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Day

Topics

Monday 08/07

Meeting Introduction

Topics Introduction

1. AST Implementation, General

2. AST Implementation Introduction, BWR
3. AST Implementation Introduction, PWR

4. CRH Resolution Discussions

Tuesday 08/08

BWR DIR and AST Analyses

Core Inventory Calculations

Meteorology & Dispersion Factors, Offsite and CR/TSC
BWR LOCA Analysis, RG 1.183, App. A

Wednesday 08/09

BWR LOCA Analysis, continued
PPP Calculation

SP pH Calculation

MS Pipe Temperature Calculation
MS Pipe Deposition Calculations
CR/TSC Direct Dose Calculations

Thursday 08/10

BWR/PWR FHA Analysis, RG 1.183, App. B
BWR CRDA Analysis, RG 1.183, App. C
BWR MSLB Analysis, RG 1.183, App. D

Friday 08/11

PWR LOCA Analysis, RG 1.183, App. A
Sump pH Questions
Spray Removal Calculations

Natural Deposition Models

Monday 08/14

PWR MSLB, RG 1.183, App. E
PWR SGTR, RG 1.183, App. F

Tuesday 08/15

PWR Locked Rotor Accident, RG 1.183, App. G
PWR Rod Ejection Accident, RG 1.183, App. H
BWR/PWR EQ Dose, RG 1.183, App. |

Wednesday 08/16

EQ Thermal Parameter Calculation Review
Kuosheng Reactor Auxiliary Building EQ thermal

calculation

Thursday 08/17

wo =

NUREG-0737 Mission Dose, if applicable
Other topics as required

AST Implementation Discussion
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2 AAC A HEfiI E(Google Map)

(—)8HT7THIfE
W= 20 8 A 7 HEERIIAZEHE Meeting Introduction 1 Topics Introduction
£ Meeting Introduction fYE7) » AAC /A & £ Juan IS M 4AMAMT A S HIAHERE R
o G S EUREISRE K EINER TR S A EI R R A ERE -
£ Topics Introduction Y5y » BREHAR TAEWET &G H 1/ - BEEiE
SIS - B REESRIFIE T 7 7AR L - SIS EAS R 5 o AR iRsE
BRI IR T T A KL S
AKH AAC A E|H TIEEIAT 782 WY TR B A T 2B E &
(USNRC) $£52HY AST B2 534774 » SREHHETT AST SRt as ZHEIHY
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( Design Basis Accident, DBA) 7E#E{T AST 32 Al » ZHAE G ERL E < 5%a T
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LA DIR fEZEAN A ZAEHY - & TYIEE]

«  Meteorology inputs— S BHEH A

*  LOCA analysis—AKHE 1S AI KRR S H AT

*  FHA analysis—Af 2 25U AT

*  CRDA analysis (BWR)—BWR i % Sl

*  SGTR analysis (PWR)—PWR Z£57 4= 58 U B HEZLA T

*  Locked Rotor Accident (PWR)—PWR Sz )i 2 Al /KR R EH T

*  Rod Ejection Accident (PWR)—PWR EHEZEH 5T

e MSLB A analysis— T 7&)5 & BB & S0

»  NUREG-0737 Assessment (BWR)—BWR NUREG-0737 LR EIESE

*  Suppression pool pH analysis (BWR)—BWR F{JJEE /K pH {H 534

*  Positive pressure period (PPP) analysis (BWR)—BWR — 2 [&{JH % (F FEHf

VALl

AAC /A 5] DL Monticello Nuclear Generating Plant (MNGP) 9 DIR 422 {E Fy i
A - SRBHLRES AR ZE 2 7770 - MNGP 5y GE 3%it2 BWR-3 BUEEEg « (4T3
FilEF DIR R&ZEAEM S - AT A TAERT AR - 28224 DIR AEZeidar
R BEHEZ NI28L - W HEREHEA R & - AESEHVEELNZEFME
PEHH FSAR HUfS » R 2 EMBUGINEL - BRSSO g s — P rEt BG
F - AHEEDREGRKER 2 NEBEE - G057 i R &8
1% - AL DIR 7 52— B B {H ARV L AF -

(Z)8 H8 HIfE

W 2°8 H 8 HEfimiyAN A HF#E BWR DIR and AST Analyses~ Core Inventory

Calculations » Meteorology & Dispersion Factors, Offsite and CR/TSC Dose Analysis

LA Fz BWR LOCA Analysis °



£ Core Inventory Calculation HJ#&}457 » {#F§ RADTRAD F2 = THEGT F &5
BiE > S A ERIE OSSR IEIRE A ORIGEN2 2T HE ] -
H A1 AT AN BT B9 R A B ORIGEN Ver.2.1 » 1 AAC 42X E] BT A A9 RRA By
ORIGEN-ARP » HLRRATE ¥t 85 % SR EAN L - (ERREERES - H
B R AN SEREUEE - HILRIRRAE & USNRC #2205t H TA -

FE SRR SRIRANIAT-(Meteorology & Dispersion Factors) ~ 4/ K%l =/
g2 &L B E 3T (Offsite and CR/TSC Dose Analysis) #5573 » 7345 @A
(SR PR R T B B B4 A8 - B8 B T R S5 (R B L2 BEAH S TR R
PEHUN T o BbaH & DA B 5 O R e /K S B - B2 B a2t & s R
(EAB) ~ R A\ 1ESMESR (LPZ Outer Boundary) JefZEfil =25 HUAL ~ 24
FBFN RS - MRERCRERE T 5 HfE T AE:

1. RB (Reactor Building) Primary Leakage during PPP (Positive Pressure

Period)(ground level)

2. RB Primary Leakage post PPP (stack release)

3.  ESF Leakage during PPP (ground level relcase)

4. ESF Leakage post PPP (stack release)

5. TB (turbine building) MSIV Leakage (ground level release)

WK AIRAL A F AU BRI A RIFES] RG 1.145 > jfif USNRC #5219
PAVAN F22(RIFF &AM RG 1.145 FrEiRavEtE 720 > I PAVAN F25{#,
TS M T R S R BRI BT R SRR T (X/Q) YT © PAVAN F2x{rf 122
B AT -

Cards 1-6 : Type of release, print flags, default flags, title flags

Card 7 : Building data is NA, Stack height, Met tower data height

Card 8 : CALM hours in each stability class

Card 9 : Joint frequency distribution data per site meteorology



Card 10 : Convert mph to mps, Max wind speed per category
Card 11 : Minimum distance to EAB and LPZ
Card 13 : Terrain height distances
Card 14 : Terrain heights
ARHTR$TE PAVAN F2HI(E A S et B &S SR 7515w - TFrhlErYZE » RG
1.145 BORY¥ EAB Je LPZ #EITEAGHE 5% X/Q 5HE - FraiaetE X/Q 215
SHHEGAHIEEE Y X/Q sHHEER - HiN PRt BT EFIRE
NZ » 15 PAVAN fE5 T ENERIBHRUEZE - A& EAB J LPZ BEEG1E 5% X/Q
5 RREENAER A TR R i AS 214558 TR A I EE A8 M 5% X/Q
18 - R E A E EAB 80 LPZ 2 % o irésse - B—EoR > IRiE
FEAE PAVAN SRR 5 - H s S h AN - "I A PAVAN g
M2 EFEZ L X/Q Hi#dE - mse AR T-2EEE » BEMAZELA
B #ETAMERES > FRIEEES 2 Inverse Normal B4R ME T2 > #£
HETERY S%E 2 X/Q » FLTIFEM - {HA[fEIHIT PAVAN f2=01FF 2’
i o ARXLIFEFTEML . LOCA (EEHE ot ZE Ryainhl GE:EINER H
e FEM BB S % — A = B 2 JE K - RE P TR R o Mg i Ry e 8
FEDARER B R R o) » DA IR P R EAB B2EG M 5% X/Q {H » SRBHAI T :
1. E5ff PAVAN g - 4 X/Q EHHEARZE/N - MRIFNHA 3 T2 Fr
H (X/Q - 2t X/Q WY BEBHZR) B > WRHX/Q » >t X/Q HYEFHE)

TEFHXQ » X/Qy)

iy

2. B — X/Qr > #HiH Inverse Normal {H - B[IEHEXE & 884770 LY

ZZ

f(z):Le_7

Var
Hottt 2, LURIE P(z <20) = X /Q EiP(22-2,) = X/ Q,

;%5 X/Q=2.44E-3 » X /Q; =1.71E-5 > Hljz, =-4.1435 » JRH]I
8



P(z<-4.1435)=1.71E -5 5} P(z > 4.1435) = 1.71E - 5

RATE (X/Q z,) BUIREETE (log (X/Q) z,) FEREZ [ BIFF-E] Inverse
Normal vs. log(X/Q) R4 » FLRAGIE DIEEREIGES &8 > B2
FEIRREESR IRV - AR ETR S%ER M X/Q 45 R M H
#1 ERROR - EOR{HEHAEHAUA R TTZHETE S%EEEME X/Q -

. KREIER 2 45 R 0E 3 i ROE S FIREE PAVAN i EE0E
Bh&a 2 FE (log (X/Q) » z,) ®hph » AIEH KRS - RIEEAE PAVAN
IS P ASE] S%EEREME X/Q (H » BEFFERIA R IT=0URE - B 3 2
Line 1 J Line 2 45| upper bound & lower bound » 43 51 14 B i (3
SMERVEL - BlEnwE N R ENE - EFEeH ES > Tt BB R IR
1 > #EHY upper bound 4 o FHFHIE P(2<2,) = 5% 2 2, F5-1.645 » A
TR (R4 F el S R 2, =-1.645 2 X/Q 3.9E-5 » B[l 5%%E2Ea

X/Q B39E-5s/m’ o



EAB Sector-Independent PAVAN 2 Hour X/Qs (Stack Release, No Wake)

Site Data
== ==Line #2

-1 —==-Line#l

Inverse Normal

® 5% manual envelop

1.E-08 1E-07 1.E-06 1.E-05 1.E-04 1.E-03 1.E-02 1.E-01

EAB X/Q

3 PAVAN fEERIHFIUEFIA LI T 0ORME S% el XQ EH 2
AT AER

S5 > MR ~ ST (TSC) BUE NG B~ K RIBERR T
STREZAMIRARFES | RG 1.194 » {fiil ARCON96 F220 A 57541 RG 1.194 FrEK
HIETE T LA ARCON96 F2 =0T AN A SRBER R TR 5 - ARCON96
e ] E A R B IR (2 USNRC 2 1785 B #3557 ARCON96 F2
A PERG T ERE 0 ARCON9G6 FHAHG AERVEFELL T 445,

1. Met data — Specified format per page 56 of ARCON96 users manual

2. Source data

3. Receptor (Intake) data

4. Output data

10




5. Default data
H¢1% > £ BWR LOCA Analysis FYE ) > HATAHTE 8 5 oL 58 B A%
FEEEME DBA LOCA #EHHIE M IT/4 » LA TID-14844 FALHE - 5 2000 4
USNRC 17 AST 43777 /A094551 RG 1.183 1% » SEE &% RE B R C R RS
FAE SRR IR 3T TID-14844 5347777580y AST 53477772 » AAC A H 1
BT BERGETT AST 4317 > A E BRIV E S - 113kaT R hR T
BN LIET - fEsHE TID-14844 502 AST » FELE[H ] RADTRAD 20T
N EHEGTE 50T - ERZER— R = UR e 4 -

Aya

. t 3 2
Ry ke oosasnnsnnsnnsans Ass Compariment 3
31 %
artment Ay 1 Ay
‘ RPN
Nia ¢
Ass | Compartment 4
[
J‘u';.'L A Aga
kli..'i ‘ )
v Ay ) ! Roo
pit @ iosnsasaseas
2 ol o
Compartment 2 A3,
..........} )
Mo | A, Environment EAB & LPZ
* " . Legend:
Db X_Q coupling beh\ieeﬂ A{U — Inter-compartmental transfer from j to k
release points and dose points Al ; — Removal within a compartment |
(EAB, LPZ) or control room intake. =
F = Filter
--- Dotted lines denotes zero flowrate, R; — Source release rate in compartment j

4 RADTRAD f2z{ i =URE &

C /N EIHY TAZETEREE () RG 1.183 App. A » BWR -2 DBA LOCA 43 3&
%8 Primary Leakage - ESF Leakage - MSIV Leakage J Secondary Containment
Bypass FRUREYIERURRTE - MEEAIMENHEE - £ SGTS MEIESEN &
Eo R R EPHAGIEEARA (Positive Pressure Period, PPP) Hifi] i IE BRI 1& WA
TP R - A B —KIEIRHAS 2 JEERURALE SGTS ZIEHRIEETS » e B

11



SMEERRIREE > BB —RELAE ZERERRAE SGTS 2B HFIES

€ FYMRERRIRET - SRR S RIA0E S~ 9 -

LOCA Time Line:

Time= -2 Minutes LOCA Start

Time = 0 Minutes Begin LOCA Source Release (Gap Release, 0 — 0.5 Hours; EIV Release, 0.5 — 2 Hours)
Time= 0-30Days  Primary Leakage Direct to the Environment During MNGP Positive Pressure Period (PPP) —
Nearest RB Wall Release

Volume 1: v
olume 2: Volume 3:
— CR Intake
Drywell atae Control Room

5 Primary Leakage Environment
134,200 i° Hesan 900 ¢fim — Emerg. i
1107 0 /j N T AL

95% Aerosol
4.85% Elem

0.15% Org. CR Inleakage /3
500 cfim

Natural Dep,
10" Percentile

5 PPP Primary Leakage

LOCA Time Line:

Time= -2 Minutes LOCA Start
Tim 0 Minutes Begin LOCA Source Release (Gap Release, 0 = 0.5 Hours; EIV Release, 0.5 — 2 Hours)

Time= 0-30 Days ESF Leakage Direct to the Environment During MNGP Positive Pressure Period (PPP) — Nearest
RB Wall Release

MI%II, Volume 2: . Volume 3:
g . ] e et
Suppression Pool ESF Leakage - Environment CR Intake Coutso] Room
68,000 1 2.62 gpm = 0.350 cfim 900 ¢fin — Emerg,

100% Source
97% Elem. @
3% Org.

A4

CR Inleakage
500 cfm

2 3
90% Filter = 10% Flash 98/98/98 Filter EMT. /a 27,000 fr
e
3

CR Exhaust
4 1400 cfin — E

6 PPP ESF Leakage

12



LOCA Time Line:

Time= -2 Minutes LOCA Start
Time = 0 Minutes Begin LOCA Source Release (Gap Release, 0 — 0.5 Hours; EIV Release, 0.5 — 2 Hours,
P

Time=  0-30 Days Primary Leakage to the RB Following MNGP Positive Pressure Period (PPP) — SGTS to Stack
Release

Yolume 1: Volume 2: Durmimy $GT8 Flow Volume 3: R Volume 4:

e s Dummy KB Vol. 1LOE+10 cfin Environment GO0 o Control Reom

> 3 y 10.000 0 98/85/85 Filler EAT. G8/98/98 Filter EAT. 27,000

zem O O

4.85% Elem.

0.15% Org. CR Inleakage 4

500 cfin
Natural Dep.
107 Percentile
7 Post-PPP Primary Leakage
e :
-2 Minutes LOCA Start
0 Minutes Begin LOCA Source Release (Gap Release, 0 - 0.5 Hours; EIV Release, 0.5 — 2 Hours)
0 - 30 Days ESF Leakage to the RB Following MNGP Positive Pressure Period (PPP) — SGTS to Stack Release
%‘:‘“—n e T Volume 2: Dummy SGTS Flaw Volume 3: CR lntake Volume 4:
GH_F'D'EU o 263 o e Dummy RB Vol. 1.0E+10 cfin Environment 900 cfin - Emerg Cantrol Room
S0 Filtére) % Blaalh 10.000 98/85/85 Filler EIT. 98/98/98 Filter EfT. MO R

i O] @ !

CR Inleakage i
500 efm

CR Exhi

1400 cfm —Emerg.

8 Post-PPP ESF Leakage

13



LOCA Time Line:

Time = -2 Minutes LOCA Start

Time 0 Minutes Begin LOCA Source Release (Gap Release, 0 — 0.5 Hours; ETIV Release, 0.5 — 2 Hours)
Time= 0-30Days  MSIV & SCB Leakage — Condenser Release

o it 100 sef MSIV Lk cofh MSIV Ly i Volume cnse
134200 f° ) sefl T 1 Haldup 100 sefh MSIV Lig CIoL R St

29211 '
2
U Total MSIV/SCB Lkg
5 2352 scth
3 Pipe Deposition
5
Mﬁ_ Total 5CB Lkg (_/
10" Percentile 352 seh @

Faulted MSL
100 scfh MSIV Lkg

Primary Leakagpe Volume 7:
1.1078 % / Day PL Activit

7
Hoddup p
| BE+06 1t

Tatal MSIV/SCB Lkg
2352 scfh

Condenser Deposition
D FPIl& 12
Dilutdon = Mix Flow
1 OE+ID scfim CR Infake
900 ¢fim — Emerg,
98/98/98 Filter EfT Yolume S:
E

Volume 6:
Volume §: Control Room
Torus Air Clanmber 000 f
103,340 it

CR Inleakage
8 500 cfim
CR Exhaust
1400 cfim - Emerg

9 MSIV and Secondary Containment Bypass

(Z)8 H9HIAE

W2k 28 H 9 HEfswWNAEEHE PPP Calculation ~ Containment
Sump/Suppression Pool pH Calculation + Main Steam Line Pipe Temperature
Calculation + Main Steam Line Pipe Deposition Calculations + CR/TSC Direct Dose
Calculations

1£ PPP Calculation Fy353 » PPP R[] £y — X EIPHAS A Bl 3 A 1k d 1 2 BEFly
U AR A BRI T BB YA R G4 SGTS B8RS
HFESMEEIRRIREE - PPP IFERNV RS A\ BRI RV TR R A BT
% » PPP H$RSI{F BWR BEREFEZEE R - ifi PWR WG — X EPHAS > SR FH
FEILEER - H ATEIAREE BWR B+ - £%— W FSAR i fRAERAZOR - AT
DAFREHIRG T E & - S B AR B TR AU RS IE PPP ISRy 5 7088 » B R
53 RIZ(#H F GOTHIC FE=(fsft — R EHAS 2= 5 RV - SGTS U5 FUE -

14



PR - &G SRR PPP ] Ry 60 # - #2 g PPP 5152 GOTHIC 15
AANE 10 > o AraSRAE 11~16 o R ATaE R iR 8 AAC T2
Bifie] Sl B LA BR R o o A SR PR - MR R S R 7 BB A (] KU HYEE
& SR RAFT TSR E G HE HORSTRY > SN BE TR A = et 25
AT - AAC 885y - MBI 4 - —RERRE AT ZIRE > HR
AL ESLEGH > I_E SGTS Hism 2k B A FMLE - e dl oA - AIEERR R
PPP I A [E] - tLREEFREEHY T ECTI(E - Rt — e IR AR a5
AMAEE - e —EREE AT - PEELR M H A A 77— 2y -

Atmosphere

SGTS Discharge Path

Total Heat Source

¥

Atmosphere

In-leakage Path

bt T

|
| Reactor Building

==
Secondary Containment lwwﬂmlla. —:——
] _

Suppression Pool &
Wet Well

10 % i PPP 43fr 2 GOTHIC FEAEAG AR

15



Secondary Containment Pressure

PR1

540 600

480

[ [ N ——

420

360

300

240

180

120

o
L'FT 89°FT 99°F%T #¥9°%T 29°F1 9°F%1

feted) 2aanssaig

Time (sec)

PEAGZ=fHI R TR g

—e

&l 11

Secondary Containment Temperature

V1

o —

[ I R | ——

2

600

T

80T

90T vOT

{d) 2anjezaduag

20T

o
0at

Time [sec)
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Pressure Differential

90

R T

essssdesssskas=aa
e

e mm e == m =
essssdeasscssbas=as
et et

‘0E"082°02'0ST°0T'0S0°0 0O

‘ut)aIngsald TeIJULASIFIQ

100

80

Time (sec)

hz#%

R

A%

BT R [

B 13 KSREET]

Secondary Containment In-leakage Flow Rakte

540 600

mmmmmd e ===

WO Heed--
o H--4--

(yos)ajeyg mold

430

Time (sec)

=
LEL

Ay
il

=
=

14 R EFHAEN R
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SGTS Flow Rate

== e mm - -

e A= mm—— ===

ET L T

8 9

(myos) a3eyg MoTd

& --F--

o

Time (sec)

15 SGTS f&f&E = (y-scale JEK)

SGTS Flow Rate

Fv2

—====q--==-p===---

~====q-====-p-=---

~====q-==-==p-==-=--+

540 600

430

B T

420

360

300
Time (sec)

P [ R ——

LN Y R ——

'
i
__-___-___-___D

10T 80°0T S80°0T ¥#0°0T Z20°0T ot

91X

(uyos)ajzey nold

16 SGTS #Ef& = (y-scale #E/)N)
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TEEIAAS S/ EGRAMER K2 pH E5HHETJTHE » RG 1.183, Appendix A,
Ttem 2 £ 5z B2 /KOMAIHIER MY pH #2H] » 5 pH (B o] DUZEHITE AR EE L 7 AR
TR ERE A 2 TRUH B AR B RE T UGS B 95%HT Csl (aerosol) » 4.85%H7T
Z Mt (Elemental iodine ) » DAz 0.15%HYE %M ( Organic iodine ) - {(H5EE/KEY
R pH E/NFA 7 - RIFE SRR » RIS S S R Ry ZE B 55t

U B LOCA I P A 1Y & FEEE HERIRRIE U Y05 - BRI pH (BT
FTEE A& RIF%112 DIR Section G & /1 » pH [HAVETE 1275 NUREG/CR-5950 -

pH HHEREBIAIE 17 -

P L

T Y e BT [ ) [ ) P e [ Lo [ | [ e ] ] R T T T [T o
1 [§ T
2] L Core Thermal Power is 1918 MWth - Base Case with Minimum SP Volume
5 7,
=] Toteg. SP Dryweell Drywell
5 Time [Hi Gamma [HNO3] | Integ. Gamma | Integ. Beta | [HGI) Total [H+] DeltapH| pH
5| (Hours) (molesliter)| _Dose (Mrad) | molesiliter}| Dose (rad) | Dose (rad) | (moles/liter) | (moles/iiter) - -
T 0| 0.00E+00 0.00£+00 C.ODE+00 | O.0DE+00 | U.ODE+00 | O.00E+D0 | 00O0E+00
0.03361| D.00E+0D 5.286-03 466E-08 | 5456405 | 119408 | 171607 | 253605 | 5 D(;
01| 834609 1.57E-02 1.39E-07 | 162E406 | 3.54E+06 | 5.08E-07 | 2.58E-05
02| 23408 3.04E-02 269E-07 | 286E+06 | 541E+06 | B59E-07 | 2.63E-05
03| 375508 4.38E-02 367E-07 | 4.08E+06 | 6.69E+05 | 1.13E-06 | 2.67E-05
04| 516508 5.63E-02 4.97E-07 | S5.01E+06 | 7.83E+06 | 1.37E-06 | 2.70E-05
05| 656E-08 6.78E-02 5.90E-07 | 577E+06 | B.83E+06 | 156E-06 | 2.73E-05
053361| 7.04E-08 7.126-02 6.29E.07 | 597E+06 | 9.11E+06 | 1.626.08 | 2.74E05
1| 1.80E.07 1.10E01 1.056.08 | B.79E+08 | 1.30E407 | 235E.08 | 2.87E-05 = 3
6] 2| 414E07 2.00E-01 177608 1.30E+07 | 1.09E+07 | 352E-08 | 3.08E-05 1,68E-02 | B.62E+00
17| 2.03381| 4.22E-07 2.02E-01 1.78E-08 1.31E+07 201E+07 3.55E-06 3.09E-05 1.69E-02 | B 82E+00
[ 18 | 4| 4.22E-07 3.21E-01 2.84E-08 1.86E+07 3.04E+07 5.17E-06 3.35E-05 1.84E-02 | B.82E+00
9] 8| 4.22E-07 4.84E-01 420608 | 248E+07 | A7AE+07 | 7.01E06 | A.71E05 2.03E-02| 8.61E+00
[ 20 16| 4.22E-07 6.09E-01 6.09E-06 3.12E+07 6.66E+07 9.68E-06 4.13E-05 2.26E-02| 8.61E+00
[21] 24| 4.226.07 8.20E-01 7.24E-08 | 345E+07 | 861E+07 | 1.15E05 [ 4.43E05 242E-02| 8 61E+0D
[22] 48| 4.22E-07 1.08E+00 8.38E-08 417E+Q7 1.15E+08 1.46E-05 4 95E-05 271E-02| 8. 81E+00
23] 98| 4.22E-07 1.32E+00 1.17E-05 4.BBE+07 | 156E+0B | 1B4E-05 | 557E-05 3.05E-02| 8.80E+00
[24] 168| 4.226-07 1.60E+00 141605 | 5506407 | 1.94E+0B | 220605 | 6.17E-05 3.38E-02| 8. 60E+00
[25] 306 4.22E407 _203E400_ 170E-05 | 6.38E:07 | 240E+08 | 271E-05 3.86E-02| 8.60E+00
25 720| 4.22607 | (T 258E-007) | 228605 | (7.085+07) [ 288E+08’| 3.08E-05 | 7.91E-05 4.33E-02| 8. 59E+00
[27] Ve B T ¥
28 e € General Input Data:
[25] hava
[30] 3odags Win Suppression Paol Volume, (iiters) = 1,.0356E+08 Sodium Pentaborate Data:
31
[32] yetwlt Initial pH = 4.6 SBLC Core Injection Quantity, gallons = 1404
[33] Aerosol (Particulate) Release Facior (ARF) = 1.000 SBLC Minimum Weight % In Solution = 10.7
[34] Halogen Inventory, (gm-atoms} = 5.4200E+01 SBLC Mass (Based on Density of Water at 110°F), Lbm = 12424
[35] Gesium Inventory, (gm-aioms) = 2.5000E+02
36 pH Balance - Halogen Inventory, gm-atoms (ADF * Inventory) = 5 42008401 Sodium Pentaborats - (Na,0'58,0,*10H,0), gmimole = 530.234
[=7] pH Balance - Cesium Inventory, gm-atoms (ADF * Inventory) = 2.5000E+02 Sodium Pentaborate Mass to moles-Boron ! liter Conversian Factor = 3.891E-06.
[38] Maximum Sodium Pentaborate Concentration Per Liter, mole-8/iter = 4.958E-03.
[39] NHO3 Generation Data:
[a0] Maimum Sodium Pentaborate Injection Period, hours = 0.9750
[at] Suppression Pool Volume @ which TID Determined, (iters) = 2 33E408 Sodium Pentaborate Sealing Factor = 1
[42] Min Suppression Pocl - Water DR Dilution Ratio = 1.2100
[43] Sodium Pentaborate equilibrium constant for dissociation, K = 5 80E-10
[z ] HCI Generation Data:
45 Chemical Balance: Nay0°5B20; + 12 H;0 = 2NaBO, + 6H;80;
HCI generation detarmined by equation 6.3t of calsulation H+ = (8[Acid]/ 2[Sall]) * K = 2 32E-09
Initial Buffered SP pH at 2 Hours, (all Sodium Pentaborate added) = 8.63E+00
lote: The doses at times 0.03361, 053361, and 2.03361 hours are interpolated, based on the average of a 2 point rule, which assumes that the dose is linear aver a select period of time, rather

17 EFHASER /K EGRHER A /K 2 pH ST REI R

Main Steam Line Pipe Temperature Calculation 5z Main Steam Line Pipe

Deposition Calculations 771 * AAC TAZATERAFITIR S ZatE ] > TIHAEE
Jii5ET A LOCA R T Z B B N BE R i el iy 2B > BISE#0T Main Steam Line

19



Pipe Temperature Calculation - [LETEEEEFEH MSIV # turbine stop valve Y 7&
AERSLLR drain line HYE RS - FEIRETEFRIT BRI BEEAE 20 ENBUETE
FIEEEN » — BRI E RS T B2 Bt B AR e LA - ] GOTHIC
REFUET Y A TEHE T2 EN 2 28058 - GOTHIC = A1E 18
7 0 SR BWR-6 i 2 5T R4S RAE 19 - RERE] /IEHEREZZ 80 -
DISEI F20VE RSN BERE 1% - WA RS — 20 5T R M A B
DIFESE » STREBUZIERY)EZEH Well-Mixed Model » R 2 BE4HA 5] 2

% AEB-98-03 App. A ©

] A
g | I a
2 ]

F— 777 =
| |

——!—]— | B
L |

18 LOCA fiff 2 LAIVERENEERERTZ GOTHIC 155
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cvlC TAl TB1

&00

500 f---emmmennnnens dremnentn e S PREEEERS S REEETERERRD P RICEEETN
400 |- rmmemmnnnnneasd oo S RIDTTERRS oo

300

Temperature [F)

200

100 | IIIIIII: | IIIIIII: | IIIIIII: | IIIIIII: | 11 11111

100 1000 let+04 le+05 let+06 le+07

Time (=)

19 LOCA firff ™ MSL it EZRBRE N 2 WEBE KB N7 RS
C

(P R HRIGI- TALE NEBERE - TBLESNEER

Pt
a
<

#£ CR/TSC Direct Dose Calculations J5ifi » L[4 HYETEH HAVRZ B
Micro-Shield F1 QAD > HHij AAC A E]{# Y/ Micro-Shield #£5 » H /M
WikE 20 R > AFT HATIREEE A Micro-Shield 22X - T EHEIREH K il i
EREEE

21



%S Cylinder Yolume - Side Shields - Example Case

Height [48 Dase] x | v | =z | Awgap[+] _From
Radius |24 1 [120 36 0 59.5 Top
Wall Clad | 0.5 2 |108 24 0 47.5r Default
Top Clad |0 3 1 2
: x[20 4| v[3404]|z[ 0 4] zoom| In |Out] TAus
1 0|0 Cy
2 @12 Te
3 Of2s si
4 O|0 S
5 0|0 sl
& O|0 si
7 Ofo si ®
8 O[o si
3 Q|0 Sl ®
100|0 si
i -y —
Units
Inches A Z T b4

20 Microshield F2 =05 FH /M 1E

()8 A 10 HIfE

#1722 > 8 H 10 HEERIIAZAEHE BWR/PWR FHA Analysis - BWR CRDA
Analysis 5z BWR MSLB Analysis ¢

£ BWR/PWR FHA Analysis fJ#347 » FHA 23#r2& ¢ RG 1.183 App. B 5
5| KR > M43 R BB S %8 4 7F Reactor Building =Y, Fuel Storage Building >
Ty B (o < SRR - 2 ORIGEN2 F2 Gt EASE] - W5 =& 2 PRk
prdamE 2 AR (B0 24 /NEF) FRECZ RO MEYTE T8 00E - SRS T
DR Z N R IZAEEE - FE EARARIER - - bR HAFE - B35
PARHELE ~ IR 238 Bt /KIER TR F- (Decontamination Factor, DF ) %A
Z1&15E] - FHA (95 his=CanE 21 -

22



Volume 1

Containment

LOE+04 16
(arbitrary)

FP1

1.OE+10 scfin
(arbitrary)
unfiltered air

Volume 2

Environment

13 t)

»

7,440 scfm unfiltered intake (normal)
No emergency mode of operation

FP3

Volume 3
CR

27,000 ft°

1.000 scfin unfiltered inleakage (normal)
No emergency mode of operation
entered for this accident

I'P4

CR exhaust = intake + inleakage
(unfiltered)

21 FHA S5z

1£ BWR CRDA Analysis FY2[4Y » CRDA 43 24c#E RG 1.183 App. C 2N
25 SEETFIRNYET B4y B RS 2451 ( 1) With Fuel damaging > ( 2 ) Pre-accident Iodine
Spike » 1£55 (1) FEZEHIF » EEHFIHAVETEUZFIA ORIGEN2 12X - 5154 T
WE O ThEE N 2 2l OB ST RS » FS FE BRI - PRRIHERZ R - i
B~ RARARIERTERZREGE  SHHE 706 22 Fos - 5 (2) EZE
Bl R IR TR = (R i 3 AR RS A /K AR U A P R P R IR - R
A TBUH PR PR R P Ry B R AR P Y B A2 KOS RS (— MR =

F5 4.0 uCi/gm DE I-131) » & FI4NE 23 Ao - CRDA SRR S 4E 24 -

23
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23 CRDA 7 Pre-accident lodine Spike ZE#E S HIEEFE &I
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FP4

1% per day condenser [ree air volume
10 sec. to 24 hrs

Vgt P5 Volume 5
Volume 1 FP2 Offgas Stack FP3 Volume 4 Control Room
(0 - 10 sec.) via (0 - 00091 FP6 =
Condenser MVP hrs.) Environment i 9
W) 2,300 scfm " 2oy
67,220 ft’ =t 873 1 FP7
(See Note)
FP5 = 7440 scfm unfiltered intake (normal). No emergency
FP1 | 1 scfm mode of operation entered for this accident
(0 —24 hrs)
FP6 = 1000 scfim unfiltered inleakage (normal). No emergency
mode of operation entered for this accident

Volume 2

I FP7 = CR exhaust equals intake plus inleakage (unfiltered)

“Tnleakage f

b divactive
Air

20,000 f

24 CRDA 73t

7£ BWR MSLB Analysis [543 » MSLB 43#H72c# RG 1.183 App. D 2 A
75 WEETIRTEIVETE Sy B RiTEZE] (1) Pre-accident Iodine Spike » (2) Maximum
Equilibrium - 55 (1) FEZEG] 2 8855 Z BRE B3 A 2 Al /K R Y RO A%
TE SRR B E > & MR TR MR PR P Ry R i R P S i B R
REVKIERERE (— M= R 4.0 pCi/gm DE 1-131) > 55 (2) T2 ERHETHE
TR MERER 2 B /K P S M A R R R B 2 T A e R (— et

25 0.2 uCi/gm DE I-131) - BWR MSLB 43t st 2 4iE 25 -

25



FP2
Volume 1 5 Volume 3
Volume 2 7,440 sefim unfiltered intake (1101_111:1])
FP1 No emergency mode of operation
Turbine > entered for this accident CR
Building 1.0E+10 scfim Environment
(arbitrary)
unfiltered air I3 27,000 €
1.0T+04 £ 1,000 scfim unfiltered inleakage (normal)
(arbitrary) No emergency mode of operation
entered for this accident

FP4

CR exhaust = intake + inleakage
(unfiltered)

25 BWR MSLB 473752

()8 H 11 HIAE

172 2-8 H 11 HEZRIIAZEHE PWR LOCA Analysis~ Sump pH Questions
Spray Removal Calculations 57 Natural Deposition Models
1£ PWR LOCA Analysis &34 * PWR LOCA 4312442 RG 1.183, Appendix A
ZEOR  ERBESTEIEAVIREEEL BWR RIE] ~ SMEBRREE Ry R AE - B HRERE
Primary Leakage {1 ESF Leakage Wifdi4 MRS - EIPHAS A g7y Fs R B A1 FIE
TS - W& [ RS - PRI P o5 A L B Ry 4 A TR - 1 e
T I e 2 B HASER S A g - [EIRH SRR U M MR R RS BR IR - R ]
208 SRP 6.5.2 » ‘&= Elemental ZIFERYHEL DF {H#Z£ %] 200 FFEREE 1| & Aerosol

AN

HUFERAY) DF {E 2% 50 KF > 58 ELERERY Removal Factor £ 5 1/10° PWR LOCA

o

Z oY HTE R R R ANE 26 FfE 27 -

554b » 4 Spray Removal Calculations HJ&7> > 81 AAC TREAT—EEHThR
% =Jig B Bii{s£ Fi > Spray Removal Coefficient » {38 SRP 6.5.2 B35t B #{E -
41 » B]fF aerosol Z natural deposition ZfEF N EIFHAZN » /£ RADTRAD H12

fit Powers model &z Henry’s model 7 f& = F 2515 aerosol 2 natural

26



deposition > ¥R TR B ARSI A - JHR{ER & BT ABEE Z removal
coefficient » MR @ K EHrEt 40T

1. 7£ RADTRAD Ff£z{f* » Powers 10% model for natural deposition HFEz% » N
RECEH - S RIESEIFERRAVEE R - BT RS e MR (E IS B Powers
10% model HY/AZ » 515 removal coefficient » FELL User Input J5 =i A
removal coefficient °

2. IRIEBE—ESRECHEL - 1£ Containment Spray SR EEMFRAT > {5/ AST ¥
PWR AR N BRI ESEAUIIE - BRSNS T R ina T
{TEREE 5747 {5H F 2 Containment Spray removal coefficient » Ji,EH.J/E Aerosol 2
removal coefficient -~ AST B TID-14844 fEhii[E] {7 Z(EE2 R ELE EATRA
KIE] » THZ Aerosol » TID-14844 £y 5% » 1 AST A 95% » N FEREFEF
Aerosol 7 spray removal coefficient » RI|A] 535 (L= -

FSAR 6..5..2.3.2 §ifE F=U(DEH BRI S FR (R 2

3hEF
A = 1
P~ 2aV )

Hefr

o= EERIRAE (h7)

h =Ty (cm)

E= 0 UEReE

d= FESRMER (cm)

V = EEELE (ff)

FP=EEERERE (f'/h)
FSAR 51 Ei{H 1y 0.715 b > (BT ERSFEEE S 045 h! -
LB R B

FH FSAR 6.5.2.3.2 £ (page 6.5-10):

27



[P s £ P 22 e A=2.08x 10° ¢’
V=0.81x2.08x10° ft* (0.81 AIEEIE (L LE)
h=100 ft=3000.48 cm

d=0.125 cm

E=0.0015

F=2700 gpm=21625.3 ft'/h

4= 3hEF  3x3000.48x21625.3 y 0.0015
Po2dv 2x2.08x10°%0.81  0.125

B FSAR { 0.715 b FHAT -

=0.693h™'

i E T E/d=0.0015/0.25=0.006 ¢cm'=0.6 m" > Z 2 SRP 6.5.2 (Rev.
2) - E/d B 10 m” > AJ4,=6.93 h » B FSAR 3H7{E7 6.93/0.45=15.4

(E

Q1 F3 - AST SRRIRG 95% » T TID-14844 By 5% » Ao {sE F > #obk %
B 045 885 0.693 h™' » HIILE AST JEF | - FIARREHIE - F5 L8
= » FSAR {f ] 2 U220 0.0015 Z4F CSE HERSFI B/IME » HhE/)
(518 AT B35 AR AE R HE S A TR R R HOMR 1 - FEWTRA RIS IR I {8 -
FSAR B2 (e R BAORI RS bR B BBy 045 b 52 MkfE SRP 6.5.2
(Rev. 2) > A {R~FER E/D #4645 10 m™ > A DF 2 50 Bl f 1.0m™
LRSS bR BT RS F R WIEaEs 6.93 ' > 1A DF i 50 BEHRLI By
0.693 h'' » FEPLIREE T > FAHATYFIA RIS ERIAGSRL - PRI - MfEtEa )
{EefFIRE (] AST BESRIBEEEEA > % TID-14844 s > RAKIBLSEL
{85 5% » B OB R R 6.93 h' > 7 DF 3 50 BHp#RRE £ 0.693
' SRR SR A -

TEE B RS B

B SRP6.5.2 (R.2)4.a &iziHH:

[BIIH AR N 7y 2V R ER PEZRH 2 plate-out ~ RS R « ESSF

28



T RO
SRP 6.5.2 (R. 2) 4.b iz HA:
FEPHASREF R 75 R E: - SRS EAMERE Z plate-out - B[
A=AstAw
A= RS FR (AL
A=A Z plate-out FEFR{AE]

SRP 6.5.2 (R. 2) 4.c.1 &izREH:

_ KWA
A = ;
Hrp
K,, =4.9 m/h

A=RER AR

V=[EHAS 5 HZ=E e R

_ 6KgTF

A
S VD

(for well-mixed drop model)

Hrp

Ke=RHE B HIEHE
average fall height

TR AR terminal velocity of the mass-mean drop
F=EFEERERGEE
D=mass-mean diameter of the spray drop
V=[E[HAG 5 Bz e
7t SRP #E=UR 5 275 SR
A K. Postma, R. R. Sherry, and P. S. Tam, Technological Bases for
Models of Spray Washout of Airborne Contaminants in Containment Vessel,
NUREG/CR-0009, October 1978.
FSAR JZ(#EH

Parsley, L. F., Row, T. H., and Zittel, H. E., "Design Consideration of
29



Reactor Containment Spray Systems - Part I," April 1969, ORNL-TM-2412,

Part 1.

SRR TR R R AE U 2301 0

Emergency Mode
Volume 1 Recirculation
FF7 Filter
Sprayed Containment Leakage 2,600 cfm
Containment 0.1%/day (0 - 24 hours) 99%% awrosol,
(1,018,434 ") 0.05%/day (24 ~720 hours) 95% elem. & org,
i (= 35 seconds)
52% Source
F1 F2 130,000 cfm
Reeire. Fans
{76 sec.-end) FP 4 - 400 ¢fm Unfiltered Makeup (0 - 35 sec.)
400 efm Filtered Makeup (35 see - 720 hr.)
Volume 2 99% acrosol, 95% elem. &org
FP3 Volume 3 Volume 4
Unsprayed Containment Leakage Control Room
Containment 0.1%/day (0 — 24 hours) Environment
(940,002 ft)) 0.05%/day (24 ~720 hours) FP 5 - 120 cfim Unfiltered Inleakage (0 - 1 hr.) (20,124 )
50 efm Unliltered Inleakage (=1 hr.)
48% Source

H5%  oerosol
4.85% elemental
0.15% arganic

FP 6 — CR Exhaust: 520 ¢fm (0~ 1 hr)
450 ¢fm (1 hr — 720 hr)
unfiltered

26 Primary Leakage

Emergency Mode
Recirculation
Filter
2,600 clm
99% aerosol,
5% elem & arg
(35 sec. - 720 hr)

FP 2 — 40K cfm Unfiltered Makeup (0 — 35 sec.)

Volume 1 400 cfm Filtered Malkseup (35 sec. - 720 hr)
LAY P 99% acrosol, 95 % clem. & o
Sump b 0)-‘“ FP1 Volume 2 Volume 3
e Conirol R
35,850 %, 21-40 min ESF Leakage Bl ontrol Reom
40,889 ¥, 40-51,5 min 4 gph @ 21 minutes _ (20,124
43939 7, 5153 min to end Filter 94.7% <l to account FP 3 - 85 cfm Unfiltered Inleaknge (0 1 hr) o
fior 5.3% flash fraction 15 cim Unfiltered Inleaknge (1 - 720 hr)

7% elemental
3% organic

FP 4 - CR Exhaust: 485 efm (0 1 hr)
A15 efm (1 - 720 hr)
unfiltered

27 ESF Leakage

(\)8 A 14 HIfE

w28 H 14 HE

SN 2SS PWR MSLB Analysis 52 PWR SGTR

30



Analysis

7£ PWR MSLB #J#(73 » MSLB 7342485 RG 1.183 App. E 2 % » BE5TIR
IEHEFE S B RREZE] (1) Pre-accident Iodine Spike » (2) Co-incident Spike * 1%
=M FSAR AR (1) FEZEG 2 3 NEs » 52U AST o3 572 » ke (2)
TEEBIZ oA - & (1) FEEG R FIEE BEEEREE AT 2 al/K Py
TR 2 SR AR P s R DR MR ARE (— M= R 60 pCi/gm
DEI-131) > 5 (2) MEEHZEH T E MSLB HEHE— A R0V ERE -
— A S R 5 PR TS R S A < V2 A /K S SR e & R e A =URR 1R
SRR PRI 2 Al K B FERERR. (Cifsec) Ky BB Ao AR s 2 S
HERERE (— =R 1.0 uCi/gm DE 1-131) FERERRY 500 £ - PWR MSLB

IR CREAE 28 -

Pressurization /
Recirculation Modes
Recire. Filter
2600 cfm
29% aerosol, 95%
elem. & org.

(0.01389 — 720 hx)

I

FP2 '
400 cfm unfiltered intake (normal) "
Volume 1 Volume 2 400 cfim filtered intake (pressurization / ¥ Dkfmc 3
MSLE FP 1 Environment recirculation modes) 3 ('ZR o
Source I [O0E5cm T 99% aerosol, 95% elem. & org. 1124
1.OE+04 f° (arbitrary) (0.01389 - 720 hr)
(arbitrary) unfiltered air
rra
; 85 cfm unfiltered inleakage (0-1 hr)

15 cfim unfiltered inleakage (1-720 hr)
FP 4

CR exhaust: 485 cfm (normal mode — unfiltered)
415 cfim (pressurization / recirculation mode - unfiltered)

28 PWR MSLB 4775z

£ PWR SGTR #J#57 » SGTR S3H/E(icHE RG 1.183 App. F Z A% > HEAfJR

THAVETREE MSLB ZERR{L - Rl 77 Ry RiEiZE 5 (1) Pre-accident lodine Spike -

31



(2) Coincident Spike » 55 (1) fHZESZEETFIEE Bk SHHEEERT - 2AlKdh
AR AR 2 A R AR AT e BT TR P YR RE (— R E Ry 60
nCi/gm DE I-131) > 55 (2) FEEHIZEEHIFIHZE MSLB fHlE — K 28081
& (1S R Z S S RS R (E - /287K S e i S R R s
TR ERE ML R B2 A K A SRR (Cifsec) Kyl iRl i

REFIRCPAIEDSEORE (— %M = R 1.0 nCi/gm DE I-131) FERCRAY 335 % - PWR
SGTR sz E 29 -

Pressurization /
Recirculation Modes
Recire. Filter
2600 cfm
99% aerosol, 95%
elem. & org.
(0.08611 — 720 hr)

FP2 ] l

400 efin unfiltered intake (normal)

Volume 1 Volume 2 400 cfm filtered intake (pressurization / Volume 3
SGTR Source FP 1 Environment recirculation modes) CR 5
1.0E+04 ft° T.OE+5 cefn ") 99% aerosol, 95% elem. & org. 20,124 Rt

(arbitrary) (arbitrary) (0.08611 — 720 hr)

unfiltered air

J o o]
85 cfm unfiltered inleakage (0-1 hr)
15 efim unfiltered inleakage (1-720 hr)

FP 4

415 cfm (pressurization / recirculation mode - unfiltered)

29 PWR SGTR 4=

(b8 A 15 H1fE

NF 2 8 H 15 HEimN A a4 PWR Locked Rotor Accident ~ PWR Rod
Ejection Accident ;2 BWR/PWR EQ Dose °

£ PWR Locked Rotor Accident {93347 » Locked Rotor Accident 43 i& i
RG 1.183 App. G Z NS » AAC AE TAZAIFR R - BEFEFI—REIMN = Z 1 MSLB

HYII TS SR > TR ZR O TR A G S LR ARSI > AR TR oAt 2
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Memorandum to Mr. Thadani, Initial Candidate Generic
Issue 187, “The Potential Impact of Postulated
Cesium Concentration on Equipment Qualification in
the Containment Sump”

April 30, 2001

MEMORANDUM TO: Ashok C. Thadani, Director
Office of Nuclear Regulatory Research

THRU: Farouk Eltawila, Acting Director /RA/
Division of Systems Analysis and Regulatory Effectiveness
Office of Nuclear Regulatory Research

FROM: Jack E. Rosenthal, Panel Chairperson and Chief IRA/
Safety Margins and Systems Analysis Branch
Division of Systems Analysis and Regulatory Effectiveness

SUBJECT: INITIAL SCREENING OF CANDIDATE GENERIC ISSUE 187, “THE
POTENTIAL IMPACT OF POSTULATED CESIUM CONCENTRATION
ON EQUIPMENT QUALIFICATION IN THE CONTAINMENT SUMP"

In accordance with Draft Management Directive (MD) 6.4, “Generic Issue Program,” a Generic
Issue Review Panel Meeting was held to discuss the merits of candidate Generic Issue 187,
"The Potential Impact of Postulated Cesium Concentration on Equipment Qualification in the
Containment Sump.” The panel has completed the “Initial Screening Stage" (Stage 2) of the
Generic Issue Program (GIP) as outlined in the draft MD. The panel met initially on
September 6, 2000, with follow-up meetings on September 28, 2000, and Qctober 26, 2000,
and continued discussion via e-mail.

The panel has decided that the candidate generic issue should be dropped, as having no
significant chance of meeting the incremental risk thresholds for backfit as described in the
MD 6.4 Handbook. The rationale for this recommendation, as endorsed by the panel, is
attached.

However, because of the potential for licensee confusion regarding regulatory requirements,
the panel also recommended that the Office of Nuclear Reactor Regulation be requested to
consider issuing a Regulatory Issue Summary (RIS) for this issue.

Attachment: As stated

cc w/att.;

Jason Schaperow, RES
Arthur Buslik, RES
Stephen LaVie, NRR
Harold Walker, NRR
Robert Palla, NRR
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However, because of the potential for licensee confusion regarding regulatory requirements,
the panel also recommended that the Office of Nuclear Reactor Regulation be requested to
consider issuing a Regulatory Issue Summary (RIS) for this issue.

Attachment: As stated

cc w/att.:

Jason Schaperow, RES
Arthur Buslik, RES
Stephen LaVie, NRR
Harold Walker, NRR
Robert Palla, NRR

Distribution wiatt.:
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Generic Issue 187, “The Potential Impact of Postulated
Cesium Concentration on Equipment Qualification”

Panel Decision Basis

Background

NRC regulatory requirements include the estimation of individual offsite dose from the
design-basis loss of coolant accident. The fission product source term in Technical Information
Document (TID)-14844, Calcuiation of Distance Factors for Power and Test Reactor Sites,
March 1962, which is referenced by the regulations, has historically been used for this
application. As an update to the source term in TID-14844, the NRC developed NUREG-1465,
Accident Source Terms for Light Water Nuclear Power Plants, February 1995. NUREG-1465
provides a more realistic source term based two decades of severe accident research; its use in
offsite dose analysis provides safety and cost benefits. Accordingly, the NRC issued a new
regulation, 10 CFR 50.67, allowing licensees to implement an alternative source term.
Together with the issuance of 10 CFR 50.67, the NRC issued a regulatory guide which states
that one acceptable alternative source term (AST) is the gap and in-vessel releases described
in NUREG-14865.

NRC regulatory requirements also include the environmental qualification of equipment for the
duration that it is needed to perform its safety function. This includes qualification for radiation,
temperature, pressure, and humidity. Regulatory Guide 1.89, Environmental Qualification of
Certain Electric Equipment Important to Safety for Nuclear Power Plants, Rev. 1, June 1084,
states that it is acceptable to use the TID-14844 source term for this application. Regulatory
Guide 1.89 also states that, for equipment that must be qualified for more than thirty days, a
source term that incorporates considerable quantities of cesium as suggested by the accident
at Three Mile Island Unit 2 may produce doses greater than those estimated by TID-14844.
The TID-14844 source term includes a 1% release of cesium. The gap and in-vessel releases
described in NUREG-1465 include a 30% release of cesium.

Sandia National Laboratories' letter report Evaluation of Radiological Consequences of Design
Basis Accidents at Operating Reactors Using the Revised Source Term, September 28, 1998,
showed that, for equipment exposed to the containment atmosphere, the TID-14844 source
term and the gap and in-vessel releases in the AST produced similar integrated doses. This
letter report also showed that, for equipment exposed to sump water, the integrated doses
calculated with the AST exceeded those calculated with TID-14844 after 42 days for a
pressurized-water reactor (PWR) and 145 days for a boiling-water reactor (EWR) because of
the 30% vs. 1% release of cesium. In the implementation of NUREG-1465 for estimating offsite
dose, the issue arose as to whether any additional requirements were needed with respect to
estimating doses for equipment exposed to sump water.

Panel Evaluation of Issue
In accordance with the Generic Safety Issue (GSI) panel's procedures, the panel was
requested to provide a clear statement of the issue and categorize the issue. The statement of

the issue is the following:

The integrated sump doses from the gap and in-vessel releases of the more
realistic AST are higher than the TID source term after 42 days for a PWR and

1
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Attachment
145 days for a BWR. Should licensees be required to backfit use of AST in
evaluating the design basis for equipment qualification?

In evaluating the basis, if any, for a backfit, the panel focused, in accordance with 10 CFR
50.109, on whether there was a substantial safety benefit from the backfit requirement to

reevaluate the adequacy of the equipment qualification for an extended fime interval post
accident (greater than 30U days).

In addition to the issue of safety significance for extended times for equipment operability, the
panel also considered the relationship of the equipment qualification source term to the various
classes of accidents. In that regard, it was recognized that for design basis accidents for the
containment temperature and pressure and the reactor core and ECCS systems, the source
term of either the TID or the AST is bounding since for these accidents there is minimal fuel
damage and only relatively modest fission product releases. Itis only for accidents involving
severe fuel damage (for which most/much equipment is not operable anyway for at least
several hours) that the fission product source term for an extended time interval becomes a
question.

Other technical considerations relate to the extent to which the AST sump dose estimate
exceeds that of the TID source term late in time. The increase of the sump dose estimate also
includes analytical assumptions which would tend, on an absolute basis, to increase the
calculated sump dose, namely assumptions related to complete washdown of atmospheric
fission products to the sump and the assumptions that fission products are completely soluble
and spread throughout the sump. It can reasonably be expected that some fraction of the
fission products assumed to be washed to the sump will in fact be retained on the myriad of
containment surfaces that are not directly exposed to rinsing by sprays ( for certain severe
accident seguences sprays may not have been available). Additionally, experimental evidence
from ongoing research suggests that some portion of the fission product inventory may be in an
insoluble form and conducive to settling. Although not quantifiable at this point, it is
nonetheless useful to note that there is likely conservatism in current estimates of sump dose.

In examining the safety significance of equipment qualification for extended intervals, the panel
reflected on the risk significant time intervals identified in NUREG/CR-5313, Equipment
Qualification (EQ) - Risk Scoping Study. This study was performed to provide insights
regarding the risk significance of equipment qualification and equipment survivability issues by
the use of probabilistic risk assessment insights and methods. The authors of that study
concluded that the risk significant period is limited to the first days of an accident and that
equipment qualification issues associated with long term accident equipment operability are not
risk significant. This is also consistent with the positions taken by the NRC on risk informing the
regulations (and advanced reactors) where large early release frequency and containment
performance are concerned with the interval roughly 24 hours following the onset of significant
fuel damage.

The panel used the categories in Draft Management Directive 6.4, "Generic Issue Program,” to

categorize the issue as a compliance issue, a subset of another issue, a burden reduction
issue, or a safety issue. The basis for the panel's categorization is given below.
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Compliance Issue: 10 CFR 50.49, Environmental Qualification of Electric Equipment
Important to Safety for Nuclear Power Plants, does not explicitly state the source term to use
for equipment qualification but refers to a radiation environment associated with the maost
severe design basis accident. Regulatory Guide 1.89 specifies use of the TID-14844 source
term. Regulatory Guide 1.89 also states that “for equipment that must be qualified for more
than thirty days, a source term that incorporates considerable quantities of cesium as
suggested by the accident at Three Mile Island Unit 2 may produce doses greater than those
estimated by the present [TID-14844] source term.” The regulations do not strictly require
licensees to use the AST. In fact, licensees have used the TID-14844 source term to define the
design basis for the radiation environment for equipment qualification. Therefare, this issue is
not a compliance issue.

Subset of Another Generic Issue: Based on a review of the list of unresolved generic issues,
the only related generic issue is GSI-168, “Environmental Qualification of Electrical Equipment
(Rev. 2)" The purpose of GSI-168 is to assess the need to upgrade equipment qualification
requirements for older plants, However, the purpose of GSI-187 is to assess the need to
require licensees to use the AST instead of the TID-14844 source term for equipment
qualification. Therefore, GSI-187 is not a subset of GSI-168.

Burden Reduction Issue: The regulations allow use of either the TID-14844 source term or
the AST. Therefore, requiring licensees to use the releases of the AST would not reduce
regulatory burden.

Safety Significance (for the adequate protection and substantial safety enhancement
classifications): As discussed above, for equipment exposed to sump water, the integrated
doses calculated with the AST exceeded those calculated with TID-14844 after 42 days for a
PWR and 145 days for a BWR because of the 30% release of cesium, It can be argued that
certain systems, (e.g., residual heat removal) must remain operable for periods of time greater
than 42 days. However, equipment qualified for a given period may, in practice, remain
available for a much longer period. In addition, the decay heat rate will be lower for this later
time interval, allowing for more time for operator actions and more opportunity for alternative
strategies. Thus, it is unlikely that a more explicit treatment of long-term accident recovery
would reveal any new risk-significant considerations.

Conclusion: As a result of the above considerations, the panel concludes that there is no clear
basis for backfitting the requirement to modify the design basis for equipment qualification to
adopt the AST. There would be no discernible risk reduction associated with such a
requirement. Licensees should be aware, however, that a more realistic source term would
potentially involve a larger dose for equipment exposed to sump water for long periods of time.
Longer term equipment operability issues associated with severe fuel damage accidents, (with
which the AST is associated) could also be addressed under accident management or plant
recovery actions as necessary.
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1. US EPR primary containment analysis GOTHIC model development and

benchmarking.

Entergy Operations Inc. (EOI)

1. River Bend Station (RBS) Auxiliary Building (AB) GOTHIC model/analysis of
loss of HVAC transients. Preparation of RBS GOTHIC code Software Quality
Assurance Manual.

2. RBS GOTHIC model/analysis of Containment Annulus and AB for Standby Gas

Treatment System (SGTS) draw down transients.

3. RBS GOTHIC model/analysis of steam tunnel area steam leak detection system
response to design basis leaks.

4. RBS GOTHIC model/analysis of primary containment (Mark III) response to
design basis Recirculation Line Break, Steam Line Break, and Small Break LOCA.
Benchmark with FSAR.

5. RBS GOTHIC model/analysis of the Control Building Pressure Boundary to
support plant operability concerns.

6. RBS GOTHIC model/analysis of Integrated Containment Annulus, AB, and
Standby Gas Treatment System (SGTS) for building positive pressure and draw down
transients. Preparation of Topical Report to document qualification of GOTHIC code
for RBS design basis calculations.

7. RBS GOTHIC model/analysis of the Diesel Generator Building for loss of HVAC
transients.

8. Cooper Nuclear Station (CNS) Reactor Building (RB) GOTHIC HELB analysis for
electrical EQ evaluation. Complete RB HELB analysis reconstitution and EQ
temperature and pressure profiles development. Thermal-lag calculations for EQ
components.

9. Waterford 3 GOTHIC model/analysis of Reactor Auxiliary Building for loss of
HVAC transients.

10. Arkansas One GOTHIC model/analysis of Auxiliary Building for loss of HVAC
transients.

11. Pilgrim Nuclear Power Station (PNSP) Drywell Transient Temperature Analyses
for Simulator Design.

12. Grand Gulf Nuclear Station (GGNS) Auxiliary Building transient temperature

response to loss of HVAC conditions in support of PRA assessments.
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Tennessee Valley Authority (TVA)

1. Watts Bar Nuclear Plant (WBN) Unit 1 AB GOTHIC model/analysis of HELBs.

2. Sequoyah Nuclear Plant (SQN) Units 1&2 AB GOTHIC model/analysis of HELBs.
3. Browns Ferry Nuclear Plant (BFN) Units 2&3 Reactor Building (RB) GOTHIC
model/analysis of HELBs. Also EPU HELB analyses.

Progress Energy

1. Brunswick Nuclear Plant (BNP). Reactor Building (RB) GOTHIC HELB analysis
for electrical EQ (MCC's) evaluations.

2. BNP Reactor Building SGTS post-LOCA drawdown analysis.

3. BNP post-LOCA transient MSIV discharge piping temperature analysis.

Nuclear Management Co. / Xcel Energy
1. Kewaunee Nuclear Power Plant (KNPP) thermal-lag analyses for HELB events in

support of EQ evaluations of electrical components.

2. Monticello Nuclear Generating Plant Reactor Building SGTS post-LOCA
drawdown analysis.

3. Monticello Nuclear Generating Plant, post-LOCA transient MSIV discharge piping
temperature analysis.

4. Monticello Nuclear Generating Plant thermal-lag analyses for HELB events in

support of EQ evaluations of electrical components.

Yankee Atomic Electric Company (YAEC)
1. Maine Yankee (MY). Design review of Turbine Building GOTHIC HELB analysis.

2. Vermont Yankee (VY). Perform containment response GOTHIC analysis to

Appendix R reactor shutdown scenarios.

3. Maine Yankee (MY). Design review of Protected Switchgear Room, Protected
Cable Tray Room, and Battery Room Loss of HVAC GOTHIC analysis.

4. Seabrook. Perform design basis primary containment GOTHIC analysis.

5. Maine Yankee (MY). Design review of Control Room Loss of HVAC GOTHIC
analysis.

6. Maine Yankee (MY). Design review of Circulating Water Pumphouse Loss of
HVAC GOTHIC analysis.

7. Vermont Yankee. Perform small break LOCA drywell heat-up GOTHIC analysis.

General Electric Nuclear Energy
1. BFN Units 2&3 Reactor Building GOTHIC model/analyses to support Power
Uprate project EQ projects. Included subdivided GOTHIC models to support crack

break detection.
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Korea Electric Power Corporation (KEPCO E&C)

1. Preparation of Kori 1 & 2 GOTHIC HELB model outside containment. HELB
analysis and GOTHIC simulation training.

2. APR 1400 Main Steam Valve House (MSVH) COMPARE/GOTHIC Benchmark
Study.

3. Barrakah Nuclear Power Plant (APR 1400) Main Steam Valve House (MSVH)
GOTHIC model for MSLB EQ evaluations.

4. APR 1400 Containment Analysis GOTHIC model review and update support;

Containment Analysis Design Certification Report review and update/preparation

support.
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