaking (PRM)-51-10 and PRM-51-12 as well as
the ravigion to NUREG-1417 (the Generic Environmental Impact Statement for License
Renews!, Draft Report for Comment). However, this position relies in part on the findings of the
aforementioned security assessments, which are not publicly available. The renswed interest in
spent fue: storage engendered from the changes in path forward of the planned geciogic
repository and from the events in Japan following the March 2011 earthquake has rekindied
interest in capturing the conseguences from postulated accidents associated with high-density
SFP storage in an updated safety study. An SFP rigk study is being planned as part of a larger
initiative Involving the conduct of a sita Level 3 probabilistic risk assessment (PRA), as
documented in SECY-11-0089 and the associated Siaff Requirements Memorandum. Inthe
interim, g desire existed to produce updated consequence estimates for a particular scenario of
interest that can in part acl as a bridge between the current state-of-knowledge (much of which
is greater than 10 years old or security-related and, thus, nonpublicly available) and future
studies. Tha cumant study fulfilis that gap, investigating an Important piece of the overall puzzie.
Other pleces of this puzzie haven been informed by past studies, will be addrassed by future
studies, or will be addresssd through other inputs in to the decisionmaking protess,

1.2. Technical Approach
Two broad situations gra considerad in this study, which re'prasent the following:

{t) A condition rapﬁrésentaﬁve of the current situation for the selected site {l.e., high-density
joading in the SFP, a relatively full SFP, and current regulatory requirements with
respect to fuel configuration and preventive/mitigative capabiliies); and

(2 A condition where expedited movement of older fue! to dry cask storage has already
been achieved (i.e., low-densily loading in the SFP and current applicable regulatory
requirements with respect (o fue! configuration and preventive/mitigative capabilities).

For purposas of obtaining a near-term perspective on the issus, a single site and single

assumed operating cycle are used. The site characterization (seismic response, decay heat,

radionuclide inventory, etc.) have been based on readily available information that primarily
stemmed from sourcas such as the NUREG-1150 study, seismic information developed by the

United States Geological Survey (USGS), and the post 9/11 security assessments®. Later in the

project, additional information was pravided by the licensee which generally corroborates the

assumptions mads in this study.

A boiling water reactor plant was chosen for this analysis, in part because these types of
reactors ofien engender more interest from external stakeholders awing to the fact that the Mark
| and Mark |l designs have spent fue! pools are elevated relative to ground level. In the context
of safety-related events (as opposed to security-refated avents), the elevation of the pool will

* The post 811 1-security assessments intluded consideration of SFPs and resulled in the coltection of information
and the davelopment of computer models that provided a convenient slarting point for the current study,
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affect the ransmission of selsmic loads through the structure, can potertially inhibR accessibility
for taking mitigative action, and can goteptally lead to flooding of safety-related equipment, if
the pool and sutrounding structures are significantly damaged. The selection of jti r
reactor design is not intended to suggest that these designs are more vulnerable to spent fuet
poot accidents. In reslity, there are differences between the major design types (PWRs versus
BWRs) which make each more or less susceptibla to spent fuel pool accidents on a scenario-
specific basis. Similarly, the selection of a site that has a separate SFP for sach reactor (as
opposed 1o a shared pool) i3 also not intended to sug.est that these stuations are inherantly
more vulnerable.

1_3.Site Familiarization

Tha site selected {Peach Bottom) has two General Electric Type 4 boiling water reactors with
Mark | containments, Unit #3 is the focus of this study (Unit #1 is no tonger in operation). Each
reactor has a dedicaled spent fue! pool, and the pools do not share a comman refueiing fioor, as
is the case with some plants of this design. Most other aspacts of the reactor, spent fuef pool,
and reactor building are similar to BWR designs ¢f this vintage. Two small power uprates have
been approved for this site {1996 and 2002}, with an- extended power uprate submitial planned
by the licensee In the near future,

Figure 1: The Peach Bottom Sile

Regarding the SFPs, the existing high-density racks were placed in-service in 1888, and were
designed and manufactured by Westinghouse Electric Corporation. As of 2010, the Unit #3
SFP contalned 2,945 assemblies, while the Unit #2 SFP contained 2,844. Both SFPs maintain
gnough open lacations (o allow far an emsrgency full core offload, if required. The site also has
an Independent Spent Fuet Storage Installation {ISFSI} for dry cask storage, utilizing the TN-58
cask design.

Finally, with respect to Emergency Preparadness, the site is located in a state (Penhnsylvania)
which has state-specific Protective Action Guidglines.
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1.4.Basic Scenario Development

There are g few key aspects of the way this study is conducted that bare mentioning at this
point. These are:

s A large seismic event is the only inltiator considered.

As mentioned previously, both the curent situation (a high-density loading conﬁguratmn
in the pool) and an siternate situation (low-dengity loading configuration in the pool) are
analyzed; a situation where the pool has been re-racked to a low-density rack
configuration is not considered, bacause such a situation would be nefficient in terms of
regulatory beneft given that much of the benefit of this situation couid be achieved by
storing less fusi In the existing racks (recall that BWR fue! is channeled, which reduces
the henefit of cross flow if the pool wera to becorne drained). .

» The study focuses on the spant fuel pool, not tha reactor, though for instances where the
two are hydraulically connected, both are considered to a certain extent.

+ The study does not attempt ta quantify the retiability of mitigation, but rather treats every
scenario considering both the case with successful mitigation deployment and the case
with unsuccessful mitigation deplgyment..

All portions of the operating cycle are considered.

Detailad computar rmodeling is used to predict tha plant’ s response to the gvent, in tems
of structural response, accident pmgressxon mitigation effectiveness (when credited),
and offsite consequences.

in cases where the ahove repressnt imitations on the study’s scope or resuits, these are
justified in this raport. In partacu!ar Section 2 of th!s report provides the study's key limitations
and assumpftions.

1.5.Rationale for Focusing on Seismic Hazard

This ssction seeks o provide context régarding the suite of potantial initiating events that can
lead to a SFP accident, and why a seismic avent Is the focus of this study.

A typical risk assessment would start with a com prahensive lock at redevant initiating avents,

and wouid conduct a failure modes and effect analysis. For the present study, due to (i} relative
simplicity of the SFP and its supporting infrastructure as compared o a reactor and its
supporting infrastructure and (i) the much lower assembly detay hesats, the majarity of patential -
SFP accident risk is believed to emanate from either:

. Events that have the potential to cause a sizabie leak in the SFP, or
. Events that might preciude operator action 1o inject water in to the pool for an extended
periad of time (e.g., days)

Whien ona considers the various possibie initiators, the former criteria points to:

1. Very large (i.e., well beyond the design-besis} seismic events
2, Heavy load (e.g., cask) drops, and
3. inadvartant aircraft crashes

in addition 1o these, the second criteria also points to:
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4, Loss-of-offsite power events caused by severe weather (namely hurricanes), with
concurrent loss of smergency onsite AC power {gfther due to the same sventor due to
coincidental hardware failures), and

5. Lack of accessibility caused by a reactor accident that has released radicactive matenal
outside of primary cortainment (or an accident Involving the other spant fue! pool)

Note that sabotage events have been excluded from the scope of this study, however, many of
the insights obtained wifi alsc be applicabie to sabotape events if they resulted in an analogous
damage state.

fterns #1 (seismically-induced station blackout), #2 {cask drops), and #4 (severe weather
LOOPSs) have been considered in most other SFP studies, and are discussed further below. For
item #3, past studies {nemely NUREG-1738 [NRC, 2001]) have concluded that the risk of this
inftiator is hounded by other initiators for both PWRs and BWRs, based on quantitative
estimates of likelihood and expacted damage (see Section 3.5.2 of that study). tem #5 (effects
of a concurrent reactar accident) generally have not been studied in prior efforts, They are
partially considered here, but not rigorously (see Section 9.2 of this study for more information).

Past studies have had differemnt conclusions about the relative contribution to risk/consequences
from the various initiating events considered. Table 1 below summarizes fuel uncovery
frequencies from NUREG-1353 and NUREG-1738. INEL-86/0334 also contained accident
frequencies, but they are not directly comparabls in that (i} the inittators are groupedin a
different manner and (i) the results focus on the time to pool bolfing rather than a fuel damage
precursar or surrogate. For both NUREG-1738 and NUREG-1353 seismic events were the
targest contributor to the frequency of fuet uncavery.. '

Table 1: Frequency of SFP Fuel Uncovery {/yr)

initiating Event Class ig%?g;ﬁigfggll NUREG-1738 (2001)
A o
Seismicevents | 7-10° e ?é‘;,"g;;
Cask / heavy load drop 3107 210~
LOOP - severe weather - _ 1107
LOOP - other - 3107
Internal fire - 2-10°
Loss of poo! cogling 8-10% 110~
Loss of coolant inventory 1-10% 3107
Inagverient aircrafl impacts “g10% 3-10°
Missites ~ general _ 1-10% -
Missiles - tornado <1-10”
Pneumatic seal failures 310° -

' These numbers have not been multiplied by the stated conditional probabiitty of having a
Zirconlum fire of 0.25.

For this reason, a seismic event was judged to be the logical facus of this limited-scope
consequences assessment. Based on a review of the selsmic hazard for the particular site
studied, and consideration of seismic hazard binning from contemporary seismic PRA
methodologies, a specific range of ground motions was chosen for this study (see Section 3).
This range of ground motions rapresents a good compromise between more likely events that
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would not be expected {o lead 1o any consequences versus less likely events that would lead (o
greater consequencss (recall that risk is the product of the tikelthood times the consequences).

1.6. Operating Cycle Phase Approach

During a given operating cycle, the spent fuel pool:

) wiil change configurations from being an isolated pool o being hydraulicalfy connected
to the reactor vessel (and back again}—theése will be referred to as poolkreactor
configurations to distinguish from the different spent fuel loading configurations;

. may have spent fuel officaded temporarily from the reactor;

) will have spent fue! officaded permanently from the reactor;

. will iikely have spent fuel moved around within the SFP {as part of oorriptying with
regulatory requirements related to heat distribution, criticality, and borafiex coupon

sampling); o
. may have older spent fuet officaded in 1o cagks;
» will experience chahges inthe peak assembly decay power (of interest for draindown

events and spray mitigation} due 10:the above as well as radioactive decay; and

. will experience changes in the total decay powef of all assemblies (of interest for ponl
heatup/boiling and makeup mitigation) because of the above as well as radioactive
decay. '

To faithfully represent these temporally changing conditions, one wotdd need to break up the
operating Cycle into numarous small paricds of time or Operating Cycie Phases {(OCPs).
However, the number of OCPs considered is nearly a linear multiplier on the amount of
resources needed bacause each period of ime requires its own set of accidant progression and
consequence analyses. Past studies have taken the approach of selecting specific points in
time of interest, and comparing results for those specific times. This study takes a similar
approach, but places more emphasis on the definition of these times as quasi-steady
reprasantations of the portion of the operating cycle that they réepresent. This allows for more
faithful representation of the annualized frequencies of offsite consequences. The specific
sefection of these phases is described further in Section §.2.
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1.7. Overview of Past Studies

A number of past studies have been performed to look at various aspects of spent fuel and
spent fuel pool safety, security, and/or risk. The major regulatory activities are shown plctorialty
in Figure 2. A more comprehensive chronicling of these past studies, as well as other aspects of
general interest perfinent to the current effort, are briefly described in the ensuing text.

Comprehensive Site

1 3 PRA Study
Action Pian Activities to Leve»(g a1 - g&%‘;

Increase SFP Cagiing
Reliability {(nmid-90s)

kY

\ National Academy of Sciences \1‘._ :
| Study (2003 - 2008) Voo

A \\ /" \
g?ﬁdﬁf&i?ﬁﬁ%ﬁéﬁ- \ NUREG-1738 Study | Past-Fukushima
0649} and High-Density \ for Decommissioning Activities
Racking Review Criteria \ (1999 ~ 2001) (2011 - 2016)
Devslopment {late 70s) \

\

y o
Resolution of Generic lssus 82,
“Bayond Design Basis Accidents
in Spent Fuel Pools™
{late-BOs)

Figure 2: Graphical Overview of Significant SFP-Related Activities

in 1878, the NRC issued NUREG/CR-D649, “Spent Fue! Heatup Foliowing Loss of Water During
Storage,” which provided an analysis of spent fuel heatup following a hypothetical accident
involving drainage of the storage pool (NRC, 1979]. The report included anaiysis to assess the
effect of decay time, fuel element design, storage rack design, packing densily, room ventilation,
drainage level, and other variables on the heatup characteristics of spent fusl stored in a spent
fuel paal and to predict the conditions under which clad failure would occur. The report
conciuded that the fikelihood of clad falfure due fo rupture or melting following a complete
drainage is extrernely dependent on the siorage configuration and the spent fus! decay period,
and that the minimum prerequisite decay time (o predude clad failures may vary from less than
1Q days for some starage configurations {o several years for others. The potential for reducing
this critical decay time either by making reasonable dssign modifications or by providing
effective emengenty counterrmaasuras was found to be significant. Note that this study
considered hoth low-density racking and mitigative accessibility.

in the late 1980s, work related to Generic Issue 82 culminated in the publighing of two related
reports: NUREG/CR-5281, "Value/impact Analysis of Accident Preventive and Mitigative
Options for Spent Fuel Pools,_” and NUREG-1353, “Regulatory Analysis for the Resolution of
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Generic issue 82, “Beyond Design Basis Accidents in Spent Fuel Pools,” [INRC, 1968a] and
[NRC, 1989b] The former study investigated options including limited low-density re-racking of
spent fuel, installation of water sprays above the spent fusi pool, and the installation of
redurktant cooling and/or makeup systems. The results of these studies indicated that the
measures were, in genaral, not likely to be cost effective. The reason for this is due to both the
low likelthood of a spent fuel pool accident that could result in a significant radioiogical release
and the high cost ¢of proposed madifications. The report goes on to conclude that these insights
are largely contingent upon complianca with guidelines developad for licensees to assure the
safe handiing of heavy loads in the vicinity of spent fuel poals, thus reducing the likelihood of the
structural failure of the pool and rapid loss of water Inventory due to a cask drop event,

The latter report (NUREG-1353) also includes spent fuel pool analysis, and conciudes that if the
decay heat level is high enocugh to heat the fuel rod cladding to about 900 degrees C the
oxidation becomes self-sustaining, resutting in a Zircaloy cladding fire. The conditional
probability of a Zircaloy cladding fire given a compiete loss of water was found to be 1.0 for
PWRSs and 0.25 for BWRs in high-density configurations. The conditional probability of a
Zircaloy ctadding fire glven a complete loss of water In low densHy storage racks is estimated to
be at least a factor of five less than for the high density configurations. The report goes on to
state that although most of the spent fuel pool risk is derived from beyond design basis
earthquakes, this risk is no greater than the risk from core damage actidents due 1o seismic
events beyond the safe-shutdown earthquake. Therefore, reducing the risk from spent fue!
pools due to events beyond the safe-shutdown earthquake would still leave at least a
comparabie risk dus 1o core damage accidents. As a result of this conclusion, the tesults
justified the decision that no regulatory action was -needed

In 1996, an NRC-sponsored idaho National Laboratorias study entitled, “Loss of Spent Fuel
Paal Coohng PRA; Model and Results,” was issued. [INL, 1998} This study considered a dual-
unit plant and the fallcwmg initiators:

Loss of spem fuel pool coohng
Loss of offsite power
Loss of spent fuel pool invantory (dld not include heavy load drops)
Less of primary (reactor) coolant
. Seismic evenis

* o 2 W 0

The resuits of thts study mdlcated that for plant studied, the annual probability of spent fuel poo!
boiling is 5x10°¢ and the annual progability of flooding associated with spent fuel pool accidents
is 1x107. Qualitative arguments are provided to show that the liketihood of core damage due 1o
spent fuel poo! boiling accidents is low for most U.S. commercial nuclear power plants. it is also
shown that, depending on the design charactaristics of a given plant, the likefihood of either:

a} core damage due to spent fuel poal-associated flooding, or b) spent fuel damage due to poo!
dryout, may not be negligible.

The next year, two additional reports were issued: NUREG-1275, Volume 12, "Operating
Experience Feadback Report: Assessment of Spert Fuel Cooling,” and “Fotiow-up Adtivities on
the Spent Fuel Pool Action Plan.” [NRC, 1997a) and [NRC, 1857b] The former raport concluded
that the typicai plant may need improvements in SFP instrumentation, operator procedures and
fraining, and conﬁguration controi. [Note that this is the conclusion stated in the report, and has
net been placed in the regulatory context of balance-of-plant activities since the issuance of that

© report.] The siaff determined that loss of SFP coolant inventory greater than 1 foot occurred at
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a rate of about 1 event per 100 reactor years. Loss of SFP cooling with a temperature increase
greater than 20 degrees F occurred at 2 rate of approximately 3 events per 1,000 reactor years.
The primary cause of these events was found to be human error. The repornt also concluded
that utilities’ efforts to reduce outage duration resulted in full core off-loads accurring earlier in
cutages, This increased fuel poo! heat load was felt to be important because it reduces the time
avallable to recovear from a joss of spent fusi pool cooling event early in the autage.

in the latier report {the Spent Fuel Pool Action Pian), the staff performed probabilistic scregning
analyses and found that, in most cases, event frequencias for sequences associated with
identified spent fue! pool design issues were sufficisntly low that further analyses were not
warranted. In ona instance wheare the probabilistic screening criterla were met, the staff
performed a deterministic avatuation of the issue using planbspemﬁc information and found that
safely enhancements were not warranted.

A couple of years iater, the agency conducted a spent fuel pbo! risk study for decommissioning
plants to look at the relaxation of emergency preparedness requirements, and in 2001 the final
verston was issued as NUREG-1738, “Technical Study of Spant Fust Pool Accident Risk at
Decommissioning Nuclear Power Plants.” {NRC, 2001] The results of the study indicated that
the risk ot spent fuel pools is low and wel! within the Commisgion’s Quantitative Health
Objectives (QHOs). The risk was found to be low betausa of the very low llkelthood of a
zirconium fire, even though the consequences from a zirconium fire could be serious. The
report found that the event sequences impartant to risk at-decommissioning plants were limited
to large earthquakes and cask drop events. This report represented a significant underiaking,
and remains one of the prominant studias cited in NRC dacislbnmaking on spent fuel pools.
However, there are some impaortant conservatisms associated with this study that need to be
considered if & is applied outside of its intended context (emergency preparedness for
decommissloning reactors). These conservatlsms inciude: (i) the use of assumesd and often
bounding configurations, (il} simplified treatment of the thermal-hydraulic response,

(i} conservative assumptions regarding structural response, and (iv) emargency preparedness
response reprasentativa of a decommlss&oneﬂ sﬁe

On the heels of the aforemenuoned study, the agency also refeased NUREG/CR-6441 in 2002,
entitied, “Analysis of Spent Fuel Heatup Following Loss of Water in a Spent Fual Pool: A Users'
Manual for the Computer Code SHARP.” [NRC, 2002} This document included an analysis of
spent fuel heatup, using “representative” design parameters and fuel ioading assumptions,
Sensitivity calculations were also performed to study the affect of fuel burnup, building
ventiiation rate, basepiate hole size, partial fifling of the racks, and the amount of available
space to the edge of the pool.” The spent fuel heatup was found 1o be strongly affected by the
total decay heat production in the pool, the avaltability of open spaces for air flows, and the
puilding ventilation rate. Note that the spent fuel poo!l analyses performed by the NRC after this
time dit not rely on this computer code. Rather, thay relied on the use of the MELCOR
computer cade, with supparting analysis using the COBRA-SFS, FLOW3D and Fluent codes,
along with confirmatory experiments at Sandia National Laboratories,

In response 1o the events of September 11, 2001, the NRC undertook studies {referred to
hereafter as security assessments) of spent fuel storage in pools and casks, While this work
was urderway, Robert Alvarez ot al. published the paper, "Reducing the Razards from Stored
Spent Power-Reactor Fual in the United States,” 2003 (hereafier referred 10 as the 2003 Alvarez
paper). [Alvarez, 20031 In response, the NRC issusd a review of tha paper (also Ih 2003} which
concluded that the assessment performed of possible spent fuel pool accidents stemming from
potential terrorist attacks in the 2003 Alvarez paper did not address such evants in a realistic
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manner. [NRC, 2003a] The NRC response went on to state that, in many cases, the authors of
the 2003 Alvarez paper rely on studies that made overly conservative assumgptions or were
based on simpiified and very conservative models. The NRGC concluded that the fundamental
recommendation of the 2003 Alvaraz paper, namely that all spent fus! more than five years oid
be placed in dry casks through an expadited 10-year program costing many billions of dollars, is
not justified.

Continued discussions on the issue of spant fuel pool safety and security led to a 2004 - 2005
National Academy of Sciences study, documented in “Safety and Security of Commercial Spent
Nuclear Fuet Storage,” the National Academies Prass, 2008, [NAP, 2008] Thig study was
Congressionally mandated {e.g., see {Congress, 2005]). The National Academies Committee
was briafed on numerous occasions by NRC staff regarding past and ongoing studies related to
the subject topic. The study resulted in a classified report and the aforementioned publicty
avallable report. The publicly available report decumented numerous findings and
recommendations, many of which were addressed as part of the NRC's continued activities in
this area (e.g., the "Phase 2" ske-specific assessments). The NRC's inltial response 1o the
study was documented in a letter from the NRC Chairman {Niis Diaz) to Senator Peter Domenici
in March 2008. {NRC, 2005}

in paralie) to the National Academies study, the NRC conbnued performing the aforementioned
security assessments, which were completad in the 2008 ~ 2008 timeframa. While the results
of these studies are non-publicly available due to their nature, the conclusions of the studies
were integrated in to the NRC's regulatory licensing and oversight pracesses (e.g., the "Power
Reactor Security Rulemaking” codified in 10 Code of Federal Regulations Part 50, Subpart
54(hh)). Actlvities related tc the develppment of new security-related requirements were later
documented in 3 memorandum 1o the NRC Commission entitied, “Documentation of Evolution
of Securlty Requirements at Commercial Nuciear Power Plants With Respact to Mitigation
Measures for Large Fires and Explosicns dated February 4, 2010. [NRC, 2018}

Also in paralief o the abova activities, the agency conducted a pliot PRA for dry cask storage
documented in NUREG-~1864, “A Pilot Probabilistic Risk Assessment of a Dry Cask Storage
System At a Nuciear Power Plant,” lssued in 2007. [NRC, 2007a] The resuits of the report's
analysis indicate that dry cask storage risk is solely from latent cancer fatalities, and no prompt
fatalities are expected. -Dry cask storage risk wes found to be dominated by accident
sequences occurring in three stages of the handiing phase. These invoived the drop of the

* transfer cask through the equipmant hatch (termed Stage 18) and drops of the multi-purpose
canister (MPC) into the storage overpack {Stages 20 and 21). The aggregated rigk values were
guite low. The estimated aggraegate risk was an mdwxdua! probability of a latent cancer fatalty
of 1.8:10° during the first year of service, and 3.2-10™" per year during subsequent years of
storage. Note that when insufficient information was available, "conservative bounding
assuraptions or estimates” were used. Other limitations of the study included no consideration
of uncertainty and conservative assumptions about the transiation of failure modes to hole
sizes.

Two other documents of reguiatory interest were issued in 2008 and 2008, respeactively. The
first was the denial of two petitions for rulemaking (PRMs) as documented in SECY-0§-0036
and the assoclated Staff Requirements Memorandum. [NRC, 2008a} These dacuments
describe the NRC's denial of PRMs filed by the Altomey General of the Commonwealth of
Massachusetts and the Attorney Genera! for the State of California, which presented nearly
identical issues and requests for rulemaking concerning the environmental impacts of high-
density storage of spent nuciear fuel in spent fuel pools.
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The second document is the issuance in 2000 of the Dralt Report for Comment of Revision 1 o
the NRC's Generic Environmental impact Staterment (GEIS) on License Renewal (NUREG-
1437, Revision 1, Draft Report for Commant). [NRC, 2009g] This document reevaluated SFP
environmental considerations related to spent fue! pocls by considering information developed
since the ofiginal License Renewal GEIS was issued in 1998, {NRC, 1996} The updste
concluded that the environmental impacts from accidents at spent fuel pools (as quantified in
NUREG-1738) can be comparabie to those from reactor accidents at full power (as estimated in
NUREG-1150, “Savere Accidert Risk: An Assegsment for Five U S, Nuclear Power Plants,”
1980) [NRC, 1990]. The updated GEIS goes on to state that subsequent analyses performed,
and mitigative measures employed, since 2001 have further lowered the risk of spent fuel poot
accidents; and then, evan the conservative estimates from NUREG-1738 are much less than
the impacts from full power reactor accidents as estimated in the original 1996 GEIS. As a
result of these considerations, the update concludes that the environmental impacts stated in
the 1886 GEIS bound the impact from SFP accidents. '

Finally, in July 2011, the NRC issued, “Recommendations for Enhancing Reactor Safety in the
21% Century. The Near Term Task Force Review of Insights from the Fukushima Dai-ichi
Accident.” [NRC, 20113} in the section of the report an spent fuel pools, the task force
cancluded that “clear and coherent requirements to ensure that the plant staff can understand
the condition of the spent fugl pool and its water inventory and coolability and to provide reliable,
diverse, and simpie means 1o cool the spent fusl pool under various circumstances are essential
o mainfaining defense-in-depth.” The task force goes on to recommend Orders addressing: (i)
spent fuel poot instrumantation, (il) safety-relatad AC power for spent fus! poai makeup, (ili)
technical specification revision regarding onsite AC power for spent fuel poo! makeup and
instrumentation, and {iv) 2 seismically-quaiified spray capabiiity. The task force also
recommended rulemaking or ficensing actions (or both) to require the above actions.

The US nuciear industry has also undertaken 'varibus studigs retatad to spent fuel slorage and
trangportation, some of which are publicly available and some of which are referenced in related
publicly available reports. Examples include:

» EPRI TR-1003011, "Dry Cask Storage Prohabilistic Risk Assessment Scoping Study”
2002 (non-public) :
* EPRI TR-1009691, "Probabilistic Risk Assessment (PRA) of Bolted Storage Casks:
- Updated Quantification and Analysis Report,” 2004 (non-public)
) EPRI TR-1021049, “Impacts Associated With Transfer of Spent Nuclear Fuel from Spent
Fuel Storage Pools 1o Dry Storage After Five Years of Cooling,” 2010, (public)

The iatter report is of particular interest for the present efforl. The report assesses the cost and
risk impacts (from a worker dose perspective) associated with transfer of spent nuclear fuel from
spent fuel pools to dry storege after five years of cooling. The report concludes that expedited
fust movemant wauld result in an increase cost to the U.S. nuciear industry of $3.6 billion, with
the increase primarily related to the additional capital costs for new casks and construction
oosts for the dry storage facilities. The report goes on to concluds that early movement of spent
fuel into dry storage would have “significant radiclogical impacts.” Thess impacts are stated in
terms of worker radiation exposure, and are estimated {0 be 507 person-tem aver 60 years due
to the additional handling of spent fuel. With respect to spent fuel pool accidents, the report
estimates that an additional 711 dry storage packages would have to be handied compared to
the case without expadited fual movement, thus increasing the risks associated with cask
movement. {NAC, 2011] makes simifar arguments with respect o the impacts of expediting fuel
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movement. Neither study attempts to calgulate offsite consequences associated with postuiated
spent fuel poo! acsidaents,

Regarding this last point, the EPRI and NAC studies make points related to spent fuel pool
safety that warrant additional context, particularly if compared to the present study. To this end,
it is helpful 1o start by looking at the spent fuel pool Inventorles used in this study versus industry
averages (as presented in the NAG white paper).

Table 2: Comparison of Fuel Age and Heat Load Against indusiry Averages

Mass as a % of ait fuel Heat generation as a % of all fusi
Time since Industry Industry
discharge (yrs} average This study average This study
<5 22% 18% . B8% 84%
5-9 22% 27% 22% 9%
10 - 14 16% 18% : 9% 3%
15~ 18 15% 19% 6% : 2%
20-24 10% 17% 3% 2%
25 - 29 6% 1% 1% <1%
30-34 4% - <1% -
Remainder 4% - 1% -

The NAC white paper, and {0 a lesser extent the aforementioned 2010 EPRI study, make the
case that heat load distributions like the ones in Table 2 support the notion that moving fuel
oldar than 5 years has only modest effacts on the overall spent fuel pool heat load (and thersby
the cooling requirements and mitigative time available for beyond design-basis spent fuel poct
accidents). The values in the table for the site studled here highiight the caution that
acoompanies treating the heat load as a point estimate.

The NAC white paper goes on o make the case that if increased fuel movement from poais to
dry cask storage is tequired, it should be for fuel oldar than 8 to 10 years, because current
regulatory requirements, infrastructure {e.g., cranes, cask designs), and industry praclices can
accommodate this imposition with less impact than a 5 year cutoff, Of note is the fact that both
the NAC and EPRI studies ignore the effect of the cider fual on the overall spent fuel pool
radionuclide inventory, which for radionuclides like Cesium-137 (30 year half-ife) is much mare
constant across fue{ age than is the heat generation rate. However, consideration of this very
important aspect wouid arguabiy further support the benefit of maving fuel older than 8 to 10
years because the older fuel would have comparable contributions to the overall radionuclide
{nventory for long-Hived isotopes. The onty caution here is that the 5 to 10 year old fuel is likely
to be higher burmup than 10+ ysar old fusl, so the small Increment in the ha'f-life is not the only
factor affacting thelr relative contributions.

1.8. Potential Follow-On Work and Related Activities

As noted earlier, there are a number of follow-on activities that could be undertaken to further
flesh out the issue at hand. For exampie, one could focus on other aspects of the
comprehensive risk (e.g., cask risk), general limitetions of this study (e.g., repeating the study
for a pressurized water reactor SFP), or specific limitations of this study (e.g., detalled anatysis
of the effacts of the seismic svent on the integrated neutron poison material in the SFP racks).
Which work will and will not be pursued is a decision that will be made after the current study
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has been reviewed, and in the context of the ongoing regutatory actions related to the 2011
Fukushima accident (and in particuler a “Tier 3 item from these activities specific (o expedited
fuel movement), it is important to recognize that there are several ongoing activities that have a
peripheral relationship to this study. These include, but are not limited fo:

. Qrder EA-12-049 refated to mitigation strategies for bayond-design-basis external
evenls, dated March 12, 2012, and related correction dated March 13, 2012

. Order EA-12-051 related to reliable spent fuel pool instrumentation, datad March 12,
20312, and related correction dated March 13, 2012

© An ongaing rulemaking related to security requirements for ISFSIs,

Re-gvaluation of the role of defense-in-depth in regulatary declsion-making.
Re-consideration of the use of fand confamination and eccmomtc conseguences in the
contaxt of regulatory decision-making.

Having said this, there is already a related activity underway to perform a site Level 3
probabifistic risk assessment for an operating pressurized water reactor site, including
consideration of both wet and dry storage. The details of this study are providéd in SECY-11-
DOBY and the associated Staff Requiraments Memorandum. While the study doas not
specifically focus on expedited fusl movement, it will inherently inform the issue of comparative
risk between wet and dry sforage.

1.8. Layout of Remainder of This Report
The remaining sections of this report provide:

Major assumptions and limitations

Seismic hazard characterization

Structural andlysis methods and results

Scenario delineation and probatilistic considerations
Accident progression analysis methods and results
Offsite consequerce analysis methods and results
Planned future consideration of uncertainty

Other issues warranting additional discussion

# @ & 9 » ¢ ¢ &

Finally, Appendix A provides responses to Frequently Asked Questions (FAQSs).
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2. MAJOR ASSUMPTIONS

Assumptions made during the conduct of this study are documented throughout this report. For
reader convenience, major assumptions are catalogued in Tabte 3.

Tahle 3. Malor Assumptions

Topical Area Major Assumption Comment
Qverall A BWR Mark f with a This plant was chosen for a mix of reasons,
Approach non-shared SFP is including availability of computer models and a
studied. percaption of greater fral stakeholder interest
in elevated {relative tdiitade) SFPs. Its selection
does not denote 2« that this type of design is
more vulnerabl o
The wall-beyond
design basls

earthquake is assumed
1o occur. This is a very

unlikely event. f.

Multi-unit / concurrent cally or (and its decay®heat) are
reactor accidents are | treated duth utage untit the level in the

not, in genaral, 2 | reactor well P drops to below the bottom of the
cansidered, ai. Beyond that pomt and in all

fue! transfer ¢z

E The Intent is to scope some
{22 xtaﬁons via sens;tfwty studies.

e ___FF’ event prevents operator action. Also
der that the current analysis focuses on the
aita Between high-density and low-density
an, afther of which woutd be affected by a
concurrent reactor or SFP accident.

Damage State

Gharactarization

Based on the expected structural response of the
building, overhead crane, alc. there is no
expectation that heavy debris that would damage
the poal and fuel will be genarated.

refuelmg gats do not
fall,

Finite element analysis does not predict large
defotmations in this area that woukd suggest such
an event is likely, Details of the gates provided by

| the licenses show that there are two gates with a

gap In between and that each gate has mechanical
seals to prevent jleskage. These seals are kept
under pressure by passive mechanicat means (do
not depend on sither AC or DC power availabitity)
that are unlikely to fail under the aarthquake,
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Topical Area Major Assumption Commant
Scenario Offloading of older See Section 5.2.
Dalineation and | fusl in to casks (as
Probabilistic part of the normal fuel
Treatment management practices

&s opposed to an

sxpadited fuel

movament program} is
not explicitly treatad.,

A tull core offload is
not treated (except as
discussed to the right)
as gither part of the
routine refueling or in
the context of an
emarngent need to
defuel the reactor {ater
in the operating cycle
{e.9., due to a forced
shutdown that requires
accessing the lower

in reality, the full core's
during the outage, m,

Ecay heat is considered
the reactor and SFP are

gdigrom the fuel remaimng 4 ge reactor is ot
kigred, since the simulation f .*a*hw

internals of the readfte.cf

£

vessel).

8 _,,nse along with additional worker dose, and

ra&mg the pool would represent a significant

5ot felt to be the likely reguiatory approach
taken based on consuttation with the Office of
Nuclear Reactor Regutation. Much of the benefit of
low-density racking is achieved by the
implementation of a favorable fuel configurations
{1x4). Additionally, to get the full benefit of low-
density racking, BWR fue! wouid likely need to
have tha channsl boxas removed,
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Topical Area

Major Assumption

Comment

An assembly in the
liftad position (i.e., in
the process of being
moved) at the time of
tha seismic event Is nof
treated. The current
tools do not afiow for
explictt reatment of
this sifuation. Such a
siuation could lead to
accessibility issues
{which are already
treated via the
scenarios without
50.54{hh)(2)
equipment), bui couid
also lsad t6 a small
earlier release for
gome situations. This
possibility may be

investigated mrther@h

a sensitivity study. % :

Mode of mitigation
deployment,

Hihe “‘moderale” leakage
Raleup 1§d8ployed. Other assumptions
mtigat ﬁqgloyment could result in the
s entofsp?‘ays ingtead. This difference,

aieh shows the value of addition instrumentation,
maiibe pursued via a sensitivity study.

Accidant
Progression

\ Thtsissihe best-estimate for actual raleasés' based
: % : -:_weturrent state-of-knowledge in this area. Past
"Btichies for which this was a concem (namely

NUREG-1738) used assumed source terms from
previous studies, rather than mechanistic and
integrated modeling.

Otherwiss, the project
assumes the scenario
resuits in no offsite

consaguences.
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Topical Area

Major Assumption

Comment

Debris enfering the
pool as a result of any
modeled hydrogen
deflagration /
detonation is not
considsered.

Such debris could be generated, and could fall in to
the pool. Howaver, thg occurrence of a hydrogen
deflagration/detonation in this study denctes that
the fuel has afready become uncovered and is
undergaing a fission product release. Thus, debris
would primarily serve to inhibit longer-term
recovery actions not considered in this study. The
occurrence of 8 hydrogen deflagration/detonation
from a concurrert react accndent has the potential
o generate debris pri FHSFP uncovery, but this

ad to the lack of

Agrosol
resuspension inside
the reaclor building,

- such as from
hydrogen, deflagration
will not be significant.

The effects of molten
core concrete %
interaction are not 4
considered

damodeled in W

_ LCOR, and the code models fission
Paduct re!eas&?@m__ hot debris. In some cases,

fiperature (~1500 K). These
: ‘ﬁé’ge scale debris relocation and
Feleases of valatile fission products.

Tﬁé‘,use of an effective DF is based on a new
mehodo&ogy for spent fus! pools in an affort to

dr for a spatia! digtribution of the inventory,
yanore accurately account for the magnitude

"oHiis release based on the radionuclide, not just
the chemical grougp.

Because the DF is not constant, some of the
effects of using a constant DF can be identified and
accounted for. Therefore special atiention is
needad to raduce this emor by hand, and in order to
allow the offsite consequence code to process the
source term,

Offsite Atmospheric releases are the primary concem of
Consequence the project. See section 7.1 for more information
Analysis typé"rehases only on this assurpption.

Distance truncation Health effects are reported as latent cancer fatality

(from paint of release)

risk {and early fatality risk}, and as a function of
distance. The reported LCF risk will include all
distances that have doses above the PAGs. See
section 7.1 for more information on this

assumplion.
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Topical Area Major Asgsumption Comment

The effact of low dose | See section 7.1 for more information on this

radiation on latent assumption.

cancer fatalities is

uncertain, and

therefora a range of

dose response model

truncations will be

reported,

The public will behave

in an orderly fashion

during & severs

accidant, and can be

represented by .

cohorts.

Decontamination will

oceur anly if it will s Al R

eventually aliow for the | susl Bthdance is currenﬂy in prooeéxﬁln addition,

return of land to such giidance catild iikely allow for the”

habitability and if it is develo'ﬁirﬁ'em _____ alized clean up goals after an

economic to do 0. ., | accident, ag ke llow for a number of factors that

i HBhiitical, technical, and economic
PG for long-term cleanup does
st because a developed policy
; sxolicit cleanup goals), the proiect
i uses dosélevels assaciated with
h%ﬁabdny as tha point in deciding when land is fo
be decontammated This i3 consistent with
prav;m sfudies.
Qther lssu “This'approach focuses resources on a particular

scenario of interest and places greater emphasis
on modeling fidetity for that scenario, but also limits
the potantial end-uses of the study. See Section
8.1 for more information on this assumption.

Sae Section 8.2 for more information on this
assumption.

Other considarations

See Saction Error! Reference source not found,

associated with for more information on this assumption.
expedited fus

movement,

Inadvertent criticality | See Section 9.5 for more infarmation on this
events are not assumption,

considered,
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3. SEISMIC HAZARD CHARACTERIZATION
3.1. Basis for Probabilistic Estimates

The primary sources of information for seismic hazard estimates at nuclear power plant sites
have been information developed by: (i) the NRC/Lawrence Livermore National Laboratories
(LLNL) (Bernreuter ot al., 1889, Sobel, 1994} herein called the LLNL model; {ii} the Electric
Power Research Institute (Toro et al, 1989), herein called the EPRI model; and {iii) the United
States Geotogical Survey (USGS) m the mid-2000s (Peterson et al, 2008) herein called the
USGS 2008 model. Both the LLNL and EPRI modeis were utmzed_:m}he implementation of the
Individual Plant Evaluation for External Events (JPEEE) program (b ‘_ﬁEG 1742). The USGS
2008 has been utilized in the Nationat Ssismic Hazard Mappmg;' iect and by the NRC for the
seismic hazards estimates used in screening level assess '?‘ sneric Issus 199 (NRC,
2012a). o

The USGS 2008 information is being further developac
inctuding the NRC, in a coliaborative study which.ifitiiides (a) the selsmic so
characterization, and (b} the ground motion atteﬁ‘%ion modeis .o addition, the NREC is

developing independent methods and computer cge wh:cmn'aj.i be publicly avatrable when
completed, to combine (a) and {b). Although part {a) u‘fm e

nual probability of occurrence for high-level,
, with PGAs greater than about 0.35 ¢.

5q. LLNL is higher than USGS 2008. Abave
-*Uses 2008 is higher than LLNL. untii both

%,

218 fatimaled re lower than thosa from the USGS 2008 for all PGAS.
lmate%ased on the ecent USGS update are about 2 times

"'NL curves are comparable for each representation, with USGS 2008

sometimes being higher (higher annual probabliity of occurrence) and LLNL sometimes _

being higher,

» Generally, the 10 Hz curve is the highest, foliowed by the 5 Hz curve, feliowed by the
PGA curve, followed by the 1 Hz curve, The nolable exception to the above is the fact
that the 5 Hz LLNL curve ig higher than the 10 Hz curve.
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A camparison of the annual frequency of exceeding a given PGA for all Mark | sites (
Figure 5) shows that the reference site (Feach Bottom) falls close to the upper end of the group
in terms of hazard estimates, When comparing the annhual frequency of exceeding a given 1 Hz
spectral acceleration (Figura 8), the referance site is in the upper half of the group. {
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Figure 6; Comparison of annual 1 exceedance frequencies for 1 Hz spectral accelerations
for U.S. Mark { reactors (USGS 2008)
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3.2, Characterization of the Event Likelihood

Hazard exceedance frequencias can be transtated into inttiating event frequencies by
partitioning the PGA range into & number of discrete categories (bins) defined in terms of PGA
intervals. These bins define a discrete number of selsmic event scenarios with Increasing
intensity {PGA). The NRC handbook entitled “Risk Assessment of Operational Events, Volume
2 - Extarnal Events,” (NRC, 2008) describes a way of defining those bins that recommends the
use of, at least, three bins unless plant-specific considerations require more bins. The SFP
scoping study used four bins.

'1'.'.'.’

spactral and peak accslerations. Nota that for bin 4 the reprasent ye bin PGA has been set to

1.2 g by convention, whereas for the other bins it is the gm‘éﬁ%u of the interval

Table 4: Setemic bins and inﬁ.

Bin# | BinRange | Bin PGA{g)
{a)
1 0.05-0.3 0.12
2 0.3-05
3 0.5-1.0
4 >10
T Assumed based on PRA mOde _'_g; conv' BSh,

1.E-03

Bin1:0.05-0.3g Bin2:0.3-0.5¢
Bin3:0.5-1g Bind:>1g

BPGA

ol
m
Lo ]
P9
n

1.£-05

1.E-06

initiating Event Frequency {/yr)

1.E-07
1 2 3 4
Seismic Bin Number

Figure 7: Camparison of seismic initiating svent frequencies
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Based on this information and on a review of the resulls of past studies, which indicate that
damage to the SFP and other relevant SSCs is considered unlikely for events in bins 1 and 2,
the SFP Scoping Study focused on bin 3. it was judged that seismic bin 3 provides the best
compromise between events with higher occurrence frequencies that would lead to little or no
damage versus higher consaquence avents with very low frequencies. Review of past studies,
e.4., NUREG~1738 (Collins and Hubbard, 2001) indicates that events in bin 3, with initiating
annual frequencies of the order of 1 to 2 x 10°°, have the potential of challenging the structural
imegrity of the spent fusl podl, i.e., of causing a leak, at Peach Bottom. Thus, this is the inftiating
earthquake chosen for the SFP Scoping Study. # is an event that is no more severe than events

considered in past reactor and SFP probabilistic risk assessment andd gnsequence studies.

The SFP Scoping Study tharefore considers a challenging, but w probability earthquake
as the initiating event. which was selected based on the congide ions Indicated above. This
franslates into a seismic event with a PGA sevaral fimas gréﬁ”? tham at_ associated with the
Design Basis Earthquake (DBE) currently called the Safa:Sh Tutdown E37 tiguake (SSE). The
PGA for the Peach Bottom SSE is 0.12 g. (This is abgilt magnitude 5 3 "*»
25 km.) While the probabifity of ocourrence of this efgfiquake was not used AERs determination,
the annual probability of occurrence for this PGAdEabout 1.8x10 (approxnma -’.»,' evgnt in

2L !

5,500 years) when calculated using the EPRI andISGS 200 mé
{approximately one event in 3,200 years) when calci ém_d '
determination, largely based on the r_esuits of pest studigsit:

SSE {bin 1 event, i.e., the least severs Bl Pdioy
Peach Bottom, ¥

The frequency content of
ground motion respons
hazard response spegty

spectra of Interest JARe :- _
seismic PRA for the REG-11 Hodnlume YPart 3 of NUREG/CR-4550 {Lambright et
al., 1980) p : -and ve HTe _:ﬂeld response spectrum used in the NUREG-
ttom in terms of the median spectral ordinates for variaus
gacy.content for the ground mations considared in the NUREG-
for the site GMRS,

115@’%@”0 differs from {

2001) suggestshthat the fnaq; £ cy of a selemic event that has the potenual for challenging the

ghent fuel podf i Peach Bottom is on the order of 1.7 -10%yr {i.e., approximately

Tahls frequency is contrasted against other sources of information in
Table 5. For re.i‘ere*’rﬂ:~ ferihe Mineral, Virginia eanhquake of August 23, 2011 near the North
Anna nuclear power plant, the NRC staff concluded using data from USGS instruments that the
PGA al the North Anna site was about 0.26g (NRC, 2011). Using the USGS 2008 infarmation
for North Anna, the hazard frequency for an event with this PGA is about 1.2-10% (1 event

every B,300 years). This frequency places the Mineral, VA event in seismic bin 1,
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Table 5: Comparison of seismic frequencles from various sources
Source Estimated initiating event Notas
fraquency of a large ssismic event
USGS 2008 1740y ~ | Frequency of sefsmic bin 3
{one event in 60,000 years)

Peach Bottom 3 SPAR- 1.3:10yr Frequency of seismic bin 3
EE Modet (v3.21, Rev, 1} {one event in 77,000 years) {ef 3)

1 1.410%yr fequency of sexsrg!::
NUREG-1738 (one event in 90,000 years) azard between 0.51g to

3.2-10% & uency of seismic

INEL-96/0334

{one event in 310 DOOMB}

" Initiating event frequencies reported are those ba
3.3.Characterization of the Ground M i

The free-fisid ground motion respongea spectrum GMRS}Q ‘
this site is based response spectra a __' A used in cot

) ha

sef A the LLNL modet {50

.2 Mz} consfdered for this study o the
A of 0.12 g) for 5-percent damping.

O

;round Motion Spectra-

T i

0.8
a8

1

Site GMAS [USGS 2008) y

A

\

PV SR SNSEINY M

a.7

\—

0.6
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| i
! 37 ;
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Figure 8: Sito GMRS (GI-198, USGS 2008} and SSE (Horizontal Ground Mation)
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The ground motion rasponse spactra for the event considered in the SFP Scoping Study (about
0.7 g PGA) were derived fram the GMRS for horizontal ground motions at the site as follows:

s Horizontal shaking - The site GMRS derived on the basis of the USGS 2008 modet
scaled to a PGA {zero peried acgeleration) of about 0.70 g (specifically 0.71 g).

+ Verical shaking - The response spectrum for the vertical ground motion is taken fo the
same as the response spectrum for the horizontal ground motion on the bases that
neatby earthquakes would control the ground shaking spectra for this event and that the
frequencies of interest for this study are frequencies above 3 Hz {ASCE, 1999, McGuire,
Silva and Costantino, 2001).

Other ground molion response spectra of interast for the SFP Sdatiing Study are the free-field
response gpectra used in the seismic PRA for the NUREG- 14505t (Lambnght gt al., 1990).
Figure 9 provides a comparison of the frequency content ofdlie horiztgltal response spectra {5-
percent damping) for the SSE, the median response s ¢ee?trum used in MUREG-1150 study, and
the site GMRS based on the USGS 2008 modsl. Fordt ?mmpanson all' ﬁéatra are scaled o a
PGA of 1.0g. When the three response spectra um .,?* consaderatmn are scalgd Lo the same
PGA, the information in Figure 9 supports the fcgfu

Hz the’
USGS 2008 model) has higher gpectral accelerati 'than the ground shaking
' REG 1150’5} dy.

USGS 2008 model) has lower speiaral % Sl
2nd the NUBEG 115

wand Muﬁm Sneclra ~ Scaled Yo LOg PGA - 5% Dsmplng

o ‘ I i
_ ——i ]
250 [ =43P Scoping Study ; | §
~—HUREG-2150 ; /\
g
8 158 ; ; : §
: LA i
& 00 ': . - s
Y DR ad i
< i o }
a .50 : — /’/ / E
: .a""T i
£.00 % ” E Ll
o1 1 10 100

Frequency (Hertz)

Figure 9: Response spactrum for S-percent damping scaled to 1.0 g PGA: SSE,
NUREG/CR-4550 (NUREG-1150 PRA), and this study {GI-199, USGS 2008}

As noted above, the horizontal response spectrum for the event considered in the SFP Scoping
Study is the site GMRS derived using the USGS 2008 madel (PGA of ahout (.34 g) scaled to a
PGA of about 0,7 g, Figure 10 shows the horizontal response spectra (5-percent damping) for
the event considered in the SFP Scoping Study, for the SSE (0.12 g PGA), and for the response
spectrum used in the NUREG-1150 PRA (far a PGA of 0.3 g) scaled to the PGA of the evert for
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this study. The information in Figure 10 flustrates how the ground motions considered in this
study are conslderably more challenging than those for the SSE. However, these ground
motions are also signiftcantly less likely as indicated above.

2 Ground Motion Spectra « 5% Damping
: (b FyrOtai> gt T T
15 [[=55 ! L i |
) miiie SEP Seoping Study i ‘
16 H ——NUREG-1150{0.71g PGA) [ 7 T
- 1R + ( \
812
g \
o 1
2 ' ! !
0.8 + :
3 0.6 ~ LA hy
< 04 ; " g ; - g r
0‘2 ; ¥ é % I
Q A la 1 i { dend ad
100

98 i the Department of Energy
3 of USGS scientists who contributed to the
s is further developing and updating the USGS
‘&tdes (@) the seismic source zone
enuaiion models. In addition, the NRC is
i 36} grendent probabilistic seismic hazard analysis,
en completed “to combine (&) and (b). Although part (a) of this

development of theggalional seismi€l
2008 information m"ﬁ“mefijabora
charactenzatlon and (Bithe
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4. STRUCTURAL ANALYSIS AND RELATED INITIAL DAMAGE
CHARACTERIZATION

This section documents the structural analysis performed to estimate the related initial damage
states for the accident progression anatysis. it provides the objective, approach including
assumptions, structural modeling and analyses as woll as the related potentlal damage states
and thelr relative liketihoods for the seismic event considered.

The objective of the structural assessments was to provide damage states that might resull from
the selsmic event described in the previous section and constitute n;w Fitial conditions for the

accidant progression analysis, Structural and related damage stat ﬁave been divided into two
major categories as listed in the following.

+ Structural damags o the spent fuel structure with.thé potent

cations of leakage from
cracking of tha concrete and related liner tearing Ty

¢ Other damage states to include:
o Amount of water, if any, displacefl
Q

stoshing cféhe walsr in the SPent

s and pEgetrations, and qualitative
: tspent fuel assemblies.
yant structures.

o Damage to the reactor%ﬂﬁdmg and othet’

pg potenti lictural damage to the spent fuel
te E@

Most of the analytical effort focused on a& (
"érstrains at the bottom of the

structure, namely concrete distortions, CORGY {
pool, This is based on the reuev%gf past s‘bﬁﬁles :é i b

&ii, namely: the March 3, 2011, Tohoku
‘j;md $he July 16, 2007, Niigataken Chuetsu-Oki
dered in the review are Fukushima Daucht

plants during two ma;' %eos
earthquake (with momefinagHRude
ea:’thq k] _ ‘)' Tbe o sl

séélmp for the SFP Scoping Study. Although these review and

relevi aspects of the salifaic scend
gre prekmmar?,aixd use Information available at the time of the exacution of the

companiég,

¥ L
The remainder of thigse o consists of two major parts (subsections). Subsection 4.1
addresses the damage s’gtes for the SFP structure. This part includes the approach used,
seismic loads, a gescription of the SFP structure, the loads on the SFP including hydrodynamic
loads, the finite element modeling and analysls of the SFP structure under these loads, and the
estimation of potential damage states and their reiative likelihood given the seismic event. This
part ends with a review of the performance of spant fuel pools in two major recent earthquakes
in Japan together with a comparison of loads from those events and from the scenario for the
SFP Scoping Study. Subsection 4.2 presents the assumptions, approach and damage
gstimatas for the other damage states listed above.

Sfficial Use Only — Sensitive-int Finf .
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4.1.Damage States for the Spent Fuel Pool Structure
4.1.1. Approach and Seismi¢ Loads

The gensrai approach for the estimate of the damage states follows, with appropriate
modifications for the specific neads of this study, the approach reportad in NUREG/CR-5176
{Prassinos, 1988). The analyses reported in NUREG/CR-5176 were conducted in conjunction
with research activities related to Generic Issue 82 {GI-82), "Beyond Design Basis Accidents in
Spent Fuel Pools,” (NRC, 2012a). Appendix 2 of NUREG-1738 (Collins and Hubbard, 2001), a
technical study of spent fuel poa! accident risk at dacommissioning p iclear power plants,
provides a review of the approach and results in NUREG/CR-51764br J
conclusion of that review is that the overail approach in NUREGEER-5176 provides an
i

1Qac

The overall approach used in the SFP Scoping Study
namely concrete cracking, concrete distortions, Jigr
event considered, consists of the fonowmg 9 step

i) Wi inall embedmant). For this scoping
study, the response spectra a 8 modet used for Generic Issue

169 (GMSQ; {NRC 2012b) as ingica

&tk al and horizontal directions at
on 186 fi). For reference the

S Pl Statiol {PBAPS) for the seismic PRA performed for
study (NRE#4990) and reported in Volume 4, Part 1, Revision
50 {Lambright, 1980).

ms%sa spectra for the ground motions of interest for this study
s erest‘{&ep 2a) by scaling the ISRSE from previous studies {Step
ences in the response spectra shapes of the free- field ground

aomunctzon"““ #Hbad loads, 1o the flcor and walls of the SFP as input for a static
nonlinear pushowar analysiz. These equivalent static forces account for: (i) peak vertical
and harizontal accelerations of the floor and walls of the SFP structure (seismic
coefficients); (i) peak vertical and horizontal hydrodynamic impuisive pressures on the
floor and walls of the SFR from the water in the pool; and (i) verical dynamic forces on
the SFP fioor from the dynamic response of the racks and spent fuel assemblies. At this
stage of the analysis also estimate vertical displacement of the water surface from
sloshing.

a. The SFP Scoping Study used a simpiified three-dimensional (30} finite elamant
model of tha SFP structure to estimate or verify these loads. Specifically, #t used

Officlal-Use-Only— Sensitive-InternalHnformation
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elastic solid elements and special fluld elements to model the water, in order to
eslimate natural fraquancies and mode ghapes for the SFP structure, This model
was then used to calculate the spatial distribution of peak vertical and horizontal
accelerations of the structural components using the ISRS from Step 3 as inpul.

b. Hydrodynamic impulsive pressures, peak vartical and horizontal pressures, were
calculated on the basis of simplified methods (Housner, 1963; AEC, 1863; and
Mathotra, Wenk and Wieland, 2000). The 3D finite element model used in Step
4a together with the ISRS from Stap 3 as input wers also used to estimate peak
hydrodynamic pressures. This provided a verification of the suitahility of the
pressures caiculated using simplified methods, which 'Were the ones used in the
analyses.

¢. The 3D finite element model used in Step 4a wfé? iy 24SRS from Step 3 as input
wes also usex to estimate vertical displacerdiids of ih v
sioshing. The estimated displacemants wera Y’éman wheRLH
of water in the SFP as indicated below g

o
that includes nontingar mcﬁél of
fing of the’Stde! reinforcamentyembedded
Girt -. p—_,nontinear pushover analysis for
(P23 gmund motions to account for the
NS do not occur simuftaneously

3D finite element made! of the SFP struid it
concrets including cracking as well as mog
steel floor baams and the SFP tiner. Parfa
adequate combinations of the yart

sl tmé study consist of: the weight
of the poglks , Watst, welght of the spent fuet

assembll e »e%ménd
G5 ncremeﬂgl application of adequate combinations of the

qgwalent fic forces estimated in Step 4. The
iSeede te'track deve!opmem and effects of concrete

reent of the vertical lnads. Preliminary analyses
indicated tﬁﬁ'&he loa@' ‘combinatiors involving peak vertical loads and 40-percent
of the honzoar%fé_! inads wou!d be the most severe comblnatmn for the SFF

"’x).*”’
-é&bmate matenal propeftias for all materials, e.q., concrete,
remfer&ernem steel beams and liner, based on best available information for
similar matarials used in nuclear plants and other guidance for the assessment
of extreme events and for seismic fragility assessments. Also take into account
the effect of aging on the concrete strength as recommended for the assessment
of beyond design basis, extreme events.

§. Review and process the calculated structural distortions (as measured by the

displacement of nearby nodes), structural deformations, congrete strains and liner
strains in order (o

emww&mmmm
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3. Assess the possibie deveiopment of cracks through the floor or walls (the
analyses indicated that criticat concrete cracking such as this would only develop
at the base of the walls aiong the intersection of the SFP walls with the SFP
floor}, and then estimate crack lengths and average crack width.

b. Assgess liner strains at the intersection of the base of the walls and floor slaby in
order to assess the potential for liner tearing. Take into consideration details of
the attachment of the liner, in discrete iogations, to the concrete foor and walls.

7. Defing thres initial states for the subsequent accident progression analysis as follows:
a. A state with no feakage, and no loss of coolant, fromd g:bottom of the SFP,

b. A state with moderate ieakage rate from,the%ottom of $F P, corresponding to
through wall concrete cracking at the baitom of the walls a@aextenswe tearing
of the liner that propagates to an exta %uch that water leakag, 45 controtled by
the size of the cracks in the con@ _

c. A state with small leakage rate fro _:the_ bottol ;_.ﬂf the SFP, corresponding to
through wall concrete cracking at thé“{a Honte _‘fﬁe walls and tearing of the liner
that remains localized t ,;%“m” parts wharedie floor liner is attached to the SFP
fioor near the walls. %‘;J _ :

8. For the two damage states with %8 | a5 eatime
SFP walls. When the rate is oontr‘"@ted by e

% ated cragk Wit and 16 gﬁ'\ to estimate the leakage rate.
When the ratg y localizedlil er tearing use empirical date from leakage
through £rge ipel estoma{é he leakage rates.

-and concrete properties) to estimate the
: three initial damage states listed in Step 8. no Isakage,
d small leakage rate.

As noft ;,%:ove this appr@‘&‘h parahéfs-part of the approach used in conjunction with the
resolutionspfiGl-82 (Prassi al., 1989). It augments the earlier approach in that & uses

modern fi mte«_: ment methovds in Steps 4 and 5. Use of finite element anatyses in Step 4 is
necessary to &tilain a morqnafgcurate asseagsment of the natural frequencles of the SFP struciure
itseif, 10 estimat aidistribution of seismic coefficients and to verify the estimated

hydrodynamic xmpUTs ads on the floor and walls of the SFP. Use of finite element analyses
in Step 5 is necessaryto frack the development of cracking and liner strains and then related
those to damage states, ieakage rates and thelr relativa tikelihoods.

The approach described above has potertially conservative aspects that may overestimate the
damage to the spent fuel structure. A possible conservative aspect Is that generally ISRS
accelerations do not necessarily increase proportionally {finearly) from low PGA events to an
event with a PGA as high as that considered in this study. As the load increases, the structure
of the reactor building may crack and dissipate energy thus dampening the response of the
building. This was faken into account, in approximation, in the scaling of the ISRS from previous
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studies {using 0.36 g PGAs) by considering an intrease on the damping of the reactor building
structure.

Ancther potentially conservative aspact of the analysis is that the scaling of the iSRS does not
taka into account reductions on the high frequency (greatar than 10 Hz) spectral accelerations
that may result, under some circumstances, from ground maotion incoherency, wave scattering,
soil-structure interaction effects and wave passage effects. This is accounted for, in part, in the
cafcutation of the relative likelthood of the various damage states by considering a small range
of reduction in the response and associated uncertaintiss, as discussed below.,

Other approximations of note include: (i) the scaling ISRS calculatesidrom & ground motion with
rasponse spectra markedly different at nigh frequencies (greute i _ 10 Hz) from the ground

motion spactra considered for this study; (i) the decoupling gfdk d%onse of the SFP from the
response of the reactor bullding; and (iii} neglecting the smé@_ be t of the reactor building

(espec:auy ior the calculation of hnnzontal ISRS}. Folloys __ybsecttcns 4dBrass these

TN

ARG the use of sample5 -histories,
158 in conjunctton with BD ls of the
ulate loads orf
Aservatisms, However, this would

would provide additional msxghts on some of these ms!
be contradictory with the scoping nature__of the study. ™

A e initial sfr'“'sses in the SFP components
T risoﬁ}%me other Ioads in the poot

4 ',égs the baﬁ forthe f'ee-feid ground motion response spectra
Jetas for the SFP Scomng Study. As noted in Section 3 other free-
sLip this study are those documented in NUREG/CR-4550
|7igle USgd in thegrobabitistic risk assessment (PRA) for NUREG-1180. That
t _-uments and protides med’x%m-centered ISRS (for &-percent damping) for the Peach
Bottom stor structures ca;f lated using time-history analysis and an ensemble of free-field
ground Motk 5

response spectfﬁi?i r the'Selsmic event considered in this study

The free-field responsa:specn'a and ISRS reported in Lambright (1990) form a set of reliable
and weil-documented response spectra for the Peach Bottom reactor buildings. Spectiically, that
report provides [SRS at various elavations of interast in the raactor bullding, hamely at the
bottom elevation of the SFP (Elevation 195 ft) and at the refueling fioor (Elevation 234 ). In
addition, the report also provides estimates of frequencles of vibration for the reactor building,
which are listed in Table 6. These frequencies help understand the shape of the 1SRS for the
Peach Bottom reactor building. 1t is noted that the frequencies of vibration of the SFP struciure
{discussed in the following section) and of the SFP floors and walls range from abowt 18 10 26
Hz depending on the cracking of the concrete, boundary conditions (restraints) and how the
mass of the water is accounted for in the calculation of these frequencies. These frequencies
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are remote (datuned) from the frequencies for the horizontal mode of vibration for the reactor
building but are close to its vertical frequency.

Table 6: Estimated frequencies of vibration for the Peach Bottom reactor buildings

{Lambright, 1990)
Direction Frequency {Hz) % Mass
Horlzontal (NS) 7.1 68
Horizontal (EW) 76 71
Veriical 18.5 72

Using simplified scaling procedures, the ISRS in Lambright (1980)dhere scaled to estimate floor
vertical and horizontal ISRS at the elevation at the bottom oft £ 5938 well as horizontal ISRS
at the mid height of the SFP walls (by averaging scaled spegtigat ation 195 f and
Elevation 234 f1). The scaling was done by estimating the -ﬂ&‘ ind motice amplification factors
from the gmund mcmon to the ISRS and then appiymg%hase tactors to .?response spectra for

this components tend to have the higher spectrafidt e!eratlms;ﬂTbe SFP Sco: :
considered identical horizontal ISRS for both diréctitns. Note, that:for the SFP studied
herizontal components of the ground mation are no ”' 8 sthe greatest damage potential.
Justification for not considering reduction of the high fres e spectral accelerations is

Figure 11 shows a comparison of the verh
estimated as indicated above to the cormes SHeSis
seismic PRA. Likewise, Figusiiild. provides s aimijaf ompanse
estimated at the mid-hej e :

Elovation 234 ff). A
250 in-strutture Spewl Vcrtkd Staizd toO?lgPGM!reevﬁeM) S%Qamp&ng
‘ TR R P EH
H H i f ! ! H H 4 il H
*mer«\)HEGICR-t&S | i m‘ Pi
260 |t ) - ; T
il THi5 sturdy (Baset 0n 2008 UEGE) : . ‘g l
% T IR NG
- 150 ey : ! ! ) : s
5 T TP
k- oo ; ; : * (11g
= H J (/ ‘ I . M ’ 3
8 Lo T . - R AR
& : / : ! Py "
{ % I ; 1 ; ;o o4t
T 4 b i i Py
i gt ; i i1 ! Z Yy
.00 o il o i | fiii “ it bid
01 i 10 it ]

Freguency (Mert}

Figure 11: Vertical ISRS for §-percent dampinyg at Elevation 195 ft (bottom of the $FP)
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n-structure Spectra- Horizontal - S:aled 10 0.71 g PGA tiree-fleld) - 5% Dampkns
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Figure 12: Horizontal ISRS for 5-percent damp
Elevation 234 &t (mid-height of the SFP) :

g1t damping for the reactor building
SFP floors and walls considered

a higher damping ratlo for the reactor B ! jipment. This is done onthe
assumption that for the intense ground “rﬁ*éﬁoﬁ“aff_ gvent cdfigidered, the reactor buiiding wl
& ¢H yasis 'motion (SSE) which will absorb

Giy apectral acceierations for

L "_’fora structural damping of the
Tﬁe scaling Is done on the basis of spectna#

and equipment. Calculation of seismica

2 In-structure Spectra - Vertical - Scabedtu&?lgPGA(fre-c ﬁeid] -5% Damping
i 1 TR N VLR SRR ¢ T
~=From HUREG/CR-550 'g | { E
=l This study i ) F‘\ -t
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Figure 13: Vertical ISRS for S-psrcent and 10-percent reactor bullding damping at
Elevation 195 ft (bottom of the SFP)
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In-structure Spectra - Horftontal - Scated tg 0.71 g PGA (free-fald] - 5% Damping
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Figure 14: Horizontal ISRS for 5-percent Ar
midway between Elevation 195 ft and Ele

oy 150 R beiow ¢ Elevation 135 ft. The building foundation
Seinforced colirete slab Yy_m on top of sound rock with an elevated rock
pedestal about 64 {tidiameter neﬁythe centar farahe drywell foundation {see Figure 15). The
foundation siab above'! : pedents shii a M %ab about 4 f tmck The mam structure d

'topped by a kit ctural steel crane bay {rated at 120 tons). For
2ivety fiexible foundation, justification for large reductions on high
Hns is not clear. In addition, the distance between the

ick grovnde direct pathways from the vertical ground motions
urdar ot abou‘l 65 1. This d!stance s less than the distance that

The above notwithistandig; Tesults of past studies justify consideration of some reduction of the
high frequency iSRS Epectral accelerations even without further analysis. Possible reduction of
high frequency ground motions is accounted for, in part, In the subsegusnt calculation of the
relative iikelihood of the various damage states. This is done by considering a narrow range of
reduction in the response and associated uncentainties, as discussed in Section 4.1.5.
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Lithe drywell

This section provides a brief descript
main reactor building. The description
aspects of relevance for this study.

structure and its relation to the
ral components and other

The Final Safaty Analysis Q) C om Atomic Power Station (Units 2
and 3) desgribes the SFRAHES rage &% a large channel-shaped
beam (approximatety ~ e stfgtiire). This channel beam Is supported at the
center by the biolo ncrete sl garound the drywell and the ends by RC

exterior walls on op ' b iding. Figure 16 is a 3D representation of the
anal re 17 shows cutouts of 30 models of the

the elevation Of the refueling floor (Elevation 234 #t) while the
fve bay located abave the refueling floor {but not the crane

ite it model of tha SFP structurs itseff (see Figure 18
of the pool for further reference in this study. The East {E) and

weight, the welght of thefloor, water, spent fuel assemblies and racks, partition wall (South, §,
wall). The E and W waills are supported at the thick RC biological shield building on the North
(N} side and at the exterior wall of the building. An additional cavity axists between the SFP
itself and the outer wall of the reactor building.
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:. from ‘tr;a challenging, low probability, seismic event considerad
are RC walis with vertical and horizontal layers of reinforcing
steel bars neaties gwell as near the mid surface of the walls.

Sists. Or:a"6R 3 in. thick RC slab with embedded heavy stesl W-Shapes {1
beams) as shown in Figare 16. This floor framing was used during construction and designed to
carry the weight of the wet concrete but were ieft embedded in the concrete fioor to the depth of
the lower flange of the shapes. The beams extending from the biclogical concrete shield 1o the
out wall are W-36x300 (3 ft deep beams weighing about 300 pounds per foot) and those
extending from one wall to the other are W-36x230 (3 ft deep and weighing about 230 pounds
per foot). The floor is reinforced with steel rebar layers in two directions at the fop of the floor
and with a complex relnforcing patter in between the steel girders within the clear span of the
floor as weil as in the portion of the floor under the side walls of the SFP,

Official- Use-Only—Sensitive-intermat-information
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The fioor and walls of the are covered with a stainless steel designed to preclude inadverient
loss of water, which attached to the concrete using steal anchors and welds to steel plates and
shapes embedded in the concrete floor and side walls. Figure 18, which is an outting of the 3D
fintte slement rmodel of g portion of the liner and its attachments to the concrete floor and walls,
sarves to identify some of these attachments. interconnected drainage paths are provided
behind the liner for drainage of small amounts of water that might teak through small cracks to a
drain,

SFP liner representing

alls
According fo the F are no connections to the SFP that would
aliow water to drai 10 R above the tap of active fusl, The

FSAR further states prévious paragraph are equipped with
. in addition, the systems for maintaining

re or inappropriate operation of these

‘e‘;,  16) is covensd by concrete blocks and closed by two
ancy Tthe case of malfunction of & single gate, Each gate

| stiffeners. Each gate has seals around its perimeter that are
ical means by the locking system of the gates. ltisnot a
pressurization provided by slectric systems.

4.1.3. pnt Analysis Mode! Dascription

Step 5 of the approach described in Subsection 4.1.1, the nonlinear pseudo~-dynamic analysis of
the SFP analysis under tha combined dead loads and seismic loads, requires a delailed finite
element mode! of the entire SFP structure in order to estimate concrete cracking and liner
strains for the estimation of leakage areas. The LSDYNA finite element software was used for
the analysis (LSTC, 2007). Figure 18 above already shows the overail detailed finits element

model used for that purpose. The model has abotl 800,000 elements and uses 16 elements
through the thickness of the E and W walls and equally refined detall for the SFP floor.

Offictal- tse Only—Sensitive-internal information
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The finite element model included aft the major reinforcing bars for the floor and walls of the
SFP structure as welt as of the outer walls and biological concrete shielding. This model also
considered ail steel shapes embedded in the floor of the SFP which were modeled using
LSDYNA shell elements. In addition, the finite element model also include the steel liner in on
the inside surface of the SFP. Figure 20 shows some of the components included in the finite
glament model.

Figure 20: Cutouts

sizé'0 “the underlying omcmte elemants were bsed and the liner was assumed {0 be band 1o
the concrete (node to node connections). A more detailed model of sections of the liner (see
Figure 195 above) was subsequently used as an embedded gage to assess strain concentrations
it the liner staa! art the xrﬁersectim of the fioor and walls as discussad in the foliowing section.

The finile elemants ji:c!el for the nonlinear analysis are as fallows:

» Reinforcing bars - LEDYNA beam elements with the fruss option,
« Concrete ~ Constant stress LSDYNA solid elements {(reduced integration).
e Shell elements ~ Belytschko-Tsay shell elements.

Two material models were used as Tollows:

» Concrete - LSDYNA material mode! 159, the Continuous Surface Cap Model (CSCM)
(FHWA, 2007). The analysis used the option of specifying & minimum number of

Official-Use Only—Sensitive-internatHnformation
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material properties, namaly the unconfined comprassive strength and aggregate
diameter and allowing the mode! fo calcuiate the other material praperties of interest.

»  Stee! — LSDYNA material model 3, called plastic kinematic, which was used for all steels
but with differert materiai properties.

Table 7 provides a summary of the material properties used in the nenlinear finite element
analyses. The properties for the concrete and steel reinforcament, assumed to the materials
that would influsnce the most the overall response of the SFP, were taken to be best estimales
of the median material properties. in the case of concrete, the unconfined compressive strength

of the concrete was estimated based on recommendations used for
avents, namely aircraft impact assessment (NEI, jand a nommal
For the other materials, the table primarily fists nominal prope

hg analysis of extreme
rate strangth of 4. 000 psi.

Table 7; Material properties for the ncnlinaar finite eloment analyses

Material Propetties
Concrete Unconfined compressive s 6400 psi (44 6 MPa)
Aggregete diameter 1.5i0n, (38 mim)
Unit weight (and density 145 ot (2.33 glem’)
Rabars Yield strength (Grade 40) 147850 psi {330 MPa)
Yield strength (Grade 60} 169000 psi {475 MPa)
131107 psi (2.15x10° MPa)
4. 15x10° psi (1000 MPa)
14 (7.7 g/em®)
Liner ‘ {250 MPa)
and steel plate 1-30x107 psi {2 07x10° MPa)
anchorages 16x10" psi (1000 MPa)
478 bt (7.7 glem?)
N/A
Beams 36000 psi {250 MPa)
30x10° psi (2.07x10° MPa)
25x10% psi (1700 MPa)
479 bie (7.7 g/em?)
i -a 0.10
Anchor studs 1eId strength 36000 psi {250 MPa)
o Young's modulus 310" pst {2.07x10° MPs)
Tandent modulus 25x10% psi {1700 MPa)
Unit weight (and density) 479 1 (7.7 glent)
Fafure strain 0.10

The SFP Scoping Study also used a simpler madel of the SFP structure, namely a simpler
varsion of the medel used for the nonlinear analysis. This is a model used in conjunction with
the finite slement analyses related fo Step 4 of the approach described in Section 4.1.1.

Specifically, the simpler model was used to estimate frequencies of vibration for the SFP

structure, to estimate seismic load coefficients and to verify hydrodynamic impulsive pressures
with the ANSYS {version 13) finite elament software. The simplified finite element was used with
linear analyses appropriate for its intended use, had fewer elements through the thickness of
the walls and floor, and had a simpler representation of the congrete biological shielding.

Official-Use Only— Sensitive Int Hnf 5
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This finite glement mode! used solid, slastic finite elements o represent the structure of the SFP
{concrete only) and fluid element to represent the water. Specifically, it used the ANSYS
S0LID185 slement, a 3D structural solid element, and the ANSYS FLUIDBD element for the
modeiing of the water. Material properties considered with this mode! are as follows

o Concrete: (i} Young's moduius of 3. 6x10%psi (varied to account for cracking effects on
stiffness); (if) unit weight of 145 Ib/ft>; and a Paisson ratio of 0.15.

o Water; (i) butk modulus of 3. 16x1(}5 psi; (i) unit weight of 62.4 iift%; (ih) Poisson ratio of
0.0; and (iv) a viscosity of 1.64x10™.

The simplified finite element model was used i conjunction with méi'iibllowing analyses;

» Estimation of frequencies and modes of vibration fof SFP including the effects of
water using Householder reduced methods for the. tow'frequency modes and the Block
Lanczos method for the high fraquency modes,

+ Related deterministic spectrum analysig us) ng Single pomt spectral accalerations at the
supports together with the Compiete Quadratm Combination (CQC) rule: for the
combination of modal responses. These anatyses estim sted seismic load coefficients for
structural components and verified the magmfu the hydrodynamic pressures on the
SFP walls,

__ydrostatvé,:grgssures ware applied as vertical and
rfaces of thé.ﬂgpr and walis of the SFP. Vertical loads on

verticd ;j}fessure on the S' ﬂoor

Table 8: Approximata de d loads on SFP floor in terms of an equivalent vertical floor

pressure
' Load ¢ Equivalent floor pressure
A% i {approximate} (IbHt)
Waight of the floor B00
Vertical hydrostatic pressura 2300
Weight of spent fuel assemblies and racks 1700
Total 480D
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Table 9: Approximate peak equivalent seismic loads in terms of an equivalent static
vertical floor pressure

Load Equivalent floor pressure
{approximats) ({b/f%)

Hydrodynamic impulsive veriical pressure 4840

Floor slab accelsration 4400

Dynamic forces from spent fuel assemblies 1750

and racks

Total 7399)

The results shown in Table 8 and Table 8 indicate that the seismic.loads (in terms of equivalent
vertical pressures on the SFP ficor) are approximately twice as large as the dead icads and that
the hydrodynamic impulsive pressures on the SFP floor are the argest of all forces considered.

Finite slement analyses with the simplified finite element model described above were used to
estimate and verify the seismic forces listed in Table 9 using deterministic ragponss spactrum
analysis. The seismic input for this anaiysis was a-single point spectral acceleration at the
supports using vertical and horizontal ISRS like those described in Section 4.1.2: 't is noted that
the natural frequencies of the SFP, considering a reducnon of the concrete Young's modulus to
80-percent of its original value and the mass of the water. range from about 16 to 30 Hz. These
are frequencies of interaest for the eshmat on of both hyd odyhamic impulsive pressures (vertical
and horizontal) as well as peak accelérs ng of the floor (vefmcat) and walls (horizontal).
Comparison of these natural frequenci (v the-free-field response spectra shown In Section 3
for this study shows that these frequencies are smﬂwm those for which the ground mofions for
this study have spectral acc - 1
FGA.

Figure 21 shows conft :
detenmmstm respoﬁ ' ys:s described In the previous paragraph with the vertical
i put at the supports The results shown in are for a
free-field PG&% .

ooefﬁcxents

nodes of the detailed LSDYNA fi nlte &lemant mode) for the nonlinear analysis. Esttmatuon of
equivalent nbd_al forces for ma walls, both honzontaz and veriical uged a procedure analogous to

base of the SFP, ar¢ the: iergest seismic forces in Table 9. This Is because the natural
frequencies of the SFF structure, including the water, are resonant to the high frequency
content of the free-flaid ground motion. Given the significanca of these pressures, deterministic
responsa spectrum analysis with the simplified ANSYS finite element model of the SFP was
used 10 verify their magnitude. Figure 22 shows peak hydrodynamic vertical pressures
calculated in this manner for the ventical ISRS at the supports of the SFP (taken to be the same

. at each support). The pressures shown in Figure 22 are for a free-field PGA of 1.0 g and need

to be multiplied by 0.71 for comparison with the values in Table 8.
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SFP floor calculated using
ASRS as input (1.0 g PGA)

Figure 21: Estimated peak verti
deterministic response spectrun:

Figure 22: Estimated peak vertical hydrodynamic pressures on the SFP floor calculated
using deterministic response spectrum analysis and vertical ISRS as input (1.0 g PGA)
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4.1.4. Finite Element Analysls Resuits for the Spent Fuel Pool

This section prasents a summary of the rasults obtained with the nonlinear finite element model
described in the pravious section for the loads described in Step S of the approach and
described in Section 4.1.3 as well. The principal objective of the analysis was to track the
deformation of the SFP structure, concrete cracking and liner strains to estimate potential
leakage rates,

The analysis used the LSDYNA software which is an implicit dynamic finite element code, Since
this is an equivalent static analysis, the analysis used mass scaling {with small changes in total
mass of the model) together with slow ramping of the loads in ordef s minimize spurous
dynamic effects. Specifically, the analysis siowly {with respect to thé periods of vibration of the
SFP structure) and proportionally incremented all dead loads: .r’aached their full values.
Subsequently, the analysis slowly and proportionally appiiaﬂ afl the eﬁaivaiem seismic static
loads until it reached iheir full values, Full values of the peak seismic loads were kept constant
for some time in order to verify the stability of the respdris Subsequentty. the seismic forces
were slowly and proportionally removed and then gppi jad again to verify the ngture of the
response for an unloading and reloading path. T joading path resulted in tﬁésame final
condition as the original loading path.

Figure 23 shows vertical displacement ad Combination consisting of the dead
ioads, 100-percent of tha vertical seise nt of all horizontal seismic loads.
The maximum displacements are nearthe or and small, of the order of 15
mm (about 0.8 In.). Small dlsplacements;agp a f finess of the SFP structure
which consists of thick RC slabs and waﬂs% the or ) ft} and: mpamtwety short spans
{from about 35 ft in the N§ dirgmon and ab fi: 9

Figure 23; Contours of vertical displacements of the SFP floor and walls
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Figure 24 shows vertical displacement along the outside face of the W wall. Of special interest
in Figure 24 are the discontinuities of vertical displacement at the hotlom of the SFP wall at the
top of the SFP floor, which are identified by the transition between the blue and green contours
near the center of span at the bottom of the wall. Discontinuities of vertical disptacements in this
region are of interest because, on the inside of the SFP, this is the ragion of strain
concentrations In the SFP liner as shown In Figure 25. Finally, Figure 26 shows (with the red
contour) the region of the SFP, at the bottom of the SFP walls and at the top of the SFP fioor
where the tensile strain of the concrete is exceeded and a crack stans to develop. The crack
starts as a flexurs crack and develops into a tenslon-flexure crack though the thickness of the
wall, :

acement of the SFP walls

Figure 28: Liner strains {overall response not fully accounting for strain concentrations)
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Figure 26; Reglon of concretéior on at the floor-wall junction

The higher liner strains In Figure 25 are, .

the SFP fioor, which is a region strain ¢ trations A 1845 2 region of strain
concentrations, the liner strgios shown are%ﬁxait ofthe m&emf 5x10 10 1.9x10°. Which are
less than or about 60-pert ater than the pomin yiald strain of 1.2x10°. The mesh
size for the liner for thi Naraa finit§ alemant a Iys!s is not sufficiently small to fully capture
strain concentratiopgin’ f
deformation of the st ;mxm and

fine mesh bj{ghss finer inset uses elements as smatl as 0.15 in. (about

yat 1#9im the flooF to the wall. The analysis then used this detailed liner
insert to estimate the liner sl rains. Specifically, the detailed insert was embedded into the
originai mniitgsar finite a!emm model of the structure. The SFP structure was then analyzed
with the embatded detailed model of the liner {Using tha "Constrained_Lagrange_in_Solid"
option in LSDYNA and apprapriate contact definitions) to assess strain concentrations in the
liner. Note that the Rmr is attached to the concrete only at a few discrete Jocations and is in
contact with the concrete sisewhere. Specifically, at the junction with the wall, the liner is
attached to concrete only near the backup plates between the floor and wall (see Figure 19) and
is m contact with the concrete elsewhere along the floor-wall junction. For this reason, high
strain concentrations are axpecied to develop anly near the backup plates.

Figure 27 shows results of the analysis of the SFFP with the embedded liner in a portion of the
wall near the reglon where strain concentrations are expected to be the largest. The results
show that the presence of the embedded finer as a gage did not affect the overall response of
the SFP In a significant manner. However, i permitted an estimation of the strain concentrations
in the liner.
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¢ using the detailed finer insert as
indicated above. As expected strain to the region of the liner naar

the backup plates at the ﬁoas_whem t At ushapas embedded in the SFP

(0.037). The foliowing s
the concrete cracking .
consldered. : V ' |

4

Figure 28: Strain concentrations in the SFP liner
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4.1.5, Damage States

This section documents the results for Steps 6 o 9 ¢of the approach defined in Section 4.1.1,
which uses results from the nonlinear finite elamant analysis described in Section4.1.5 to
estimate leakage rates. These leakage rales are then used in the accident progression analysis
to define the rate of loss of water from leakage at the botiom of the SFP.

Congcrete cracking and moderate leakage rate

Post-processing of the displacements at the top of bottom nodes of the horizontal Jayer of
concrete finite elements at the top of the SFP floor provides an estl'. ate of the width and length
of the cracking at the bottom of the SFP walls. This first step of this processing is the sampling

of vertical drsp!acemen!s at tha top and bottom nodes of this. if concrete elaments at

main agsumption in this process is that a major sing
this SFP) develops at the floor-wall Jun_g:tlon ra’ther th

ns for hydraultc prassures similar to those in the SFP
d watet pressures for thosa tests b«ackated the average

 of that study are: an equatnon to estlmate the leakage flow rate through
Jlves a'fnctmn factor determxned by the experiments Specifically, the

. is the fuid density, g is the acceleration of gravity, v is the flow
velocity, o is the crack depth (concrete thickness), and /s a friction factor. The results reported
indicate that a friction factor of 0.8 is adequate for the average crack width estimated above.

Using the equation above for the leakage flow, and a friction factor of 0.8, assuming ne initial
loss of water and using the crack width and tength estimated above, the leakage flow with time
for the SFP was calculated as shown in Figure 28 in terms of the change of the water height in
the SFP with time. The flow rate in that figure represents a makderate flow rate condition.
However, for this condition to occur it is necessary that the liner strains exceed fallure strains for
the liner material at the region of strain concentrations (near the backup plates), that these tears
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become unstable and the liner tearing spreads to an extent such that the leakage rate through
the liner is greater than the teakage rate through the concrete crack. In this case, the concrete
crack controls the leakage rate from the SFP, This is further discussed below in conjunction with
the liner strains and {iner failure criteria as well as the estimation of the relative fikelihoods for
the three damage states considered.

40.0 ? { l l
35.0 AN

: \ — W ater Height
30.0
LN

N == ater Height [accounting
\ for volume of spent fuel)
200 NG

15.0 \

10.0

50 ? {\N .
0.0 ? P

i
250 +

Wataer Height {ft)

D 3600 7200 10800 14400 18000 216DC 25200 28800
Time (5)

Maximum effective
are of the order of 0.

0 the iength356f the E and W wells. Attachment details along the S
. compliance of the finer to the concrete deformations, and are
centrations as large as those at the base of the E and W walls
ar the bialcgicai concrefe shielding structure are smalt and liner
teanng i5,not expected at the base of that wall. Accordingly, tearing of the liner, if it were to

be along the base of the E and W wails.

Failure crlter or steel platas uaed in reinforced concreta containments inctutded liners with
cagrrosion damage i8 used’ﬂhere to estimale failure strains for the SFP finer (Cherry, 1998).
Failure criteria for Ainers without corrosion damage reported by Cherry (1996) are used in this
study to estimate fallure strains for the stainless stee! SFP liner. On the base of the reported
failure criteria, this study assumed a somewhat conservative estimate for the finer failure strain
from the point of view of leakage rate in order (o characterize the leakage rate for 3 damage
state with small leakage flow rate,

Specifically, a finer strain at failure of 0.10 {10-percent} was assumed {o estimate the width of a
steel crack located at the fioor-junction and localized at the lesation of the backup bars. The
crack width was then calculated by multiplying this strain at failure by the width of the finite
element with the maximum effective strain, which is approximately equalto 3.7 mm (0.15in.) as
indicated above. The resulting crack width for a liner tear localized at the location of the backup
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bar Is than astimated at 3.7x0.10 = 0,37 mm (0.015 in‘). The crack fength at each location is
taken to be equal 10 the width of a backup bar which is equal 10 4.0 In. {101.6 mm). Given that
the spacing of the backup bars is 2 fi, a total of 40 backup bars {20 on each wall) are used to
estimate the sum of all localized crecks at 4x40 = 180 in, The estimated width for each crack, if
it were to occur, is then 0.015 in and the depth of the crack is the depth of the liner which is
squal to 0.25 in.

Given the estimated width, length and depth for each localized liner tear and their number, {t is
still necessary to estimate the leakage rate through these tears. Estimation of this flow rate uses
the following assumptions: (i) the flow rate can be estimated using an-equation similar to that
used for flow through the concrete cracks; and (i} the friction factor3or that equation can be
calculated on the basis of test results for leakage rates through
assumptions are not validated at this tims. Therefore consider
resulting ieakage rate estimate.

Hpcertainty exists for the

Estimation of & friction factor was made using data in 'bf {1994) for leakage through cracks In
stee! pipes. Back calculation of friction factors from data presented in this refefence shows a
large variability in the calculated friction factor. in'panticutar, the friction factor &
heavily on the smoothness of the crack surface. “Also, the fluid in‘the pipe is at hi h-étemperature
and the driving pressures are much higher than those pplicable to the SFP. Review of other
flow models reported in Paul (1994} indicates that for re ly smoqth cracks friction will bs
low. On the bases of this information, 4 uaﬂcm for the flow thmugh concrete cracks was
used for flow through stee! cracks with' i _

40.0 T ;

350 \ ——\Water Helght
.30'0 \ w—eipfater Height {accounting for
\ volume of the spent fuel)
E 20.0
[T
y 150 :
T
g 100 \
= 50 k ;
0.0 Mo S
o 50000 100000 150000 200000
Time {s}

Figure 30: Small leakage flow rate (through localized steel tears)
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Step 6 of the approach (Section 4.1.1) defined three intial damage states as follows:

a. Npo leakage - A state with no leakage from the bottom of the pool. This state corresponds
to concrete cracking at the base of the walls {estimated to be through wall cracking for
the event considerad as shown in subsequent subsections) but without tearing of the
linar.

b. Moderate leakage rate - A state with leakage from the bottom of the SFP, corrasponding
to through wall concrete cracking at the bottom of the walls and tearing of the liner that
propagates 1o an extent such that water [eakags is controfl the size of the cracks in
the concrete, The esnmated leakage flow rate for this d state Is shown in Figure
29.

c. Small leakage rate - A state with leakage from the b SFP, corresponding to
through wall concrete cracking at the bottom of thewalls and tearing. of the liner that

remains iocalized 10 the where the floor liner i aflached 1o the SFP figer near the walls.
The estimated teakage rate for this damage state is shom in Figure 30"

ear’(hquaka (with mament magnitude M= 9.0)
{5 BWR Mark 1 SFPs)
{3 BWR SFPs)
{4 BWR SFPs)
-1 (1 BWR SFP)
Niigataken Chuetsi-Oki earthquake (M= 6.8)
o KashiwAzaki-Kariwa (7 BWR SFPs)

QOther than same loss of coolant from sloshing, e.g., unit § a ioss of 1.2 cubic meters from the
SFP at Unite 6 of Kashiwazaki-Kanawa (Kawamura, 2008}, no leakage fiow near the bottorn of
the SFPs has been reported for any of the SFPs in those nuclear pawer plants.

This section provides a camparison of ground motion indices and 1ISRS spactral accelerations
considerad for this study and observad al the various units of those nuclear power plants.
Although these review and comparison are praliminary and use information avaliable at the time
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of the exacution of the SFP Scoping Study, they assist in the interpretation of the resuits
obtained for the seismic scenario and spent fuel pooi considered in this study.

it is noted that the seismic design loads for the various reactors cansidered in this comparison
differ, for the most part, from the design basis loads for the sita considered in the SFP Scoping
Study. A possible exception to this wolild be the Unit 1 at Fukushima Dalichi, which initlally
considered comparable seismic design basis loads. However, seismic design basis loads for
this reactor were subsequently revised upwards {those are the design loads reported in this
comparison}. This difference In the seismic design basis foads and the fact that details of the
reinforcament {e.g., out of plane shear reinforcament if any) and construction of the various
SFPs affactad by the recent past exparience in Japan are not kn idd uncertainties {o the
comparisons. Another source of uncertainty for this comparison;isthat the recorded ground
motions and related PGAs at the various sites are not for the most pan free-field ground
motions and, therefore, not diractly comparable 1o the tree-&ield PGA considered in the scaping
study. Addxt;ona' sources of ungertainty are the type crf reaptor (e g. severai of the reactors are

bta;-‘. also lst the design PGAs for

sritat PGAS for the free-tield ground

» Horizontal PGAS at the foundatio
the scoping study w;th'atha exoeptmn

seismic evarnt for this ‘sbenario will be an earthquake at a distance of about 15 km

of less.

Table 10: Fu ushima Daﬂchl measured and design (DBGM Ss} PGAs at foundation siab
{Tohoku, 2011 earthquaka}

: | Measured Design Values
Unit | Reactor : HMorizontal ¢ Vertical | Horizontal Vertical
NS __LEW NS | EW

Mark 1 {480 1447 @ 258 487 1488 412
Mark1 (348 1550 ;302 441 438 {420
Mark 1 {322 907 23 448 1441 1429
Mark 1 | 281 313 1200 447 1445 1422
Mark1 311 548 | 256 452 1452 1427
Mark2 (288 (444 244 445 | 448 | 415

O] $ 3 GRS
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Table 11: Onagaws, measured and design (DBGM S;) PGAs at foundation slab
{Tohoku, 2011 earthquake)

: Measured Design Values
Unit | Reactor !Horizontal | Vertfical | Horizanial Vertical
NS  (EW | NS EW
1 540 587 439 i 532 529 451
4 807 461 389 554 572 490
3 i 573 458 321 812 487 1478

Table 12: Fukushima Dalini, measured and design (DBGM S,
{Tohoku, 2011 rarthquake)

As at foundation glab

Maasured -1 Design Values'™ -
Unlt | Reactor | Horizontal '+ Horizontal
NS
1 Mark 2 | 254
2 Mark2 243
3 Mark 2 {277
4 Mark 2 210

Table 13: Tokai, measured and desig
{Tohoku, 2011 earthquake)

Design Values

Horjzontal Verticai
NS EW
393 400 456

Design Values
Vertical | Hotizontal . Vaertical
NS EW NS [ EW

e Mark 291311 1680 [ 408 274 1273 1235
LiMerk2 1304 [ 6806|282 167 i 187 1235
tMark2 1308 [384 311 192 1183 235
Mark2 310 1492 1337 1193 1184 1235
jMark2 1277 1442 205 249 1254 238
ABWR 1271 1322 1488 263 1263 1235
ABWR 1267 356 |355 263 1283 1235

~loja]ewsjrala]

Another aspect of interest for this comparison is the frequancy content of the ground motions as
characterized by response spectra. The site chasen for the scoping study is a rock site and the
ground mation response specira for the seismic scenario considered shows high spectral
amplifications for frequencias greater than aboul 10 K, -
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Figure 31 shows vertical response spectra for 5-percent damping at the foundation slab of Unit
1 (the case with an horizontal PGA of about 0.7 g) and Unit 4 of Kashiwazaki-Kariwa and the
corresponding response spectrum for the vertical ground motion for the scoping study. The
comparison indicates that the ground motion for this study has higher vertical speciral
accelerations at the frequencies of vibration for the SFP sfructure and its components. The
results shown are typical of those for the other reaclors at Kashiwazakl,

2000 Vertical Response Spectra - 5% damping
N N R | : |
{ T Poi Ei"5--------x.x;«n-amz.-.a;c;umt1 |

T4 i
A Sl |}

e Kashiwazaki Unl 41 | |
wme SFP Scoping Study {4 -

i
o
(=4
<

1000 ¢

g

Acceleration, cm/s?

vency content of the ground motions is made using
absp iglire ows horizontal response spectra for S-percent damping at the

fuunéaﬁun slab of Unit 1 the casewith an horizantal PGA of about 0.7 g) and Unit 4 of
Kashfwazakl-Kaﬂwa and me'correspundmg response spectrum for the horizontal ground mation
for the scoping study. The camparison indicates that the ground motion for this study (rock site)
has higher horizontal spectral accelerations al the frequencies of vibration for the SFP structure
and its componants. The results shown are typical of those for the other reactors at Fukushima
Daiichi.
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Figure 33: Vertical ISRS for kashiwazaki-Kariwa Units 1 and 3 and for the SFP Scopmg

Study
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The review and comparison show indicate that the seismic loads for this study tend to be more
chalienging to the SFP than those for the cbserved events. One reason for this conclusion is the
higher frequency content of the ground motions for the rock site chosen for the scoping study at
frequencies near the natural frequencies of the SFP structure and its components. Another
reason is that the vertical PGA for the scoping study reason is substantially greater than that for
the observed events in Japan. '

A conclusion fraom the review is that for the challenging events considered, leakage from the
bottom of the SFPs of 20 BWR reaciors was not reportad. However, possible differences in the
design and construction of the 8FPs, including higher design basis selsmic loads, for the
Japanese plants leads to uncertainties in this preliminary comparisch

4.2.0ther Damage States

Assessment of other damage stages is pimary based 8" (i) finita element deterministic

walls undar the apphed loads.

of Water from Sloshi
Vertical displacements of the water surface {sloshin

water from the SFP dEpean:the Iow fre&uency '

dtra 2000) show that the natural
,_'the order of 0.25 Hz for a period of about 4
) the scopmg study does not have htgh

: ,mate tha sloghing amplitude. These analyses
i ' ontaHsR . at mid hebght of the SFP {for the frequencies of interest to
: Zaled 0 4 mpmg“‘-

subsequenta' ident progres on anafys:s

Damage tg Befug]_-'Ggg, SF

Refuel gate - A site l;IIS!_.t -and examinalion of the refueling gate structurai drawings revealed the
fotlowing:

‘Penetrations, Spent Fuel Assemblies 3 ang Racks

The steel gate next to the water is backed by a similar gate.

Each of these gates consisis of a steel-plated decking with sieel sliffeners.

Each gate has a polymeric seal around its perimeter that is pressed against the concrete
by passive mechanical means thatl are not expected to be lost during the seismic event.
Since these are passive mechanical means the effectiveness of the seals does not
depend on the avaliabiiity of AC power,

Officiat-ige Only = Sensitive intermat information
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+ Tolerances around the seals are sufficient to accommodata the already small distortions
of the biological concrete shielding in the refueling area from the seismic event.

Based on the above, it Is concluded that the refueling will not fail under the earthquake and wili
continue to maintain its intende@ function during the accident progression,

SFP penatrations - According to the Final Safety Analysis repont, there are no connections to
the SFP that would allow water to drain below the refueling gate or below 10 ft above the top of
active fuel. The FSAR further states that lines below the levels In the previous paragraph are
equipped with siphon breaker holes to prevent inadvertent drainage, In addition, the systems for
maintaining water quality and quantity are designed so that fallu appropriate operation of
these systems does not cause uncovering of the fuel. In addition, results of the nonlinear finita
element analysis also indicate that overall distortions of the b'walls are small (of the order of
a few millimaters). These distortions are not expected to l Hd-1o dically induced damage of
the penetrations that would leak (o potential ieakage. ’

assessments made in cenjunction with the resolutto )
(Prassinos et al., 1889). As in the case considered in
considered are allowed are allowed 03 fide, which tendsto.reduce the magnitude of the seismic
accelerations on the racks and partially;: Hic response from the response of

the SFP.

150 seismic PRA (Lambright, 1880), the
3 The response of the reactor buildmg

at‘ihese frequencies are about 7 Hz, l.e.,
the ground motion for the scenario considered
g motions considered in the evaluation of the medfan fragsmy
bullding would not be expected for the sgismic scenario

simple kmematlc analysis md‘ cates that if the crane bridge were to lose support at one of i{s as
; ":'.-- e ground shaking, that end of the crane bridge would not fall inside the
SFP. Depending® j sade would lose support that end might fall a few feet from the pool

but not inside the pog

Loss of offsite power is expectad for the semsmic scenano considersd. Medlan fragilities for loss
of offsite power, in terms of PGA, are iess than half the PGA for the seismic motion considered
in this study. Review ¢f the fragilities estimated for NUREG-1150 (Lambright, 1990) study
indicates a high probability of loss of onsite AC (about 0.84). This high probabiity estimate Is
based on either direct failure of onsite emergency diesel generators (sensitive to spectral
accelerations around the 20 Hz frequency) or fallure of either the emergency service water or
the emergency cooling water which provide codling water for the diesel generators.

Cfficial Use Only=Sensitive-int Hf f
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5. SCENARIO DELINEATION AND PROBABILISTIC
CONSIDERATIONS

5.1.Representative Operating Cycie Characterization

This section captures initial and boundary conditions related to the assumed operating cycle, as
well as other related assumptions about the contents and layout of the spent fuel pool.
Specifically, Table 15 captures these boundary and initial conditions for the high-density loading
configuration and the alternate low-density loading configuration. Information about the
operating cydie length and outage length are based on averages of 1 formation for the last §
operating cycles at the selacted plant.

Table 15: Remaining Boundary and Initial Cohditions
e Low.density loading (if

Hem High-density loadifig differsn
General: A

Operating cycle duration 23 months -
Rack geomelry:

Support leg height 18.41cm (7.28 -

Cell pitch 15.95 cm (6.28 in .

Open vs. closed celi
# of storage locations

Fuel Ipading
Min. assem. during outage®
Max assem. during outage.
# of assem. after outa
Newer fuel (< b ye
Otger fuel (> 5 yeats)
Pattern for hc«tx%ua
Coherent downcotd

84*2 = 588
84”3 = 862
2684°3 = 852

N/A
1x4 “with empties”

Hera it is assumed that a fult core officadt capatdiity [an indusiry commitment as opposed io a reguialory

requirement) is mainiained. Furtner, it is assumed that 284 assamblies are offlcaded each outage (roughly

7% of the core) based grmarily on the information in {Exelon, 2011], with a slight changs from 270 {o 284

assemblies for MELOOR modaling convenience.

¢ 80 of these rack locations may be reserved for glonng guice lubes. This situation is nat addtessed here, it
is expectsd 10 have a very mintr gffest on the rgsulls. By assumption, these 60 rack cells are filed with very
tow decay heat fued, and represent less than 2% of the overall SFP inveniory {and less than 2% of the
radwnuclide inventory available for releass),

N See [Exelon, 2011] for more informalicn,

See Section 9.6 for a discussion of how the use of configuous {uniftvm} arangements would

gffect the results.
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Low-density loading {[f

item High-density loading different)
Qutage specifications:

Shuffling vs. full core officad | Shuffling {roughly 1/3 core)® | -

Removal of weir gate 2 days {after subcriticatity) -

Start of defueling 2 days -

Completion of defueling 8 days -

Start of refueling 14 days -

Eng of refugling 20 days - :

Replacement of weir gate 20 days {(modeled as 25 i

End of outage days) ;

Cycle length 25 days

700 days (23 months) .« j

recently-gischarged fuel is stored in a 1x8 pattern
of the fuel, wera it to hecome uncovered. Begau
atypical (relative to the fleet)}, it is nat considered '
sensitivity study will be performed to demonstrate

below shows what the different pattems look like. Sec Trprovides a discussion of how the
use of contiguous (uniform) aangemen

-contiguous; 1x4; 1x8
ed assembly; Blue = older, lower decay heat assembly

that affect the a postulated accident {Changes in tha decay heat, changes in
the invantory of fusl , etc.) As such, it is necessary to discretize this continuous
behaviorinto a ma set of discrete quasi-steady snapshots. Further, it must be
recognized that the number of quasi-sleady snapshots {or Operating Cycle Phases - OCPs as
they are termed throughout this report) has roughly a linear stating effect on the number of
MELCOR analyses that must be performed. As such, the definition of the OCPs becomes a
minimization / oplimization problem {i.e., it needs to minimize the number of OCPs while
optimizing the resulting OCPs’ accuracy in representing the above pogl-reacior configurations /
spent fue! loading configurations / decay heat levels).

& Note that the decay heat from the fuel left in the reactor is considered when the pool and reactor

weli are hydraulically connecled.
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Based on the above considerations, timing associated with the movement of fust and key
changes in piant configuration were combined with the peak assemity and whole pool decay
haat curves o arrive at set of five OCPs as outlined in Table 18.

Table 18: OCP Deﬁmﬁon for a “Typical” Peach Bottom Operating Cycle

Spent
g fuel
0 % of | config.
CiOCP Time | oper- | Poolreactor | for high-
P | Descriptic | {days | ating | configuratio | density Peak assembly
#|n ) cycle i n loading power
Defueli . Highest powered
1 oithe 2-8 | 0.9% | Refuel SO ofioaded
reactor (~ ' eing assembly @4
1/3 core) ._ days’
?;:S’or ’ "Hbghast powered
. . 8- “ . [éaded
2 | ingpection 25 24% | Refueling assemb!y @ 13
and
refueling days'
Highest
decay Highest powered
o | power 25 - 56 [ offlcaded
portion of | 60 ° assembhes) assembly @ 37
non-outage @ 37 days' | days'
period
Next
hlahest Existing+ | Highest powered
4 - (offioaded officaded
pow assembhes) assembly @ 107
@ 107 days’ | days'
Existing® + Highest powered
_ {offloaded officaded
® Unconnected | 1x4 assemblies) assambly @ 383
@ 383 days’ | days'

»

Refers {0 the

‘residing in the SFP at t = 0 {prior to offload).

cn mean dacay heat losd (as opposed to mean time) during the
ext for additional discussions); time zero is set to the time of

Thers are saveral key assumptions in the above OCP definition that warrant highlighting:

Offloading of older fuel in to tasks {as part of the normal fuel management praclices as

opposed o an expedited fuel movement program} is not explicitly treated. Rather, a
stylized assumption is made that the 284 assembiies that would be loaded in to dry
casks during the operating cydle are instantansously removed from the pool just prior to

the outage,

Officiat tse-Only~Sensitive-Internal-informati
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. New fuei is not treated. This fuel would be placed in to the spent fuel pool just prior to
the outage (the subject plant does not use a separate new fuel vault). Thus, the fus!
would only be present for a very short portion of the operating cycle. During the time
that the new fuel is in the SFP, it would affect the amount of zirconium present to
participate ln a propagating zirconium fire, but would have a negligible effect on the
source term®,

. The calendar time et which the snapshots are evaluated is based on the mean decay
heat during the OCP, as opposed to the mean calendsar time 'fgacal! that the OCP
snapshots are intended to represent a continuous function o ossible conseguences.
While the likelihood of a8 seismic avent oceurring is co i_n ime within one of these

OCPs, the consequences assocwted with the event af oty

case of QCP#1, a minor ad}ustmem is ma
sonveniencs (the mode! is nodalized such:

étikeiiﬁon 6f successful execution of
ather, this sludy lakes the approach of
ftigation, aach of which is described in the

ex-containment release-in- -progress andfor performing a large laak repa:r

Section §.3.2 provides some funther discussion on the rationale for developing results for this
situation.

The radicactive material thal is of concem during an accident is the fission products generaied
while the fuel is in the reactor. The U0, present in fresh fuel would not contribute noticeably to
the source term, and in particular, not in a SFP accident where the temperatures during a
postulated accidant are lower than those during a reactor accident,

Offictal Uss Oniy—=SensHive-int Hf 4
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The second situation is one in which {i) mitigative aclions associated with the regulatory
requirements of 10 CFR 50.54(hh)(2) are successfuily deployed, (ii} additional ansite
capabilities are used to extend the use of this equipment, and (i) arrival of ofisite rasources
aliows this equipment to be utilized for an extended period of time (L.e.., days) until onsite
capabitities can be recovered. £ach sltuation is summarized In Table 17.

Table 17: Summary of Mitigation Assumptions

Situations with successful Situations without
deploymaent of onsite successful deployment of
item mitigation onslte mitigation
Normal accident mitigation , ! .
equipment Damaged by the event; rex very/repair not credited

Successfully deployed 2 houf
after diagnosis

50.54(hh){2} equipment Not credited

Successfully deployed to
Other onsite resaurces extend operat;o__ o
50.54(hh}{2} adlipment

{ot credited

Offsite resources

Successfuily depioyed for terminating the acci nt at 48 or 72
Zhours (see associated text) i

Emergency Preparedness Effeciive

Mitigation equipment being
considered under NRC QOrder
£A-12-049, dated March 12,
2012

The fotlowing sections descr|bé

& assoéiisted with these capabilities that are contamed in NEH)S-
(which has bean endorsed by the NRC“’} For instance, the ime &t which the

starting to operate) is 2 hours'after diagnasis. The guidance in NEI-06-12, Revision 2 does
include a provision that aliows for a deployment time of § hours after diagnosis for spray, if the
fuel has been favorabl sonfigured. That provision is not invoked here because the site in
guestion strives to deploy the equipment within 2 hours regardiess of the fuel configurstion, and
the existence of cases without successful deployment of mitigation envelope this effect. The
assumption associated with the time ta deployment of sprays whan the fual is favorably
configured will be addressed as part of a sensitivity study. Future work could be aimed st
deveioping performance-based or timegline-orionied deployment times based on mitigative

*® This gacyment was origtnally endorsed for operating reactors by the NRC by letler daled December 22,

2006 NN, =c this endorsement was camied forward in the Statement of Considerations for
the assoctated rnuilemaking (see *Power Reactor Security Requirerents, Final Rule,” published in the
Federal Register on March 27, 2008),
Official Use Onlv — Sensitive Internak inf "
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capability demonstrations or task analysts. Such work might support an eartier deployment
time, or conversely, effects associated with extemal hazards (for which the mitigative
capablities were not explicitly designed) might suggest laler imes. Either way, poteatial
upcoming changes to the regulatory requirements along with the scope of this particular study,
pmmpted the guldence-based approach taken.

The How rates associated with the twa modes of delivery considered {spray and makeup) are
assumed to be the minimum amoeunts required (200 gallons delivered per minute for spray and
500 gailons per minute gslivered for makeup). For the selacted plant, the capacities of the
avaitable equipment are higher. The use of 500 and 200 gpm here alfempts to account for
uncertainties in the speed at whtch the pumps would actually be rur well as spray that goes
outside the boundary of the pool”’. As a resuft, no additional * * I8 grven for inefficiencles
associated with spray coverage {i.e., the spray flow rate is ap, ) iformiy across the pool
cross-sectional arga without further reductwn)

As with the time to deployment, timeline-oriented times. dnagnosls cou ¢ heen developed
based on task analysis, However, even 3 detailed.g fySts would potentiatly: considerable
uncertainty given the nature of the event being stidied. Instead, a set of logical; beit stylized,
criteria were established, These were; :

* No AC power AND

scific crit Ia' don't exist in those procedures
rocedural pathway. [t is also important to
res ralated to loss of spent fuel pool cocling
of loss of spent fuel ¥
50. 54(hh)(2) equtpme €Y
i contrdt

ifable the loss of inventory would cause an
tors toa !ocal panel on the refuel ftoor The alarm procedure

_ nservatwe or non-conservative depending on what priorities the
operators have, and-dif criteria would clearly be more applicable to other scenarios,
namely those that did'not include loss of offsite and onsite power at ime 2ero. The assumption
that pool elevation must drop 5 feet can lead to long diagnosis time periods for slowly
progressing events, thus ieading to debatably exaggerated timeline for mitigative action.
However, these same siowly developing scenarios are the ones that are least important for

"' MELCOR does not mode! the details of the spray dalivery from the nozzle(s) to the SFP. Rather, it
assumes a uniform fux of water af the top of the SFP. A system flow rate of greatsr than 200 gpm is
necessary 1o achieve this unifor 200 gpm-equivalent spray flux, to allow Tor water siriking the pooi deck
or wells and not entering the pool. This inefficiency effect has been accounted for in the regulatory
implementation of 10 CFR 50.54(hh)(2).

Officlal Use Only—Sensitive-internaHnformation
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offsite consequences {i.e., are less severe and less fikely 1o lead {o a release). Theuseofa 2 '
hour geployment time, as opposad to a § hour deployment time aliowed in some situations, has
a compensating effect for some scenarios.

Regarding implementation mode, for cases where the water level in the pool is greater than 0.9
meters {3 feel) abova the top of the racks (a surrogate for high radiation levels on the refueling
floor near the edge of the spent fuel pool - see Section 5.4} at the sarliest time the
spraysfmakeup are ready for initiation (i.e., 2 hours after diagnosis), makeup will be utilized.
Otherwise, sprays will be utilized. This represents one possibie approach to the decision point
in Figure 2-1 of NEI-06~12, Revision 2 regarding whether SFP leakage is excessive. In some
respects it is a more cemphcated approach then might be used, but: §:arguably & more straight-
forward approach 1o enact in the absence of instrumentation. 1 ictice, both approaches end

reached the 3 foot mark (above the top of the racks),__ ¢ time mitigatioh:; "
cases, makeup is deployed even though the leakag fafe actually exceeds

Whichever mode is inftiated (spray vs. makeup), it i
event (i.e., no later switching to a different mode).

Practically speaking, the above set of :
establishing mitigation timetine t:ound:.ar'j;'=

When spent$
delay) plus 1

{pessimistic: case} However. i is important 1o note that there are aspects of these assumptnons
that agsume ,axluges where ihey may not oceur. Far instance, the above set of assumptions
only credit a single succe ssf Ul spray/makeup strategy, whereas multiple strategies may be
deploved. Along 5, there are several other ways {0 recover makeup 1o the spent fuel
poo!, several of which'have much higher capacities than the mode selected, These alternatives
are captured In the Table 10.3.1 of the FSAR, and range from capacities of 25 gpm to 18,000
gpm. For each of the modes capable of delivering more than 200-500 gpm {the mode selected
here), these modes require either multiple manual alignments in the vicinity of the SFP and
reactor, the availability of AC power for valve manipulations, andfor the use of squipment that
might be involved in reactor recovery {mast natably a residual heat removal pump). Finally, as
meantioned ahove, the selected set of assumptions does not allow for switching from one mode
of makeup/spray to the other.
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5.3.2, Rationale for Producing Unmitigated Results

NRC licensees that operate nuctear power plants are required to maintain the facilityin e
manner that makes the occurrence of a sevare accident untikaly. This is achieved through a
numbar of mechanisms involving faciiity design and aperator training, and by applying the
concept of defense-in-depth, Even so, there are uncertainles associgted with the response to a
well-beyond-design-basis seismic svernt, and its associated effecis on the spent fuel pool, which
make consideration of unmitigated scenarios prudant from an informed decisionmaking
standpoint. Some specific congldarations at play for the situation considered in this report
include:

. The regulatory requirements for 10 CFR 50.54(hh}2) eg
on use of this equrpment for responding to a loss of_ ta';_ :

ent are currently focused
2.0f the plant from
response to the
this situation

. i circumstances led to the uncgvery of fuel in
floor might hamper mitigative T8 Shteld;ng
accident analysis are describediatef E OF
suggest projected doses under ceffain Circdrr tances wh“tch,couid cause personnal
implementing 50.54{hh)(2) equ&pn#ém_on the refiigling flodHof the reactor building to
18 ' 4,_actions can be laken to save
-as defined in Table 2-2 of EPA
LF ) of scenarios considered in this report, the
above is not hé case for the Vitial deplolment of the equipment, Note that as part of
the implemertafion of 50.f hggyz) tha licefises has committed to an ability to carry out
the requlred miﬁganve ions. aver In: fuations {e.g., usmg portable shielding or

) ldentification of hdman fallure events and quantification of human error probabilities for
ex-conirol room actions under beyond-design-basis conditions is not a mature figld.

For these reasons, this study is presenting results for cases where accident mitigation efforts
are unsuccessful for same period of time.
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53.3. Conslderations for Future Human Reliability Analysis

For schedule and resource reasons, human reliability analysis (HRA) is not Included within the
scope of this study. In the absence of HRA, no quantitative basis exists for assigning relative
likelihood between accident progression scenarios which include or preciude successful
deployment of mitigation. The two main roles that HRA could play in 8 study of this type and

8COpe are:

» The identification and quantification of human faliure events that lead to heavy icad
draps, and
. The quantification of human error probabilities related to mm___

tive actions.

g-practice exists for either, For
EG/CR-7018 [NRC,
RA praclices applied

Both items present a significant challenge, in that no state-of4

the former item, the most relevant recent work is that decuffisfited in N
2011b] and NUREG/CR-7017 [NRC, 2011c}, which describe qualitative

to dry cask storage operations. Specifically, this work.dpy

Technique for Human Event Analysis) HRA apprgﬂaﬁx o

toa cask drop event or the misicad of a cask. Thﬂ rk developed 8CENANOs mv'"' ving unsafe

s vulnerabliies. Tha work

d PWR.

requnrements at US nucl
avents of interest here

R, op” or mp (MPC'stands for mum-purpase
ch as an 1'u>tanner3Q descent wotild cause a {ess bounding effect on

Nyl

2t &lich as cask fiing-ups wotjy

prompts an action rélative’to the time at which the action wili no kmger be effective (or in the
worst case might be detrimental) even if it is taken. The treatment of actions outside the scope
of the EOPs and SAMGs greally increases the uncertainty in the quantification of the probability
of success/failure of these actions.

In this case, two recent activittes may form the logical starting points for any HRA performed in
follow-on phases of the SFPSS. These are (i} screening human error probability evaluations
performed for incorporating basic events associated with the 10 CFR 50.54(hh)(2) equipmeant
and procedures in to the agency’s SPAR models (as a de-activated portion of the modet for use
in sensitivily studies) and (il) ex-contro! room HRA studies, most notably in the area of fire HRA.

Official Use Only ~ Sensitive Intermal information
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The-latter work Is documented in NUREG-1921, “EPRI/NRC-RES.
Analysis Guidelines.” [NRC, 2012] it includes treatment of g
quantification, scoping HRA guaniffication, and detailed g
aspects of HRA quantification, the document also refer.
User's Guide,” [NRC, 2007¢] and NUREG-1842, “Eval
Methods Against Good Practices.” [NRC, 2006}

e Human Reliability
3&sHRA screening HRA
more general

ek to NURE 880, “The ATHEANA
tion of Human Réliability Analysis

Additional items that would requirs atteation in tﬁe;_ if) the

interrelationship betwaen accessibility, accident FHT

%) ‘gredzctmg the radiological conditions on the refue! fioor for
Urictvery of the fuel. Note that the analyses descnbed n

Hal, not the cbnoe’m of radivlogical conditions associated with the

-7

'-were parformed by the Oak Ridge National Laboratories, looked

‘pithis wriling, aifl completed and reviewed analyses are for the “as
is” condition, th; SFPwith approximately 3,000 assemblies. The times following .
discharge that wers torisiderad are the sama as those associated with the different operating
cycle phases. This por 6n of the analyses is plant specific for Peach Bottom, and utilized 2001
vintage information for representing the fuel design/characteristics in the SFP. Calculations
wera performed using the ORIGEN and MAVRIC modules of the SCALE code suite. MAVRIC
in turn used BONAMI, CENTRM, and DENOVO routines, along with the FW-CADIS
methodology. The 1377 flux-to-dose conversion factors were used, The 200 neutron group and
47 gamma group ¢ross sections based on ENDF/B-VI distribuled with SCALE 6.1 were used
Results of the analyses can be summarized as follows:
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. Far water depths of 3 meters (10 feet) above the top of the racks, projectad dose rates
are very, very low. This is consistent with Regulatory Guide 1.13 which uses this water
depth as a conservative measure of adequate shigiding.

» Doses for the maximally-exposed tocatian on the refueiing floor once the fuel has
bacome uncoverad are vary high {on the order of 1,000 rem/hr as the fuel first becomes
uncovered),

. The point at which projectad doses at the maximally-exposed focation on the refueling
floor surpass 25 rem/hr {a value above which actions can be taken to save lives or
protect larpe populations, on a voluntary basis, as defined in Tabte 2-2 of EPA 400-R-~
92-001) is on the order of 0.3 to 0.8 meters {1 to 3 feet). ;

. Dose rates elsewhere on the refueling floor could be slgn}f'
maximaliy-exposed iocation,

: y lower than those at the

Additional analysis Is ongoing, and this section will be upd 3 Yo incl
complete.

B this anatysis once it is

5.5.Discussion of Repair and Recove

For this version of the report, no attemipt has been account for repair or recovery of
onsite equipment or offsite power, Thisjis a sumpilfying mption, and is motivated in part by
the lack of quantitative information avéilable lo sup;xm suci a determination, for the large
seismic event being considered here, € operators to attempt 10
racover falled equipment. and pursue af ng AC power such as the
to e Connowingo Dam. The
=s.ysiems are damaged enough

. Initial water loss due to “sloshing™ will ba 1-2 feet

. Tearing of the SFP liner is not the most probable outcome, bit is possible,
o There is no failure of penetrations (including the refueling transter canat gate).

. The overhead structures {building debris, crane} do not pose a threat to the SFP in
terms of fatiure due io the initiating event.

Officiai-Use Only — Sensitiveint Hid ’
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» Inadvertart criticalify, including seismic effects on the integrated poison rack material,
are not treatad.

The resuiting simplified set of key events/conditions is:
1. The initiating event octurs

2. Size of leak (if any) located at the bottom of the pool - 0 (none) or value representing a
crack (small) or value representing a propagating tear of the Jiner (moderata) — these
damage states envelope a leak introduced elsewhere in tha'system {e.g., from the
separatefdryer poci during OCP #1 - 2, from the fuel tra ‘canal gate during OCP #3
-5,

3. Assembly in a lifted position (only applicable for OCP #1 and
treated)

nd not explicitly

4, 50.54(hh){(2) mitigation successfully deployad (If credited)

5. Accident sequence is terminated at 48 houra-.-;
hours otherwise. {Note that for I_{ simulations G

lem &3 (assembty in a iifted position) is na
gccident progressx)n analysis, there was 'Ensu_fﬁcian

i he accident progressiafn models
As a result, the effects of a single assembily
will be studied as a stand-slone sensitivity
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Tabhle 18: Scenario Table During Outage

Radloactive Release Commences Prior to 72
Scenaro Characteristics hours?
SFP Leakage High-Density
Case # Rate? Mitigation? Loading —- 1x4 Low-Density Loading |
! None Yes '
2 No
3 Yeos ,
i Small No Ses {aler sactions of the report for results
5 Yes
& Moderate NG
Table 19: Scenaric Table Post-Outage
Scenario Characteristics “Radloactiva Relaasa?
SFP Leakage
Case # Rate? Mitigation?
1 Yes
5 None No
3 Yes
" Small No
8 Yes
g Moderate No

he Seismic Hazard Estimates

. Likslihood Likelihood
based on PGA | based on PGA Potential for damage to
¥ i {yr) {yr) SFP linar?
1 0.1100.3 4.in 2,000 5210° Damage not expscted
2 %0310 0.5 “1in 40,000 2.7:107 Damage not expected
3 0.510 1.0 1 in 60.000 1.7-10° Damage possibie
4 i in 200.000 4.910% Damage possible
Regarding the probe losing AC power from this particular seismic event, the results
described eartier in this:-report are summarized below.
Table 21: Refresher on AC Fragliity
Relative
item Likelthood | Comments
Direct failure of the onsite emergency diesel generators or
Loss of offsite 0.84 | indirect failure owing to failure of emergency service water
and ansite AC ' or emergency cooling water (based primarily on information
- from the NUREG- 1150 study).

Oicial Use Only— Sensitive Internal-inf ;
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As also described previously, the structural assessment led to SFP leakage estimates as

foliows:

Table 22: Refresher on SFP Leakage Conditional Probabilities

Retative

Damage Stato Likellhood | Comments
No laakage 0.9 Significant damage to concrefe; no rupture of SFP finer
*Small’ leakage 0.05 Small rupture of SFP liner; dreins pool in 10s of hours
"Moderate 0.05 Tearing of SFP liner; demaged concrete limits outfiow;
isakage ’ drains pool in ones of hours

Finatly, since a seismic avent is equally likely to happen through
oondmonal probability for us accunrence during a specrﬂc 8161

he operating cycle, the
Iy_ the duration of that

Spent fuel
OCP | Time window / (Time of Fraction of - configuration for
# evaluation) [days] operating cycle high-density loading |
1 2-8 (b} 0.0 2 aiternatives
2 8~ 25 (13} 0.62 considersd
3 28 - 60 (37) 0.05
4 80 ~ 240 (107) Dispersed
5 240~ 700 & 0 - 24,

algebraically, 1o provide likelihoods

:ated Al times, sequences are groupsed (e.g.,
1},in order to assign scenario-spedcific release
:a‘_,la’cent cancer fatality, etc i I impartant to
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6. ACCIDENT PROGRESSION ANALYSIS
6.1. Modeling SFPs with MELCOR

6.1.1. Overview and Experimental / Analytical Basis

The MELCOR computer code [Gauntt, 2005] represents the curent state of the art in sgvere
accident analysis which has been developed through NRC and international research performed
since the accident at Three Mile Island in 1878. MELCOR is a fuily integrated, engineering-level
computer code and includes a broad spectrum of severe accident phapomena with capabilities
{o modet core heat up and degradation, fission product release an nsport within the primary
system and containment, core relocation to the vegsel fower h nd ex-vessel core concrets
interaction.

The MELCOR code is composed of an executive driversand a number gjor rodules, or

« Thermal-hydreulic response of the primar
containment, and the confinement buildings
« Core uncovering (loss of coolant) fue! heatup,

« Healup of reactor vessel lower: g
mechanical loading and fallure of 1
the reactor vassel cavity
Core-concrete attag -_@m-ansumg i,
S48 T , transport, and combustion
), transport, and deposition

2 4 » o

kages have been written using a carefu!ty desrgned modular
mterfaces between them, This anows the exchange of

geomelry is imposed only in modeling the reactor core. The MELCOR code has been
modernized (source code upgrade o Fortran35) to provide an efficient cade structure for ease
of maintenance, resulting in the release of MELCOR version 2.1. The new upgraded version of
the code architecturs supportg advancements in computer hardware and software, and the code
numerics impravements are underway 1o cary out reasonable execution times. The input
structure for MELCOR 2.1 is completely different from MELCOR 1.8.6. MELCOR is an ideal
1o0i for this type of application bacause (1} its capabitities have been recently developed and
validated for treating spent fue! pool accidents and (2) it is able 10 mode{ the accident
progression, and radionuclide release and in-building transpori/retention,

Official Use Onty~ Sensitive int { I "
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As part of NRC's post-9/11 security assegsments, Spent Fuel Pool (SFP) modelifig using
detailed thermal-hydraulic ang severe accident progression models integrated into the MELCOR
code were devaloped and applied to assess the realistic heatup of spent fuel under various poci

draining conditions. The analyses was performed for a refarenice BWR (Peach Bottom) as
documented in Refarences with additional supporting analyses for separate
effects and fluid fiow modeling The MELCOR

analyses were performed using an earlier version of the code (MELCOR 1.8.5 Version RP)
which is no fonger maintained. Some of the modeling improvemants in MELCOR 1.8.6 include
revisad modeling of the fower plenum to account for the curvature of the iower head (not
relevant for SFP), and formation and convection of stratified molten pools.

MELCOR 1,8.5 Version RP included two modeling enhancement§ spplicable to BWR SFP
modeling, {1} & new rack component, which permits better mo&' ‘f‘a fa SFP rack and (2) a
new oxidation kinetics model. The new BWR spent fuel poef*rack camponent permits proper
radiative mndeling of the SFP rack between groups of drﬁerent assem The naw oxidation
kinetics modet predicts the transition to breakaway ox!déﬁon in air en\nron
node basis. All these modeis have been mtegrated Ho
and 2.1). These new SFP features can be useg{c
partial luss-of-coolant inventary accident, and (2}
A compiete toss-of-coolant inventory accident is ch
uncover the bottom of the racks feading to alr circulation
air axidation of the cladding (pre- and@
loss-of-coolant inventary or boil-off accl
the racks. Boil-off of the coolant teads

' the draining of the water to
ns inside the pool and associated

Argonne National Lg
including Zircaloy-4'w

a5 mma Iy steady versus the square root of time a! a particular
ate of oxidation increased after some lime and persisted for the

tomperature. Howevs

remainder of the tes e ANL pre- and post-breakaway Zr-4 oxidation correlation are provided

below.

Steam pre-oxidized, wide-lemperaturs pre-breakaway Zr-4 oxidation correlation [Natesan,2004]
{2}

Steam pre-oxidized, wide-lemperature post-breakaway Zr oxsdation correlation
{Natesan,2004)]

(3}
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The new oxidation model was implemented in MELCOR by adding a breakaway lifetime
catoutation. The model calculates an oxidation “lifetime” value for Zircaloy components in sach
cell using the local Zircaloy cladding lemperaturs.

a— (4)

{5)
(6)

where P, ox is the ME LCOR fit of th_e timing‘ for the transiﬁi)? fron ; reakaway to post-

calculation with hreakaway kinetics show a sharb rease inheHeatup rate foliow rig
breakaway The new breakaway kinetics model provid ﬁer pred:ctton of the measured

vnscous) a?ong a flow
of the user-spec’tﬂed t

Hydraulic resistance measurements were performed on & Global Nuclear Fuel (GNF) 8x8 BWR
assembly at Sandia Natlonal Laboratories {Durbin,2005] to obtain the required frictional and
form loss coefficients including the effects of grid spacer and partial rods. The empirical loss
factors were used directly to model the fliow path resistance parametsrs in the security
assessment analysls h where the axial nodalization of the core cefls roughly
corresponded 0 various regieons in the experimental setup,
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§.1.2. Heat Transfer Modeling Within the SFP and to Surrounding Walls

The MELCOR core models caiculate the thermal response of the core. The core is nodalized
into a number of axial levels and radial rings (each ring represents a colisction of assemblies).
All impaortant heat transfer processes are modeled in each core cell including therma! radiation
within a cel] and between cells in both the axial and radial directions as well as radiation to
boundary heat structures, - Each core cell is hydraulically interfaced to a control volume to obtain
the necessary boundary conditions (e.g.. water level, flow velocity) and in turn supplies the
calculated heat and mass transfer Yo the control volume, Each core cell may contain a number
of components including fuel, cladding, canister (BWRs), and other structures (e.g., contral
rods). et

The new spent fuel pool rack componsnt permits separate m
radiative hea! transfer between the rack and existing companents nth
oxigation kinelics modsl predicts the transition to breakaﬁay oxidation K
environments on a node-by-nade basis. The SFP ra %
SFP racks can be modeled using the existing core.88d lower plenum compo fits. The
MELCOR core model is designed in two-dimengional cylindrical geometry and niddaii
the SFP must fit within this framework. Implicit in‘this framewgfk
heat and mass transfer between adjacenrt rings and jacent elevations. For SFP models the
id grange the fuel-rack cells in a

the SFP rack and

tics in air
8'and the lower gaftegion balow the

similar ring pattem.

The heat transfer paths modeled within 8. oore&r
light water reactors. The capability has b@i'i“n adde
heat transfer paths betweq_q;x}‘i: pompone'i'_,,;j___;_
conduction, but the user:ig} i6iie for deli)y
geometry of the heat ' ZThe heat b
boundary is depicted Flgure 35. f£or radiation’
the view factors and'the surface areas

propnate conventional commercial

e arbfn‘ary ("generalized”) additional
ra flexible intra-cell radiation or

t parameter that caplures the

fer paths within a ring and also across a ring

tween different core rings, the user adjusts

Convective Haat Transfer Surtaces:

mmeuwaer t{Rng2| Clad, Canister/

Rack Water Rods, Racks

Radiative Heat Transter Fiow Path;
{

Fuel —P Ciad —¥ Canister / ~¥ Rack -—;-'F Canister! ~» Ciad —~¥ Fuel

_ Water Rods : Water Rods
v Ring ?
i Racks

Figure 35: MELCOUR modeiing of heat transfer paths

The core modeis radiative heat transfer from the outermost ring components (if present) to the
core houndary specified as a heat structure, The SPF wall is modeled as a heat structure
composed of a stee) liner and concrete which can receive radiative energy from the core as well
as oonvactive heat transler from the adjacent control volume,
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6.1.3. Modeling of Mitigative Sprays

The MELCOR containment spray mode! was used to calculate the thermal response of the fuel
for the mitigatad scenarios involving spray activation. The spray moge! mechanistically modais
the interaction of the spray droplets with the containment awmosphers, and includes droplet heat
and mass transfer and fission product removal capabilities. A droplet size of 1250 microns was
used for ali calculations. The spray was positioned at the top of the spent fus! pool (elevation of
the refueling bay) allowing the droplets to be directed into the assemblies and open spaces
based on their respective cross-sectional areas.

The penetration of the spray water into the assembily is controfled.
model, which replicates the Wallls fiooding curve. Once the spr
the spray s assumed to form a thin fiim on the fuel structure;;
downward. The MELCOR simplified flow reglme model ident]

£the interphase momentum
ater enters the assembly,
_,assembly, which drasns

from the rods and smoundmg gascauses the g
downward in contact with the fus! rods until the io®
greater than 89.8% {i.e., u > 0.998). Dus to numerl
converted into a shallow pool where the fiquid heat traf -area is appomoned by the depth of
the pool in the control volume. Typi o the ramammg veader boils away in the first core cels

whate ig olowryt

Fgure 36: Spray model for SPF analysis

#t should be noted that the MELCOR thermal hydrautic mode! interprets the liguid film as a small
pool at the bottom of each control volume (see Figure 36). Due to the bigh void fraction, the
phasic resistance of the steam or air flowing through the pool is relatively insignificant, which is
the expected impact of a liquid film. Similarly, the depth of the spray water penetration is
controlled by the heal transfer rate from the fuel rather than the mamentum sclution. Axial,
stepwise heat transfer from the core cells limits how far the spray water penetrates into the
assembly. A possible limitation of the thermal hydrautic representation is the relatively small
heat transfer area between the two phases (1.e., heat transfer through the pool and the surface
versus a film), However, the rate of heat transfer from the gas o the water film is minor in
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comparison o the nucleate and film boiling heat transfer on the surface of the fuel rods. A
detailed nodalization is used 1o frack the water as It penetrates into the assembly that permits a
better local representation of the fluid conditions and the location of the spray dryout.
Parametric calculations will be performed to show the impact of this modeling parameter (l.e.,
flow regime model active of inactive).

6.1.4. Modeling of Fuel Collapse and Basepiate Failure

Fuel coliapse is based on user defined cumulative fuet damage fraction {ogic. where the fuel
failure time is defined as a function of cladding temperature and o plied if the unoxidized

zircaloy cladding thickness is less than 0.0001 m. The failure | culates the fuel damage
fraction for the current timestep, if the unoxidized cladding ¢ iteria is met, and adds

fraction exceads unity, the fuel is faited in the SFP M
model eliminates the threshold behavior pregent in
accumulating damage if the fust remains above,

the absolute threshold collapse criterla of 2500

immediately converted fo
efeduced below a usardefinad

6.1.5. Radiopuclide Transport Modeling and Treatment of Hydrogen

In MELCOR, the release and transpori of figsion product vapors and aerosoj (referred 1o as
radionuclides) is modeled by the RN package. Release of radionuclides can octcur from the
fuel-cladding gap by exceeding a failure temperature criterion or losing intacl geometry, from
material in the SFP using various empirical release corrgiations based on fuel temperatures.
After ralsase to a control volume, masses may exist as aergsols andfor vapars, depending on
the vapor pressure of the radionuclide class and the volume temperature.
Official-Use Only —Sensitive Intemal-information
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Aarosol dynamic processes and the condensation and evaporstion of fission product vapors
after retease from fuel are considered within each control volume. Aerosols can deposit dirsctly
on surfaces and water pools, or can agglomerate and sventually fall out by gravitational settling.
Aerosols deposited on surfaces can be vaporized (if volalite) but cannot currently be
resuspended in MELCOR, All deposition mechanisms are mechanistically modeled. Aerosols
and vapors are transported between control volumes by butk fluid flow of the atmosphere and

the poot.

For tracking purposas, tha radionuclides are combined into material classes, which are groups
of stements {and their isotopes) with similar chemical and transport bahavior. Radionuclide
masses include both the radioactive and non-radioactive mass to prepery mode! the transport
of fission products. In the SFP MELCOR modsl, there are fi - uft material classes and
two user defined classes 1o model the behavior of caslum lodi cestum molybdate as
shown in Table 24, :

The fuel releass mode! is based on the CORSOR-8 og %3
tha release rates from the Phebus and VERCORS. g% e
MELCOR radionuclide package Input was modg £5¢11
Phebus experimental program. The cesium, io

were reconfigured as follows,

Class 4 — Characteristic released com@and is {; with thé:f,,‘ﬁ__, iz
Class 18. e WS

oo pound' i with the defautt Inventory representing afl of
lass 2 (G f'agm Csl.

CEHNDOL : s using the remainder of the cesium
it Class 21 GEK ;ra?raady combined with the iodine in Class 16.
d from Class 7% Class 17 to form Cs2MoO4. The released

MELCOR rﬁ&ael that prsveﬁ _'.;' radiction of iange releases'?. There s evidence of mgher
volatility of mﬁ&mm oxidegimany orders of magnitude hngher than the default MELCOR). itis

3§

;fhere is always air present leading to formation of a moderately

telease modet Is applied only to scanartios involving rapld drain down (for modevate leak rates)
of the SFP pool. These cases lead {o relatively early clearing of the rack baseplate and flow of
air (and possibly steam) through the assemblies. It shouid be noled that the model does not
take Into account the concentration of oxygen or steam during the oxidation process.

;’2 There is a mass fransler limiation ia the release from the fusi,
* The rationale for increased Ru class release is based only on increased vapor pressure, and requires
further experimental validation,
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__Table 24: MELCOR Radlonuciide C!ass Camposmon

AClR ﬁims&mmaam% HRaprasentativ ribet ElabT :
1 Neble gases Xe , He Ne, Ar, Kr, Xe, Rn, H, N
2 Alkali Metals Cs Li, Na, K, Rb, Cs, Fr, Cu
3 Alkaline Metals Ba Be, Mg, Ca, Sr, Ba, Ra, Es, Fm
4 Halogens | F,Cl, Br, |, At
) Chalcogens Te 0,8, 8e, Te, Po
8 Platinoids Ru Ru, Rh, Pd, Ra, Os, Ir, P1, Au, Ni
7 Early Transition Mo V, Cr, Fe, Co, Mn, Nb, Mo, T¢, Ta, W
Elements g :
8 Tetravalent Ce i, Zr, i L287Th, Pa, Np, Pu, C
9 Trivalents La YEEE Ac, Pr, Nd, Pm, Smy, By,
10 Uranium U
1 More volatile main Cd
group
12 l.ess volatile main
group
13 Boron
14 Water
15 Concrete
16 Casium lodide
17 Cesium Molybdada

The gap inventory is specifis
noted that in NUREG- 255,

conservatively

; _ Wy the licensee. The decay heat power Is caloulated
rme.and oy L:parameters, such as the fusi burn-up and power history.
The utifitgipro ' and'iﬁ‘é appropnate lnput fitkes for the SFP cmﬁguratlan after

o ay nelad nd radionuclide package for MELCOR was conceived for reactor
;2 mbbes are assumed to have the same shutdown time. MELCOR
calculates the initia) #3160 product inventory from tables of inventories and spacific decay
power for 29 e!amentafgroups The elemental decay heat is normalized per unit of mass of the
element and stored as a function of time after shutdown.

“an Interpolation scheme was used {0 calculate the individual assermblies decay power al different times
refevant to this study (the error in interpolation is fypically less than 1%). Since the number of old
assemblies was increased by 60 (3065 total in the podl}, the decay heal for these assemblies was
assumed 1o be an average of ihe older assemblies,
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Table 25 Radionuclides gap inventories

Clags # Gap inventory | Class combination

1 5% -

2 100% Characteristic released compound is CsOH with the defautlt
inventory wholly representative of the Cesium in the fuel gap
except what i3 already included in Class 16. Required amount of |
cestum not in gap of Class 16 to vieid a 5% total cesium gap '
inventory.

3 1% -

5 5% “ _;ﬁ*gh‘

5% of the Class 16 inventory to yieh _5% of the total ivdine

fo!lowmg procedure was used to implemant the batch-g
effective reactor operating power was estimated usi o
operating power was calculated as the total burn-ufidall assemblies in the SER
dwnded by the average assembly mefric tons ofau" o tum (MTU) d the total nus
* >Slates the speci

decay heat tables is spauﬂed as the scenario time b -:s"hutdown time of the assemblies
S mventories {kg) times the

partition the decay heat apaiistdhe variou L s ; ._summary‘ the batch-averags
R sifTitoduct inverlory is not properly scalad to
account for differenceg @ & the variolz assemb 'ﬂlscharge datas. A post-processing routine is
implemented that uées MELCO&iredicted ase fractions along with actual inventories
calculated for each | tch _

- -MACCS an extensive control system was
tracks the fission produm releases from each rmg15 and the

MACCS activity release is given by:

(10)

" Ring is a collection of assembiies in the MELCOR radial nodallzation,
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where is defined as:
(11)

{12)

Where

r = ring number {total 6 rings)

= radionuciide {1:M} where M is the number of ORIGEN-¢
t = fime since starl of event
RF (t) Environmental release fraction {ring by ring from, MELCOR)

in sach class

the spent fuel pool {(SFP) were

blies discharged {o the pool

e assembty 10, design type,
fialysis basis for the high-

,‘_on ‘the pool capaclty of 3819

Assembly depletion afid ge
2011], mamtained wrthm e

ad for the 'bﬁmw analysis of the assemblies were thase
e libraries are developed using ENDFJB V cross sections and

For the burnup an: lysl rradiation end decay history for each of the 3055 assemblies in the
poot was simulated ¢ y using ORIGEN and assembly-specific dasign and operating history
data provided by the utnhty Each assembly was decayed lo a reference date corresponding to
the end of Cycle 18 {(8/11/2001), and the assembly inventories combined into analysis groups.
The groups were then further decayed o calculate spent fuel assembliy activities and decay
heat power for analysis cooling times of 3.6, 3.9, 5.0, 13.1, 37.0, 107.0 and 383.0 days after
shutdown of the reactor. The assembilies were grouped accordtng to the cycle they were
discharged.
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Group 1 (268 assembilies from Cycle 18}
Group 2 {272 assembilies from Cycle 17)
Group 3 {272 assemblies from Cycle 16)
Group 4 (276 assemylies from Cycle 15)
Group 5 (284 assembliss from Cycle 14)
Group 6 (1683 assembiies from Cycles 7 to 13)

o & & & ¥

This division of assemblies by group facilitated use of the dala for an analysis of a low-density
SFP configuration, whereby all assembiies with a cooling time greater than five years have been
removed from the pool. For the present analysis, aach offload was adsumed to be 284
assemblies for modeling convenlence and to avoid modifying the MET-COR model
nodalization. Therefore, the actual inventories from batches \d@“ scaled appropriately to
corraspond to the rings in MELCOR nodalization, For exampf i
Cycle 18 inventories were increased by 284/268 and the sdrg'of Cyc
as 568/272+272) rgsulting in 852 assemblies as opposad ito the actua

sugh 2001 (assemblies discharged
Hon itation of the 2001 data was that

the utility did not provnde the actual disc
and 13 Donsequentty, previous ana!y

data, indicates that the aveziige
burnup values used in oS na!ysis are’ sigmﬁcamly higher and therefore

emones than earlier analyses. Previous

: U _ity. Notwnthstandmg power up- rates for the
eeant ocourring in 2002, the specific power used to calculate

i presam analysis werg lower than those assumed using the

) s normalized the average specific power of the

fol:] assembties to thv._& reactar specific power. Previcus information provided by the

32001 data included the effective full power days, used to derive slighily higher

specific povwervalues compared to those used in the present study.

The nat impact of etween the analyses performed using 2001 data and the present
analysis is an incre the inventories for cooling times longer than about 30 days, attributed
to higher assembly bumup in the 2011 data. For shorter cooling times the previous analyses
predicted decay heat rates aboul 5% larger than the current results, likely dus to more
conservative estimates of specific power used in the previous analyses. A comparison of the
present decay heat results with values calculated by the utitity In 2001 show agreement to befter
than 3% over all cooling times, with present resuits being slightly larger than utility values likely
dite to the increase in discharge burnup since 2001,

*¢ The nodatization was based on the security assessment work up to Cycle 13. The additional data on
later cycies were received after the MELCOR model had been develaped and the calculations were
staried.
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Hydrogen Bum

A burn is initiated in a contral volume if the mole fraction of the reactants (hydrogen and oxygen)
satisfies the burn oriteria. in addition, control volumes that are specified to contain igniters are
tested against different criteria than confrol volumes without igniters. in SFP calculation, ignition
is assumed to oceur in the reactor building when the hydrogen concentration exceeds 10% by
volume. In addition, MELCOR checks to determine whether there is sufficierd oxygen. The
minimum oxygen mole fraction for ignition is 5%. The maximum diluents mote fraction for
ignition {mole fraction of steam plus mole fraction of carbon dioxide) is 55%. If all these
conditions are satisfied, a bumn is initiated. There may be somg:uncerainty regarding the
combustion of hydrogen, especially with regards to the timing of & Spontaneous Ignition. It is
recognized that a hydrogen burn may occur at higher or lower.concentrations of hydrogen, air,
and steam that have both epistemic and aleatory uncertaintieg:. M any SFP calculations resulted
in conditions where combustion was very likely or very utﬂl_,_ . Cousequently, the results of
cases with and without combustion are presented in e SFPSS. af, there are some
cases that have conditions where the occurrence ming of a cormbustion event has more
uncertainty thal were assumed 10 ignite or not pg. © acoordmg to the defaut spontaneous
combustion criteria in MELCOR .

6.2. Description of MELCOR M_ dels

rage at the bottom of the fuel peol, The fue!
3R of water for rad‘uation shieiding. The SFP

i %&ipmty crlticamy The high-density SFP racks are
el bsu?‘b matena} to maintain a subcritical fue! array.
Wipe and are of nin different sizes. A total of 3819 storage

it ,'3 .of Bisco Borafle whlch is @ neutron absorbing matenal and (c} wrapper plates
constructed of.0.020" thick stainless steel. The nside square dimension of a celf enciosure is
8.07". The cell pitch is 6.28%:The base plate is made from D.5" thick stainless stee! with 3.8”
charnferad througbholes ntered al each storage iocation, which provides a seating surface
for the fuel assembligs- These holes also provide passage for coolant flow.

Each rack module has base support assemblies (i.8., ‘rack feel) ipcated at the center of the
corner celis within the module and at interior locations to distribute the pool floor loading {8.g.,
see Figure 37). Each base assembly is composed of 3 level block assembly, a leveling screw,
and a support pad. The top of the leveling block assembly is welded to the bottom of the base
piate. SFP fuel celis are located above each rack foot. Four 1” hales are drilled into the side of
the support pad. The interior of the support pad is hollow and permits flow to the opening in the
base plate. The square tube calls are used to construct the rack cells, which results in an equal
number of cells resulting fram the square tube cell checkerboard layout, Figure 37 shows the
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layout of the rack celis. There is the potential for lateral cell-to-cell flow between connected rack
celis,

Figure 38 shows the controt volumie (C\) nodalization otine SFP region of the whole pool
maodel. The bottom of the poa! was diidag: ;. CV299 represents all the open
regions in the SFP around the racks an&p j the cask a’_ a. The racks are subdivided into
the other 7 regions. Ring 7 (CV170 and t 171’}*3'

with assembhes ts furthe( ;
CVs inside the canister g

d the bypass region batwesn the rack and

afe Rings 2 through 6 contain similar canister

| the pool is divided into two controt volumes.

21 Fahifrises through CV300. The flow enters the
10 through CW 70. For low density configurations, the CV

85 region {between the channel box and rack) as shown on
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Figure 2. MELCOR nodallzation of the assemblies (only two rings shown)
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Tha hydraulic resistance was specified using the results from the SNL experimentat test
program [Durbin, 2005]"". For example, for the flow path connecting CV113 and CV114 in the
fully populated region, the MELCOR input values included a ioss coafficient (K} of 3.8, and &
friction factor (S.a) of 31.3 {=125/4 since MELCOR uses the fanning friction factor definition).
The flow resistance under the racks was representad using typical contraction inertial loss
coefficients and viscous losses consistent with a flow length to the center of the SFP, The BWR
assembly canistar is modeled with the MELCOR canister component. The rack walls are
modeled with the new rack component with stainless steel and Borafiex materials. MELCOR
does not include an option to model the two large water rods in the center of the assembly.
Conseaquantly, the water rod mass and surface area was included in the canister wall.

controlled the resistance in

The axiai chenne| and bypass wall blockage modets were activeg
f the materials in the

the respsttive flow paths. The blockege model monitors the
channel and bypass regions. If a debris bed forms, the flowzesistan adjusted via an Ergun
flow resistance model. The canister wall radial blockage:n odel controls paths betwsen the
bypass nagion and the assembty Initially, the canist well precludes flow: owever, if the

A complate reactor bullding has been developed fbr“

bulk of the reactor bullding does not play a significant A SFP accider;ts. C&nsequenttg;, the
reactor building model was simplified 16-gnly model the ing room (i.e., within the red

connects {via a flow path) me« afueling to0r 10 8 _b

& Satkichs o

g+
floor measf, (1) the B

the refueling room walls and (2) a pathway representing
the éﬁﬁdural failure of th
a

iiding roof. The refueling room blowout panels will fail if

f have a single temparature. Large-scale natural circulation flow
patterns can be predicied where the bulk temperature differences between adjacent rooms
create mixing flows. Howaver, it wouid be awkward or perhaps impossible to predict complex
piume behavior within regions typically modeled with a single control volume (e.g., the room

‘above the SFP). Consequently, the MELCOR calculations are expected to over-predict the

amount of thermat mixing within the building. Based on insights from the Computationat Fluid

7 in the present study, the assembly nodalization is based on the GE14C 10x10 {NRC, 2012} to account
for the iatest offlods used in the low density configuration, Both 9x9 and 10x10Q configurations have
parfial fuet rods, The flow area for each assembly is reduced by about 4% compared o 9x© design. The
hydraulic resistance data are assumed to apply. Frictional loss coefficient for a 10x10 array couid be
somewhat differsnt sincs it is a function of hydraulic diameter ard grid spaces design.
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Dynamics (CFD} calcutations [, the MELCOR refueiing room made! nodalization
mcluded modeling features to minimize excessive mixing. The refueling room is modeled as a
single control volume. However, the inlet flow into the SFP {i.e,, CV301 in Figwre 38}, comes
directly from the hatch region {see left-hand side of Figure 40). In this manner, the cool gases
leaving the lower regions of the building are not brought into thermal equilibrium with gases
above the SFP, Cross-flow is simulated between CV300 and CV301 as observed in CFD
calcutations.

!rv-w-“““ oy
._...%"TE""""' Byl ne
! Refudting Rooat I
L vt I
3; ‘%, §§ :
| T e Spcit Pucl Pool A
4 - Ut

During outage where the SFP and reactor are hydraulically connected, a single control volume
fs used to represent both the reactor well and separator{dryer {S/D) pool as shown in Figure 41.
The tota! volume of poot in CV601 is about 1900 m® (neglecting the dead end poo! volume of
243 m® below the S/D gate slevation). CV801 is hydraulically connected o CV300 (see Figure

38) using two flow paths until the water level reaches the SFP gate and no more water can flow
in to the SFP. The reactor power Is applied as an external energy source until the pools
beacame disconnected. The total additional volume of water above the SFP gate is about 1400
m”.
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For both OCP1 {at 4 days) and OCP2 (a%a 3 days)
the SFP (Figure 38). The assembty layocﬁz;
whera the assemblies are g. : 1nto 6

o 1 is shown in Figure 42

. f‘teat power and time of

‘ toffioad’ ﬁing 1 are surrounded by 352 oid

assemblies in Ring 2"¢Ring itage where the assemblies stif reside in the

reactor . w'“ *, :

from pravious offloads®. 8 total of 2456 assemblies with thelr total

decay heat distributedi & 3t |

ring, the assembl nformi=Consequently, for any given scenario, the decay heat
oy o1 we the average assembly power. Finally, the 784 empty cells in

Ring 7.4 . &“ﬁé“md yiside of the SFP which promotes open air downflow Into the

hiéat. For the empty cells in Ring 3, the axial nodalization is
detailed {$ee Figure 39) wlthdm the bypass control volume. This will ansure a better

Dot

raprasentaﬁgn,of flow througfh the assemblies and also modeling of heat transfer between

*® Al the oid assemblies are smeared in MELCOR rings 2. 4, and 8, i.e., decay power per assembly is the
sSamae.
*® The decay power for the ring 3 assemblies is added to the CVB01 external power. Therstore, OCP1
has less power in the SFP since the 196 ring 3 assemblies have not been moved yst.

# This was simple a madeling convenience not © change the nodalization from the original moded in the
security assessment work,
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tween the various rings.®' The resultant
each regton to another. For example. the

' MELCOR by defautt models intra-cell radiation between concentric rings. To disable the radiation
model for rings 2 to 3 and 4 {0 5, the radial view factor area is set tn zero.

# The view factor is assumed unity. It should be noted that there is a temperature gradiant within each
ring and MELCOR attempis to madel a multi-dimensional gaometry wilh a simplified two sutface radiation
madel.
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Figure 44: Layout of assemblies for OCP2 high density {1x4) mode!

The methodology described in Section 6.1.5 was used o estimate the decay heat power as a
function of time for differant OCPs. The results are shown in Table 24. The reactor power was
based on the decay power for all assemblies residing in Peach Bottom reactor [NRC, 2012] by
sublracting the powsr associaled with assemblies that have aiready been moved to the SFP.
For example, for OCP1, it is assumed that 8B assemblies are already in SFP.
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Tabie 26: Distribution of decay heat in the reactor and SFP for high density loading

Spent F uel Poal (KW)

i Reactor

(kW) n’ga.._ Rzngrs Rmssz RMM -Rme  Total

¥ 1 (318} 1 | (784Y -1 (1320) | (2859)
10218 485 179 301 2951
9915 179 301 2878
9006 178 300 2BB6
7406 178 300 2320
6710

4395
4117
3530

Tha layout for the ;
outage, the aswnbiiaé" < e assi

B, 1 gaaem which applies to OCP 3, 4, and 5.
or these OCPs. However, the decay heat decreased
19 time since reactor shutdown increased. The decay haat

ity nfiguration, onfy the tatest and the previous two offloads are
considered. There P2, the totel number of assembiies in the pool is 852 (=284x3).
For QCP1, the 186 asseniblies from the current offioad are stifl in the reactor and only 88 have
been moved resufting in only 656 assemblies in the pool. Figure 45 shows the layout of
assemblies in the SFP for OCP1, and the fayout for OCP2 is shown in Figure 46. For both
configurations, all the old fuel has been removed from the pool, and the current officad is in a
1x4 pattern with empties. Due o space limitations, the last two-offloads are placed in a

2 The numbers in parentheses are the number of assemblies.
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checkerboard pattern®. For the axial nodalization, Ring 1 contains both the channel {inside the
canister) and the bypass (outside between canister and rack} control volumes whits for Ring 2
both volumes are combined {see Figure 33). The basic radial thermal coupling from Figure 43
still applies, but the boundary area from Ring 610 Ring 7 is 472 panels. For the modeting
convenience, Rings 2, 4, and 6 from the high density layout are stilt present, but the cells
contain only the rack component.

The distribution of decay heat in the pool is provided in Table 27. A comparisan with the high
density decay heat shows that the fotal dacay heat in tha poot for iow;dansity case s reduced
by fess than 20%. The total pool decay heat is dominated by the iastfioad, which Is the same
for the low eng high density configurations. However, removin old fuel also Increases the
available watar volume (not occupied by the fuel and canist X the same time modifying
the propagation characteristic of Zr fire due to reduced mas assembhes

. R L A T I R I T A R I I L I T TR T IR AL A AR
’ :
SEw n : TIT] W Last offiord (46 total)
A B Last two oFoads (563 total)
A {3 Bmply cwits (3163 total]
l &
| 3 » e
i , - ] 3818 wotal
v N 3 I i
. ol 2t
. »
y 1
i
1
T
pood
T 3 -
¢ g Y
e H
l i
M ¥
T
-‘ 4 13 ;
.: A J!
; . :
| ¥ - =
B A0 A0 000 LA 0 0 1 2
45 : B Ringt O Ring2 ]
B - H.
1 E T Ringd J Ring4 ?
1 H s
E 1 I3 1 ¥ i
0 0 i 0 A A 1 0 W Ring§ [ Aingé
ke .
4 £ Ring 7 "
; 1

Figure 45: Layout of agsemblies for OCP1 lew density modal

% There is not enough room fo place al! the fusl in 1x4. The cument offioad sventually requires 1420 calls
(284 for assemblies and 2B4x4 for empties surrounding them) that would isave only 1635 cells. The 568
agsemblies would require 2840 cella for slorage in 134 pattern.
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Table 27: Distribution of decay heat in the reactor and SFP for low density loading

Saem Fuet Pooi (kW)
Reactor IR ' Ring RImg. g e
(kW) ing § ngs 2|4 [Rigs)
1 (568} E-'-"'(O)'S'. ._(0) Q).
10218 599 Q 0 g
9915 0 587 0 4] 0
906 0 551 0 0 0
7406 . 0 492 4 4] 0
6710 10.0 | 1282 0 468 0 0 0
S SR .. I Ring I'Ring [+« ~
ng.1: .--Rin§3 Rm 512 [ 4 |Rn B
e “ 106y 1 (5681 1 (@) Loy oy
4395 13.1 1144 | 1533 466 0 0 0
4117 150 | 1077 1444 464 a g 0
3530 200 857 1284 448 0 0 o
e e | S e e Ringe LRINg e
[4196) ; (5681 | (@) | (@ [ ®)
973 455 g G Q
107 | 422 | 802 ; 427 0 0 0
315 339 0 a a

level drop. The model own in Figure 41, where all the assemblies are combined in two
rings representing the:fuel and emply cells. Only the thermal-hydraulic models in MELCOR are
active, and the pawer for both the reactor well poal and SFP are provided as externat sources to
the walter poal. The results are considered conservative since the heat capacities of the
assemblies are not taken into acocount. The time-dependent power is taken from Tabte 26 for
high density or Table 27 for low density cases. The top of the pool Is cannected to the reactor
building {see Figure 40} in the same manner as in the detailed model. This simplified model is
uged as a streening ool to detarmine i more detalled analysis is needed, Figure 47 shows the
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water ievel as a functian of time for both high and low density cases for OCP 1, 2, 3, and 4%.
Figure 47 also identified the time required fo reach pool saturation, For cases in the same OCP,
the high density cases bacome saturated sooner since there is more water volume. in the late
QCPs foliowing refueling, the difference in the timing directly correlates to the decay heat
powar. Whiie there are differences in post saturation water level for QCP 3 and 4, the water
level for GCP 1 and 2 are similar as a result of mixing assumed between the reactor well water
and the SFP water (see Figure 41). For the OCP 4 low density and QCP § cases, the SFP
never becomes salurated in 72 hours. The slight water tevel increase during the sensible
heating period is due to change in pool density as the water heats up. The analysis shows that
there is at 4.6 m (15 #t) of water above the top of racks in OCP 1 at 72:hours.

14 + .
: i PoolSatrapd ;
i
12 _E..- J— B . e
' N
d ! ]
10 pocr o i —
pan r i
E o 1
-~ a !
2 BT a !
i
3 ¢ 1 §
+ ;
5’ 6 Py -..‘.‘1... g
o { ] g0y . |
2 .£~~—-ocmo., n H | Tomotas
I3 o B TR R S B A W st M ok ew e e P Pk et v e v e v T —— ]
B 4 o] ——oceoen h st Sgunhvalbeiuie St
. [ L X E) { ; !
- @ ; e OCPI ! Y
[ | ~oemr
2 ;" - T R h ? ; o
Floern H :
t . 1 R iginad
o e vl sl ved anr- T Beves e o e T oy Reve TeamaTooy s RoveRormer -q'-—---———'- —————————————
0 12 24 36 48 8¢ 72

time [hr]

_s and damage ta the poo! (effective size of cracks in the liner and
and the injection and leak mass flow rates for the low density

10 sn at about 7 hours, the leak is detected and tog gther with fhe deployment logic, the water
injection begins at about 9.5 hours. in this cases, mitigation s direct makeup to the pool
(injection) since the water level at the lime of deployment Is more than a meter abave the top of

% The initial water tevel is assumed 1o be 11 m, The initial water temperature is 28°C (82°F). Both these
irdtial conditions are applied to all accidert scenarios in this report. During a teleconference with the
licensee (4/24/2012), this is the post-oulags waler lemperature under steady slate conditions where the
heat exchangers are working, During outags (OCP 1 and 2}, the water temparature could vary between
~80°F and ~100°F. The higher temparature affects the sensible heating of the poo! and is not expected
t© change the overall conclusion of hoiloff scenarios,
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the racks. For this small lsak, the inttial water flow rate is about 250 gpm which is much lower
than the makeup capacity and the water level is quickly resiored. This catcutation is only run for
24 haurs 1o show the effectiveness of mitigation. Therefore, it is concluded that for all slow
leaks scenarios, the fuel never becomes uncovered since the makeup capacity is twice the leak
rate. The leak rate is only a function of the water leve! {hydrostatic head) and is independent of
the SFP layout corfiguration as long as the water leve! remains above the top of the racks.
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Figure 49: Fiow rates for mitigated low density OCP1 {small leak) scenarlo
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Unmitigated OCP 4/6 Scenarios

For OCP 4, the decay heat Is between 37% (0 48% lower than QCP 3, None of the unmitigated
scenarios in OCP 4 or 5 lead to a release from the fuei®™®. The thermal hydraulic response of the
high density pool to 8 small ieak and a moderate leak are provided In Figure 50 through Figure
53, it takes less than 8 hours o clear the rack base plate and initiate air flow far the moderate
leak, while for the small leak case, the rack base plate does not clear until about 38 hours, In
both cases, thers is a heat up of the fusl as the water teve! is reduced beiow approx:matety hatt
the height of the fuel. For the small leak case, it takes longer and the heat up is slower as there
is some steam cooting of the fuet,

The heatup rates for the low density cases are somewhat similar
Figure 54 or Figure 55). The maximum clad temperature and théanitial heatup rate in Ring 1 is
actuatly higher for the low density cases because of reducegfigat¥mnsfer from Ring 1 to Ring
2%, Even though for iow density cases, the total decay heat | he poolis only 77% of the high
density case, the decay heat in Ring 1 is identical in both cases '

12

iigh density cases (see

ferd

T o —— — — — - " s o — —— — — — — tts . g o, s}
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™
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time [he}

F‘T§"u 50: Water lgvel for unmitigated high density moderate leak (OCPA4}

% The start of the release of radianuclides from the fuel is modeled based on a temperature of 800 °C
(1173 K). Al this temperature, the cladding is assumed fo fail and the gap inventary from the fuet is
released. Further release from the fuel is based on the CORSOR-Boath model and is a function of fust
temperature [Gauntt, 2010].

7 The reduced mass in Ring 2 (onty racks) intiatly limits heat transfer from Ring 1 until a susiained
naturat circulation is established,
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Figure 52: Water level for unmitigated high density small leak (OCP4)
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Figure 54: Ring 1 temperature for unmitigated low density moderate leak (OCP4)
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Ring 1 Cladding Temperature [K]

based on the strucl b
the concrete}. The

an hour later compared fo an unmitigated case (see Figurs 50).
, f the leak rate are equilibrated by about 8 hours as required by the
hydrostatic head of the podt. The actual spray water reaching the bottom of the
peol is somewhat s ¢t than 200 gpm m Figure 57 hecauss of heat transfer from spray
droplets to the atmosphefe and fuel rods®. The response of the clad in Ring 1 for the case
where the simple flow regime model! is adwe is shown in Figure 58, As expected, the top cells
experience mare cooling as there is more water coverage. The temperatures reach a quasi-

% { ow dansity case is similar o high density and there is no release.

# 1t would take about 15 gpm of water to remove the entire decay heat in the paol. However, some of the
decay heat is being removed by natural circulation through the assemblies and leaking out of the reacior
building.
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steady state by about 10 hours™ and the maximum clad temperature is about 850 K. Figure 59
shows the clad temperatures for the case where the simple fiow regime mode! is disabled. In
this made, the main cooling mechanism is by convection from the fuel rods to the atmosphere
and none of axial segments experience quenching. The maximum clad temperature Is about
840 K which is comparable to the previous case. Thug, even though the detalis of heat transfer
and fuel heatup are different, the maximum ciad temperatures are almost the sams and well
below the gap release criterion. This is partiaily due to the importance of the heat removat by
alr natural circulation through tha racks. If there was not alr natural circutation through the
racks, the cooling of the fuel by the spray flow {i.e., modeled with the & mple flow regime map),
wouid be very important {o the coolability of the fuel.

calculations were

own in Figure §0.%

el and reaching a
y.rate is sufficient

To further test the impact of the modeling assumptions, two, adati
performed by assuming a 3 hour delay in tha actuation of me'spray as’s
Both Figure 61 and Figure 62 show that following the inl&:a! +heat up of {
maximum clad temperature {just below 800 K} at abgit. & hours, the spray
to cool the fuel and avoid releass.

12

B e Yne srrrm i e b g i e i oy i ot 41 i . s et 70
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6 focm oot n X e s i Ah vt S 0 S 1 b . AR 839 A0 Vi s . e i 4 e 185

* SFP Water Level (m)

o e 12 18 24
- i time [hr]
Figura 56¥wmr level for mitigated high density moderate leak {OCP3)

® The calculaton fails shortly after 10 hours dua to numerical problems.
¥ These cases were actualy run based on an earliar logic for spray actuation that assumed a 3 hour
delay at the and of deployment.
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Figure 58; Ring 1 clad temperatures for mitigated [simple flow regime active] high
density moderate leak (OCP3)

106


mtr1
Cross-Out

mtr1
Cross-Out


2

: : |
1 : !

160D - womsmrmr ; : e
; } ]

1400 A mmerenrmem - - .A;MM- st [ ]
] § ;
{ i- E

1200 + - s L T bt SR e
1 H ;

1000 4~ .,.,,:w.,,..-..w.,....,,...,‘,;.r_-,...._.... 3 . —

Ring 1 Cladding Temperature {K]

Figure §9: Ring 1 Clad temperature‘%lm, A
density moderate leak (OCP3)

2500

P s s et b e b

| =i} (50C gom
i _=BPR (200 gpm)

8
8

3

!
i
i
|
|
|
i

!

Flow Rate {gpm)

time [hr]

Figure 80; Flow rates for mitigated high density moderate leak (OCP3) with late actuation
of sprays
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Ring 1 Clad Temperature [K]

Figure 61:

Ring 1 Clad Temperature {K]
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Figure 62: Ring 1 clad temperaturas for mitigated [simple Row regime inactive] high
density moderate teak (OCP3) with late actuation of sprays

108


mtr1
Cross-Out

mtr1
Cross-Out


Official Use Only— Sensitive Internatinformati

8.3.2. Sequences That Do Lead to a Release

All the snmitigated sequences in QCP 1, 2 and 3 lead to releasa. In this section, anly
representative scenarios will be discussed to illustrate the accident progression
phenomeanoiogy. One of the phenomena that has a significant impact on the overall release is
the failure of the reactor bullding as a result of failure of the blowout penels or the rool. Failure
of the reactor building introduces additional air that results in further oxidation of the hot fual
leading to enhanced release and fuel failure. The refueling room with the SFP at the top of the
reactor building is modeled as a single volume (Figure 40) and hydrogen released from the SFP
is assumed 10 mix with the entire volume. It is assumed that the hydrégen wili combust at a
10% concertration f thera Is adequate 0xygen (Xoxyen > 5%) ands 3 Steam inerting (Xueem <
55%). The sensitivity of the ignition assumptions and potential. ,‘ “faactor bullding failure was
considered on & case by case basls.

Unmitigated Moderate Leak (OCP 1) Scenario
The water level for the high densuty scenario (Flgur B3) shows that it takes égéui 8.5 hours to

hrough the assemblies. The
rtear the top of full md region (see

ica'culatlon and radial heat transfer throughout the SFP
vely low follawing the initial heat up in Rings 1 and 2. Howaver,
until a second Zr fire initiated at the top of the fuel in Ring 4 at
- ls that propagate downward. The second heatup is more

yar ings as indicaled by both the oxidation power (Figure §4), and
outar rings (Figure 66).

intenise and involvd
the clad temperaturs:

OCP1 had 8 relatively rapid draindown where an air natural circulation fiow developed through
the racks prior to significant oxidation of the fuel. As a rasult of a relatively short duration of the
steam oxidation phase, there was relfatively little hydrogen generation.® The peak

¥ The mitial heatup of the liner 1 due to heat transfer from the water, There is an infigl cooldown as
cooter air cirzulates before the heatup from the fuel caused the temperature to increase.

a3 Hydrogen genaration only occurs by oxidation of the SFP Zircaloy and stae! with steam, Hydrogen is
disassociated from the steam and released into the budding, which can lead 1o combustion. f oxygen is
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concentration in the refueling ficor was only 5%. which is well below the minimum threshotd for
combustion and below a quantity that would lead to a significant pressurization of the reactor
building. Consequertly, thers was no potaential for a bum inside the reactor building, which
ramainsg intact.

The fission product releases began at about 12 hours. Because the reactor building remained
intact, all releasss to the environment are limited by the nominal leakage (see Figure 40), The
reactor building decontamination factor is shown in Figure 69, Aerosols also begin 1o deposit
ingide the building and the decontamination factar for Cs and | aemsdls_, remains between 3tc 4
for much of the accident. The decontamination factor is defined ag1h@ ratio of fractional release
from the fuel to the fractional refease to the environment. As diéciEsed bafore, MELCOR keaps
track of the fue! releases from individual rings. The fuel reledSs aft qﬂ' ded by the overall
decontamination factor to arrive at the environmental relggse?or pach T
that MELCOR mechanistically models ali deposition “"c:hamsms howeve_
mixing within the raactor building only an overall deé

rings.

! in Figure 70, Therelease

starts at about 9 hours from ring 4 fo!lowed by the reiea & ¥rom ring 2 at 12 hours, The release
s ls aler.releasas are due fo tha second

The total release fraction is

efiped by Equation {11)*°, The

star to release (see the

fthe earlier releases from inner

;:L-iow den
: Sidding it _w?th the exception of the rack component}
ansferred redialiythat results in stower heatup of the ring 5 as
3h the racks fau even in this low densily case, the camsters

since thera are a iot of émg
and hea! _rs 1 _m;;: By, officient

present, then only air oxidation occurs and there is no hydrogen generstion. In a larger leak, the water
level drops below the bottom of the racks and allows natural circulation of air, which will preciudes steam
oxidation.
* The Integral decontamination factor is fhe ratio of the fission producls released from the fuel to the
amount that reaches the environment. Upon the start of fission product relenzes, the quantity Is infinita
until the release {o the snvironment begins. Consequently, the initial peak is an arlifact of the definition,
whereas the long-term value is best characterislic of the reactor building parformancs.

% It is an activity weighted release and is a function of the inventories in each ring. Therefore, there is
mong sontribution from the outer rings. that have higher invantories even though the refease from these
fings are smaller comparad {o ring 1.
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Figure 64: SFP power for unmitigated high density moderate leak (OCP1)
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ours, ‘the water tevel remains relatively constam
he injection into the pool. The lower portions of the fuel remain

the assemblies be éﬁkeep the fuel temperature near 1200K. Only Ring 1 had cladding
fallure and subsequerittéleases of the gap inventory as shown in Figure 76. All other fuel was
beiow the threshold ‘or c!addmg failure and fission product releases.

The clad temperature in Ring 1 for the low density case is shown in Figure 77. The heatup rate
for the low density case is more exireme than the high density as was observed for the

* The level was close to 0.8 m abova the top of the fus! of the fuel et the tirning of the deployment of the
sprays (i.e., 8.5 hours). if the spray system was used, cogling would be provided to uncovered portion of
the fuel, The accident could have benefitted from naturad circulation of air through the racks once the
water level dropped below the rack bassplate and spray cooling from the top.
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mitigated cases. Unlike the high density case, the low density case did not have low decay heat
fuel assemblies adjacent to the recently discharged assemblies. Since an air natural circulation
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pattern through the racks was not astablished, the empty celis isolated the high decay heat.

assemblies and contributed to the higher heat up. The fusl in Ring 1 went through an oxidation

fransient, which led {0 peak fuel temperatures of 1800 K. However, once the steam in the

asssmbly was consumed, the fus! temperatures dropped to 1200 K. The subsequent behavior
was driven mainly by the decay heat which was very simiiar to the high density case. Bacause
of higher fue} temperatures during the initial oxidation transient, there is slightly more release in

the low density case .’

SFP Water Level (m)

12

RO SNVRUN FCUI, N

Yop of Rovk

' BosePima

e anp - ——

¥ As of this writing, this calculation was still running. However, the final results are not expected to be
significantly different as the fuel temperatures continue to decrease and hydragen concentration (<5%)

does not support ignition.

Official- Use Only —~ Sensitive Internatinformation
117

72

r mitigated high density moderate leak (OCP1)


mtr1
Cross-Out

mtr1
Cross-Out


8

2

:

;

v
5
1
i
¢
1
'
|
i
i
t
i

g

Ring 1 Cladding Temperature [K]
S
8

g

z
[ o
ke
§
179
&,
.
b

time [hr]

Figure 76; Cs environmental release fraction for mitigated high density moderate leak
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Figure 78; Cs environmantal retease fraction for mitigated low density moderate leak
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Unmitigated Small Leak (OCP2) Scenario

This scanario involyes a hydrogen combustion that caused a tate rapid air oxidation. Figure 79
shows the slow drain down of the pool exposing the top of the racks at 42.6 hours compared to
18.7 hours for post-outage scenarios (see Figure 52). The decay power and the oxidation are
shown in Figure 80. The alr oxddation power reaches an order of magnitude higher than the
decay heat during the oxidation fransient after B0 hours. The fuel heat up begins after the water
levet reaches about fuel midplane, (see Ring 1 response in Figure 81}, The high temperature
fuel in Ring 1 heats the surrounding low decay heat fuel in Ring 2 as k}gwn in Figure 82.

The avolution of reacior huilding steam and alr shows that by mé&i e the water leve! reached
the SFP gate and the SFP Is disconnected from the reactor, 4fig/pliid j

which continues to decrease as it is condensed on heat sirik

circulates into the SFP wh:ch leads to a rapld fuei hwp a g'r‘ium in Rings 1 and then Ring
5 unily (Figure 8% rgsultmg in about 17% Cs release {o

A

The response for the low density case wak fs Bse sevg%%man the high density case.
The spacing of the fuel with.emn : ek Lgetises: ns@ for propagation of the heat
from the highest decay b ;' assemb lee In the SFP. The response of

the highest decay hea%embuesw Ring 1i8 G
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Figure 80: SFP power for unmitigated high density small leak {(OCP2)
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'CP1 ). The heatup starts sooner because
i r fire is more gradual because of lower decay

] ses with each successive level. Radial heat transfer fram
] all (Figurésaa), the buildup of the oxide layer on the fusel, and the

: f?!he oxygen in t%&reactor bullding (Figure 90). After 24 hours, the fuel
temperaturés 9. Rlng 1are aimely stable. There was no hydrogen combustion in this
caiculation, Alﬁ:cmgh the eak hydragen concentration reaches 8%, there was insufficient
Hon, ggt;e ‘the hydrogen concentration exceeded 7% (i.e., a lower threshold
for ignition with an aé j_“e ignition source, see Figure 90). Whaen the hydrogen concentration
peaks at 8%, the oxygen concentration Is onty 3% and well beiow an amount sufficient for
cambustion,

The temperature profiles for the low density case are shown in Figure 91. The low density
temperatures are about 400 K lower than the high density case with the totat Cs retease being
about 0.1% compared to 0.7% in the high density case, Similar (o the pravious OCP2 case, the
fow amount of fuel and the empty rack cells reduced the magnitude of hydrogen and the ¢cesium
release,
Officiat-tUse Only—Sensitive InternaHinformation
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A sensitivity was parformed to examing the effect of higher vapor pressure for the air oxidizing
Ru releases, Figure 92 for the default Ru release model Figure 93 for the enhanced Ru release
mods! used in the present study show that there is an order of magnitude difference in Ru
release.”® All the calculations under air oxigizing conditions in this work were basad on the
enhanced Ru release modst.

Ring 1 Cladding Temperature {K)

® However, Ru release differences could be higher for scenarios in OCP 1 8 2.

Cfficlal-Use Only—Sensitive-InternaHnformation
126 '


mtr1
Cross-Out

mtr1
Cross-Out


2
8
)
'
§
|
i
:

i
emetev? | ; ’
850 +- ~~lev3 4 : -
| —tevs |
500 4. ’_:.. — i ; _i’ —
!
;
{

SFP Wall Temperature {K)

! f

]

il

2

i w

i

!

|

i

]

i

4
' i
Y 2

inn e M-......-.M-.,..I P

H g7/ 4

;

2

g

= — ———— . e+ h A rsmaen o o .“ .
L i ‘
3 |
2 ’i
. SRS RO i :
tgz : i : !
i ! )
-» 3 : e [R— e sy
52 e; g |
m 0.3 4 -‘ — ;_,._- e TP
02 3 JEU ER— e s
N ! : 5
0.1 ' e br'—;:;-:::__;;_: ..... Dveeemanae ..“. .............. e e
e D .

Figure 90: RB mole fractions for unmitigated high density moderate leak (OCP3)
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high density moderate !ea‘ﬁpc L Wik

-Characte sZ
able 29 1o e

2o as indhe small leak cases of the mitigation is successiul to limit
: _Es;are!easé'; All the scenarios that do not involve a hydrogen
W reteases since the deplstion of the oxygen limits clad oxidation
if’bre resufts in air ingress into the assemblies and late phase rapid

deflagratior : aye
and fuel heatup
oxidation.

None of the scenarios in the low density cases had hydrogen combustion and the releases were
relatively small. in the absence of hydrogen deflagration, the release fraclions for both high
density and low density cases are generaily comparable. One axception is the low densgity OCP
1 cases that had higher release fractions than the high density cases in some instances. This .
wag due to mare rapid heatup of the fusl in Ring 1 due to less efficient heat transfer to the outer
assemblies. Clearly the inventories in the low density configuration are Jower and for the same
reledse fractions, the released aclivity would be lower. Qverall, for the moderate leaks, the fow
densily cases lead to sarlier gap release due to larger inventory of water (assemblies removed)
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resulting in longer times for clearing the basepiate. The gap reilease first occurs in Ring 1 (hot
assemblies) that has the same decay heat in both high density and low densily configurations.

6.3.4. Accumulation of Water Elsewhere in the Reactor Building

The reactor building MELCOR model is simplified (see Figure 40}. Therefore, all water
leakages corresponding 1o the SFP damage and drain down and overflow from water
accumulation due fo condensation are directed directly 1o the enwronment The model does not
track the flow of the water and accumulation in other parts of the read&ar building.
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Scenaric Characteristics

h density scenarios

it
High
Fuel Gap Hydronen Cs-137 131
Dengity SFP 50.54(hh)(2) Release | Defiagration X { reiease_ at
Case®# | Leakage? | Equipment? () 72 hours
None
None
OGP Small
‘ #1 Smali
Moderate
Moderate
Nons
§ Nane
! OCP Small
#2 Smail
Moderate
Moderale
None
Nonée
'oocp Small
#3 Small
Moderatg
i Moderate
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Table 28: Summary of release characteristics for low densily scenarios

Low Scenario Characteristics _ Release Cheracteristics
Denstty | sSrP | 50.58(h)2) |, U Gap Hydrogen | o) Ce137 | | release at | 1-131 (MCi)
Case# | Leakage? | Equipment? U"‘(’gr"f“' R‘*{'ﬁgse De“‘;gr’;‘“"" a7 (MCi) 72hours | Released
None Yes
Norve No
ocP Small Yas
#1 Small No
Moderate Yas
Moderate No
None Yas
None No
GCP Small Yes
#2 Smaill No
Maderate Yas
Moderaie No
None Yes
None No
ocp Small ¥as
#3 Small No
Moderate Yes
Maoderale No
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7. OFFSITE CONSEQUENCE ANALYSIS

in the unlikely event of a severe accident that might damage the spent fuel pool (as detailed in
the previous sections), a release of radicactive material from the nuclear power plant site inlo
the atmosphere might ocour. Such a release of radioactive material is expected disperse from
the site through the atmosphere and to the surrounding population, by expanding and moving
downwind. Afler modeling the onsite accident progression and potential mitigation measures,
the MACCS2 code (MELCOR Accident Consequence Cade System. version 2) is used to model
ofisite refease ang consequence of radivactive matenal.

decades. it has the ability to evaluate the impacts of atmo

tgases of radioactive
aerosols and vapors on human health and on the envirogmen

_E%CSZ code has the

ién plans to caloulate
and model the radiation exposure of the populatio ;fgiose pathways:
cloudshine, inhalation, groundshine, and ingestidly '

NRC. WinMACCS is a user-friendly fros
parameters and sampling of uncertainyy 3
aftar the calculation.

fiStudy, vty of the input values for offsite release and
UREG- f‘gss This modeling for NUREG-1935 was In

. po 56 mode!mg e be consgistent with the latest
(FGR-13)[10].

from a reacibr:{and where the jECtNGS of the SFPSS are different {e.g. repor!mg of fard
contamination}. '
NUREG-1935 documents and justifies the modeling parameters used in that pravious study.
This study gives a general, high level undarstanding of the offsite consequences modeling. But
because the offsite consequence modeting for the SFP Scoping Study closely resembles
NUREG-1935, this report will instead focus an the specific areas that are different from this
previous research study.
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7.2.Offsite Consequence Scope

1.2.1. Atmospheric Transport

The project focuses on atmospheric environmental releases. Atmospheric releases are most
fikely tn have an immediate impact on the public, and therefore this study treats these releasas
as having primary signtficance. Release of contaminated water, on the other hand, has a mors
delayed irpact that can be mitigated much more easily than atmosphéric releases. This study
foliows the current state-of-practice for consequence analyses, whiShfocuses on the more
immaediate, more difficul! to mitigate, atmospheric release pa!hA' 9K}
MACCS2, as used i this study, also accounts for deposstm o
contaminants into surface water. These contribute to pctenf

this water tmmedxate!y flowed into the ocean and’ mumabiy entered the g'.‘ ndwater
Far a similar release at an infand site, freshwater 7 sac’h as rivers or Jakes, could be
RS AT

om mora compiEhensive analyses thal consider
iiarm_ m;gratlomough groundwater,

Experts generally agreeﬂgh
statistical precision ’%ﬁated Wi
{imits the ability to ate trands
LCFs aftritnitable to Fefiation exp
not be staustzcaﬂy deteé@@e

tﬂsk because of the low
atively W numbers of axcess cases al low doses. This

4! : ‘er fatatmes pré%ed are toa few to aliow the detection of a
_{__*the cancer fatalities expected from other causes among the
vl Ioglcal standpomt in mast, if not ait cases the number of

detection of & s‘lahshcatly t_xsﬂcant difference in the cancer fatalities expected from other
causes among the ql,épépu!at:on}

In the absance of additional information, the Intemational Commission on Radiologicat
Protection (ICRP), National Council on Radiation Protection and Measurements (NCRP), the
U.S. National Academy of Sciences, and the United Nations Scientlfic Commiites on the Effects
of Atomic Radiation (UNSCEAR) have each indicated that the current sclentific avidence Is
consistent with the hypothesis that a linear, no threshold (LNT} dose response relationship
exists between axposure o ionizing radiation and the development of cancer in humans.
Although most scientific organizations do not rule out the passibility of LCFs from very low
doses, somg organizations such as the Health Physics Society (HPS), French National
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Academy of Medicing, and the ICRP, consider the use of an LNT dose response model to
calcuiate LCFs from very low doses below a certain threshold inappropriate. While somae
scientific organizations take this position, few organizations have endorsed a definitive dose
threshoid, other than LNT, 1o calculate LCFs. The HPS concludes that quantitative estimatas of
risk should bs limited Yo individuals receiving a whole body dose greater than 0.05 Sv (5 rem) in
1 year or a lifetime dose greater than 0,7 Sy (10 rem} in addition to natural background
radiation, While the NCRP supports the LNT madael, it also recommends binning exposures into
ranges and considering those ranges separately.

Given the unoertamty of low dgse heaith effects, this study suggests | 5ing a range of annual
doese truncation values, ranging from LNT to the HPS recom ? (5 rem/yr and 10 rem
fifetime). One intermediate annual dose-truncation level Is g "'“ o b€ analyzed. that being the
620 mrem/yr (which is the other is the U.S.-average annual dose to the public from medical ang
background radiation exposures). Depending on me_ mie avallable, add truncation values
may alse be analyzed.

te m T and%mfore the truncatnon is not
fet rth;sﬁ‘; ‘h’ﬁudy el tar

before NUREG 1935 that have assumed
ionse model is consistent with the current NRC
ing nor contemptah’ng changmg radiation

distances are b sed on tﬁe presendation of the resuits, which in tum are based on
the priority jectives for the study. The project is careful not to use a distance truncation in a
manner that artmgiagy redices the consequence numbers, if and when such a consideration is
applicabla, '

Reported tand contamination includes the entire site region and is not truncated due to distance.
Health effect risk, which is higher near the point of release, is primarily reported for 0 to 10
miles. Both health effect risk and land contamination as a function of distance Is reported up 1o
the ingestion pathway smergency preparednsass zone (50-miles), or a distance that which no
more protactive actions are predicted, whichever is further.

135


mtr1
Cross-Out

mtr1
Cross-Out


Due to the possibility of truncating consequences for certain dose response models, concems
over the effect of low doses (such as low doses at large distances) are nof captured in the form
of a distance truncation. Instead, the effact of low doses is explicitly captured in tha different
dose response modeling,

NUREG-1935 reported LCFs aut to 50 miles. Most previous analyses (e.g.. NUREG-1150)
caiculated LOFs to 1,000 mites with forced deposition {i.e. boundary weather) to account for all
non-nohble gas radionuclides in the dose calcutation.

7.2.4. Time Truncation of Release

The time truncation used for this research project is 72 hou

hours, if at this point In time,
the spent fuel pool is still covered with water), '

ngmﬁcantty affect the results See Secﬂ
assumptions in this study, and Sactson%

, se resources could be used in similar ways
to trunca!e the acmdeyﬂ? 2 s, ip.or water spray onto the SFP. However, unlike
the ongite 50.54(We{Z5 it jons cauld be more ad hae in
implementation.

The parameters found I “this list are of select, high-level data and modeling inputs to the
MACCS2 models. The list is not meant to be comprehensive. In order to arganize the list, the
following broad categories have been created: emergency response, 4088, economic,
emergency and long-term phases. However, the parameters found in the emergency and long-
term phase could be considered the “remaining” parameters, as emergency response, dose,
and economic parameters would also technically fall into one of these two phases of the
accident. (Saome are sppticable o both,)
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7.3.1. Atmospheric Transport & Dispersion Modeling
Source Term:

A source term definition for MACCS2 is crealed for each accident consequence caiculation
using MELMACCS [6]. MELMACCS reads a MELCOR plot file and extracts information usefut
for MACCS2.

in addition, a number of uger options have to be input when using M iMACCS. This includes
the reigted radionuclide chemical groups or classes {0 be inc!uda ythe analysis (Le., the Xe,

the weather.

Weather Sampling:

-8 I
"MACCSZ {u categonze similar sets of
and the occurrence of precipitation. This

Meteorologic ta usedf '

(8,760 data pmn% 4 ite

via a cooperative effq; the licensee using onsite meteorological iower observations for
NUREG-1935. Peach Bottom provided 2 years of weather data, including directly measured
hourly precipitation data. Stability class data were derived from temperature measurements at
two glevations on the slte metegrological towers. The specific year of data chosen for each
reactor was 2005, as was vased on data recovery {greater than 99 percent being desirable}
done for NUREG-1935. Different trends (e.g., wind-rose pattern and hours of precipitation)
between the years were astimated to have a retatively minor (<25 percent) effect on the final
NUREG-1935 results. More spaclfic datails of the weather data can be found in NUREG-1935,
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Aerosol ith elpcities:

Dry deposition velocifies have been updated to account for @ more typical surface roughness of
680cm for the Peach Bottom site. (A surface roughness of 20cm was used for NUREG-1835.)
The relative aerosal deposition velocities, as well as much of the non-site-specific data for acute
health effects, is developed from a set of reports that document a joint NRC/Commission of the
European Communitles (CEC) expert elicitation study [7].

iclides. Generally, the farger
aerosols deposit more quickly and so are depleted more rapid the plume. The peak in the
aerosol size distribution is usually a few micrometers, wh!c coTes| s 1o a deposition

velocity of a few millimeters psr sacond. :

Plume Segments:

tfansport ardd dispersion due o possibie
on) during the release. Finer resolution of these
the calculation,

oudshine, inhalation, and ingestion dose exposure

ure pathway to members of the public occupying land

j ;.' icactive materials from reactor incidents is expected to be

exposure of t ) axternal gamma radiation. Although it is normally expected to be

- of only minor 4mporénce the inhalation pathway would contribute additional doses to internal
organs. [14]

Shielding Factors:

NUREG-1835 reviewed the shiglding factors applied to evacuation, normal activity, and
sheftering for each dose pathway {e.g. groundshine} used in NUREG-11580 [2] and NUREG/CR
6953, Vol. 1 [8]. The review updated just one facler, that being the fraction of time the average
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person spends indoors for normal activity (81 percent), This study usas the same shielding
factors as NUREG-1935.

Census Data:

Site popuslation data has been updated to 2011, This was done with the latest version of the
code SECPOP20G00 [8). SECPOP2000 uses a multiplier to account for population growth and
the 2000 Census in order to create site data for MACCS2. A multiplier value of 1.10571 from the
United States Census Bureau was used {0 account for the average “j;_u&ation growth in the
United States from 2000 to 2011.

amgdose to th @_ icheas as 8 slirogate for dose to sof tissue to
The re%?%n for the ‘otoe of the pancreas dose coefficient for the

NUREG-1935 recomm
estlmate rasidus! ca %

voth external radsat;anﬁé s and/he:ftake of r radit éﬁuchdes Because MACCS2 does not

8 RFEATED
currently read:the. oo thepancreas Rith
created Hajieg oftha: ciants for the | pancreas were copied into the organ catled

bladdai . Thus, resxd?eat. e Brs are associated with the organ called bladder wall which
ac!u"gi@;gontmns data fordk e_ pancmas‘ The mhalatwn factors in FGR-13 were processed to

might change beca dhanges in the emitted particle sizes for ditfarent plumes of changes
as the plumes progress downwind and deposit material.

Risk Factors for Latent Cancer Fatality:

in estimating health effects from a severe accident, NUREG-1835 calculated the radiation
exposure o the population and then applied dose-response models 1o analyze earty fatality and
latent cancer fatality risks. NUREG-1835 used latent cancer expression coefficients for the US
popuilation as detaited in U.5. Environmental Protection Agency’s publication “Estimating

Official Use-Only = Sensitive-int H 4
139


mtr1
Cross-Out

mtr1
Cross-Out


Radiogenic Cancer Risks"[11] and implementted in the EPA's Federal Guidance Report 13,
“Cancer Risk Coeflicients for Environmental Exposure to Radionuclides” (FGR-13){10]. These
risk factors inciude seven organ-specific cancers plus residual cancers not accounted for
directly. In 2008, the National Research Councll releassd the BEIR Vil report, an additional
study of the biological effects of ionizing radiation. Na one-to-one comrespondence exists
between the cancers reported in BEIR VI compared with the earlier BEIR V repon. Therefore,
the dose coefficients of tissues of the bodyg in FRG-13 may or may not bg consistent with the
BEIR VIl cancer sites. Thus, this study is foflowing the basis used in NUREG-1835 in deciding
to await EPA's review of BEIR Vil and subsequent update of FGR- 13 efore implementing BEIR
Vit risk coefficients, £

Biological Effectiveness Factors (BEFs):

acute doses. The DDREF for all cancers
as dong in NUREG-1938.

7.3.3. Emergency Phase Modeling

The MACCS2 madels are setup fo calculate axposurg in two distinet phases: the emergency
phase and the late phase. The emergency phase models caiculate the emergency phase dose
and associated heafth effects to the publiic, as well as the emergency preparedness protective
measures that protect the public. The chesen time period for the emergsncy phase beging with
the initfating event and continues for 1 week. The time fength of this phase has been chosen to

Official- Use Onty — Sensitive-int it ;
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ensure that the effects of the plumes have been captured, and in order to capture all the
cajculated acute exposures {without exclusion to smaller exposures),

As required by 10 CFR Part 50, offsite response crganizations, (OROs) develop emergency
response plans for implementation to protect the public health and safety i the unlikely evant of
an accident at a nuclear power plant. These respanse plans are devsloped for the plume
exposure pathway and ingestion pathway ernergency planning zones (EPZs) which are
described in NUREG 0654/FEMA REF 1, Revision 1, “Criterla for Preparation and Eveluation of
Radiological Emergency Response Plans and Preparedness in up ost-of Nuclear Power
Plants,” [NRC, 1980]. The plume exposure pathway EPZ is the ?about 10 miles around a
nuclear power plant. Within the EPZ, detailed emergency plangagaidn place and this planning

The SFP project ientified many potenti sSequences: ._“h performed preliminary
consequence mexieling to iden’nfy the boundary oondiﬂ&is 5 for morg Getaited modeling. These
saif --t_ maY ﬁasp"ﬁtantzalty affected. Some of the

protec’uve actions ff __
modeling were bmned- '
detenmne the: nti

Table:30; Binning of Expected Dose Projection

_ Sequence Tally
PAG not excéaded Béyond 10 mileg B
PAG exceeded-bsyond 10 miles but not beyond 20 miles . 5
PAG exceeded beyond 20 miles ! 7

The distance to which the PAG may be exceeded assisted in determining the extent of offsite
pratective actions and the type of protective actions that may be implemented such as
sheltering in keu of evacuation, For each of the accident sequences, it was determined that a
General Emergency {GE) would be declared promptly, within 15 minutes, based on the
emargency action levels for the operating reactor, The timing of significant radiclogical release
varied among the accident sequences and was an important factor in the response modeling.
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The timing of significant radiological release occurs well after evacuation of the EPZ wouid be
accomplished according to the site evacuation time estimate. Sensitivity calculations for fuel
configurations not used at Peach Bottom predict earlier release, but even these do not begin
until evacuation is well underway or completed within the EPZ,

Using the dose projection binning, three consequence models were considered for anatysis as
shown in Table 31. Time constraints limited the current analysis o two of these including
consequence mede! 1 and 2.

Table 31; Modeling Sequences

Consequance | . Releass to EPZ Area 'boyond EPZ
Model Environment
1 Smail: Does not ; immediate | Shadow gvacuation of 30% of the public
exceed PAG " evacuation | from.this area. Hotspol'and normal
beyond EPZ. i r ocatlon if required. Habstabmty is
i applied.
2 Largs Late: ’ Shadow evacuation of 30% o{ tha public

;_I__)eiayed evaouaﬁafi}w a

exceads PAG } evacuat)
! Hes. Shelter in Plgce of

beyond EPZ.

3
Not Complete

observed there
tPZs, about 20 people that had been asked o evacuats had slso evacuated for
situations in which re asked not to evacuate [NRC, 2008). These situations were
typically related to hurricane hazards. In the SFP project, the initiating event is an earthquake
that will be fait by residents of the EPZ. The event will ba foliowed with media information
related to an accident at the nuciear power plant, wide spread loss of power and damage to
some buildings. It was assumed that these factors would increase the shadow evacuation {0
30% of the public in the environs of the piant.

Hotspot and Normal Relocation: Models are included in the MACCS2 code to refiect OROs
relocating people from areas that were not included in the evacuation order where the dose

Official-Use Only—=Sensitive InternaHnformation
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exceeds PAGs. Within the MACCS2 caloulation, individuals who would be refocated because
their projected total committed dose from thesa pathways is projecied to exceed the protective
action criteria are prevented from receiving any additional dose during the emergency phase.
‘The emergency phase is the 4 day period after the start of the release. This relocation dose
criterion is applied at a specified tims after plume arrival at the affected area and is applisd to
the entire population within the analysis area, including the non-evacuating cohont within the
EPZ. The dose and time values were developed specific to each sequence and are provided
balow. :

» Hotspol: 5rem at § hour
+ Normal: 1 rem at 12 hour.

due 1o the increased availability of response reso
crganizations,

Shelter-in-place; For those areas whe 00
rather than evacuatson SiPis modeiedié 3.

PAGs beyond the EPZ, analysis of
CA was required. T he pc«puiatuon was

i loaded onto tf
Howe\;gg:’ ;’ wacuatsons oC 33 8 distribution in which the percent of public evacuating the area
bers of the public have evacuated. Evacuations are typicatly

: latively steep at the beginning and tends to flatten as the last
members of the pul 1hé area. The point at which the curve tends fo flatten occurs when
‘approximately 90 percent fthe population has evacuated. The fast 10 percent of the population

is called the evacuation tail (Wolshon, 2010) which was madeled as a separate cohort,

The site specific ETE provides information on population characteristics, mobilization of the
pubtic, special facilittes, transportation Infrastructure and other information used to estimats the
time to evacuate the EPZ, A distance over time ratio was generally used to develop the speed
of the general public cohorts. A distance of 13 miles was assumed as a maximum traval
distance to provide for the fact that roadways are not directly radial away from the plant.
Adjustment factors within the consequence mode! were then used to increase or decrease
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speeds for each cohort at the grid tavel in areas where greater congestion may be expected or
in rural areas where less congestion may occur. Because MACCS2 does not currently have the
capability to move populations over time, cohorts are modeled to begin moving together at a
specific time after notification, The analysis includes the State of Pennsylvania position that,
an avacuation is ordered, it will include the entire EPZ, This position differs from other statas,
where evacuation of downwind areas would be implemented rather than the full EPZ. For this
project, a full evacuation was modeted assuming that the State of Maryland OROs would agree
with the Pennsyhvania protective action decisions.

Assumptions:
The foliowing general agssumptions were applied in this anal

Proteclive actions will be implemented within me_Esz

” & & o

increasing mobilization times. ; ke
Residents are ganerally aware of an impen ency through media broadcasts.
For the delayed release sequepees where a plufig dbes not start for greater than 24
hours, it is assumed that schod the EPZ‘W iid be closed rather than
evacuated. g

no modeling provisi
be located within 14

phase has bsen chosen conmstem with the EPA use of the
At this time, the effect of the plume i3 complete, and alf the

roadway network w £PZ was reviewed against the site-specific evacuation pian to
determine the likely evatuation direction In each grid etement. Travel directions were Input at
the grid tevel to appremmate travel along evacuation routes and primary roadways. For
evacuations beyond 20 miles, travel directions were set radially outward to implement
evacuation in these areas. This method was necessary 10 meet the schedule and resource
constraints. Speed adjusiment factors were then applied 8t the grid element level o speed up
vahicles in the rural uncongested areas and to slow vehicles in more urban seftings where the
modsling indicates that speeds are lowsr than the average values used In the analyses.

Official- Use Oniy—Sensitive Internatinformation
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Potassium lodide

The State of Pennsylvania and Maryland potassium iodide (KI) programs distribute Kl tabiets
through saveral different means. The WInMACCS Kl mode! only aflows Kl to be assigned by
population fraction, not by location. Only residents within the EPZ wauld have Kl and only about
haif of these wauld typically be asswined to have access to their Kt and {ake #t within the
specified timeframea. The Kl mode! was turned on for the seguences where the PAGs are not
expected to be exceeded beyond the EPZ and was turned off for those sequences where PAGs
would be exceeded beyond the EPZ due to computer model hmztatx )

The limited seismic evaluation of the pcteﬁﬁal failu
SOARCA identlfied 12 bndgﬁ%"‘“ d roadwa‘%pg

er has a mmzma! effect on the evacuation
-earthguake serve sparsely populated areas

19loss of alf onsite and offsite power, which can affect the response
lic, Sirens would be sounded following the GE declarstion, and

because Peach"
sirens sound for analysts” The loss of power affects the number of residents receiving
instructions via EA ging. The residents within the EPZ wili have feit the sarthquake
which will affectively servie as the initial waming. it may be expected that the residents will use
multiple methods of communication, such as csl phones, {elephones, websites, and direct
interface to communicate the emergency messags.

A review of the roadway network within the EPZ indicates that there are only a few traffic signals
within the EPZ and that most intersections are controiled with stop signs. The loss of powar wiil
cause traffic signals to default to a four-way stop mode, which is less efficiant than norma!
signalization. It Is expected emergency response personnel would respond (o these
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intersections and direct traffic as indicated in the site ETE, Tharefore, the loss of signalization
will have a limited effect on the evacuation. It is assumed that at distances beyond 20 miles,

there Is no loss of power and traffic signals and EAS messaging are not impacted.

Using the information and approach described above, the evacuation timing and speeds for
each cohort were develaped and are presented in Table 32.

Table 32: WINMACCS response parametars for sequences whoere PAGs are not exceeded

beyond the EPZ e
Popuanon RKosponse Dalays {hours) Emaw’;&;‘;ﬁ Sposds
T
. Delay Total
. Siren Delayto | 7 Espesd | Cspeed | Espsed
F .
Cehori LN | (Oatarm) | Sheber E\‘:c ‘%:ﬁ,“, fesrly) | (@) | (s
0 1o 10 miles §
Shadow 0 : 0
1 03 1 15 5
10 10 R0 mdes 2 4
Shadow
4
2| 0 10 10 wites 0.417 1 3 5 2 20
Gereal Public
3| 06 10 miles 05 2 15 20
Special
Facifties
?
1 §
1 010 10 miles 0.5 2 5 | 20
Evacualion Ta! !
0.6 2 15 1 20
;
{
- !
{ !

er {DLTSHL) rapresents a delay from the time of the start of the acddent

unti! cohorts he shetter.

s Delay to evacuation (DLTEVA) represents the iength of the sheitering period from the
time a cohort entars the shelter until the point at which it begins to evacuate.

+ The speed (ESPEED) is assigned for sach of the three phases used in WinMACCS
including Early, Middle, and Late. Average evacuation speeds were derived from the
Peach Bottom ETE report. Speed adjusiment factors were then used in the WinMACCS
application to represent free flow in rural areas and congested fiow In urban areas.

Officiat Use Only—Sensitive- internal-information
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« Duration of beginning phase (DURBEG) ig the duration assigned to the beginning phase
of the evacuation and may be assigned uniquely for each cohort,

» Duration of middle phase (DURMID) is the duration assigned to the middle phase of the
evacuation and may &lso be assigned uniquely for each cohort,

WinMACCS response parameters for sequences where PAGS are not exceeded beyond EPZ.

Tha following cohorts were established for SFP project:

0 to 10 Shadgw; A shadow svacuation may be expected from wﬂ!ﬁ‘ﬁ' e EPZ. Focus group
work conducted with NUREG/CR 6853, Volume 2 (NRC 20()_ '5:'_(' '_ jested that some residents

shadow evacuation. Because the accident is inition
30% of the public avacuats.

10 to 20 Shadow: A shadow evacuaﬂ”: : he area beyond the EPZ. The
distribution of the shadow evacuation w _‘_Ink 6] % groentaga of the public near

0 to 10 Public: This poj ta:10n§
leaving promm:yfaad othgr;‘,ﬁ}g"‘ ;

¢ to 10 Schools: This cohort includes elementary, middle, and high schoal student popuiations
within the EPZ. Schoois receive early and direct warning from OROs and have rasponse plans
in place to support busing of students owt of the EPZ, White the movement of school children
are specifically considered in the evacuation modei, the dose models do not treat them
differently than the average person,
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Non-evacuating Public: A portion of the public does not foliow protective action orders. It is
assumead that 0.5% of the general public within the EPZ refuse to evacuate,

It is assumed that '24"’ rs after the start of the accident, ORQs begin to order evawatxons
beyond the EPZ. This'is based on the preliminary dose timelineg which indicates a large release
beginning at 48 hours.

To develop the evacuation time estimate and corresponding speeds for the areas beyond the
EPZ, it was assumed 80% of general public can be evacuated 24 hours after order 1o evacuate,
This is consistent with the lengthy travel imes observed in hurricane avacuations of similar
populations. The last 10% (evacuation tail) tekes an additional 12 hours longer.
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Because of the lengthy time for this release 1o the environment, this sequence is effectively
modelad as two separate evacuations including the EPZ first foliowed later by the 10 to 30 mile
area.

The following cohorts were established for SFP project:.
0 1o 10 Schools: This cohort includes elementary, middle, and high school student populations

within the EPZ. Schools receive early and direct waming from OROs and have response pians
in place 1o support busing of students out of the EPZ.

0 to 10 Shadow: A shadow evacuation may be expected fromwhm the EPZ, Aithough this
may be more appropriately called an early or spontaneous gﬁ a?%ﬂ ‘because the population
begins to avacuate prior 1o receiving an order to evacu fs dafi
evacuation.

Hebe ¢ i he area beyond the EPZ. The

(S ude a larg_er percentage of the public near
ciea -r ropox%nal to the distance away

nelie _,;f-ef the general public fromthe 10

e 3 population group would evacuate as a distribution with some
residents leaving gompthy others leaving later. For this analysis, the cohort is modeled as

a single group.

30 1o 40 Shadow: A shadow avacuation may be expected in the area beyond the evacuation
area, For this anatysis, it is assumed that 30 percent of the general public from the 30 to 40
mile area shadow evacuate, This cohort will begin evacuating as they observe evacuees
travgling through the area.

- 10 t¢ 30 Tail; The taii represents the last 10% of the population of this area who typically take a
longer time to begin to svacuate.

eﬁe&al-usreﬂty-sensﬁiwhtemai—fm}on
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30 to 40 SIP: For this sequence, it is assumed that 80% of the public remaining after the
shadow evacuation comply with an SiP order.

Non-evacualing Public: A portion of the public does not follow protective action orders, It is
assumed that 0.5% of the general public within the 0 to 40 mile area refusa 16 evacuste.

Table 33: WInMACCS response parameters for PAGs exceeded beyond the EFZ

P Papulstion “*Delay fo Deatay to i Pah EIPEED | ESPEED
Fraction Shalter Bvacustion D E DURMID {earty) {(mid}
Cohort DLYSHL () DLYEVA (hr} Lihe far} {mphi {mph}
Same az
010 10 SOARCA,
Behools 1 baseling 0.26 0.78 2 20 19
Dto 10 - b 20% of §-10 mite
Shadlow 2 popuiglion 0.5 0.5 20 0
Game as
0 o 10 Pubiic 3 SOARCA 1.0 3
10w 20 e of the public
Shadow 4 )  initiswes 2 3
Cto 10 Sams 2§ e
Special STQARCA
Faciliies 5 besaling D 5 1 3 10
Dto 10 ;W% EPZ
Evacuation ; populalion ;
Tail & i 1.00 1 3 10 b
SECPOP then
1010 30 subiract othey
Fubliic coharis 2% 18 ] 1
N 20% al publs in '
Shadow this area 4
8 ) 5
40 to 30 fractiogs
Spucial AR . H ;.
Facifities songiiii A & t 20 10 2
301030
Shadow
2 1 15 1 (]
, Wi
Evacuation
| Telt 49 18 2 1 10
3010 40
Shalisr in
Place ; NA NA NA MA NA
Q-40 Nor- :
Evac g}‘m . 0.8% NA NA. NA NA NA MNA HNA
**Delay to shelfétis from thastart of the accident. Set O-alarm accordingly.

{This section TBD)

7.3.4. Long-term Phase Modeling

This phase is the period fallowing the emergency phase and continuas for 50 years. Exposure
during this phase includes internal doses from inhalation of resuspsnded radionuclides and

e U DMy ST intermai-inisrmetion-
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ingestion of foodfwater with trace contaminants. However, exposura is mainly fram external
doses from trace contaminants that remain after the land is decortaminated, or in lightly
contaminated areas where people never had to evacuate or relocate. Depending on the
ralevant protective action guides and the tevel of radiation, food/water below a certain mit could
be considered adequately safe for ingestion, and lightly contaminated areas could be
‘considered habitabie.

Protective Actions aqaingt Contamingted Land

Three protective actions are modeled to ocour for contaminated |g ring the long-term

phase: decontamination, interdiction, and condemnation. In . MACCS2 will consider
these acuons whan iand is not habitable. The actual determ_x I Ton T i

In MACCS2, the models will consider land decontam &t
land habitable and if the value of the l%g_ j
of contamination is too high, or if the
the land value the land Is assumed o

restored to habltabiity, thesedise:
costs. R

During this deconta
unirthabitable), a

_,se-(r e -;50 years}:has heen choseh to pravide a reasonable time pemd for
'consequenc&s from exposure of the average person. For some small children the
ioiq;er residents i is too long.

o determine long-term habitabllity. Most States adhere to EPA
guidslines that a!low._ of 2 rem in the first year and 500 mrem each year thereafter.
However, Pennsyivama as a more strict habitabliity criterion of 0.5 retn beginning in the first
year and each foflowing year), which is the value that (s used for this study. This value was
used in the Peach Bottom analysis even though argas outside of Pgnnsylvama could also
potentiaily be affected.

Land Values:
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Land values are divided into two types in MACCE2: farmiand and non-farmiand. In NUREG-
1935, these valuss also are scaled from NUREG-1 150 values using the Consumer Price index
{CP1) as the basis for price escalation. A scaling factor of 1.250 was used to account for inftation
petween the years 2002 and 2011. Land values affect the dacision to decontaminate, interdict,
or condemn land.

Decontamination Factors:

MACCS2 considers two levels of decontamination: a decontamination factor of 3 and 15. This
is consistent with NUREG-1935, as well as dona previously in NUREG-1150. The time periods
associated with these decontamination levels depend on the sig e contaminated area,

However, this study models both of these decontamination ';f,'_ 7s 1 one year to achieve,

which is the current maximum fime period allowed in MACCSZ. This sfi idy uses the values in
NUREG-1935 for the cost of decontamination. - -

consxienng such a long-term c!aanup stll \
standards related to this qu , @3 seen %é oW

Annual
Dose Applicabifity: Notes:
{mrem)
s 5 currently in
2 jongserm | severe accidents y
rukemaking
. o unrestricted use of
long-term | decommissioning land

operation | licensed operation
long4term | severe accidents | with "optimization®
afler

severe accidents

18. smergency
2000 EPA Protet_:tws Action after sovere accidents for first year (500
Guide amergancy mrem thereafter)

10 CFR 20 subpan E: This section relates to decommissioning of nuclear facilities. At
25mremfyr plus ALARA, tand that was previously used for nuclear faciiities can be used for
unrestricted use by the public. in addition, this section of the law, under certain circumstances,

Official Use Only— Sensitive it Find 4
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could aliow a relaxation of the standard to 100 mrem/yr if thera are institutional controls placed
on the land (e.g. no fishing).

While CFR 20 subpart E is specifically for "Radiological Criteria for License Termination”, this
section creates a precedent for what the NRC may consider safe for long-term public use of
jand.

10 CFR 20 subpart D: This section relates 1o restrictions on the licensee to limit the annuat
dose to the members of the public to 100mrem from licensed aperat 7y This section of the law
allows for certain exoeptions (8.g.2 v;srtor that demonstrates an ind has NRC permission

Hlehs e paths as determined by
Tedo ticensed operation,

an objective to limit the total dose fo 5 rem inn 50 years. 80
1 for the average remaining lifetime of exposed individuals,
} 50~yeaf"dosa of the ICRP recommended 100 mremiyr upper
ingd for chronic exposure.

! esponds to an upper bound of 2 ram from exposure during the first
year and 0.5 rem dre during the second year when considering radicactive decay
and weathering fron ' ar reactor accident. A speni fuel pool accident is expected 1o have
a signlificantly longer average radicactive decay, which would affect this calculation. However,
the ERA [14] has stated that:

Although these Protective Action Guides (PAGs) were develaped based on expected
releases of radioactive materials charactenisiic of reactor incidents, they may be applied
to any type of incident that can result in long-term exposure of the public to deposited
radioactivity. '
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Another consideration in reporting land contamination is: “At what point in time is the land to be
evaiuated?” As time passes, radionuclides will transport and decay. Also, depending on
society's capability and effort, decontamination wilt also affect the amount of contamination.

in addition, different dose standards are applicable to different points in time. A doselevelona
piece of property could be low encugh {or people to return, or habitabie in the short-term with
certain institutional contrals; hawever, a similar dose level may not be considered acceplable for
long-term habitation, and insfitutional controls for the land may be different.

Because our study is site-specific, and our SFP is in Pennsylvania, tlh':’_;“rasearch project reports
the arga of land that exceeds the dosge limils in the Pennsy!vama asE limits for habitation
~ {500mrem), for the first year after ths accident. :

In addition to using the 500mrem annuat dose to evaluale 1a n and for select
scenario{s), the project alsc currently plans to repon me area of 1and that exceeds a range of
dose levels:

25mrem {10 CFR 20 subpart E)
100mrem (10 CFR 20 subpart D)
100mrem + optimization (ICRR#@co!

2 @ & »
v g
e S
3 3
—
D3
) S
¥
2 35
1/;]
3 S
2 g
-
®
gtl
2 8
<&
m;"
g
-

Modeling land contamina B, I immediate: fer the atcident is more straightforward
"’é‘rther*é)b EPA nor 18°NRC currently has a general standard for

level of accuracyf _paﬁlcular sequence, the sequences were binned by their Cs-1 3?‘ and |-
131 release activities {see Table 35).

The first criterion used (o bin the sequences was Cs-137 release, because Cs-137 is the most
significant contributor to consegquence. 1-131 was also chosen fo bin the sequences, because i-
131 is a goed indicator for short-lived radionuclides that may be released from recently
discharged spent nuclear fuel. These shont-lived radionuclides are the largest potential
contributors to early doses and acute health effects. The tally into each of these bins can be
seen in Table 36,

. — Sensifived Hrf »
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Tahle 35: Release category types

Ceslum-137 Relegse
Retease Category Activity (MCi)
Binning

01005 {05t05 | 5+
lodine- | 0tp025 |RCH1 |RC21 | RC31

131 ,
Release g:g ° lreiz |Rre22
Activity  |.0:

(MCi) 0.55+ RC13

Table 36: Release categb s
Reiease RC11 I RC1Z I RC13 { RC2Y (
Catagory
Sequence

Tally

Totai

are not ig'éiuded, 2s they do not have offsite consequences.
include all OCP4 and OCPS sequences, and ali the sequences with

For all sequences, dégigyment of 50.54(hh)(2) prevents release of radivactive material, except
for a moderate size hole during OCP1, which is when newly discharged fuel is first loaded from
the reactor. Without successlul deployment of 50.54(hh){(2), the predicted scenam—speaf’c
releass frequency is 1E-7.

155


mtr1
Cross-Out

mtr1
Cross-Out


Official-tUse Only—"Sensitive Internal fnformation

réigh Donsity {{x4} fusl Loadirg

Unsucoessiul mitigetion Degloyad 50.58(nbK21 T Deployed 50 54{hni(Z)
Reloass Ralesse 4 Release
Sequenca Frequancy g:’;:?y Ssquenos Fraguency ?‘:wgmy Frequency Sequence Fragquency giam
1.48] %l {hyr} fiy) ooy
smal geo8 metz |ocer | ™Y epas Rew ee1 | ™ ezos mon2
hoW hole hole
OCP1 7 -
hote EE-0B RC21
;":ﬂ E-08
acP2 “EO&: :
role 2£-08
srel 4g.o8
aGP3 e
bots 4E.08
Total 1E-07 Total 6E.0%
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7.6.MACCS2 Results

Note: These are preliminary results calculated with a 10-mile evacuation. While a 10 mile
evacuation is applicable to some of the smaller releases, they are not realistic for Release
Category 33. Therefors, while longer-term consequances {such as uninhabitable fand) will not
be affectad, latent cancer fataiities are subjact to change. Thal being said, i i in project staff

opinion that [atent cancer fataiities is also Jargely a longer-term consequence, and therefore
1 vk

these results should not change stgnlﬁcanﬂy

Scenario-Specific Consequenoes

Table 38; Overall consequence :hsu?ts

; Denslty

SFP Fuel | (# of assemblies)

Hig-h Density
{OCP1 = 2859) _

Low Dens&ty
{OCP1 ¥ B56)

L X {oCP2 throug}g DCPS = 852}
oading I Wixtare of 15k ang
checkerboard
, Deployed
Operator Actions Unsuccessful 50.54(hh)(2)

Tybe of Consequence

e f ) ME-OQ

1 J18E-07

TB14E-00

Release Frequency {/yr)
Conditional* Probability of Rgh 0.036% | 0.69% 0.036%
Earigst Time to Relea 18 8.7 13
Not Not Not
Predicted | Predicted  Predicted
0.26 0.33 0.19
onditional™ Consequences
43604 3.3E-04 2.0E-04 3.3E-04
0 0 0 0

| Release Frequency-Factored Consequences (/yr)

individual Latent Canogt Fetatily

o fot 010 M 14 5.1E-11 20842 | 2.4E-11 2.0E-12
Ingividual Early Fatality Risk {/yr) 0 0 4] 0
Uninhabitable Land™*~ (Hectares/yr) | 2. 9E.01 36604 TA9EDE 36604
Displaced individuals 4.95-01 74604 | 93E-03 7.1E-04
{Personsiyr)

* Given Specified Seiamic-Even{ Occurs

* Given Atmospheric Retease Oceurs

* Unear-No Threshold, Wealher-Averaged, Release Fraquency-Weighted, and Population-Waeighted

efﬁth’—um—en‘yasmtfve—'mm—mmm. - 3
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e 15t Year Post-Accident, Weather-Aversged, Release Frequancy-Weighted: Calculation uses a dose

limit of S00mremiyr, secording fo Pennsyivama Cuode, Tifle 25 § 218.51 - Dose Limits for individual

Members of the Public

Table 38: Dose Response Model Resuits

Dose Response Maodel Comparison
{8cenarlo Specific, Weather-Averaged, Relpase Frequency-Weghted)

Dose Fust Loading Pattern High Density {1x4} Low Density
Response . Deployed
Model Operatar Actions Unsuccessful Unsuccessful [ 50.54(hh)(2)
individual Latent Cancer Fatality
Risk™ for 0-10 Miles {/yr) 51E-11% 24E-11 2.0e-12
Lh‘eaf. No Conditional* lNdWidu'a’l Latent
Threshold | Cancer Fatality Risk™ for 0-10 3.36-04
Miles
Latent Cancer Fatalities (fyr) 1.5E-05
-Latent Cancer Incidence (/yr) 3.5£-05
individual Latent Cancer Fatality
Risk™ for 0-10 Miles (/yr) 34815 3.1E-16
Conditional* individual Latent
€20mremfyr . .
truncation Cancer Fatality RiSk for 0-10 2.7E-08 51608
Miles
Latent Cancer EBit! 1.0E-05 8.45-07
Latent Can 2.4E-05 2.0E-0B
individual ii‘"xf%t CancarF Mity _
Risk" for o- 15%&&5 5.6E-16 1.1E-16
Sremiyr or )
orem ) o HESRE Stay Riskdtor 0-10 | 196 1.86-08 | 5.6€-00 1.86-08
ifetime
2.1E-07 2.4E-06 21E07
4.8E-07 5.58-06 4.896-07
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7.7.Tabulation of Deita Consequences

Table 40: Conseguence comparison # 1: Low/High density (1x4) lvading

Benefit of Low Density vs, High Density {(1x4) Fuel Loading
{Scanario Spacific, Wealher-Averaged, Reléase Frequency-Weighted, Uinsuccessful Deployment of 50.54(hh}2})

¢

Release Frequency-Factored | Conditional™

Type of Consequence Consequences (/yr) Consequences

Reduction Factor (drmeﬂbmnless)

Relsase Frequency 1.0

Individuat Latent Cancer Fatality Risk*™

R
for 010 Miles 2

Latent Cancer Incidence 13
Latent Cancer Falaiities 13

Uninhabitable Land (Mectares) 58

Displaced Individuals (Persons) 53

* Givan Atmaspheric Release Ocours
*** Linear-No Threshold, Populatlon-Wetghted

Fr(equency “actored | Conditional*
quences {/yr) Conseqguences

Factor (dimensionless)

3.3

18

18

81

73

ﬁepuxatm Waeighted

s+ Linear-No Thraehs

Table 42: Consequence comparison # 3. High density {1x4 and uniform) loading

Benefit of High Density (1x4) vs. High Density (uniform) Fuel Loading
(Scenano Specific, Weather-Avarsged, Ralease Fraguency-Weighled. Unsuccessiul Deployment of 50.54(hh}2))

Release Frequency-Factored | Conditional®

Typa of Consequence Consequences (lyr) Consequences

-+ | Reduction Factor (dimensionless)
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Retease Frequency 1 1.0 -
Ingividual Latent Cancer Fatality Risk™ |

for 0-10 Miles 1.56 1.56
Latent Cancer Incidence 1.40 1.40
Latent Cancer Fatalities 1.40 140
Uninhabitable Land (Hectares) 1.38 1.38
Displaced Individuals (Persons) 1.38 1.38

** Given Atmospheric Release Occurs

*** Linear-Na Threshold, Population-Weighted

Table 43: Consequence comparison # 4: Successful/iUnsutt

50. M{hh){Z}

Fuel Loading Density

Reiease Frequency (fyr)

Type of Consequence

individual Latent Cancer Fatality Risk %

for 0-10 Miles (fyr) 12
Latent Cancer lncndence (,m).;h 11
~— v

14

13

idnal* Consequences

‘Rediction Factor {dimensionless)

1.3 0.60
T4 0.58
7.4 Q.58
41 o
36 0.68

** Linear-No Threeh

- Population-Weighted
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8. CONSIDERATION OF UNCERTAINTY

There is a deosire to parform sensitivity studies to assess the effects of various uncertainties on
the results presented in this report. For the time being, focus Is heing placed on completing the
production analysis. Howaver, this section catalogues Key uncertainties in the study
assumptions or computer modeling that witl be investigated If resources permit.

Overall Approach:

. Regarding muiti-unit events, see proposed sensitivity hsted bﬁicw under “Consequence
Analysis”

Seismic Asgessment;

* Fallure of the pneumatic seal surroundmg-
configurations...

» There are numercls assumgtibn g the specific layout of spent fuel
during the various OCPs, partic Foidhe | $ityloading situation. Most of these
assumptions ara dtiven by simpl :aﬂons dod *_lha MELCOR modeling
tractable when considering so mariig Srenanos The effects of the more
important decisionsiiittie a WYualitttivety,

. The assumpdi m-dmg%’sls will hav,ﬁé effect o0 some scenarins, For this reason, a
specific soena%’ﬂﬁat rapre%ts a casdihat was near the threshold between success

and fallure rms of a rek&f&e will be ¢ chosen. This scenarlo will be re-run using

aftemative as iy ngs:s The’r’?_r”s’t case wﬂ! mvestlgate eamer dsagnosas
l‘!t - o AL

: qu:pment to Which: e is initialty deployed. Fora scenario of interest, a more
taﬂed timeline Vel oe devaloped using the decision process guidance from Figure 2.1
§! -06-12, Re\ﬁsio_n 2, If thé resuits of any of the cases analyzed suggest that a

: e pmmpted

aswmphons g iead to the deploymant of sprays rather thar makeup. A sens:tivity
study may be run for one of these cases to show the effect.

Accident Progression Analysis:

. Peach Botiom actually strives to maintain a 1x9 configuration rather than the far more
typical 1x4. A sensitivity study wili be performed to quantify the additional benefit (for a
selected sequence) from the more favorable arrangement.

. The number of filed rack locations in the high-density loading case equals the poo!
capacity minus a full core offload capability. It is believed that 80 rack tocations are

Officiat Use Only —Sensitive internaHnformation
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reserved for storage of other hardware (e.g,, guide tubes), but nonetheless, 3055 stored
assemblies is used. The raduction of the assumad high-density poo! inventory by 60
colder assemblies will be considered by a simple assessment of the impact of these
assemblies on the projected source term (e.g., raticing of source term gonsidering the
reguction of thase assemblies).

. There is some subjectivity in the modeling needed to take a 3-D Cartesian spent fue!
pact rack arrangement and transiate it to a 2-D cylindrical computer mode! (MELCOR).
An example of this has to do with the prescription of heat transfer quantities (view
factors, surface areas) batween Rings 5, 6, and 7 in the !ow—denstty pool configuration.
Modeling here took a moderate approach in establishing a neafty 1x2 ratio of Ring 5 to
Ring 6 and assigning an interface that increases the surfaggiiga between Rings 6 and
Ring 7. Whether these assumptions are conservative of, onservative is highly
situation (and heat transfer mode) specific. While the ghbice! i ade are viewed as
reasonable, the effect of an altemative assumption $aiibe inveSligated.

. The current MELCOR model does not aceourt | “the effects of
on the source term. This uncertainty will be in¥asfigated. e,

. Peach Bottorn had a small power uprate in&b 5‘ which Is after the 0 3G
used for this study was campleted, In i

calculations were performed we it

underestimates the long-lived raeko
tivad radionuclide invantory, A sbgsiti
Sinoe the study does not account 0 _

' pit )t / cdhcurrent accident events, a

o

grationy =c:urs; from hydrogen generated
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9. OTHER ISSUES

9.1. Probabilistic Risk Assessment versus Conseguence Assessment

This study is a limited-scope consequence assessment that utilizes probabllistic insights. By
‘{ooking at these probabilistic aspects, the resulis can be piaced in better contaxt, via the limited
treatment of relative fikelihood. While these elements provide some of the benefits of an actual
risk assessment, there are several eiements of a risk assessment that are specifically not
performed. These are: n

. Fatlure modes and sffacts analysis (except for S5Cs spac:ﬁg‘aﬂy discussed in Section 4
of this report)

Data analysis and component reliability
Effacts of deperdencies

Human reliabilty analysis

System faulf tree and sequence event tree

. & »

Even so, this study does attempt to bring probabilk
study these include:

. lmtsatmg event likelihood i Lei
. Initiating event timing effects (e.i’- he'téls live likelih having an event during the
various operating cycie phasas anﬂ the KSR it _:___urattﬁ’nsénincurred)

 dagy afiStied Sind.conditional probabilities
stebrotogical sampling in MACCS2

In terms of assess%e results ik '_mnsxderahq
inputs {and simp!e algebr hEl @’m_ ua

f probabilistic msights uses the above
- different figures of merit, in order {o place

SOMgE éspects of hke!vhéoﬂ, hut ¥ t support definitive statements on risk. To elaborate,

cong (‘?ar'xhe resuits of this’s shudy to distinct data points along an unknown capacity function.
nside quirementg/goals (most notably the Safety Goals) to be a continuous

g the capacily data points to the failure function, we can gain

5 data generally fies in this success regime or the failure regime.

diirther and use past studies to compare our data points to other

ing4hls approach we can draw supportable, but not definitive,

capacity functions®a
conclusions.

9.2, Multi-Unit Considerations

Qbservalions regarding & concurment reaclor event:
Thete are five broad interplays possible between the spent fuel pool and the reactor:

1. An initiating event which direclly affects both the reactor and the spent fus! poal,

Official-Use Only—Ssensiive intarnakHnformation
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2. A reactor aceident which prevents accessibiiity to the spent fuel pool for a pfolonged
period of time, leading fo a spent fuel poof accident,

3. A reactor accident that includes ex-coniainment energetic events (most notably a
hydrogen defiagration or detonation) which preserts a hazard to the spent fuel pool
{e.g., by causing debris to fall in to the pool},

4. A spent fuel pool accidant which prevents accessibility 1o key reactor systems and
companents for a profonged period of ime, leading to a reactaf-accndent and

s A spent fuel poot secident which creates a hazard for eqﬁ_f pnent used to cool the reactor
(e.g. the flooding of low elevations of the reactor buncbﬁig dde to a leak in the pool or

logically the most retevant intiators, 8s they are thedy Be ¢ ' t likely to
(a) initiate an accident at the reactor and/or spegg% 5 "f;igrther

ponemﬁand key resour' s To the

iy peTount for s0me of thase effects.

hamper accessibility to key areas, key systems andom
axtent practicable, this study has altempied to qua?‘
For example, when the reactor and SFP are hydrauli

mlti-unit eflects was not a focus of thidal
computational tools. The site Level 3 PR
rigorously address these effects.

R

' ! poal of ong unit with an accident at the
Again, "&*large seismic event or a savere weather

spent fuet pool or res "-

LOOP are t greyents that: -8 multi-unit gvent, In generat, if accidends at
both spepfie! T 1o nd similar timeframes, and both pools have
simitagdaser of s then the resulting source term from a dual-unit event would be
rougilistwice the sing . In reality, this type of perfect symmaetry is highly

Lol | s are very unlikely to have the same totat pool heat load
or peak aspmb y heat loadiftacalt that for multi-unit sites, the reactors did not usually start
operation ai"’ﬁ%e same time afd outages are intentionally staggered). Even if such a symmetry
existed, the offElte consequenifes would not follow a linear scaling, due to a number of non-
linearitles assod wit ﬂi’af portion of the analysis. Again, capturing such offects was nota
focus of this study,”

tire work {SECY-11-0089 Level 3 PRA) will attempt to more rigorously
treat these effects.
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8.3, Seismic Risk for Dry Cask Storage

A logical question fo ask is what effect the studied {challenging but very fow frequency of
pecurrence) seismic event would have on the fuel in dry cask storage at Peach Bottom. For the
raasons outlined earlier, this study does not attempt to quantitatively address that question.
Even so, that issue can still be addressed to the point of providing perspective.
For low to moderate seismicity sites {such as Psach Bottom), weight, cask geometry and friction
protect against stiding or tip-<over. For reference, NUREG-1864 (a p ‘_,L»dry cask storage
probabilistic risk assessment perfarmed by the NRC) conciudes the 3«-’ the conditions and type
of cask studied, the PGA necessary % postulate damage to the.¢asK (from tip-over) was 1.35g,
niskigad in the NUREG-1864
study (Holtec HI-STORM 100) has aslightly mgher aspect -gf widti fo hetght ratio) than the
cask used at Peach Bottom (TN-68). Comprehensive pgiametric evaldat c s are reported in
NUREG/CR-686S for a cask simitar 10 the HI-STORM 408 and for earthquiake:
ground shaking characteristics including characteri__,,’ c(s similar to those expé tad for the Central
and Easiern United States (CEUS). These evalyglions show tha! tip-over of thaicask studied
would not starf for an earthquake about 2.3 times: ,;_.earthquaké‘oonsidered nt Furrent
study. A margin of 230% is considered sufficient to'% Aciudg: Ay
the current study sven taking into accoum the differences

aspect ratios of the casks,

As a real world example, the August 20; %% _ Yorth Anna site (which utitizes TN-
32 casks), caused a cask to slide up to #.5 nc’?ie_ Swith no tipX Slmnlarly, the Fukushima
Daiichi site utilized on-site dry cask storaggawith nO's §h:ﬁc_ant a"hiage oceurring from either

it | also not d mamaﬁ@fﬁaw been evaluated for hypothetical

order of 3Og which are at ieast

B a cask] E}he seismic scanarto, it would be necessary to have
I},en heaﬂﬂg 0f the fuel to temperatures of the order of 900 C. These

achieve.

9.4.Other Considérations Related to Expedited Fuel Movement

As stated up front. this study focuses on offsite consequences associated with a release from
the spent fuel pool, for the speditied earthquake. The set of information provided in this report
helps to frame specffic aspects of a much larger issue, that of whether expedited movement of
spent fuel results in a sufficient benefi to warrant its requirement. As mentioned at the start of
the report, there are many other considerations that play In to this larger decision. These
include, but are not limited to, the following issues:

Official Use Oniy — Sensitive nt Hit "
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* Current regulatory requirements under 10 CFR Part 72 limit {from a practicality
perspective) the ability to transfer fuel with less than roughly 3 to 5 years of cooling

. Discharging large amounts of fuel (and thus greatly increasing the amount of fuel
containad in the ISFSE) might require a Part 72 rutemaking effort (e.g., lo accommodate
increases in the design-basis accident site area boundary allowable dose limits) and
potentially increase the risk associated with the (SFSI

. Expedited discharging of fuel from the spent fusl pool 10 dry storage increases the
frequency of postutated cask drops, which in turn increases the risk of causing damage
to the pool thel could lsad to a radloactive releass 3

) Expedited discharging of fuel increases occupational doses farworkers involved with the
management and transfer of the spent fuel ) 3”

. Earlier movement of fitel increases the probability that fys
later for shipment to the eventual long-term repositoy . oF

il have to be re-packaged
- storage site

Issues related o dasign-basis accidents and risk posediﬁ?‘i;dw cask storag 2.have received, and
continue o receive, attention. Issues related to the _rgiﬁﬁﬁg dry cask storagginfrastructure,
worker dose, and economics are discussed in [NAG{2011] andfor [EPRI, 20° ﬁ’iﬁﬁﬁemn 1.6

provides more information on each of these studig

9.5.{nadvertent Criticality

inadvertent criticality events (ICEs) may e ie tar speﬁicﬁgqmbinaﬁons of conditions
{e.g., during reflood of a drained poel fo}fé't%?@egigﬁ-”’;me ool stafiiag higher reactivity fust
assemblies whers the boron polson in the*%gk panéﬁ-ﬁ as ;;iaeaenn‘sﬁﬁ?iiﬁcanﬁy displaced as a
result of the earthquake). Af$Hth an event Hffectad@regichiiithe poo! (as opposed to only 8
portion of & particular agsgaDIy]; Qfm if #t oclliEed At a point in the accident where the fuel was
only partially coveredsthe event cotiid hava andmportant Impact on onsite dose rates. Design
requirements and _w y analyses gasure that tH spent fuel stored in the pool, under normal
conditions, will not résigitin a criticak Confi “uraticﬁfi* ‘or the selected plant {and other US spant
fuel pools), this is ensff?é:_ Ahrodgh's cambliifation of assembly spacing and neutron poison

- Qﬁ‘@ﬂﬁgx) aae “did"CAtise reconfiguration of the fissionable material
lipdirs movemen %y;e fuel, (i) direct degradation of the poison material, or {iii)
gftect on eitherdhe fuel®arpolsan materiat due to high temperatures associated with an
ceident, there are, '

2. the majority Lel in the spent fuel poal has low net reactivity due o having gone
through more than one operating cycle in the reactor,

3 the fuel with tha highest net reactivity will Ekely be the ance-burmed assernblies which
will stay in the reactor during a “shuffiing” refueling outage (but would not stay iy the
reactor for a fuil core offioad),

4, critical configurations of low-enriched Uranium fuel require the presence of a neutron
moderator {in this case waler or steam) such that an |ICE would not happen in the
presence of air,

Official Use Oniy—Sensitive-int b G
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8. BWR SFPs do not use borated water so the fact that the SFP may be refillad with
unborated water is not 3 deviation from the nom, and

8. low-enriched uranium fuel assemblies (which are used in afl US reactors) are
geometrically designed o maximize reactivily (moderatorffuel geometry) in the reactor
and so any significant aiteration of the geometry of a given assembly witl liksty be in the
direction of a less criticality-prone configuration

Having said this, there are a few counter considerations that shouldﬁaléo be kept in mind;

1. the poison materiat in the rack panels contribute signifi Canlyio the net reactivity of the
SFP configuration (i.¢., they are a key compenent to ensumg ub»crthcalxty for high
reactivity assemblies}

2. the affects of large seismic events on aiready ds
not aasy to quantify,

, 1bii fth.and safety standpoint than
the offsite consequences ,M; 2.y #ie relalSe ohradic __otwe material associated with a
prolonged uncovering of g kiGrinar afirg attempting to re-fload. In

consideration of all of (48! Gfimon amﬂem management practices in the US call for the

current phase of tht "‘étudy foll
to better understand tﬁg’h eciﬁeﬂ, 'j_ e ﬁ' __
farge sevsmlﬁement ?

There is a regulatory requirement associated with the time window by which the 1x4
arrangement must be achleved, however the specific time requirement is not publicly-available
information {bacause it could be potentially useful to an adversary). This section posits a
situation where the fuel Is unfavorably arranged during the outage to demonstrate the effect of
this aspect on the results.

The tayout of assemblies for the OCP1 and OCP2 uniform configuration is shown in Figure 95
and Figure 98. For the 1x4 configuration (see Figure 42), the effective area between Rings 1
and 2 was determined by the numbaer of panels (i.e., 352 panels for 88 assemblies) since each
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assembly in Ring 1 is completely surrounded by Ring 2 assemblies. in the uniform
configuration (Figure 85), the surface areas between Rings 1 and 2, and Rings 3 and 4 were
effectively reduced by about an order of magnitude assuming that all the assemblies in Rings 1
and 3 formed an approximate square, Inthe 1x4 paltern, the boundary area (per unit axial
length} for Rings 1 and 3 were based on 4 panels per assembly. In the uniform pattern, the
numitier of panels per assambly are estimated as 0.4 forRingt1{ ~  Jand0.3( ~

Yfor Ring 3. 1t should be noted that this is a stylized representation of a uniform
aonfiguration by limiting the areas {and thus total heat transfer) between the hot rings and the
rest of the assemblies in the pool.
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Figure 98: Cs environmental release fraction for unmitigated uniform high density
moderate leak (OCP1)
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emeia!—usemwﬂs%tm%nmmn
Mt Moderate Leak (OCP2 Uniform] Scenatiq

For the mitigated case in OCP2 uniform configuration that had the highest Cs release fraction
{1.2%). a number of calculations were performead to determing the effectiveness of mitigation. It
should be noted that the same scenaric in 1x4 configuration did not have any release, The
overail behavior of fuel temperature is similar o 1x4 configuration cases in OCP2 {not shown)
and OCP 1 (Figure 75), but the fuel is axperiencing higher temperature that gradually declines.
For this base case (Figure 98), tempearatures arg high enough to cause a gap refease and more
gradual release of fission products from the fuel. The calculation for the 200 gpm spray instead
of 500 gpm makeup water is shown In Figure 100 that actually shows d.rapid heatup before the
temperatures are stabilized. A calculation was performed to test tngg factivensss of a higher
spray flow rate of 500 gpm and as indicated in Figure 101, the fugiemperature are stabilized at
much lower temperatures without re!ease of ﬁssion products fam _.:__fl:te! In alt the spray
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Figure 191: Ring 1 clad temperature for mitigated uniform high density moderate leak
(OCP2) with 500 gpm spray
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Table 44: Summary of release characteristics for h

igh densit
Scenario Characteristics %.Release Characteristics ]
High

Fuel Gap 1-131

Density | SFP | 50.54(hh)(2) \
Case # | Leakage? | Equipment? Un?t?::)ery Re{iggse R égg‘;d

ocp g |-Smal No 30.7 523 0.38

1 Maderate Yes 74 11.7  agAs 0.05

Moderate | No 5.9 82 & 0.97

Smai] N 42.6 55.2 RS .61

OCP# Noderate | Ves 7.3 12.7 iR 0.5

Moderate No £.9 48 8 7.65
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10. SUMMARY & CONCLUSION

This report documents the resulls of applying a challenging (weall-beyond.-design-basis) selsmic
even{, with a peak amplitude in the range of 0.5 to 1g and an estimated frequancy of occurrence
of 1 event in 60,000 years) {o a selected Mark | boiling water reactor spent fusl pool. The
results obtained are synopsized in the tables below...

Now let’s revisit the original considerations regarding expedited fuel movement that this study
saught to inform, providing insights from the work documeanted in this report;

o

. Expeditad movement of fuel fram the spent fuel pool to dry s%rage will decrease the
inventory of longer-lived radionuclides such as Cesium-:l :

] Rabo {owihigh).

oCcP#2

OCP#3

release occurred, which would be expected to f
economic impacts

¥ water, not fuel). in the scenarlos studied here, a 5%
initial water Inventory generally would not have affected the

Regarding what this study teils us relative to the Quantitative Heaith Objectives in the Safety
Goal Policy Statement, we invoke tha discussion in Section 9.1, about how the results from a
limited scope consequence assassment can be used to draw supportable, but notl definitive,
conclusions about risk. Let's start by comparing the scenaric-specific frequencies from this
study with those of past studies...
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APPENDIX A: FREQUENTLY ASKED QUESTIONS
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