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Overview

e Categories for Discussion
- Methods & Assumptions
- Failure Thresholds
- Release Fractions

- Miscellaneous




PWR vs BWR Perspective

 While Rod Eject / Blade Drop are Reactivity Initiated Accidents...
- These different events don’t share an identical topology

e Analytical spaceisdifferent
- Every assumptionisn’t automatically meaningful to both PWR’s and BWR’s
- Examplefromitem2.2.5

e (a)is PWR speak

e (b)is BWR speak
- Exampleitem 2.2.10

e Muddyregarding BWR

-
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Methods & Assumptions
 Approved Models

- What does “account for calculational
uncertainties mean”?

- Realistic / Risk Informed methods to be
allowed?

- Expecting a full RG 1.203 process?
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C. STAFF REGULATORY GUIDANCE

This guide describes analytical metbods and limits that the staff of the NRC considers acceptable
for use when analyzing a postulsted PWR CRE accident and 2 postulated BWR CRD accident.

1. Limit: on Applicability

The analytical limits and guidance described may not be directly applicable to anticipated
operational occurrences (A00:) and other postulated accidents mvolving positive 1eactivity msartion
(e.2., PWR exces: load, PWR inadvertent bank withdrawal, PWR steam line rupfure, BWR furbine frip
without bypasz, BWR rod withdrawal error). Furthenmore, depending on design features, reactor kinefics
and accident progression, this guide may not be directly applicable to advanced LWRs and modular
LWR:. Application of this guide beyond PWR CRE and BWR CRD, az well a: the ranga of applicabilify
deseribed below, will be considered on a case-by-case basis.

The applicsbility of the fuel rod cladding failure thresholds, fizzion product relaase fractions, snd
allowable limits on damaged core coolability provided in this guidance are Limited as follows

11 LWR fuel rod designs comprised of slightly eniched UQ: ceramie pellets fup to 5.0 wi% “U)
within cylindrical zirconium-based cladding, including designs with or without barrier lined
cladding, integral fuel burnable absorber (e.£., gadolinium), or a pellet central anuulus. This
guidance is not applisable to mixed oxide (MOX) fuel rod desigas.

12 The high temperature cladding failure threshold described in Section 3.1 is applicable fo reactor
startup, zero powes, and low power operations (i.e., < 5% rated power) and covers the entire
iniial reactor coolant range (ie., room 1o operating For
all other operating conditions up to full power (ie., Mode 1), fuel cladding farlure is prasumed if
local heat fiux exceeds thermal desizn limits (z.2., departure from mucleate boiling and erifical
power ratios).

13 Asdescribed in Section 3.2, separate PCMI cladding failure thresholds are provided for different
inifial reactor coolant temperatures and different cladding thermal annealing treatments. The high
temperatura PCMI cladding failure threshold curves are applicsble to reactor coolant
temperatures at or zbove 500 °F. Below 500 °F, the low temperature PCMI cladding failure
threshold curves are applicable. The fully recrystallized annealed (RX.A) PCMI cladding failure
threshold curves are applicable to cladding which has undergone thermal treatment to remave all
residual stresses and is in an RXA state. For all ofher stages of thermal freatments, the stress relief’
annealed (SRA) PCMI cladding failure threshold curves are applicable.

2 Avalytical Methods and Assumptions

The following anzlytical inputs, assumptions, and methods are considered acceptable for
evaluating the postulated CRE and CRD sccidents

2.1 Methods and modalz

211 Accident analyses should be performed using NRC approved analytical modsls and
n account 1 The analyhical

‘models and computer codes used should be and justified, and the

of the modsls and codes chould be evaluated both by comparison with experiment and with
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Methods & Assumptions
5% power DNB/CPR threshold?

Value is below TS monitoring power level.

e Correlationrange of applicability may not
extend thatlow

- DNB/CPRmay not be appropriate metric
relative to very fast transient condition
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C. STAFF REGULATORY GUIDANCE

This guide describes analytical methods and limits that the staff of the NRC considers acceptable
for use when analyzing a postulated PWR CRE accident and a postulated BWR CRD accidext.

1. Limit: on Applicability

The analytical limits and guidance described may not be directly applicable to anticipated
operational occurrences (AOOs) and other postulated accidents mvelving positive reactivity msertion
(e.2., PWR exces: load, PWR inadvertent bank withdrawal, PR steam line rupture, BWR tmbine frip
without bypazs, BWR rod withdrawal ervor). Furthermore, depending on desizn features, reactor kinefics,
and accident progression, this zuide may not be directly applicable to advanced LWRs and modular
LWRs. Application of thiz guide beyond PWR CRE and BWR CRD, a= wall 2: the range of applicability
deseribed below, will be considered on a case-by-case basis.

‘The applicability of the fuel rod cladding failure thrasholds, fizsion product release fractionz, and
allowable limits on damaged core coolability provided in this guidance are limited as follows

11 LWR fuel rod designs comprised of slightly enriched U ceramic pellets (up to 5.0 wi% 1)
within cylindrical zirconfun-based cladding, including designs with or without barrier lined
cladding, integral fuel bumable sbsorber (e.£., gadolinium), or 2 pellet central annulus. This
guidance is not applicable to mixed oxide (MOX) fuel rod designs.

12 The i threshold in Saction 3.1 is applicable to reactor
startup, zero pewar, and low operations (i.e., < 5% rated powes) and covers the entire
: = .

For
all other operating condiions up to full power (2., Made 1), fuel claddimz failure is presumed 1
local heat fiux exceeds thermal desizn limits (e g , departure from mucleate boiling and erifical
‘power ratios).

13 Asdescribed in Section 3.2, separate PCMI cladding failure thresholds are provided for different
inifial reactor coolant temperaures and different cladding thermal annealing treatments. The high
tamparature PCMI cladding failure thrashold curves are applicable fo reactor coolant
temperatures at or sbove 500 °F. Below 500 °F, the low temperature PCMI cladding failure
threshold curves are applicable. The fully recrysiallized annealed (RXA) PCMI cladding failure
threshold curves are applicable to cladding which has undergone thermal treatment fo remove all
residnal streszes and is in an RXA state. For all other stages of thermal treatments, the stress relief
annealed (SRA) PCMI cladding failure threshold curves are applicable

2. Avalptical Methods and Assumptions

The following analytical inputs, assumptions, and methods are considered acceptable for
evaluating the postulated CRE and CRD accidents.

2.1 Methods and models

211 Accident analyses should be performed using NRC approved analyfical models and
Jl sthodols that account for The analyncal
models and computer codes used should be ds d and justified, and the
of the modsls and codes should be evaluated both by comparison with experiment and with
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more sophisticated spatial kinetics codes. In particular, the importance of two- or three-
dimensional fux characteristics and changes in fwx shapes should be investigated, and the
conservatizm of the fux shrpe: sed for reactiviy input and feedback, paak enargy

Methods & Assumptions

* Misc. Assumptions SRR

The computer code used for calculating the transient should be 2 coupled thermal,
bydrodynamic, and muclear model with the following capabilities: (2) incorporation of all
‘major reactivity faedback mechanizms, (b) 3t lezst six delsyed nentron groups, () both
axial and radial segmentation of the fuel element, (d) coolant flow provision, and (e)

- Are “sensitivity” studies going to be plant and e

213  Caleulations should be based upen design-specific information accounting for
manufacturing tolerances.

ific?
Cyc | e S p e C Ifl C H 214 Burmup-related effects on reactor kinetics (e.g, fer, 1%, rod worth, Doppler effect) and fuel
thermal

e ‘power distribution. fuel v, fuelclad gap
hould be in fuel enthalpy

calculations.

Accident analyses at cold zero power (CZP) and hot zero power (HZP) conditions should

- What is NOT a “major reactivity feedback?” 2t B |
° DireCt MOderator Heating encompass both (1) BOC following core reload and (2) re-start following recent power

burnup intervals up to end of eycle (EOC).
G
o O n - q . - 223 Accident analyses should be performed at intermediate power levels up to hot full power
(HFP) conditions. These calculations should confirm power-dependent core aperating

limits (e £, conrol rod insertion limits, rod power pazking limitz, axial nd azimuthal
power distibution limits). At lower-power conditions where certain core operating limits

- Whatis meant by “manufacturing TR LR

Because of burmup-dependent and corosion-dependent factors that tend to reduce cladding

? 124 failure thresholds and allowable limits on damaged core coolability during fuel rod ifetime.
olerances e S :
. control rods or partially inserted control rods (e.£., unmmtm].led rod motion at a core

location adjacent to higher burmup fuel As such, 2 more
for the limiting conditions may be necessary to enure that the total number of ful rod.

e Plant, fuel type, and/or cycle specific. e e e e

exposure points to identify the limiting scenarios,
K/ H H arentia E
+* As-built vs bounding tolerance T T T e

allowable msertions at a given power level and (b) additional fully or partially inserted
‘mizaligned or moperable rod or rods if allowsd. Sufficient parametnc sfudie: should ba

- Accounting for something vs.
sensitivity/parametric evaluation.

i
N
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Methods & Assumptions

e Misc. Assumptions
- What is meant by “wider operating conditions”?

- Effectively, you're saying the determination of
limiting conditionsis non-linear.

e Whendoes thesearch stop? To “surveya larger
population” implies a realisticassessment.

- What is “sufficient parametric study”?
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more sophisticated spatial kinetics codes. In particular, the importance of two- or three-
dimensional fux characteristics and changes in fwx shapes should be investigated, and the
conservatizm of the flux chapes used for reactivity input and feedback, peak enerzy
deposition, total energy, and gross heat transfer to the coolant should be evaluated. Also
sensitivity studies on variations of the Doppler sffect, power distribution, fuel element beat
transfer and ofher <hould be included.

The computer code used for calculating the transient should be 2 coupled thermal,
bydrodynamic, and muclear model with the following capabilities: (2) incorporation of all
‘major raactivity faedback mechanizms, (b) at laast six delayed nentron groups, () both
axial and radial segmentation of the fuel element, (d) coolant flow provision, and (e)
control rod scram mitiation.

213  Caleulations should be based upen design-specific information accounting for

‘manufacturing folerances.
214 Bumup-relsted effects on reactor kinetics (e 2., Ber, 17, rod worth, Doppler effect) and fuel
(ez power distibution, fuel thermal y, fuel-clad gap
hould be ted for in fusl enthalpy
caleulations.

2.2 Initial conditions

221 Accident analyses should be performed at beginning of cycle (BOC) and intermediate
burnup intervals up to end of eycle (EOC).

222 Accident analyses 3t cold zero power (CZP) and hot zero power (HZP) conditions should
encompass both (1) BOC following core reload and (2) re-start following recent power
operation.

223 Accident amslyses should be performed st intermedinte power evels up o bot full povver

(HFF) conditions. Th should confim -pendent core operating
limits (e 2., control rod insertion limits, vod power peaking lunits, swial and azimuthal
power distribution limits). certain core operating limits

o nat apply. the analysis st consider the potential for wider aperating conditions due to
xenon oscillations or plant maneuvering.

224 Because of b corresion- that tend to reduce cladding
filure hresholids and allowable limits on damaged core coolability during fuel rod lifetime.
the kimifing initial conditions may involve the of
control rods or partially imserted control rods (e.£., uncontrolled rod motion at a core
location adjacent to higher burmup fuel As such, 2 more
for the limiting condifions may be necessary to enure hat the total number of fuel rod
Sailures is not undsrestimated and allowsble limits are saticfied. Applicants may need to
aurvey a larger population of BWR blade drop and PWR ejected rod care losations asd
‘exposure points to identify the limiting scenarios.

The maxinnum rod werth (or differential worth) should ba calculated bazed on the
following conditions: (a) all control rods at positions cerresponding fo vahues for maximum
allowable insertions 3ta given power level and (b) additional fully or partially mserted
mizaligned or moperabls rod or red: if allowsd. Sufficient parametnc sudie: should ba
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‘performed to determine the worth of the most reactive control rod in each rod group for
different control rod configurations, both expected and unexpected. The value of rod
warths should be increased. i to account for i inties i
‘parameters (e.g ections) and power due to xenon oscillations.

Methods & Assumptions

* Misc. Assumptions A pb

227 For CRE, the mate of ejection should be caleulated based on the maximum pressure
differential and the weight and cross-sectional area of the control rod and drive shaft,
assuming no pressure barsier restriction. For CRD), credit may be taken for the velocity
limiter when defermining the rate of withdrawal due to gravitational forces.

- Why do advanced methods need to implement .

analysis should be conservatively chosen. depending upon the transient phenomenon being
Range of values should the allowable operati and

artificial conservatismto compare against S

f H I H H ? investigated.
allurecriteria: 3210 T sttty st dos s ol e chisgs, e o

temperature changes should be calculated based on the various assumed conditions of the
fuel and moderator using standard transport and diffusion theory codes. Ifboric acid shim
is used in the moderator, the highest boron concentration corresponding to the initial

- Extensive focus on bounding assumptions e

and account for

2211 Calculations of the Doppler coefficient of reactivity should be based on and should
compare conservatively with available experimental data. Since the Doppler coefficient

e Seems incompatible with implicationsof2.2.4 e e e

pempeatnes at difeent poer evelsshold be reflced by comsnvasin n the
applied value of the Doppler cosfficient.

(limitingscenariotied to non-linear effects, not artificial 2212 Conmot o sy serscndng e e shnld e s b combing e

differential rod worth curve with 2 rod velocity curve based on maximum design Limit
values for scram msertion times. Any loss of available scram reactivity due to allowable

conservatisms) e e

2212 The reactor rip delay time, or the amount of time that elapses between the instant the

sensed parameter (e g., pressure, neutron flux) reaches the level for which protective action
and the onset of negative reactrvity insertion, should be based on maxmmm

wlues of the following: (a) time required for instrument channel to produce a signal, (b)
time for the trip breaker to open, (c) time for the control rod motion to initiate, and (d) fime
Tequired before control Tods enter the core if the tips Lie outside the care. Allowances for
inoperable or out-of-service components and single failures should be included in the
esponse of the reactor protection system.
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Methods & Assumptions

e Misc. Assumptions

- Approved hydrogen pickup
model is explicit

- Need for an approved
hydride orientation model is
not as obvious. Need to
validate the failure curve
utilized.

- Istheuse of RG 1.224
account for hydride
orientationissue?
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13 Predicting the 10tal sumbe of fuel rod fadiaer

331 Areach iitial ctate poist, the total st af Gled pods hat et b consideind in the
radsolopeal assesumem 13 eqeal 2 the mem of all of the foel rods faling each of the
eladinng Exihae himbobds deiciibed in Secticn C 3, “Foel Rod Claddeg Fathar
Thresholds ™ of this pusde. Applscants do not need 1o double count foel rods that are
prrdicted o fusd e than cae of theie Sovibolds

232 Figme 1 povdes s scocplabe igh enperatas claddag fubis Serbold 1 o ecion
mmmg 4 prevme. Uhen Wpplying Fipme 1. the cdding ditfereanal
e tasssent 10d prisge phas sy
merense aaseciated with wansiens fissice gas release (FGR) n:mdﬁmud
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prrse]. The e
comelasions provided in Figure §.
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234 When spplvag e POMI . dallaysgociic
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2341 Alloecific bioges ke models RO L124 "Bt

vhical Laats o Zurconiuan Based Cladding. ™ (el 9 muay be woed
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[ dnficm the oy
Use of the Eesems solubiliey comelation (et 1 bl

1343 Due 1o the average flel
sioag the sscal eagth ofs b ot red e it poieatial sxil varabilty
r the

mlzlrr;hﬂ-lnm o w.a i i —
[y

b i ol
235 e fabncatio
o ity effiect on the fimal chudding sircominm bydide plaselets will
prcapetste 1 8 prefrorntial aneatshon Uiially, SRA claddesg eadubob cucumfrratially
omeatased atotaan Bydnde platelets. whereas PICA cladding tends to exhibit rasdomly
platelets 1o addition to fabe 3 By
ten e ctrest P dharing bydnde precipitition (Fef

118 Wamd 12,

‘beared and

ol e §.hugh
FEE1 mmmm‘nmhm:ﬁawuwn

ot sarcesnes bydisdes s e sachal durction Otberwrie, e
SBA PCMI faskure. m‘ﬁ-d and 3 should be applied.

2333 the possibely of by
bec s af powes marmceg o mactin detdoan,

34 Fiatamm product pebee fractioss

141 [ v e aleng the
iallemgh oF u el £, he applicise may elect 1o (1) il the st fscioa
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Failure Thresholds
* EPRI Test Program

Why Revision 1 Fuel Reliabilty Program: Proposed Reaciivity Inserfion
« MBT Data / NSRR corrections Accident [RIA) Acceptance Criteria, Revision |

- Temperature Effects

- Pulse Effects

- Power History Effects

- Hyd rogen > 3ooppm 2015 TECHNICAL REPORT

- Elongation
- Failure Limits

http://www.epri.com/abstracts/Pages/ProductAbstract.aspx?Productld=000000003002005540

-
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Failure Thresholds

e Best Estimate?

- Yes, in the sense that curve fits are relative to
nominal data.

- No, in the sense that the shape of curve fits
displays negative impact in areas without
failures

 Low Hydrogen region

- No, in the sense that correlation coefficients
are in some cases substantiallyless than 1

PNNL-22549

Pellet-Cladding Mechanical
Interaction Failure Threshold for
Reactivity Initiated Accidents for
Pressurized Water Reactors and
Boiling Water Reactors

CE Beyer
KJ Geelhood

June 2013

Pacific Northwest
NATIONAL LABORATORY

NUCLEAR ENERGY INSTITUTE

Ipcrated by Bl Since 1965




Release Fractions

° ° Figure 52 PCMI Claing Failure Threshobd—SRA Cladding at Low Temperatare Reactie 43 Forvalatite, shoet lived rdicactive isotopes such i iodind (L. 1131, LA32. 1135, 1-135) and
® ppropriate Location = | 7T e T L S e R

o 0543,

- Keep informationin one == | e s
place; remove from DG- i\
1327 iy

- Locateto 1.183,1.195, G e T
etc. (sign of a bigger s e S i e
problem) e

Clsking a1

* Example: Changing dose . Rm——
method constitutes an R
AST/TID backfit?
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Release Fractions

* Transient Fission Gas
Release

- Databasedoesn’t
represent low burnup

-
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Paai Reatial Average Fus Emsaigy foise (Aeab)

) ENERGY

Update of Gap Release Fractions for
Non-LOCA Events Utilizing the
Revised ANS 5.4 Standard

P Ciffors

mmmmm

e
Pacific Northwest




Miscellaneous

e Logistical Issue
- Approved Analytical Methods must Exist

e Method reviewsin a timely manner?

e Potential New Method Elements

- Transient Fission Gas Release / Mechanical aspect

- Corrosion/Hydrogen Uptake/Crud

- Hydride Characterization

- FClImpactif Centerline Melt Allowed

- Contribution of Fission Gas Release to Pressure Surge

-
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Questions?? / Discussion

.
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