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The contents of this document are being considered for inclusion in staff
guidance in DG-1425. The main purpose of this document is to engage
stakeholders and receive feedback. This document has not been subject to NRC
management and legal reviews or approvals, and its contents are subject to
change and should not be interpreted as official agency positions.

C. STAFF REGULATORY GUIDANCE

'Ihlssedmnmdﬂ)eappend:mtoﬂnsRG regu.htoryposm.-thtshbhshamethod
accembletotheNRCst:ﬂ'ﬁoroomplymg regulations for DBA dose consequence analysis using an

This RG applies to MHA LOCA models for ap and li using zirconium-alloy
dzddedmmnmdlox:de(UObfnelmddmgnswxﬂuucmmmbmmps to a maximum rod-average
of6880glgxwaﬁ-dzyspumcmnm\m(GWdfM]TD(mdﬁn]mnchntuptoSwaghpam
uranium-235)—neluds e s for BWRs
10 eh;emia—doped-(up&eb—lé 0 weight—percent fi for BWRs). for currently apgro\edgas of issuanice of

11  this RG revision) fuel- and cladding materials. examples of which mcludes coated zucomum &o}
12 claddings and doped fuels. It is aetalso applicable for etherfuel-clad
13 either iron-chromium-aluminum (FeCrAl) alloy and chromium coated cladding- (Ref] )

14 This RG applies to non-LOCA models for applicants and licensees with reactor core burnups up
15 to a maximum rod-average burnup of £280 GWd/MTU (and fuel enrichments #p-teof 8 weight--percent
16  uranium—_235 for PWRs and 10 weight-percent for BWRs) for currently approved (as of the issuance of
17  this RG) zirconium-alloy cladded UO: fuel rod designs at power levels below the

18 powermvelops dq)lcmedmﬁgm'e 1 of this gu:de Forrod desgg outside of these limits. Appendix I

P=N-CIE - L O

21 L Implementation of Accident Source Term
23 11 Generic Considerations

25 As used in this guide, the AST is an accident source term derived principally from

26  SAND20110128SAND2023-01313; it differs from the SAND2011-0128_ TID-14844, and NUREG-1465
27 source terms used in the original and revised design and licensing of operating reactor facilities. ASTs

28 mydsobemedby:pphunmfoxnewLWRglmhdmgadvmdwohnmymdpameWRs,

29  under 10 CFR Part 50 and 10 CFR Part 52, and for exi g reactor | under

30 10 CFR 50.34 and 10 CFR 50.67. 'IhsgmdeldmhﬁsanASTﬂunsaecqmblﬁoﬁeNRCstaﬂ‘md
31  describes significant ch istics of other source terms that may be found acceptable. While the staff
32 recognizes several potential uses of an AST, it is not possible to foresee all possible uses. Li may

33 pnnmmdmiuﬂyjuﬂiﬁ.ﬂeusuofﬂnASTshthemostﬂmbhnmmsiﬁ:ﬁmsemdnmﬂsmlong
34 as these uses are compatible with maintaining a clear, logical, and consistent design basis and continue to
35 comply with NRC regulations. These license amendment requests slwulddmmsulmeﬂntﬂ)ef:ahty as
36 mod:ﬁed,wﬂomhmhpowdemfﬁumtuﬁﬂymgm&wﬂhadeqmtedd‘msemdepﬁw

37  unanticipated events and to comp y umpti
38 and parameter inputs.

39 111, Evaluation of Defense in Depth and Safety Margins

44  plant response and associated ;afeh' margins are evaluated using asmp‘ tions of physical properties ;lnd
45  overatine characteristics. National standards. the defense-in-devth vhilosophv. and the General Desien
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consmg between mzulatog documents, thaegnucm les and elemems anealso d:scussed in ﬂxe comm
of license amendment requests pertinent to design basis accident radiological consequence analyses.

A licensee’s proposed change might affect safetv margins and defenses incorporated into the

current plant design and operation; therefore. the licensee should reevaluate the safety margins and layers
of defense to Tt the O ed hange. As part of this e\m.luatxo ﬂle hcensee should d.etermme ﬂ:e

aﬁ'eded ment 'I'he lam s hcmsm basxs 1sthemfexence omt for 1 whethﬂ a pr sed
change adw y affects safety margins or defense in depth. Sections 1.1.1.1 and 1.1.1.2 presentigmidance
on assessing whether the osed change maintains a te safety ins and remains comsi with

the defense-in-depth philosophy.

——
= - R e e N

13 1.11.1 Safety Margins

16  coupled ﬁrsunder dxﬁemlmal tions to descrfbe the behavxor of the ) 2 e tam fraveling from the
17  reactor core, through the contaimment. and other plant systems. to the environmentand eventually to a

18  dose receptor. Mathematically. the methodology is straight forward and c: ive, intended to be

19  readily understood by a reviewer and bounding the complexities ofgeality for an enzy ystem. The
20  models can be simplistic to very complex. ranging from a few dezen to several hundred input parameters.
21  These input wtexs not only model the design of the engingered m itself. but other am as

2 yell such 3 g 3 e ange. 3 - e 1

23  radiation various 'smal ocesses to mmzate the S0 as well as 1 rsentauve testing data. As
24 such. the uncertainties in these models are quite lar; are typically presented as point

25  estimates (ie.. without uncertainty characterizatiogs).

26

27 A significant consideration in these godels iSthe inclusion of “safety factors™ placed on input

28  parameters to maintain a conservative model.and account for uncertainty. The need for conservative

29  biasing arises from the inherent ungertdinties that@xist in real-world engineering applications. These

30 uncertamties can stem from vagious sources. such as vaniations in environmental conditions. operator

31  actions. ted system fatlures Or unforéseen events. Safety factors account for these

32  uncertainties Q imxmg gla;g of CONSeTV: ansm into the anzlys:s results Thls oonsen'ausm ensures
33 g g e also maintains 3 3 3

34 mthstand condmons ﬁ:xml e:nceed ori desi; ations.

35

36 hmslnﬂdaﬂmlethmpwmdmoﬂhsgmdgmdﬂnum:hdpmpoudﬁcﬂﬂy
37  modifications and changes to dures, to determine wh the p d changes are consistent with

38 ﬁep‘lmphﬁﬂwﬁcﬂﬂuﬁymrg)mmmﬂmhmed,mdlﬂmglmgmtommfoumlym

39  uncertainties. MMfdymrgmmpmdmofspeuﬁcwhumdhmtsmﬂmwmmlspeuﬁm
40  (which cannot be changed without NRC ap, 1) and other values, such as assumed accident or transient
41 nnnﬂcondmmsonssmdsaﬁxysystemmponseum For example, changes, or the net effect of

42 mnlhple:hllga &nmﬂlmuednctxmmsaﬁsy m:yleqmepnorNRwa:LIfﬂle
| 43 AST implementation, consistent with the g inRG 1.183, Revision 2, is approved by the

4 shﬁ‘mdbeoompn‘tofd:eﬁcﬂltydmgnbasu hnmseesmyuselOG’RSO.SD,“Chmp,mtsmd
45  experiments,” and its supporting guidance to assess facility modifications and changes to procedures that
46  are described in the updated FSAR.

47
48 Considering safetv margin is consistent with the ations for showing compliance with
49  regulations. When the computed radiological co: results are close to the established acceptance

50 cntena. a margin analysis can be a helpful step in assessing the level of conservatism in the model. For

| DG 1425 (RG 1.183, Rev. £2). Page 13
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1  instance lice emati aluate i i v
2 parameters. and assocuted safg factors, can lud to resu.lts ﬂm fall elther abo'.e or below the stabhshed
3 acceptance criteria. Addmo g hcmsees can assess the rtical mcluded in the model
4 tv. Thi e by [& 163 3 3 o sling
5 a onsofhl lex engy ystems_ For 1 modelm theacmalnumberofmam
6  steam lines vice using two lines—one representing the line with a failed isolation valve and the other
7 Iw the mu.lnp]e l.m.es tha! do not have faxled | components. Elther ammach isa wluable exetlse
9
10
11 When performi in analysis. it is acceptable for results to occasionally devia
12 established acceptance criteria. provided these deviations are within a certain ac ble
13 balanced with other parameter and modelx 'onmnsewatimnsalsoasmned' | This
14 is because real- woﬂd stems oﬂen encuunter uncertainties. conditions. oR events
15 ay ls g = g = ke alance befween salety 3
16
17
18
19 avi L 1 IR.analvsisispel v
20 dmmnstrale co! lmme a dlscussmn of the assessed ammeters lied safety factor wnh
21 cation. and i on the final results should be submitteddor réview'by the staff.
22 1112 Defensein Depth
23 [ .
24 A ) )
25 Defense in thls anelemem oftheNR 1 loso )i\ that oys successive
26 s R ] den 3 2103 &) paturally caused eve
27 occursata nuclw fac1]1 . The defense in has tmdmonal.l been lied in plant
28  and operation to provide multiple means ish safety functions and prevent the release of
29  radioactive material. It has been ﬂgm' stobe an effective way to account for uncertainties in
30 ipment and human perfo: Myparticular. to account for the potential for unknown and
31  unforeseen failure i mena that. because they are unknown or unforeseen_ are not
32 reﬂected in either the PRA ontraditio: nal mg analyses The SRM on SECY - 98—144, “Staff
33 44 Pz i ance Ra
34 datedMamh 1. 1999 owdes addmona.l mfonnahun(mdefensem ﬂlasanelement ofﬂm
35 i
36
37 ofe d t facterized by ing lavers of defe .
38  conceptual m‘bmg o::mclear m“er glam destg and operation or thg;ble ob]ects such as ﬂle ph's:cal
39 1818’ fission products and the environment. The NRC implements defense in as four
40 L of that are a mixture of conceptual constructs and physical barriers (see NUREG/KM-0009
41  for fusther defail Ref XX) For the purposes of this regulatory guide. nuclear power plant defense in
42 depth isitaken to consist of lavers of defense (i.e.. successive measures) to protect the public:
43
44
45 occuring,
46 prevention of a severe accident (core damage) if an event occurs,
47 contammen of the source term if a severe aoadm! occurs. and
48
49

| DG 1425 (RG 1.183, Rev. +-2) Page 14
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1 homsesshw]devalmﬁeﬂnrlxoposedusesofanAST andﬂ:assoaatedproposedfacdlty
2 modifications and changes to procedures, to determine wh the prop 2
3 themmlpleﬂutadeqmcdeﬁensemdepﬂns intained to for id
4  prog and data. Consi ymthﬂ:edeﬁmse-m—depﬂlphﬂosophylsnunﬂxmedlfsystan
5 dundancy, indep and diversity are preserved
6 fr of challeng tothesysmn,mdmoemmnu Forf:cdmatowh;chtheGDC
7 (seeAppendmAtolOCI-RPmSO)app}y compliance with these criteria is required. Modifications
8  proposed for the facility generally should not create a need for compensatory programmatic activities
9 (eg., rehmonmamalmtoracuons use of potassium iodide as a prophylactic drug) or
10 self I g apy or post-accident entries into vital areas to maintain required equipment
11 qualifications.
| 12 Li should luate proposed modifications that seek to downgrade or remove required
13 d saf to confi thatthemodxﬁauonsdonotmvahdaemmpﬁmsmade
14 mﬁuhtyPRAsmddmmtadmsdympadmﬁcﬂnysmacudunmmgmmlmgxm
15
16 The NRC finds it acceptable for a licensee to use the following seven gonsiderations to evaluate
17  proposed changes that may impact defense in depth-
18
19 1__Preserve a reasonable balance among the layers of defensg
20 2. Preserve adequate capability of design features withoutlan overreliance on programmatic
21 activities as compensatory measures.
22 3. Preserve g stem redundzng . independence. and dwetsnﬂ commmsm'ate \nth the expected
24 uncertainty,
25 4. _Preserve adequate defense against poténtialicommon cause failure.
26 5. Maintain multiple fission product barriess.
27 6. _Preserve sufficient defense agaifist himman errors.
28 Z__Continue to meet the intent 6f thelplant’s design criteria,

29  Regulatory Guide 1.174 presesifs more detail suidance on how to apply these considerations.
30 113 Integnity of Facility Design Basis

32 The DBA source term used for dose q lyses is a fund: | assumption and the
33 basis for much of the facility design. Additionally, many aspects of an operating reactor facility are

34  denved from the radiological design analyses that incorp d the TID-14844 accident source term.
35 Alﬂloughacompleumuemofaﬂﬁahty diological analyses would be desirable, the NRC staff
36  determined that recalculation of all design analyses for ing would generally not be

37 mcmykegﬂaMwPo&MnHofthsgmdemesgmthmemwhchmﬂysashmﬂdbewdamd
38  aspart of the AST implementation submittal and which may need to be updated in the future as additional
39  modifications are made.

41 This ap h for operati creates two tiers of analyses—one based on the previous
42 Tl])—lwsomcetmn,mdouebasedmanAST The radiological acceptance criteria would also differ,
| 43 as some analyses are based on whole-body and thyroid criteria, and some are based on TEDE criteria.

44 Full implementation of an AST revises the plant licensing basis to specify the AST in place of the

45 prevaD-lqudunsomtamandemHLshstheTEDEdoseasthemwmm teria
46 mplemmhnonofmASTﬂsomtbephmhcmsmgbamsmdmaymbhshﬂnlﬂ)E
47  dose as the new criteria. S ion differs from full implementation only in the

48 mopedmedmngehmhﬂusgmeﬁmhtydm@bmshmﬂddeﬂymwemnﬂmmm

| DG 1425 (RG 1.183, Rev. +22). Page 15
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parameters should be examined to maximize fission product inventory. For non-LOCA DBAs, the NRC
staff will consider on a case-by-case basis the use of more explicit methods to calculate the fission
product inventory and reactor coolant system activity, such as using the burmup, power history, and
peakmgfactorﬁomﬂ)emdemanﬂyss g.. chapter 14 or 15) in the updated FSAR, for each rod
predicted to fail. Thepenodofm'aduﬂonshmﬂdbeo sufficient duration to allow the activity of
dose-ﬂgmﬁaﬁndmmxhdﬁtomdmmmmwhs”ﬂemmmvmtowshoﬂdbedewmd
using an approp mputer code for calculating isotope g ion and depletion. The core y
ﬁaom(maniespumeguwaﬂthumnpmwdedmnD-ledmedmsomemﬂyﬂsmmm
codes were derived for low-burnup, low-enrichment fuel and should not be used with higher burnup or
10 higher enrichment fuels. The code should model the fuel geometries, material composition, and bumup,
11 and the cross section libraries used should be applicable to the projected fuel bumup.

L= - R N

13 For the MHA LOCA, all fuel assemblies in the core are assumed to be affected, and the analysis
| 14 should use the core -average inventory. For DBA events that do not involve the entire core, the fission
15 product inventory of each damaged fuel rod is determined by dividing the total core inventory by the
16  number of fuel rods in the core. To account for differences in power level across the core, the analysis
17 should apply the radial peaking factors (for PWRs, these are contained in the facility’s core operating

18 limits report or technical specifications) in determining the inventory of the damaged rods.

20 The licensee should not adjust the fission product i y for events postulated to occur during
| 21 power operations at less than full -rated power or those postulated to occur at the beginning of core life.
22 For events postulated to occur while the facility is shut down (e.g., a fuel handling accident), the licensee
23 may model radioactive decay from the time of shutdown.

25 32 Release Fractions

| 27 For the MHA LOCA, table 1** (for BWRs) and table 2 (for PWRs) in this RG list the core
28  inventory release fractions, by radionuclide group. for the gap release and early in-vessel damage phases.
29  These fractions are applied to the maximum core inventory described in Regulatory Position 3.1.

31 The limitations on the use of tables 1 and 2 in this RG are based on several reference documents.
32 First, tables 1 and 2 are based. in part. on accident source terms from SANDIGH-0122SAND2023-01313
33 that use the maximum release fractions from low- and high-burmup results -Fhe-tables-tand 2" These
34  source terms were derived by examining a set of accident sequences for current LWR designs; they reflect
35  the current understanding of severe accidents and fission product behavior since the publication of

36 NUREG-1465. neuseoﬂhemmmmxdeaseﬁmonsﬁnmlow-mdmgh—hmxpresulsaccmmsﬁn
37 d:ﬁ'uemnd:mch&qumnmndlﬁ'm th the ting cycle. Second, the NRC
38  internal memorandum “Applicability of Source Term for Accident Tolemnt]-'uel, High Bum Up and

39  Extended Enrichment,” dated May 13, 2020 (Ref. 25), in part, and insights from a literature review on
40  ATFsreported in NUREG/CR-7282, “Review of Accident Tolerant Fuel Concepts with Implications to
41  Severe Accident Progression and Radiolo; g}calReleasu, " issued July 2021 (Ref. 26). support the

42 applicability of SAND2011 0128SAND2023-01313 for L using zrc alloy cladded uranium
43 dioxide (UO2) fuel rod designs with reactor core t up to a it rod age of 6230

44  GWd/MTU (and fuel enrichments up to 8 welgln-peremt uranium-2353—nekud = 2oz

45 tadding (duel tessthan 304 m\ for PWRs andehrom;a—doped—(up—(o-()—l‘élo weight —percent for
46 \\'Rs[ for cun'entl\ amm\ ed as of issuance of t]ns RG revision) fuel-SAND2011 012835 not

47 Lwath-FeCrA and cladding materials. examples

13 Note that for some radionuclides, such as cesium-137, maximum values will not be reached before fuel offload. Thus, the
‘maxirmen inventory at the end of life should be used.

| !4 In this guide. “table 1" refers collectively to tables1.1. 1.2 and 1.3.

| DG 1425 (RG 1.183, Rev. +-2). Page 27
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of which includes coated zirconium alloy eladdinzcladdings and doped fuels. Lastly, the NRC internal
mmznd:m“lmRePMMEwhuMnofﬂmhnpadofFuangmmhhon,Rdoum;nd
Dispersal for the Radiologi DengnBas:sAecldentsteguhtoxyG\ndellSB datedlulyZO 2021
(Ref. 27), assesses the impact of fuel fr: 1 behavi ident
source terms from SAND2011-0128. The conchusions ofthe]uly 20,2021, memo alsoextendsto
SAND2023-01313 source term_Based on information provided in that memo, for the purposes of
ing the radiologi q of the MHA LOCA, the impact of fuel fragmentation, relocation,
md&spasaldounﬂmdhbemhedh&emgeofqphuhhyofhmxpsmdemthmmﬂm
SANDI011 0128 This RG does notp related to-an ¢ of fuel disp

MAND’O’S 01313,

O \D 00 -] OB W R e

—

12 Iablel BUR CoreInventosy EractionReleasad into-Contai £4 har

¥

13 Pathway-Specific Release Fractions using Mechanistic Transport Modelin;

16  leaka ath\\av the main steam lme Iea.ka ath\\av throu tbe MSIVs andfox the h dus luka e
17 thway from the ession pool water volume. The ose of breaki BWRAST mto three
18  pathways is to consider the retention of fission products in the suppression pool'in the determination of
19  release fractions. The contamment source term m Table 1.1 Iepresents the cumulative containment

20  mventory fraction excluding the ression pool inventory in each phaséof MHA LOCA_ The

21 mression p_gol source term in Table 1.2 rgpgesents the cmmxlntwe ﬂ_xmon gool m\fe.ntog fmcnou

23 the nmememged axrbome core mventog fracnon Eresmt mﬂ:e steam lme over ach phase in the *
24  volume of the steam line that lies between the first SRV and the first MSIV over all steam lines. See
25  Appendix A for additional information.
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Table 1.1
Noble Gases 1.6x10-2 9.5x10-1
Halogens 1.3x10-6 6.0x10-2
Alkali Metals 1.2x10-6 6.0x10-3
Tellurium Metals <1x10-6 3.8x10-2
Barium, Strontium <1x10-6 3.0x10-4
Noble Metals <1x10-6 7.4x10-6
Cerium Group <1x10-6 <1x10-6
Lanthanides <1x10-6 <1x10-6
Molybdenum <1x10-6 1.0x10-4

2 1 2551
Gap Earlv
Group Release In-Vessel
Phase Phase _
Noble Gases <Ix10-6 <1x10-6
Halogens 5.0x10-3 6.3x10-1
Alkali Metala 5.0x10-3 3.1x10-1
Tellurium Metals 3.0x10-3 5.1x10-1
Barium, Strentivm 6.0x10-4 4.7x10-3
Noble Metals <1x10-6 6.0x10-3
Cenum Group <Ix10-6 <1Ix10-6
Lanthanides <Ix10-6 <I1x10-6
Molybdenum 1.5x10-5 1.2x10-1

3 Iable 1.3 BIWR Core Inventory Time-Averaged Fraction Released into Steam Line®>

! This représénts the core inventory released to the portion of the steam line that lies between the first SRV and the MSIV. It is
the time-gvers=ed airtbome ned over all steam lines

o0 sEmmad ot

mazed ait
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Gap Earlv
Group Release In-Vessel
Phase™ Phase™
Table1.3

Noble Gases 29x10-5 1.1x10-2
Halogens 3.6x1045 3.1x10-5
Alkali Metals 5.1x105 13x10.5
Tellurum Metals 3.2x105 2.7x10-3
Bariom, Stroatium 6.1x10-7 2.4x10-7
Noble Metalz <1x10-9 2.4x10-7
Cermaa Group <1x10-9 <1x10-9
Lanthanides <1x10-9 <1x10.9
1 Molybdenum 3.3x109 3.0x106

2 Table 2. PWR Core Inventory Fraction Released into Containment Atmosphere

Gap Early
Group Release  In-Vessel Total
Phase Phase
Table 2
Noble Gases 2.6x10-2 9.3x10-1
Halogens 7.0x10-3 5.8x10-1
Alkali Metals 3.0x10-3 5.0x10-1
Tellurium Metals 6.0x10-3 5.5x10-1
Barium, Strontium 1.0x10-3 2.0x10-3
Noble Metals <1x10-6 8.0x10-3
Cerium Group <1x10-6 <1x10-6
Lanthanides <1x10-6 <1x10-6
Molybdenum 2.0x10-5 1.5x10-1

3

4

5 For non-LOCA DBAs, table 3 (for BWRs) and table 4 (for PWRs) list the maximum steady-state
6  fission product release fractions residing in the fuel rod void volume (plenum and pellet-to-cladding gap).
7 by radionuclide group, available for release upon cladding breach. The licensing bases of some facilities

8  may include non-LOCA events that assume the release of the gap activity from the entire core. For events
9  mvolving the entire core, the core-average gap fractions of tables 1 and 2 may be used, and the radial

| 10 peaking factor may be omitted.
11
1 The applicability of the steady-state fission product release fractions in tables 3 and 4 is limited to

13 currently approved (as of the issuance of this RG) full-length UO, fuel rod designs operating up to a
14  maximum rod-average bumup of 6280 GWd/MTU at power levels below the burnup-dependent power
15  envelopes depicted in Sswefigures 1 and 2. In Sswsefigures 1 and 2, the bounding rod-average power

| !¢ The release fractions in this table already take fission product deposition into account so credit should not be taken for
depositio of the f3 ginz the =ap and earlv in-vescal phace

m inbog [ g
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refers to the rod age linear heat g ion rate of the peak rod, and the peak power refers to the
maximmlocallnmrhntgmuaﬁonntemthecm Licensees should make adjustments to account for
inties and plant ing when comparing operating power histories to Sssrefigures 1
md_,HltmbedmmnmamdmhcalpmukveLmofﬁmongasrdease,mdcmﬂmmﬁm
gas release remain less than those of the limiting co-resident UO, fuel rod, then the steady-state fission
pxodlxtreluseﬁicnousmtxblsf&uxi4applytofuelroddwgnsommnmgmegnlbnmableabsorbas
(e.g., gad ). One acceptable means of d ting this is by using an NRC-approved fuel
perfonmnoecodethalhsﬁssmngasreleasemoddsﬂntm’e:pphubktothemﬂgﬁlbmbkabsmbu
fuel designs. If BWR part-length fuel rods are treated as full-length fuel rods with respect to overall
quantity of fission products and are operated below the burnup-dependent BWR peak power envelope in
figure 1, then table 3 steady-state fission product xeluse fractions apply to these part-length fuel rod
designs. Applicability to future fuel rod designs, including Cr-coated (Zr) cladding, non-Zr
chddmg&dwedUOzﬁxd,hgbdemxtyﬁnL:nimundﬁn&ﬁszﬂbew:hu&dmacmbyum
14 basis. A analytical technique for calculating plant-specific or
15 fuel—md—dmgnspeuﬁcﬁsﬂonpmdmtreluseﬁ'xnons

Pl el
WM © D00~ O W R

19  Table 3. BWR Steady-State Fission Product Release Fractions

20 Residing in the Fuel Rod Plenum and Gap
Group Fraction
1-131 00304
1132 0.6304
Kr-85 03239
Other Noble Gases 00304
Other Halogens 0.0203
Alkali Metals 04620

21  Table 4. PWR Steady-State Fission Product Release Fractions

22 Residing in the Fuel Rod Plenum and Gap
23
4x14 17x17 X ) Inserted Cells
Group Fraction  Fraction Inserted Cells
T-131 00700 003
1-132 00710 0.03
Kr-85 04851 049
Other Noble Gases 06608 2
Other Halogens 0.0405 0.02
Alkali Metals 02826 025

24
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1 Figure 1. Maximum allowable power operating envelope for PWWR steady-state release fractions
2
3
4
BWR Rod Power History - Range of Applicability
1
0,12.2) (20,12.2)
2
k=4
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2
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Rod Average Burnup (GWd/MTU)
5
6
7
8
9 For non-LOCA DBAs involving a rapid increase in fuel rod power, such as the BWR control rod
10  drop accident and PWmemlmde_]ecuon accident, additional fission product releases may occur as a
11 result of pellet fracturing and grain bound This ient fission gas release (Trcg) increases

12 ﬂncmmnnofacuvnyavmhblefwmlusexmmhemdoxmolamgystunﬁxﬁm]mdsthnexpmmoe
13 cladding breach. The empirical database suggests that Trcz is sensitive to both local fuel burnup and peak
14 radial average fuel enthalpy rise. As a result, separate low-burnup and high-bumup Trcg correlations for
15  stable, long-lived radionuclides (e.g., krypton (Kr)-85 and cesium-137) are provided, as follows:

17 pellet burmup < 50 GWd/MTU,

18 Trex (long-lived isotopes) = maximum [ (0.26 * AH) - 13) /100,01, (Equation 1)
19

20 pellet burnup = 50 GWd/MTU,

21 Trea (long-lived isotopes) = maximum [ (0.26 * AH) -5)/100,0], (Equation 2)
2

23 where

24 Tror = transient fission gas release fraction, and

25 AH = increase in radial average fuel enthalpy, A calories per gram.
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1 Anmvesugmonmlotheeﬁectofdlﬁetmcsmdxﬂ'usxoncoeﬁc:enismdmdloacnvedecayon

2 fission product transient release concluded that different radionuclides require to the above

3 empirically based correlations (Ref. 28). For stable, long-lived noble gases (e.g.. KrRS)andalkalxmetxls
4 (e.g., cesium-137), the transient fission product release is equivalent to the above

5 correlations. For volatile, short-lived radioactive isotopes such as halogens (e.g., iodine (I)-131) and

6  xenon (Xe) and Kr noble gases except Kr-85 (e.g., Xe-133, Kr-85m), the transient fission product release
7 correlations should be multiplied by a factor of 0.333. The low-bumup and high-burmup Trcz correlations
8  for volatile, short-lived radioisotopes are as follows:

9

10 pellet bumup < 50 GWd/MTU,

11 Trox (short-lived isotopes) = 0.333 * maximum [ (0.26 * AH) - 13) / 100, 0 ], (Equation 3)
12

13 pellet bumup = 50 GWd/MTU,

14 Trox (short-lived isotopes) = 0.333 * maximum [ (0.26 * AH) - 5) / 100, 0 ], (Equation 4)
15

16 where

17 Tror = transient fission gas release fraction, and

18 AH = increase in radial average fuel enthalpy, A calories per gram:

19

20 For the remaining high temperature non-LOCA DBAs that predict fuel rod cladding failure, such
21  asthe PWR reactor coolant pump locked rotor and fiel handlingaecidantmain steam line break

22  additional fission product releases may occur as a result of fuel pellet frag ion (e.g., fracturing of

23 I:ughbnnmpmregon)dmtolossofpdkﬂo—daddmgmchmﬂmnsﬂam(mmpactloads Tz has
24 been expenmentally observed under a variety of accident conditions. At the time of issuance of Revision
25 -l-’ofﬂnsRG nooonsmsnsmstsonthe hanism or the computation of Trez for these events;

26 St hasld-add: $ha - =) bt -an

27  acceptable method to address Trcg for non-LOCA DBAS other than RIA would be to prevent balloon and
28  burst failures though design and analysis. Though not fully applicable to non-LOCA and

29  non-reactivity-imtiated DBAs, NRC Research Information Letter 2021-13, “Interpretation of Research on
30  Fuel Fragmentation Relocation, and Dispersal at High Bumup,” issued December 2021 (Ref. 29),

31  provides data that can be used to provide a bounding estimate of Trg for high-temperature DB.

33 The total fraction of fission products available for release equals the steady-state fission product
34 mluseﬁachomsmthle‘3and4phnmyTnpmmptedbyﬂraoudentcondmons Trcr may be
35  calculated separately for each axial node based on local accident conditions (e.g., fuel enthalpy rise) and

36  then combined to yield the total Trcx for a particular damaged fuel rod. An NRC intemal memorandum
37  (Ref. 24) documents the technical bases of the steady-state fission product release fractions and Trex
correlations.

40 ‘The non-LOCA fission product release fractions and Trez correlations do not include the

41 addlhomlccltu'.buuomassoaatedmﬁlﬁlelmelnng The event-specific appendices to this RG provide
42 for adjusting these gap i ies for fuel rods that are predicted to experience limited fuel
43 cenieﬂmemelung

4

45 33  Iimingof Release Phases

46

47 Table 5 provides the onset and end time of each sequential release phase for LOCA DBAs. The

48  specified onset is the time following the initiation of the accident (i.e., time = 0). The early in-vessel
49  release phase immediately follows the gap release phase. The activity released from the core during each
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1 release phase should be modeled as increasing in a linear fashion over the duration of the phase.'” For
2 non-LOCA DBAs in which fuel damage is projected, the release from the fuel gap and the fuel pellet
3 shouldbe d to occur i Iy with the onset of the projected damage.
4
5 The applicability of table 5 is consistent with the applicability of tables 1 and 2.
6
Table 5. MHA LOCA Release Phases
Phase | PWRs BWRs
Onset End Time Onset End Time
Gap Release 0.5 minutes 8221 3 hours | 2 minutes 0157 hours
Early In-Vessel | 02313 4.50 hours 0.197 hours £.06.7 hours
hours
8 For facilities licensed with a leak-before-break methodology, the licensee may assume the onset of
9 the gap release phase to be 10 mi The i may prop ma.ltunmwhmebrtheonsetofﬂ:e
| 10 gap release phase based on facility-specific calculations using sui ','codes-otbasedonan
11 accepted topical report shown to apply to the specific facility. In the ab of app: the
12 licensee should use the gap release phase onsets in table 5.
13
14 34  Radionuclide Compeosition
15
16 Table 6 lists the elements in each radionuclide group that should be considered in design basis
17  analyses.
18  Table 6. Radionuclide Groups
Group Elements
Noble Gases Xe, Kr
Halogens LBr
Alkali Metals Cs,Rb
Tellurium Group Te, Sb, Se
Barium, Strontium  Ba, Sr
Noble Metals Ru, Rh, Pd, Co
Lanthanides La Nd, Eu, Pm, Pr, Sm,
Y,.Cm, Am
Cerium Ce,Pu,Np, Zr
Molybdenum Mo, Tc, Nb

19

17 This statement excludes the effects of radicactive decay in the core inventory on the linear release modeled. In lien of
treating the release in a linear ramp manner, the activity for each phase can be modeled as being released instantaneously at
the start of that release phase (i.e., in step increases).
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| 1 Table 7.*]* Accident Dose Criteria for EAB, LPZ, and Control Room Locations
2
EABand LPZ Control Room
Accident or Case Dose Criteria  Dose Criteria® Analysis Release Duration
(TEDE) (TEDE)
MHA LOCA 0.25 sievert (Sv) 8-05-5% 30 days for containment, ECCS, and
(25 rem) (5-0remySee Table MSIV (BWR) leakage
8
BWR Main Steamline Break Instantaneous puff
Fuel Damage or Pre- 0.25Sv 0.05[[1] Sv
Accident Spike (25 rem) (3{[11.0 rem)
Equilibrium Iodine 0.025 Sv 0.05 Sv
Activity (2.5 rem) (5.0 rem)
| BWR Rod Drop Accident  0.063 Sv 0.85[[1] Sv 24 hours
(6.3 rem) (3[[1].0 rem)
PWR Steam Generator Tube Affected steam generator: time to
Rupture iselat®isolate
Fuel Damage orPre-  0.25Sv 0.85[[]] Sv Unaffected steam generator(s): until
Accident Spike (25 rem) (5{[1).0 rem) shutdown cooling is in operation
Concurrent Iodine Spike 0.025 Sv 0005 Sv md releases from the steam
(2.5 rem) (5.0 rem) & ve
PWR Main Steamline Break Until shutdown cooling is in
Fuel Damage orPre- 025 Sv 0.05[11] Sv operation and releases from the
Accident Spike (25 rem) (SI1].0 rem) steam generators have been
Concurrent Iodine Spike 0.025.Sv 0.05 Sv terminated
(2.5 rem) (5.0 rem)
PWR Locked Rotor 0,025 Sv 0.05 Sv Until shutdown cooling is in
Accident (2.5 rem) (5.0 rem) operation and releases from the
steam generators have been
terminated
PWR Control Rod Ejection  0.063 Sv 0.65[[1] Sv Containment pathway: 30 days;
Accident (6.3 rem) (3{[1].0 rem) Secondary system: until shutdown
cooling is in operation and releases
from the steam generators have been
terminated
(6.3 rem) (5.0 rem)

’ Fuel Handling Accident 0.063 Sv 0.05 Sv 30 days

! For PWRs with steam generator alternative repair criteria, different dose criteria may apply to steam generator tube rupture and

2The control room exposure period is 30 days for all accidents.

# A graded. nisk-informed and performance-based framework has been established for the control room dose criteria. The
framework is applicable to the MHA-LOCA accident

i
O 00~ AW
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The licensee may assume credit for ESFs that mitigate airbome radioactive material within the

1

2 control room. Such features may include control room isolation or pressurization or intake or recirculation
3 filtration. Guidance appears in SRP Section 6.5.1, “ESF Atmosphere Cleanup Systems.” and RG 1.52,

4 Revision 4, “Design, Inspection, and Testing Criteria for Air Filtration and Adsorption Units of

5 Post-Accident Engineered-Safety-Feature Atmosphere Cleanup Systems in Light-Water-Cooled Nuclear
6  Power Plants,” issued September 2012 (Ref. 35). The control room design is often optimized for the

7 MHA LOCA, and the protection afforded for other accident sequences may not be as advantageous. In

8 mnstdeagns,conholrwmnsohhomsammedbyESFs:gm]sorndunonmnmmrs In some cases, the
9  ESF signal is effective only for sel placing reli on the radi for the

10 remaining accidents. Several aspects of radiation monitors can delay control room isolation. including the
11 dehyﬁ:racmmytobmldnpto quivalent to the alarm setpoint and the effects of different
12 pic mixes on P

13 425 Personal Protective Equipment

14

15 The licensee should generally not take credit for the use of p 1 I

16  prophylactic drugs such as potassium iodide. mI‘H{Cmywmdakvmasonause-by-casebms
17 4.2.6 Dose Receptor Occupancy Factor

18

19 TheOccupancy factors are used to estimate the amount ofitimie a receptor. or individual. is present
20 ata mmlar location. to estimate the amount of time a Tecébtot was exposed to a radioactive source

21 lu.me An occ y factors 1s typically esed i tefms of fmc'uon T day. With detailed

25 Absent facility-specific receptorinformation on occupational habits within the control room
26  dunng an event, the dose receptor for these analyses is the hypothetical maximum exposed individual

27  whe_The default occupancy factors assumeithe recgtonspmsm!mdxeoomolmomfor 100 percent of
28 ﬂlenmednmgﬂ)eﬁm24hmahﬂmevm60puomtof&eumebawemlmd4days,md40

29  percent of the time from 4 days to 30 days.** For the duration of the event, the licensee should assume the
30  breathing rate of this individual to be 3. leo‘m’/s (Ref. 38).

32 Llcensees develg and Maintain staffing plans to execute their emergency glans These plans can

35  that dlﬂ}a from the default values provided earlier in this section. The provision acknowledges t.he unique
36 requirements ofeach facility and fosters alignment with other regulatory requirements that apply during
37  actident scenarios. Facility-specific occupancy factors should align with the licensing basis and

38  appropmately account for uncertainties (e.g.. shift changes) with the intent of maintaining operational

39 flexibilityuduring an event.

41 427 Dose Conversion Factor

43 Tbehcemeeshmﬂdcﬂcdﬂemnkolmomdommmgthedoucmvuﬁmﬁctmldmhﬁedm
44  Regulatory Position 4.1 for use in offsite dose analyses. The should all

21 These occupancy factors are already included in the determination of the %'Q values using the Murphy and Campe
described in “Nuclear Power Plant Control Room Ventilation System Design for Meeting General
Criterion 19, mmm4mmmmmmhmmmmmmmum
factors into the ination of the y/Q vahes. Therefore, dose calculations using ARCON96
m‘mwmﬂumm
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44 Acceptance Criteria

The accident dose radiological criteria for the EAB, for the outer boundary of the LPZ, and for
the control room are in 10 CFR 50.34, 10 CFR Part 52, 10 CFR 50.67, and GDC 19 in Appendix A to
10 CFR Part 50. These criteria are stated for evaluating reactor accidents of exceedingly low probability
ofmmmoeandhwnskofplbhcupoﬁnemnduanmmwuhahghapmhbﬂnyd

et lated EAB and LPZ doses should not exceed the criteria
mhbh7,l_mmdoseﬁnhemdmﬂdmmhmcepﬂnmmmfmmy2m
period following the onset of the fission product release. The accident dose for the LPZ should not exceed
10 ﬁemoqﬁmcemﬂudnmgﬁeeﬁnepmodofﬂnpﬂssageoﬂheﬁmmpmdﬁrdemTom
11  the increased enrichment rulemaking efforts. a risk-informed and performance-bas
12 has been developed for the control room for the MHA-LOCA 598 This fmme“otilspmtedmtable
13 8. (see Ref XX for a background on this framework methodology) The framework levesagesfacility

L= - R N

14 ific risk-insights based on a pedi robabilistic risk assessment model.

15

16 In accordance with 10 CFR 50.67 and GDC-19. licensees may use a 10trem TEDE control room
17  design criteria value without further justification The licensee may establish a‘gontrol room desi;

18 cntencn value hi than rem TF_DE but not greater than 25 rem E hance rovided the

20 deem accggtable assessments t.hat lﬂeggg nsk msn@ from Eobab.lhsﬁc nsk assessmems for uhlch the
21  models are of the highest pedigree. Acceptability of the model isidetermined with respect to the following
22 aspects: scope. level of detail. conformance to consensus standard techni¢al elements (i e.. technical

23 robustness) and plant representation. These models would-be comsistent with the philosophv in

24  Regulatory Guide 1.174 and technical adequacy expectafions for the model in Regulatory Guide 1.200.
25 For mstam:e the use of all hazm'd core dama e fr from a roxed Techmcal Specifications

[S15) - 0 " £
27 Inmauve 4b ].lcense amendmmt TﬂLﬁ vuould beaccgmble The al.l hzzzrd core damage ﬁm is
28 ted all core damage fr resulfs (e.g.. flood. fires. seismic. high winds

29 and others).

31 For licensees with a hi igTee probabilistic risk assessment model. follow each step:
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SE5-CDF-1E4

CDE=1E4
or, licensee not adopting the graded
framework o d acceptance
crtena

4

5 The acceptance criteria for the various NUREG-0737 items generally reference GDC 19 or

6  specify criteria derived from GDC 19. These criteria are generally specified in terms of whole-body dose
7 orits equivalent to any body organ. For facilities applying for, or having received, approval to use an

8  AST, licensees should update the applicable criteria for consistency with the TEDE criterion in

9 10 CFR 50.67(b)(2)(i).

11 For new reactor applicants, the technical support center (TSC) habitability acceptance criterion is

12 based on the requi of paragraph IV_E.8 of Appendi EblOCFRPmSOtopmvxdemonsiteTSC
13 from which effective direction can be given and effective control can be dunngan gency.
14 The radiation protection design of the TSC is acceptable if the total calculated radiologi

15 fmheposnﬂamdﬁssmwodndrdmeﬁﬂmﬂnndmupomammmspeuﬁedfmﬂw
16  control room (5 rem TEDE for the duration of the accident).

19 5. Analysis Assumptions and Methodology

21 51  General Considerations

22 511 Analysis Quality

24 The analyses discussed in this guide are reanalyses of the design basis safety analyses required by
25 10 CFR 50.67 or evaluations required by 10 CFR 50.34, 10 CFR Part 52, and GDC 19. These

| 26 dered4e-baa significant input to the evaluations required by 10 CFR 50.92 or 10 CFR 50.59 and
27 10 CFRPart52. Thhoenseeshouldp!qme Teview, andmmmnﬂmeanalysamaccordmoemﬂl

28 qualify assurance programs that comply with App B, “Quality A Criteria for Nuclear Power

29  Plants and Fuel Reprocessing Plants,” to 10 CFR Part 50.

31 ‘These design basis analyses were structured to provide a conservative set of assumptions to test
32 the performance of one or more aspects of the facility design. Many physical processes and phenomena
33 are represented by conservative bounding assumptions rather than being modeled directly. The staff has
34 sdededummxphommdmdelsthatpmwdemaperemdpudm:saﬁetymgmagm

35 \mpre&dedevmﬁmﬁlewmseofmacud:m p for large cility
36 parameters, material t, and heric di Li
37 shmﬂdmcMonmpmposmgdcvuhmsbasedondmﬁomspemﬁcnomdmiseqlm since the
38  DBAs were never intended to represent any specific accident seq the prop iation may not

39  be conservative for other accident sequences.
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5.1.2  Credit for Engineered Safeguard Features

Thehcmseemyhkeue&tfo(ma&ntmﬂg:hmfuﬁmﬂ)ﬂmchssxﬁedusafaymmd,
are required to be op by | specifications, are powered by emergency power sources, and are
either automatically actuated or, in limited cases, have i i explicitly addressed in

i dures. He , the li slmxldnottakeaednﬁorESFsdntwonlda&ct
thegenu:nonofthesommtumdmmbedmhblalde Addmomllythehomseeshm.ldlsmthe
single active component failure that results in the most limiting radiology
abamtheommmoemdummgofabsofoﬂ'mepoquhoddbesdmdwﬂtheobjmof

g the p 2l The li should consider design basis delays in
the ion of these f "‘,for“ that rely on manual intervention.

P

O \D 00 -] OB W R e

—

5.13  Assignment of Numerical Input Values

——
W

14 The licensee should select the numerical values to be used as inputs to the dose analyses with the
15 objective of determining a conservative postulated dose. In some instances, a particular parameter may be
16  conservative in one portion of an analysis but nonconservative in another portion of the same analysis.
17 For example, an assumption of minimum containment system spray flow is usually conservative for

18  estimating iodine scrubbing but, in many cases, may be nonconservative when determining sump pH.

19 Sensitivity analyses may be needed to determine the appropriate value touse. As a conservative

20  altemnative, the limiting value applicable to each portion of the analysis may be used in the evaluation of
21 ﬂutpomon.Asmglevaluemaynotbeapphubkhagvmpnmﬁotthedm'monofﬂ:evm

22 particularly for affected by changes in density. For a parameter addressed by technical

23 specifications, d:evﬂmmdmﬂwmlysswbeﬁnldmnﬁedmﬂnﬁechmulspeuﬁunmsnﬁa
24 range of values or a tolerance band is specified, the value that would result in a conservative postulated
25 dmeshonmbemdﬁﬂnpammuhasedmﬂnmhsoﬂ&ﬁeqmwvuummm

26 (eg,steamg ) wslmg),ﬂ:e’ dation that may occur between periodic tests
27  should be dered in establishing the analysis value.
28

29 Best-estimate plus uncetaml\ med)ods provide more reahsuc rggxesentauons of uncenamg

31 uncenamtv can enhame the acmrag of analyses. Methods for gl_la.ntlﬁcauon of uncertainty in
32  engineering models aredvelliestablished. For example. one common method for uncertain analysis uses

33  Monte Carlo statistical teghniques which incorporate a random sampling of representative distributions of
34 vanous model inputs. ortant considerations with re: to the aj hcauon of uncertainty

36 the When using best eshmzte lus \mcertamtv tedml ues in the come\{t of this guide the

37  proposed distributions may be based on measurements or on justifiable engineering judsement when data
38  are mot available. Descriptive statistics from the final distribution results should be provided with

39 submmnls gmlymg these techmgges and values from the Q)ﬁrcentile should be used when

41  range of \alues to ensure a cou_ngehensne regresentauon of gotelma.l values. Extrapolation t'mm the data
42 will not be accepted. nor will tnangular distributions. When performing such an analysis. a sufficient

43  pumber of iterations must be performed to ensure a high level of confidence in the accuracy and
4 reh.ablhg of the obtained results. A 95 /95 ccuﬁdence level is considered acgptable for con_:Lpanng best-

22 Note that for some the technical ification value may be adjusted, for analysis purposes, by factors provided
in other regulatory guidance. For example, ESF filter efficiencies are based on the guidance in RG 1.52, rather than the
mmmmmmmm Generally, these adjustments address possible changes in the
parameter between scheduled surveillance tests.

DG 1425 (RG 1.183, Rev. +2). Page 46



Note: This document contains draft/predecisional guidance language to support discussions during the NRC’s public meeting on
June 12, 2024 (ML24155A115).The NRC staff are not officially accepting comments
during the meeting and will not provide any formal responses to any feedback provided during this meeting

2 apply stansncal samglmz techmg\_les and Earameter d:smblmons m.ll be ev: aluated on a case b} -case
3 basis. It is expected that a best-estimate plus uncertainty approach would produce results with a
4  considerable margin to the regulatory acceptance criteria.

5.14  Applicability of Prior gud the Proposed Licensing Basis

5

6

7 'IbeNRCﬁaﬁ‘mnsidﬂsﬂmhnplemamﬁmofmmmbeaﬁgmﬁcamdmngetodndesign
8 basxsofﬂ:eﬁmhtydm:svohmmﬂy d by the Ii The ch istics of the ASTs and the

9  revised dose thodology may be i Ip ﬁblemﬂlmanyoftheanalyﬂsasstmpﬂommd
10 methods currently reflected in the facility’s design basis analy should consider and address
11 newormmdsmautedbyapuuuﬂnmspmﬁcmpkmmhuonofﬂwASTwhﬂethe
12 implementation conflicts with the facility’s licensing basis. However, prior design bases that are unrelated
13 to the use of the AST, or are unaffected by the AST, may continue as part of the facility’s design basis.
14
15
16
17
18
19

Licensees should ensure that analy and methods are compatible with the ASTs and the

Wp

TEDE criteria.

52 Accident-Specific Assumptions

| 20 The appendices to this RG provide accident -specific ions that are ble to the staff
21  for performing site-: spemﬁcmalysesasreq\medbleCFRSOSat 10 CFR Part 52, IOCFR5067 and
22 GDC 19. Licensees should review their li for guid on the analysis of

J

23 mdwlog:calDBAsotherthmﬂmsepmmdedmﬂm guide. The DBAs addressed in these attach

24 weteselectedfromacudemsﬂmmaymvoh'edlmgetomdntedﬁxel This guide does not address all
25  DBAs with radiological The i or exclusion of a particular DBA in this guide does
26 notﬂutmanalys:sofﬂmDBAls quired or not required. Li should analyze the DBAs

27 ﬁatmaﬁecﬁdbythspeuﬁcpvpmedapphcﬁmsofmmmdchngstomﬁqhty«mﬂm
28  radiological analyses.

30 TheNRCstaﬁ'hasdﬂummedth:tﬂle lysi ptions in the dices to this guide

31 i d h to performing the individual analy and the NRC staff

32 expectshcenseestoaddmssud: mption or to prop ble alternatives. Such alternatives may
33 bepxsh.ﬁxbleonﬁ)ebasnsofphm speu.ﬁcconsxdenﬁans npdatedtechmulamlysa,or in some cases, a
34 basis The in the ap are consistent with

35 ﬂleASTldmhﬁedmRegnhtorwahonS Alﬂmugham)hcamsmﬁeetoproposealm-nahvutom
36  assumptions for consideration by the NRC staff, the use of staff positions inconsistent with these
37  assumptionsis beyond the scope of this guidance.

39 53 A heric Dispersion Modeling and Meteorologv Assumptions

40

41 Almosphmcdlqaexswnﬁdols(x/Qvnlues)fonheEAB the LPZ, the control room, and, as
42 apphcable,tteonsﬂcanagmcyrsponse&cﬂﬂy ie., the TSC)* that the staff approved during mitial
43 facility licensing or in mxybeusedmpetfotmmgtlnmdmlog:ul
4 analysaxdennﬁedmthlsgmde provndedthatsmhvalmsmmn 1 to the p

45  release charactenistics that affect plume rise, its release points, andreceptoxlomuons Licensees should
46  ensure that any previously approved values remain accurate and do not include any misapplication of a

23 TltudiohglulhlbmhhxymﬂynsﬁrnmmTSCu to support thy review of
ity as part of a license amendment request may be needed if a
Mdnpmmlymdd!m“nluiedmmnp]msmm;hm?ammm&m
dispersion modeling is handled similarly to that for the control room.
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APPENDIX A

ASSUMPTIONS FOR EVALUATING THE RADIOLOGICAL CONSEQUENCES OF
LIGHT-WATER REACTOR MAXIMUM HYPOTHETICAL LOSS-OF-COOLANT
ACCIDENTS

The assumptions in this appendix are acceptable to the staff of the U.S. Nm:leegu]aﬁ(xy
Commission (NRC) for evaluating the radiological consequences of maximum hypothetical accident

(MHA) loss-of-coolant accidents (LOCAs) at light-water reactors. These p ppl
guidance in the main body of this guide.

Appendix A, ‘GenullegnCntunﬁrNudeuPoqulm‘ls to Title 10 of the Code of
Federal Regulations (10 CFR) Part 50, “Dx ic Licensing of Pr ion and Utilization Facilifies”
(RefA1),dﬁns10CAsuthnsepostdnﬁdamdthmﬂtﬁomalossaf{odthmyat
rates that exceed the capability of the reactor coolant makeup system. Leaks up to a double-ended rupture
ofﬂmhgmynpeofﬂnmmrm]mﬂsym(RCS)mmhMWm

X a0cs nance wi !' - - St

isht-w: TheNRCsre ato ﬁ!mmorlmsmeslhathcenses
design emergency core cooling systems (ECCS) to meet acceptance entenathat limit peak cladding
temperature. maximum cladding oxidation. maximum hydrogel generation and that reactor cores remain
in coolable geometries such that long-term cooling can be provided following a LTOCA. Therefore. ECCS
function to limit reactor core damage during a LOCA such that resultant radiological consequences are
very low. especially when compared to acceptance exiteriahat apply to the MHA T.OCA.

The MHA LOCA, like all design basis accidents (DBAs), is a conservative surrogate accident
that is infended to challenge aspects of the facility design. Specifically. the MHA TOCA is the DBA that
is used to evalu.ate tbe smng of new reactors and'the dest- of svstems, structures and cogp_oneuts 1SSCs)

ncti on h e nme W3
reactorsl wn.h theu' ECC S. are dmw mch that LOCAs are not eWed to result in sxzm.ﬁcan
radiological releases to the environment. theNRC regulatory framework re es that MHA TOCA

analyses assume a major accidentifivolving substantial meltdown of the core with subsequent release of
eciable tities of fission cts. This approach ensures that the designs of SSCs that function to

Limit fission product féleases areé appropriately analyzed. .

Ys i . e PIR
1 ]}.Elhﬂ?\mc 3 L 4 P i o rmenee e lOCER S0uiGy
-y Nag-Syetem-p " oy

“Aocop o e L Sosliakiiuat . > With
dda dial < Bl MEHALOCA . saalk d k. J o hac £
At e of celease miti " 2ud the. i and Soc.eval the

mmmmmawmnummmwumm
and control room doses, assuming a deterministic substantial core damage source term, discussed below,
released info an intact containment.

A-1. Source Term

Regulatory Position 3 of this guide provid ptabl umptions about core 1 y and the
release of radionuclides from the fuel.
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(particularly in BWR Mark I and Mark II drywells) should be considered in the determination of
decontamination factors (DFs) and removal coefficients credited for the drywell or containment.
The mixing rate attributed to natural convection between sprayed and unsprayed regions of the
containment buildi ided that adeq ﬂowmmbﬂwemﬂlsempons,xsamnmdtobe
lwomomsofﬂielms;nyedmglonvohnnepshmn unless other rates are justified. On
case-by-case basis, the licensee may consider containment mixing rates determined by the
oooldownntemthes;xuyedmgmnmdthebwymcy—dnvmﬂowﬂmmﬂts The containment
buildi may be idered a single well-mixed volume if the spray covers at least
%pacmofmemmmhnldmgspacemdmmglmaedsaﬁayfumﬁﬁ)vmhm
system is available for adequate mixing of the unsprayed compartments.

| As provided in Section 6.5.2 of the SRP, the maximum DF for elemental iodine is based on the
maximum iodine activity in the primary containment atmosphere when the sprays actuate,
divided by the activity of iodine remaining at some time after decontamination. The SRP also
states that the particulate iodine removal rate should be reduced by'a factor of 10 when a DF

| of 50 is reached- and that the elemental iodine removal is limitedfo 20", The reduction in the

I rate is not required if the  rate is based on the calculated time-dependent airborne

aerosol mass. There is no specified maximum DF for aerosol removal by sprays. The maximum
acuvnytobenxdmdetammmgdxeDF:sdeﬁnedasﬂ:emdmeacuvnymtheoohnmshbehd

“Total” mtableslmd2oflh:sgmde,nnﬂhphedby005£orelmmallodmcmdby095for

particulate iodine (i.e., the SRP methodology treats ls as par
A-24 Reduction in airborne radioacti mﬂ:ecullmuﬁbym—wnmmnrecnuﬂaumﬁ]w
systems may be credited if these sy meet the g of RG 1.52, Revision 4,

Inspection, and Testing Criteria forAn'FMandAdsmpﬂm Units of Post-Accident
Engmeemd Safety-Feature Atmosphere Cleanup Systems in Light-Water-Cooled Nuclear Power
Plants,” issued September 2012 (Ref. A-6). The filter media loading caused by the increased
aerosol release associated with the revised source term should be addressed.

A-25 Historically, reduction in airb dioactivity in the containment by suppression pool scrubbing
hsnmbemue&tedmhmnglmomfmopumngBWRshmthestaﬁlma}m

by
Blasud bl Sec. & 1 from-the-fual-—the-f & the-sak SN ot
T

posband hepotennal Sopans banass ar s - 2) Section 3.2 now
provides felease fractions for pathway- s&lﬁc release fracuom using mechanistic transport
modeling that the staff consider acceptable. For suppression pool solutions having a pH less than
7, dunmhlwdlnevnporshouldbeconsewmve]y assumed to evolve into the containment

A-2.6  Reduction in airborne radioactivity in the i by in ice or other
ESFs not addressed above, shaxldbeeva.lmmedmacase-by—casebasxs SeeSRPSecuon654
“Ice Condenser as a Fission Product Cleanup System™ (Ref. A-2).

A-2.7 The evaluation should assume that the primary containment (-
wetwell for Mark- IandlIoonnumnndnﬂgns)mllletkatﬂmpeakpmmemclmcal
specification (TS) leak rate for the first 24 hours. For PWRs, the leak rate may be reduced after

P 2
ool e of BIWR reactes ; ection 1545 eE NUREG- 1066 Final Sof Revost

4

= pos
Ralated-to-tae-Cx Eiho Boiling-WatesRoactos-Standard Desim icuod-iasil 2014
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’4h0ms(o§0pu’caltoftheTSlukmtse ForBWRs lukagemayberedmedaﬁerﬂieﬁxst

24 hours, if d by plant configuration and analy toavahmnotlmsthaniOpscmrof
the TS leak rate. Leakage from sub-atmospheri i d to inate when the
containment is brought to and maintar dat a sub ;pk condmonasdeﬁnedbyd:e'l's

The hcensee s evaluation of the mst accxdem containment pressu:e regponse m) credit safeg

leaL rate in the first 24 hours and forthe duration of the accxdem Secuon ) 1 7] add:esses tredn
for engineered safeguard features.

A-2.8 If the primary containment is routinely purged during power operations, the licensee should
analyze releases via the purge system before containment isolation and should sum the resulting
doses with the postulated doses from other release paths. The purge release evaluation should
assume that 100 percent of the radionuclide inventory in the RCS liquid is released to the
containment at the initiation of the MHA LOCA. This inventory should be based on the TS RCS
equilibrium activity. Iodine spikes need not be considered. If the purge system is not isolated
before the onset of the gap release phase, the li should consider release fra
with the gap release and early in-vessel release phases as applicable

A-3. Dual Containments

For facilities with dual containment , the b ions related to the transport,
reduction, and release ofndxoacuvemtmxlmandﬁomﬂwseoondaxycmmnnmi or enclosure

buildings are as follows:

A-3.1 Leakage from the primary containment should be considered to be collected, processed by ESF
filters, if any, and released to the via the dary containment exhaust system
during periods in which the secondary containment has a negative pressure as defined in the TS.
Credit for an elevated release should be assumed only if the point of physical release is more than
2.5 times the height of any adjacent structure.

A-3.2 Leakage from the pnimary containment is assumed to be released directly to the environment as a
ground-level release during any period in which the secondary containment does not have a
negative pressure as defined in the TS.

A-3.3 The effect of high windspeeds on the ability of the secondary containment to maintain a negative
pressure should be evaluated on a case-by-case basis. The windspeed to be assumed is the 1-hour
age value that is ded only 5 percent of the total number of hours in the dataset. Ambient
used in these assessments should be the 1-hour value that is ded in
athﬂ'Spacanor%puueniofthcmulmmbesofbausmthedmset,whﬂwvals
conservative for the intended use (e.g.. if high temp are limiting, use those ded only
5 percent of the time) (Ref. A-9).

A-34 Credit for dilution in the secondary containment may be allowed when adequate means to cause
mixing can be demonstrated. Otherwise, the leakage from the primary containment should be
assumed to be transported directly to exhaust systems without mixing. Credit for mixing, if found
to be appropriate, should generally be limited to 50 percent. This evaluation should consider the
magnltukofﬂxeoonmmmemlakagemxehnontoconngnmbmldmgvol\meorethstnte
the 1 of exhaust pl relative to d release |

PO}
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ventilation systems, and nternal walls and floors that impede streamflow between the release and
the exhaust.

A-3.5 Primary containment leakage that bypasses the i should be evaluated at the
bypass leak rate incorporated in the TS. Ifthebypasslukagelsthmughwater(eg via a filled
piping run that is maintained full), credit for retention of iodine and aerosols may be considered
on a case-by-case basis. Similarly, deposition of Is and el ] halogens in gas-filled
lines may be considered on a case-by-case basis.

A-3.6 Reduction in the amount of radioactive material released from the dary containment because
of ESF filter systems may be taken into provided that these sy meet the guid:
of RG 1.52 (Ref. A-6).

A-4. Assumptions on Engi d-Safety-Feature System Leakage

St

ESF systems that recirculate sump water outside of the primary containment are assumed to leak
during their intended operation. This release source includes leakage through valve packing glands, pump
shaft seals, flanged connections, and other similar components. This release source may also include
lukagethrmxghva]mwolatrngmﬁcmgsystm(RdAS) 'l'hegxi-?seeﬂs)bm]damlyuﬂx

for other ﬁmonpmdnctrdensepaﬁ)sto demmmethetoml calculated radiological consequences from
the MHA LOCA. The following assumptions are acceptable for evaluating the consequences of leakage
from ESF components outside the primary containment for BWRs and PWRs:

A-4.1 With the exception of noble gases, all fission products released from the fuel to the containment
| (as defined in the applicable tables 1 aadthrouch 2 of this guide) should be assumed to
and homogeneously mix in the primary containment sump water (in PWRs) or
suppression pool (in BWRs) at the time of release from the core. InLieu-of thisFor BWRs_ Table
1.2 provides a mechanistic model of the core inventory fraction retained in the suppression pool
based on analyses fiomSAND2023-01313. Table 1.2 is a suitably conservative mechanistic
model for tbe Mm of! m‘bome activities in the suppression pool. For PWRs. in lieu of the
ly conservative mechanistic models for the transport of airborne
acuvnymummmlmﬂxemnpwatermybeused Note that many of the parameter values
that make spray and deposition models conservative in estimating containment airborne leakage
are nonconservative in estimating the buildup of sump activity.

A42 Theleakage should be taken as 2 times the sum of the simultaneous leakage from all c
in the ESF recirculation systems above which the TS, orhcmseecomnmmmtsto:mnmbll
of NUREG-0737, “Clarification of TMI Action Plan R " issued N 1980
(Ref. A-10), wouldxeq\meaclumgsx:hsystansmopemble Dwgnlcakageﬁomanysystems
not included in the TS that transport primary coolant sources outside of containment should be
added to the total leakage. The applicant should justify the design leakage used. The leakage
should be assumed to start at the earliest time when the recirculation flow occurs in these
systems, and to end at the latest time when the releases from these systems are terminated. It
shmldacommfonheESF leakage at accident conditions. Design leakage through valves

g ESF y from tanks vented to the atmosphere (e.g., the pump miniflow

2 The multiplier of 2 is used to account for increased leakage in these systems over the duration of the accident and between
surveillances or Jeakage checks.
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retumn to the refueling water storage tank in the emergency core cooling system) should also be
considered.

A-43 Withthe ion of iodine, all radioactive materials in the recirculating liquid should be
assumed to be retmnedmthehqndphase

A-44  If the temperature of the leakage exceeds 212 degrees Fahrenheit (°F), the fraction of total iodine
(1.e., aerosol, elemental, and organic) in the liquid that becomes airbore should be assumed to
equal the fraction of the leakage that flashes to vapor. Th:sﬂashﬁachon(FF)shouldbe
determined using a constant enthalpy, h, process, based on the maximum tx

temperature of the sump water circulating outside the i using the foll formula:

b}

s
h)!

hy is the enthalpy of liquid at system design temperature and pressure,

hyz s the enthalpy of liquid at saturation conditions (14.7 pounds per square inch absolute,
212°F), and

hg s the heat of vaporization at 212°F.

A-4.5 If the temperature of the leakage is less than 212°F or the calculated FF is less than 10 percent,
the amount of iodine that b irbome should be d to be 10 percent of the total iodine
activity in the leaked fluid, unless a smaller amount can be substantiated. The justification of such
values should consider the sump pH history; changes to the leakage pH caused by pooling on
concrete surfaces, leachmgﬂmughpqmgmﬂaum,evapmmontodrym and mixing with
other liquids in drainage sumps; area ventilation rates and temperatures; and subsequent
re-evolution of iodine.

A-4.6 The radioiodine that is postulated to be available for release to the environment is assumed to be
97 percent elemental and 3 percent organic.? Reduction in release activity by dilution or hold-up
within buildings, or by ESF ventilation filtration systems, may be credited where applicable.
gl:zx;y_gmnmedinﬂmemphcmmsshmﬂdbeevalmtedusingthegmdmofk(}l.ﬁ

A-5. Main Steam Isolation Valve Leakage in Boiling-Water Reactors

ForBWRs, themmnsteamxsohnonvalm(MSIVs)havedm@leakagethatmymﬂtma
radioactivity release. The Li should analy from
pmmmmwmngemmcwwmmrmmmmmmpmm
determine the total calcul q from the MHA LOCA.

| ThreaTwo methods are p d below to comp aﬂ'osoldq)osmonmﬂnnmamstumluns
Eachmelhodoompnﬂss:mﬂzrremnvalooefﬁuentsﬂmm itable for radiologi

(= 1

3  The 97 percent elemental 3 percent organic speciation is a c i ion based on the
that most of the iodine releasad to the environment will be in elemental form, with a small percentage converted to organic,
as supported in section 3.5 of NUREG-1465, “Accident Source Terms for Light-Water Nuclear Power Plants,” issued
February 1995 (Ref. A-11).
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calculations. Thsemedmdsmm(vahdlfuedxtsﬂsohkmfonuosolvdﬁomdrywe“spnys,
or for other containment aerosol when ling the MSIV leakage release pathway
mmmgfmhmmmhmmmmwmwm
processes. The seefwo MSIV leakage models are the following:

a direct adopts ftha dats n SAND2002 6601 “Analvoie of Main Staam
- P =
Leolation-Valualaak in-Desicn-Rasic-Aecidents-Ueina MELCOR-1-2-6-and
< O =D il
RADIRAD . &-Oetobar2008-Ref-A-1D)without EEII!’!g;‘Rr' or-Ro s fae

ba. re-ev:.lnlledAmdentEv:.lmhmemh(AB)—9&03 AssssmmtofRndmlogwll
Consequences for the Perry Pilot Plant Using the R d (NUREG-1465)
Source Term.” dated December 9, 1998(RefA 13), with multi-group, and

The ions in the following subsections are acceptable for evaluating the consequences of
MSIV leakage.
L. Etha Llaalk hatld-bhe- a bath, 3 Lo ol aas
S = & 5 .
1 R L Racit A ‘\l\ A 'l

be assumed to be the BWR core inventory time-averaged fraction released into steam line
presented in Table 1.3. This represents thetime-averaged overall fraction of the fission product
lmentor\' in Lbe pomon of t.he stea.mlme Just downsu'elm of Y.he first SRV to the ﬁ.rst MSIV in all

| 6 B QU
term analvses the hcensee should dnmde theu' lant ific vol\me of this portion of the
steam line multiplied by the numbef of st€am Iines.

Table 1.3 is a suitably conServative mechanistic model for the transport of airbome radionuclides
in the steam lines. Wiien using thiSapproach. no credit should be taken for aerosol deposition
\_lp_stream of the in-board, MSIV befoxe the end of t:he earl) mn \essel release phase Up to the end

aerosols shouldbe modeled asa constam source. Aﬁex the early in- \essel releaseghase credit for

aerosol Qm may be credited as aerosols and steam condense from contact with coolmz
surfaces. M aerosol sition may take on the form as an exponentially decli ut

m;.c(t) c (0)e “'MMWMJ&M

For new BWR designs or license d that prop hanges from a ref d design
control document, other models of MSIV source ion will be idered on a
case-by-case basis. In general, the pts used in developing the guid for BWR Mark I, I,

IndHIplmtsmybefollowedas:pphubletodlﬂgnsmducmsndaam

A-5.2 The chemical form of radioiodine released to the drywell should be assumed to be 95 percent
cesium iodide, 4.85 percent elemental iodine, and 0.15 percent organic iodide. With the exception

| e loto-thot-Sou-th ki Ssioete- i PRISORE PPNPCIE ¥ (= 1 S-S SIS

| DG 1425 (RG 1.183, Rev. +2). Appendix A, Page A-7



Note: This document contains draft/predecisional guidance language to support discussions during the NRC’s public meeting on
June 12, 2024 (ML24155A115).The NRC staff are not officially accepting comments
during the meeting and will not provide any formal responses to any feedback provided during this meeting

of elemental and organic iodine and noble gases, fission products should be assumed to be in
particulate form.
A-5.3  All the MSIVs should be assumed to leak at the maximum leak rate above which the TS would
the MSIVs inoperable. The leakage should be assumed to continue for the

Tequire
duration of the accident, as specified in table 7 of this guide, and should be assigned to steamlines
so that the accident dose is maximized. Postuhtedlnkagem:ybexedmeda.ﬂu!heﬁm

24 hours, if supported by site-specific analyses— e
leak rate_Section 54 of SANDI00S 6601 (Ref A 12) describes an ptable model
£ 3 the. k ) it 1

Asd AredncnoanSNrdusescmsedbyholdnpanddepoﬁnonmﬂ:emmnstmmpxpmgmd

main ng the of air ejector effluent by offgas systems, may be credited
if the comp andplpmg y nsedmthemlasepaﬂlmupableofpefommgﬂ:en
safetyﬁmdlmdnnngandﬁollowmgasafe ! ke and are p

POWer sources. mdnchonsueaﬂowedﬁorsteamsysﬂnplpmg:egmﬂlsﬂlﬂmmclosed

byphysxcalbamets such as closed valves. The piping segments and physical barriers should be
d, and maintained to seismic Category I guidelines as specified in RG 1.29,

“SelsmchwgnClassﬁcanonforN\rleoquhnts”(RaiAM) Alternatively, operating

license holders may and d the piping andbamerstobemggedas

dmmbedmReguhtoryPosmonASSTheammnof duction allowed will be evaluated on a

use—by—msebasnsmdxstobe]usuﬁedhsedonthe lternative drain patk blished by
and paﬂ:w:ysmﬂnummnmml

petatils P P

On March 3, 1999, the NRC staff issued a safety evaluation (Ref. A-15) of the GE topical report
NEDC-31858P, Revision 2, “SBWROG Report for Increasing MSIV Leakage Rate Limits and
Elimination of Leakage Control Systems,™ issued September 1993 (Ref. A-16). In its safety
evaluation, the staff found the Boiling Water Reactor Owners’ Group (BWROG) report to be an
acceptable method for direct reference in individual submittals on MSIV leakage, subject to the
condmonsmdhmnmomdﬁuibedmﬂ:esaﬁetyevﬂmhmFoxdnpmposesofDBA

diolog lyses, based on the information in the BWROG report, proposed
MSIVleakagehmmmmsonOOstmdatdmblcfeelpahmn(scﬂ))persteamhnemdm
excess of 400 scfh for total MSIV leakage will be considered on a case-by-case basis with
sufficient justification. The single valve limitation is based on the consideration that leakage in
excess of 200 scth may indicate a substantial valve defect. The total MSIV leakage limitation of
400 scfh is based on iderations of the relationship of MSIV leakage rate to the allowabl
containment leakage rate (L), as well as providing defense in depth related to the single valve

Consistent with the BWROG report, the following information related to the reliability of the
i shoul ided when an al ive drain pathway is credited:

pathway to the main cond d be p

a the alternative drain pathway and the basis for its functional reliability, commensurate
with its intended safety-related function;

b. the maintenance and testing program for the active components (such as valves) in the
altemauvedmmpaﬂlway and a confirmation that the valves that are required to open the

Tded

drain pathway are in the inservice testing program;

c how the al ive drain p ddr the single failure of active components to
verify its availability to conwyMSIV leakage to the condenser;
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. confirmatory calculations for a sample of piping supports, to verify that they
provide acceptable flexibility at terminal ends of piping and major branch
connections.

The extent of the selected samples should be justified based on the plant-specific seismic

hazard and quality assurance practices applied to design and fabrication. Details of the

walkdown(s), including the qualifications of the licensee staff members performing them,
should be retained in archival documentation.

(3)  Ifthe SSCs in the alternate pathway have not been subjected to dynamic seismic analysi
to a code of record (e.g.. ASME B31.1), andlfﬂ:epeak spectral acceleration of the
ground motion response spectrum based on the licensee’s most recent site-specific
probabilistic seismic hazard is greater than 0.4g, then the justification should include the

following:
. di ion of seismic and margin present in the relevant SSCs,
mdudmgthecondmsahasedonlhmrdﬁlgncodc(s)oﬁeeorcL
. insights from the Individual Plant Examination for External Events as described
above,
. walkdown(s)oﬂheSSCsmthea.ltmte y. including the cond:
dgeable li staff members, to ensure that items

performed
adveselyaﬂ'eehngthesamncwpuyofre]evamSSCs(eg loose or missing
anchorages and degraded pipe supports) are identified and corrected, and

. confirmatory calculations for a sample of piping supports, to verify that they
provide acceptable flexibility at terminal ends of piping and major branch
connections.

The extent of the selected samples should be justified based on the plant-specific seismic
hamdmdthty:ssmancemchcaamﬂudmdmgnmdfabnmuonwsof&e
the of thel staff’ performing

] ldk " J"n = -;

A-5.6 For BWRs with Mark I II, or III containment designs, aerosol deposition in horizontal volumes
that meet Regulatory Position A-5.4 or A-5.5 may be credited as described below.’ The NRC
staff will consider aerosol deposition models for BWR designs other than those with Mark I, II, or
1T containment designs on a case-by-case basis.

4k 1.d N locad-MSTU s and-d Eiha MSTVG.

Tabla-d T 2k k. . 1 ﬁ vy dad- b SANDIONY S601 -
I J L=
anle b lofthar dosunant.
5  The credit described in this regulatory position will supersede the serosol settling estimates previously given in the NRC

position
| staff document AEB 98-03 (Ref A-13) when RewisieaRevisions 1 and 2 of RG 1.183 is used.
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;lﬂ'!@ Ik d R Quth d fa d
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A-#.6:3 Reevaluated AEB-98-03 with the multi-group method: esese}At the beginning of the accident.

2eroso] deposition removal coefficients for the main steamline piping between the MSIVs and
downstream of the MSIVs may apply an updated AEB 98-03 use of the Stokes setthing velocity
physics parameters with the multi-group method. After the early in-vessel release phase_credit
for aerosol deposition upstream of the in-board MSIV may also be credited @s steam.condenses
from contact with cooling surfaces as described in Regulatory Position 4=3.1 The method below
computes both total effective aerosol removal efficiencies (TEARE:) (i e., filter efficiencies) and
equivalent removal coefficients A (hr™).

When evaluating the Stokes settling velocity, nseﬂiewodymmwmssmedxmdmmm
(AMMD), dg. based on a distribution directly to evaluate the settling
velocnywhuethespeuﬁcwosolpnanrtud:suﬂmmmofdnpeﬁctor density, and
volume-equivalent diameter do not need to be defined. Therefore, the Stokes settling velocity can
be rewritten in terms of the aerodynamic diameter; d, as follows:

.di-g- -
u; = xfia -Gl (Equation A-1)
where

= aerosol umt density = 1.0 g/cm
d, aerosol aerodynamic diameter.

= gravitational acceleration,
C,(d,) = Cunningham slip factor as a function of d,, and
= viscosity.

The document “State-of-the-Art Report on Nuclear Aerosols,” issued in 2009 (Ref. A-19),
provides a summary of experimental observations from integral experiments involving irradiated
fuel to infer characteristics of aerosols under light-water reactor severe accident conditions. The
State-of-the-Art Report recommends the use of a log-normal distribution for aerosols in the RCS
(AMMDl,nmcrons(um)mﬂugeometncshndarddewmomag of 2.0). and provides
PHEBUS—meProdwlaerosolmusmunemsmwmmmm(AMMDoﬁOumanda, of
2.0). Considering the MHA LOCA modeli h, which iders no pipe break and where
thehosmonlxupemsaﬁureﬂoodmbaudonﬂrdundenshcsoﬁhemsm
containment aerosol (i.e., the approach considers the effects of an active emergency core cooling
system), the methods in Regulatory Positions A-5.621 and A-5.6.32 should assume a log-normal
aerosol diameter distribution with an AMMD of 2.0 um and o of 2.0. Assume as fixed values a
C,(d,) of 1 and a viscosity of 1.93x10° Pascal-second. At least 10,000 trials are necessary to
develop a settling velocity distribution dataset. Note that while the NRC memorandum of

Refe A-20 add the methods di d in Regulatory Positions A-5.6.2 and A-5.6.3, it
does not establish regulatory positions. For example, regarding Reference A-20, this
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dum does not endorse input p such as the AMMD, assumed in example
calculations, and statements on the validity of the existing 20-group method.

The multi-group method should include the following ptions and steps to esti 1
coefficients:

a Discretize the settling velocity dataset into at least 2,000 equal-width groups. Assign a
relative probability to each group by dividing the number of data points within each
group by the sample size (e.g., 10,000 trials) to determine the group probabilities.
Identify the midpoint of each group to represent the settling velocity for that group.

b. Compute each group’s aerosol filter efficiency using the following method. By
Tearranging equations 2, 3 and 4 from Reference A-13, the filter efficiency, 7gy,, is

computed by using the group settling velocity, the settling area, the volumetric flow rate,
and the volume of the well-mixed region being modeled as follows:

_Gow_q__1 _ % ion A
Nfir =1 1- 1‘%—1 @ (Equation A-2)

Cin
where
7fie = removal, or filter, efficiency,
u, = settling velocity (ft/hr),
A = settling area (}
Cm outgoing concentration of miclides in the pipe segment volume,
= initial concentration of nuclides in the pipe segment volume,
Q volumetric flow rate mto pipe segmﬂn volume (ft/hr), and
)= equivalent removal coefficient (hr?).

Accmmforﬂneﬁ'ectofﬂ:ednngmgsetﬂmgvelomyd:snﬂmhonmﬂn
volume effi

multiplying them by the pnor volume aerosol filter removal efficiency.

c. Compute the TEARE:s (i.e., filter efficiencies) and equival 1 coefficients, A
(br™), for a credited volume by the following method. Compmed:eprobabmtywelghted
aerosol filter efficiency by multiplying the aerosol filter efficiency by the
probability from step 1. lensmnallmepmbablhtywughmdaemsolmmval
efficiencies to obtain the TEARE. By solving for A in equation A-2 the removal
coefficients are computed to yield:

_ _“Npu*@ -
= Wrac0w (Equation A-3)

where

n~=TEAREs,
O = volumetric flow rate into credited volume, and
V'=well-mixed pipe free volume.

| A563)  Numerical Integration: Aesssebt the beginning of the accident. aerosol deposition
mo\mlcoeﬁumtsfmthemmstumhneplpmgbawemtheMSNsmddownstemofthe
MSIVs may apply the method’s use of the Stokes settling velocity and physics parameters of

| Regulatory Position A-5.6.21 with the numerical integration method. After the early in-vessel
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as steam condenses ﬁom comact w:th cooling surfaces as destnbed n Rezulatog Posmon A- 5 1
The tion for a normalized number distribution (n(d,)) of particles of aerody di
dp)i lS given (Ref. A-21) as follows:

ag)*
1 in(32) )
(da) = Tty EXP [_ 2 tn(a,)‘l Equation A-4)
where

0= geometric standard deviation, and
dg= geometric (which, for a log-normal distribution, is the same as
the median diameter).

According to the Hatch-Choate equations, the AMMD is related to the median diameter (d), in
meters, as follows:

dg = AMMD Exp[—3In(cg)’] (Equation A-5)

Discretize the range of particle diameters, d,, from 1x10® ym to 1x10? ym into 150 groups. For
each group, apply equahmA-4 to compute the normalized number distribution, (n(dg)). Then,
for each di Yretize ‘group (l) comp nsse(tlmgvdocnybyapplymgequmonAl (Z)use
luvmgﬂ:evolums (S)annupﬂxemboudndwlbondoomenmnonsusmgmappropme
mmerical integration technique (such as the trapezoidal method), and (4) use equation A-2 to
then the filter effici Finally, quation A-3 to convert filter efficiencies, 7.

iy

into removal coefficients (in units of hr?).

| AS5.643 Aerosol deposmm removal coefficients for the corndmsuusmg a multi-group method
and numerical 1 eptabl will be d on a case-by-case basis.

A5T Redxuonoftheammmdxelusedekmmﬂhodmebypmmdqmmnmmswamsym

piping may be credited, but the amount of red d will be don
a case-by-case basis. 'Ihemoddshmldasstmewellm:xed 1 Refe A-22 provid
guidance onan acceptable model.

A-5.8 Reduction of the amount of released organic iodine (e.g., using the Brockman-Bixler model in
RADTRAD (Ref. A-5)) should not be credited.

A-59 Inthe absence of collection and treatment of releases by ESFs such as the MSIV leakage control
system, or as described in Regulatory Position A- 54 then the MSIV leakage should be assumed
to be released to the as an unp d, ground-level release.

A-5.10 Hold-up and dilution of MSIV leakage releases into the turbine building should not be assumed.

A-6. Containment Purging

The I should analyze the radiological q ﬁ'ompostLOCApmnaryoomammmt
purgmgasacomlmsﬂ:legxsor control If the installed t purging
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| APPENDIX I

ANALYTICAL TECHNIQUE FOR CALCULATING FUEL-DESIGN OR
PLANT-SPECIFIC STEADY-STATE FISSION PRODUCT RELEASE
FRACTIONS FOR NON-LOSS-OF-COOLANT ACCIDENT EVENTS

This appendix provid ble analytical technique for calculating steady-state fission
pxodﬂmluseﬁaﬁommﬁmgmﬁeﬁ:dmdwﬁwhm(plmmdpeﬂa4uhd¢ngyplbased
on either specific fuel rod designs or more realistic fuel rod power histories. This analytical
was used, along with bounding fuel rod power histories, to calculate the release fractions listed in tables 3
and 4 of Regulatory Position 3.2 in the main body of this guide. Lower release fractions are achievable
using less aggressive rod power histories or less limiting fuel rod designs (e.g., 17x17 versus 14x14 fuel
rod designs). The analytical technique outlined in this section is one acceptable means of calculating
maximum steady-state release fractions.

Steady-state gap i ies dioactive fission prodt d during normal
steadyst:leopennonththavedlﬂhsedmﬂuntheﬁnlpella,bzvebemmlusedmtothefnelrodvold
space (i.e., rodplannnandpellet—todzddmggap) andmavaﬂabhfm’mleueupunﬁxelmdchddmg
failure. Given the of long-lived and the inevitabl
short-lived radioactive i the most li g time in life (ie., mmmmg:pﬁncnon)fonpmmﬂar
mdloacuvelsotopeunawtﬂ)ﬁxelmdexposmemdpowahm The analytical technique described in
ﬂmappmdxxspeuﬁesﬂ:euxofﬁzlmdpow«poﬂesbandmcmcpuamlmua]mmﬁd
rod power histories. In addition, this analytical technique produces a ite worst time-in-life
(i.e., maximum gap fraction for each radioacti Thereft thesteadyshteﬁsmonprodnctgap

inventories calculated using this analytical approadlwxllbe significantly larger than realistic fuel rod or
| core-average source terms. One acceptable means of capturing more realism in the calculation of the

steady-state release fractions would be to calculate burnup-dependent release fractions for each

nldlonuchde The-use-of such-means willThe résulting burmup-dependent release fractions could then be

b Ll

= used toealculate radiological consequences at different times in life

The U.S. Nuclear Regulatory Commission (NRC) codeveloped the Fuel Analysis under
Steady-State and Transients (FAST) (formerly FRAPCON and FRAPTRAN) fuel rod
thermal-mechanical fuel perft code to perform independent audit calculations for li

activities. While calibrated and validated against a large empirical database, FASTandltspxedec&ssom
are not NRC-preapproved codes and may not be used to calculate plant-specific, fuel-specific, or

cycle-specific gap i ies that are in dance with the acceptable analytical procedure below
without further justification.

The analytical technique used to calculate steady-state gap inventories should have the following
attributes:

I1.  For stable, long-lived radioactive lsotopes,suchashypmn (Kr)-85 an NRC-approved fuel rod
thermal-mechanical performance code with should be used to
predict the integral fission gas release (FGR). The code should inchude the effects of thermal
conductivity degradation with burnup and should have been verified against measured fuel
mnpemuresandstableGRdahuptoﬂ:elicmsedbmmpofﬂupnﬁmh:ﬂrJroddsigL
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13— ong-lived radioactive isotopes will continue to late throughout exp with
insignificant decay because of their long half-lives. For this reason, maximum gap inventories for
long-lived isotopes are likely to occur near or at the end of life of the fuel assembly.
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Ll

I11.2  Cesium is expected to behave differently from noble gases once it reaches the grain boundaries.
At this point, it may react with other constituents in the fuel to form less volatile compounds that
may then accumulate on the grain boundaries as solids or liquids. Cesium released from the fuel
mayalsomdmﬂnhenmonmnmthechddmgmﬂonnmomstable(xe nongaseous)

. These effects tend to d the i yofg cesium available for release
mthceventofacladdmgb!uchToacommtfordmseeﬂ'eds the following relationship is
recommended:

(Gap Inventory)cs134, cs-137 = (Release Fraction)g-ss * (0.5),

where (Gap Inventory)c, 134, c137 is the amount of gaseous cesium available forrelease, and
(Release Fraction)x-ss is calculated using an approved fuel performance code.

I2.  For volatile, short-lived radioactive isotopes, such as iodine (I) (ie., I-131, I-132,1-133, and
1-135) and xenon (Xe) and Kr noble gases (except for Kr-85) (i.e., Xe-133, Xe-135, Kr-85m,
Kr-87, and Kr-88), the release-to-birth (R/B) fraction should be predicted using either an
NRC-approved release model or the NRC-endorsed release model from the American National
Standards Institute (ANSI) / American Nuclear Society (ANS) standard ANSI/ANS-5.4, “Method
for Calculating the Fractional Release of Volatile Fission Products from Oxide Fuel,” issued
May 2011 (Ref. I-1). The prediction should use fuel parameters at several depletion time steps
from an NRC-approved fuel rod thermal-mechanical performance code. The fuel parameters
necessary for use in the NRC-endorsed ANSI/ANS-5 4 model calculations of the R/B fraction are
local fuel temperature, fission rate, and axial node/pellet burnup. Consi with
Position I-1, the code should include the effects of thermal conductivity degradation with burmp
and should have been verified against measured fuel temperatures and stable FGR data up to the
licensed burmup of the particular fuel rod design.

Because of their relatively short half-lives, the amount of activity associated with volatile
radioactive isotopes depends on their rate of production (i.e., fission rate and cumulative yield),
rate of release, and rate of decay. Maximum R/B ratios for short-lived isotopes are likely to occur
at approximately the maximum exposure at the highest power level (i.e., the inflection point in
the power operating envelope).

I2.1 NUREG/CR-7003, “Background and Derivation of ANS-5.4 Standard Fission Product Release

Model,” issued January 2010 (Ref. I-2), provides guidance on using the NRC-endorsed
ANSI/ANS-5 4 release model to calculate short-lived R/B fractions.

I-2.11 Fornuclides with half-lives less than 1 hour, no gap i ies are provided. B of their
rapid decay (relative to the time for diffusion and transport), the gap fractions for these nuclid
will be bounded by the calculated gap fractions for longer lived nuclides under the headings
“Other Noble Gases™ and “Other Halogens.”
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I-2.1.2 For nuclides with half-lives less than 6 hours, an approved fuel performance code is applied to
predict the R/B fraction using equation 12 in NUREG/CR-7003 and its definitions of terms, as

follows:
CRUR

R is the release rate (atoms per cubic centimeter per second (atoms/(cm’-s))),

B is the production rate (atoms/(cm’-s)),

Sis surface area (cm?),

Vis volume (cm®),

aaccounts for precursor enhancement effects and is defined below in Table I-1,
D is the diffusion coefficient (cm?s), and

Ais the half life ().

where

I-2.1.3 For nuclides with half-lives greater than 6 hours, the R/B fraction is predicted by mmltiplying the
fractal scaling factor (Fumcsdo) by the predicted Kr-85m R/B fraction using equation 13 of
NUREG/CR-7003, as follows:

R g (5 %D
B 1 pclide e\ I ’lp—ﬂ.
The R/B fraction for the isotope I-132 should be calculated using this equation even though its
half-life is less than 6 hours (2.28 hours), because its precursor of tellurium (Te)-132 has a
half-life of 3.2 days, which controls the release of I-132.
I-2.1.4 Table I-1 lists the fractal scaling factors for each nuclide, calculated using the following equation
from NUREG/CR-7003:

F Xnciiie r-s5m

035
nuclide = ( ) .
Aruciice®Kr-$5m
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Table I-1. Fractal Scaling Factors for Short-Lived Nuclides

NUCLIDE NUREG/CR-7003, TABLE 1 FRACTAL
SCALING
FACTOR
Half-Life Decay Constants Alpha
(1/sec) a
Xe-133 5.243 days 1.53x10° 125 2276
Xe-135 910 hours 212x10° 185 1301
Xe-135m | 153 minutes 7.55%10~ 2350 1005
Xe-137 3 82 minutes 3.02x10° 107 0328 |
Xe-138 141 minutes 8.19x10~ 1.00 0447
Xe-139 39.7 seconds 1.75x10°7 1.00 0.208
Kr-85m 748 hours 230107 131 1.000
Kr-87 127 hours T52x10° 125 0.721
Kr-88 284 howrs 6.78x10° 103 0.840
Kr-89 315 minutes 335x10° 121 0330
Kr-90 323 seconds 215x107 111 0203
131 8.04 days 998x107 1.00 2395
1132 228 hours 844x10° 137 2702
133 20.8 hours 9.26x10° 121 1439
1134 52.6 minutes 220x10~° 440 0.900
135 6.57 hours 293x10° 1.00 1029

* The I-132 alpha term accounts for the significant contribution from precursor Te-132.

3. Hig — i lease-Release fractions should be calculated using an
NRC-approved fuel rod thermal-mechanical code, alens :
umeestainties-which has a NRC-approved methodology for calculating high-confidence stable
fission gas release and fuel temperatures.
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E-33—For short-lived isotopes, the 2011 release model standard ANSI/ANS-5 .4 recommends
mmltiplying the best-estimate predictions by a factor of 5.0 to obtain upper tolerance release
fractions.
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different v: alues for KB of Kr85m an a]teman\ve factor ma) be den\ed followmg the same
procedure as described in Section 4.4.1 and 4.4.2 of NUREG/CR-7003 vm.h nominal predxcted

ﬁmlm.t:mnemnm.l"orlMghved blished model d with the
NRC-approved fuel rod th hani codeshonldbeapphed,eltherdetummxsucaﬂyor
pled within a statistical "‘ i thodology, to obtain high-confidence upper tolerance

release fractions.

I4.  Nominal fuel design specifications (excluding tol ) may be used.

LS Ax:tmlmmctmﬁxelrodpomhmonsmaydmgeﬁomrelmdcmdepleﬂoncdm

d shutd or power fore, the rod power history or

hmmusedtopxe&agupmvmmmdmﬂdboundmamdopaaumRodpomhsmm
from the fuel rod design analysis, based on ting limits from the core

mmhmtrq)onmmndmﬁﬂoﬁmshmﬂdbemedmﬁﬂmdpowuhsmrymed
to calculate gap inventories should be venifiable.

I51 The calcul ting the bounding gap inventories in tables 3 and 4 in the main body of this
gmdeusedawgnxmedwwahmowforbo&meboﬂmgmmmdmemmd-mter
reactor limiting designs. Seven power histories were considered, each nunning at 90 percent of the
bounding rod-average power, except that they ran at the linear heat generation rate limit for
approximately 9 to 10 gigawatt-days per metric ton of uranium burnup (rod-average) at seven
burnup intervals. &mﬁatmﬂngkﬁ:lrodwﬂldmhbomdmgpommve]ope,a
segmented power history approach is an ive to assigning fuel rod power at the

&

mammm;bunmp—dq)endmtpowerleve]ovuﬂlﬁﬂmdh&nme

I-6.  Higher local power density (F;) promotes more local FGR. Higher rod-average power (F,), along
with a flatter axial power distribution (F;), promotes more FGR along the fuel stack. Sensitivity
cases should be evaluated to ensure that the limiting fuel rod power history is captured.

I7.  Each fuel rod design (e.g.. UO>, U02Gd:0;, part-length. full-length) should be evaluated.
I8.  The minimum acceptable mumber of radial and axial nodes as defined in ANSI/ANS-5 4 should

be used, along with the methodology of summing the release for these nodes, to determine the
overall release from the fuuel pellets to the fuel void volume.
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