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Introduction and Preparation of

the Nuclear Fuel Cycle Facility Risk Anmalysis Code: STAR
Yasushi NOMURA

Department of Fuel Safety Research
Tokai Research Establishment
Japan Atomic Energy Research Institute

Tokai-mura, Naka-gun, Ibaraki-ken
(Received August 21, 1990)

STAR code is a computer program, by which one can perform the proba-
bilistic safety assessment (PSA) for the nuclear fuel cycle facility in
both the normal and the accidental event of environmental radicactive
material release. This code was originally developed by NUKEM GmbHE in
West Germany as a fruit of the PSE (Projekt Sicherheitsstudien Entsorgung)
aiming at R&D of safety analysis methods for use in nuclear fuel cycle
facilities such as reprocessing plants.

In JAERI, efforts have been made to research and develop safety
assessment methods applicable to the accidental situations assumed to
happen in the reprocessing plants. In this line of objectives, the STAR
code was introduced from NUKEM GmbH in 1986 and, since then, has been
improved and prepared to add an ability to analyze public radiation
exposure by released activities from the plants. At the first stage of
this code preparation, the program conversion was made to adapt the STAR
code, originally operative on IBM-compatible PC's and Hewlett Packard
7550A plotters, to NEC PC 9801RX and NEC PR 602R page printers installed
in the Fuel Cycle Safety Assessment Laboratory of JAERL.

This report describes calculational performances of the STAR code,
results of the improvement and preparation works together with input/out-
put data format in illustration of a sample HALW (High Activity Liquid

Waste) tank PSA problem, thus making a users' manual for the STAR code.

Keywords: PSA Computer Code, Reprocessing Facility, Release of

Radioactivity, Public Radiation Exposure
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v—z /) 7 O&FF  BNAM (ACFLF)

IR 0 18 5 IREEH NSBAR
HITIBD 5 DBAR
wARD,
- 1Z=0 (EHFKB) 0Lz,
V- ADBE,
7 = 4 XDEH - BNAM (43ZFLATF)

7w S ABHBREE X1(=0)
w7 E TR X2(=10000
7o AR TEOES DMIN(10 S m#Eif)
TT7n AT RHO (kg/m>*¥A7)
wAND,
AN TFOEE, PBEREF-2R ARG,
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- 1Z2>0 (i - R
Y — 2AOWEG, BWHEEO T o JARKHEMBIX IR OR TRIX2% , SRR L
WO T5 L5087 = 4 ATERT A LB ARS, FOMY —ARTCLESRT —
A AND,
KU TOBE, LERF—FRARD I AORERECE, =7 0 S OERELO
(100% )& A b & EZEHORELR & ~7o 2 &S,
His A—42
FUNCTION BAROPHGLMHEN S & &, =7 n /AR FOMSTHEHEBRE (¥ —ADBE)
HECIRBYD LT R ADA) THEAR (U TOBE) FEHLTET.
yy PARERL, 5L -VBERETR A v 7 OAHKERSEERO B EWE RN DB O 1
SRR E s, VAR 3 Y T OFUNCTION% 7 71 7 5 4 (Fig.3.9, Table 3.40415) D
~B A Table 3.57 77,
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Table 3.1 Data for Main Items of Sample HALW Tank

7 =] F - ¥

AR L 75m3

% " £ 187.5 kw ¥

& #H A =R v MLAHAR

E%®EERE <45°C

Ry PEILKEE 60 m?

Ko b oL 500 m3

X OB OB OE 1.2 kg/!

ol el O s 1 1.75 x 10 Bq/kq ¥

» EROBEIRPSEY o V. 4 FPEEBESLEOLOTHO,
AHEEOY v FARERFAEBICER L 7.

Table 3.2 Specific Radioactivity per Nuclide
in HALW Liquid

HHETHE HRaTHE
L Ci/kg B Ci/kg
%0Gr 1.47 x 10? 238 2.50 x10°®
%7t 3.84x10% | ®'Np 7.61x10™
BNb 8.49x 107* | #Np 4.16 x 1072
®T¢ 2.52x 1072 238py; 498 x 102
%8Ry 5.22 x 10* 29py 432 x10°%
1291 4.22x 10°® | 2%y 6.85x 107
34Cs 1.01x 102 24py 1.61
B7C s 2.06x 102 | 2%py 2.88 x10°°
¥4Ce 6.03x 10! 24 Am 1.79
235y 1.76x 107 | 22Cm 0.23
25y 3.03x 10° | *Cm 4.93

Total 5751 Ci/kg
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Table 3.4 Characterization of STAR Subprograms

Name Description

AMASS evaluates aerosol mass from particle diameter

ANSI initializes screen control sequences

AROMB integration $ubroutine (integration over particle size )

BAROP barrier operator

SARPLO module for size dependent source particle flow and bor-
rier penetration

CSIN input of minimum cut sets of failed source or barrier
states

CUTSET evaluotion of minimum cut set probabilities

DAMS differential ocerosol mass flow function

FARMER output of frequency and release expectation values for
Farmer diagram plot with STARPL

KOVER module for' CCDF plot data evaluation

PARA conversion of expectation values/variances into median

PROBAB evaluation of probabilities of failed states

RATEIN input of component reiiability data

REDUCE minimizing of cut sets
values /error factors and vice versa.

ROMBER integration subroutine

STAR1 risk analysis module input subroutine

STAR?2 risk analysis evaluation

SYSTEM system specific, user-supplied source and barrier
subprograms

ZUVER evaluotion of asymptotic component reliability
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Table 3.5 System Specific Source/Barrier Subprograms

Name

Description

QK

SK

PENKOL
PENDEM
PENKON
PENLAM
PENVOR

PENERH
PENS

source model of aerosol release from HLLW tank for
normal operation ond failure states (heating and boiling)
model of passive emergency cooling system. active only
during boiling phase, normal operation & failure state
aerosol pepefration through a NOx —scrubber, norm. & fall.
gerosol penetration through a demister , norm € fall.
aerosol penetration through a condenser ,norm £ fail.
aerosol penetration through a baffle plote mist eliminator,
no failure state assigned

aerosol penetration through a pocked fiber mist eliminator
no failure state assigned

effect on aerosols of an electric heater, normal & fail.

oerosol penetration {fhrough a HEPA- filter, norm. & faoil.

Sfrecke

Primgrkreis

Sekunddrkreis

Fig. 3.1 O0ff-gas and exhaust gasflow diagram for a HALW tank.

m

| Zulyft
. ™ gasformig — /\
% flijssig Fitter | apiyft ator I
- Strecke Strecke
1 «100%
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Exhaust- Air System Off-gas System

HEPA - filter HEPA- filter (S)
I ‘ 1

pre - filter heater (ERH)
1 i

packed fiber
mist eliminator (VOR)

t

baffle plate {LAM}
mist eliminator

1
condensor (KON)
}
demister (DEM)
1
NOx — scrubber (KOL}
emergency cooling
T T T T T -l condensor  (SK)
|
e
-
hot cell
tank (QK)

Fig. 3.2 Arrangement of source and barriers for airborne
radiocactive materials in a simplified HALW model.
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Aerosol Fraction

1 ] I 1 I i I | i i

bursting bubbles

L
:

| O S |

10~

F,o= 284 expl-43E-2 T/K}

-t
Lo}
1
T
MIEEN

IIIII
1 1 11!

Y
(=]
1

1
L ptl

-
L]
i

ill
i1l

L

Vo wurl Frowurea W row uies Prow ot
7

10 — —
1t N
St -]
RS -
2 -

10_6; = -
I : . -
2F Evaporation ~

10‘77 = -
5k F, = 7ES exp(-BSE3K/T) 7
3 |- v -
2 L -

1078 ! ! 1 ! 1 I 1 i

10 20 30 40 50 60 70 80 S0 100
[°C]
Temperature

Fig. 3.3 Aerosol fraction produced by bursting bubbles and
evaporation depending on liquid temperature.
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s R BE D f& (yes or no)

environment

A

HEPA-filter  (S) yes
electric heater (ERH) yes
packed fiber no

mist eliminator (VOR)

i

baffle plate no
‘mist eliminator (LAM )

1

condensor ~ {KON) yes
demisferT (DEM) | no
NOX - sc?ubber (KOL) yes
passive :mergency yes

condensor { SK)

1

HALW tank (QK) yes

Fig. 3.4 Release sequence model for HALW sample problem.
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Y1 ¥2
T
Lo

TRW"

V

: Dekontwasserversorgung
: Kaltwassarversorgung

: Kondensatableitung

Fig. 3.5 System diagram of off-gas cooler of sample HALW tank.
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©

D
\RJ - et <
| = |
s |
— PORWZ \ ]
— _/
Rehgas
-
(L
' [ {®
-1 0RW

{ LRS W }

0 : DekcatflGssigkeitsversorgung
L : Druckluftversorgung
R : Waschflissigkeitsrezyklierung

¥ : Unterdruckhsltung

Fig. 3.6 System diagram of NOX scrubber of HALW off-gas line.
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Kolennenkopf [ @

D : Dekontwasserversorgung

Fig. 3.7 System diagram of demister of HALW off-gas line.
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E’.- KON
. LAM
o KOL
Pl DEM
§§ 7 SK \
= i
o
o9
= o
L) ~— 3
=
W
o
1 S
T VOR
QD_
E ‘ VOR
-—C—)-l _1 1 [) lllil‘l[ [ ] llllllll 1 1] ¥V vy 1iri
10 1 ] 107
AEROSOLOURCHMESSER  (PM)
SK Siedekiihler {Siedephase)
KOL Glockenbodenkolonne
DEM Demister
KON Kondensator
LAM Lamellenabscheider
YOR Glasfasertiefbettfilter
S S-Filter

Fig. 3.8 Penetration of barriers at HALW off-gas line for aerosole,
showing dependency on particle diameters.
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STAR

Fig. 3.9 Program structure of STAR.

ANST
F—" BAROP SYSTEM
_4| STARL RATEIN ZUVER
CSIN
STAR2 BARQP SYSTEM
| DAMS BAROP SYSTEM
AMASS
| AROMB ROMBER DAMS
| PrOBAB CUTSET
REDUCE
L raARMER PARA
I paARa
| <ovER
L[ BARPLO BAROP SYSTEM
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81 SZRL-Ny by b TN

T7 OV ADRERRYAY T OLTOWBREIL, ThehBED 7 +—n YV —THZ
nitniEie b, ThALD T+ Y U—iE, Blic7+—n by )@ — Fit X DFF
ML, FEALI=RAHy bty bERDTEVTSTAR2— FRADANT—& « 7y 1%
VERF 5, ZRICIE, RICRTEDR T+ Ty bTT 7 A VLT — FRTAT S,

(1) aAv i (771 vOEF)

(2) XNAM<A4> ;

BASECE TESHEAEEREAY TOEFAOHRFEXNAMETICANT 5, B34
BER-ETAREAGTS LV, FOBEE, RATLBCIHKER S,

(3) 2 Av X (RERERRDNTOEE)

) =#v i3 ("CUT SETS")

(5) K,(NAMCS(),I=1,8) <I3,8(1X,A10)> ;

K&HDOH v by MCEThABSERSRASEL L DOFERS, K=1,2,-<30

(6) 2D A —FTERDOAYTDH v bty b F— 20EMICE S,

Fig.4.1 i, ¥V I AMERFHAD I =< A hy bty b 774 VERT,

4.2 BBEBHET—5-T74L

TR s A ey by b T A ADRCEENILTORBRIOS LT, BEET—
AREZ LR TWEGRE RSV, ChBIL, BULWBSAIECRIONT LR 7+
PCEEBCET AT -2 R2EAL, ANT—F - 7 A VEERT 5,
() axAv X (7 7AVOEH)
(2) = 4> +x ("RATEFILE")
(3) NAM,ITYP,Al,MTTR,TI,SFA,SFR<A10,12,5E12.5> ;
NAML, BBREHTHD, ITYPE, BREOETHY, KIRT LS 3BEISH L.
(a) BETHETHETRI>E0LOITYP=1), 10 o b OiiEE (A1) RUSESBEE
FIMTTR) DT — 2B S,
(b) BEAETERITOSHEVWLOATYP=2)T, —EHMIE Ak BHETILE
BB D LD, 10ERA T D OBGEE(AD) R OB ERE (MTTR) Oftic, HRERMR
(TDxF— 2 AT 5,
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» &%, SFARUSFROMICB X AhDLENH B, HL, SFA, SFROT 7 41+
e LT, EnFhIRUSH 21— FPRICABSh TV 5,
Fig.4.20c% v 7 AEIER A OWBREENET— 45 « 7 7 A VEIRT,

4.3 B CFHERT—5 - 7741

T SHHE T — 2 & LT, MRERIRR FLREHE (Ci/ke) 0 7 — 4 RO EBRE SR (Rem/Cl)
DF— aEEET S, ChBRKIOET L7+ <y PCT—E%FEAL, ANT %77
A NEAERT Bo

(1) 24y b3 (BEE

(2) =2 4w+ ("SPECIFIC RADIOACTIVITY")

(3) NENV,YBE<I3,E12.5> ;

T 7 n Y AERBORMERER(NENY), © 7/ AREYB) pmEx F— 2 ATIT 5.
(4) NUC,CURI<I3,E12.5> ;
R E S (NUC) & %63 5 R #E (CURDCi/kg » BB (INENV) /2 IRK T —
2ANT S,

5) =2 # v+ ("DOSE EQUIVALENT IN ORGANS”)

(6) ORGNAM, (CONV(D),I=1,41) <A10/,6(7E10.3) >
%554 (ORGNAM) & %ttt 3 AURE OB BRI (CONV)Rem/CIERE Y 4+ — < v
hrF- 2 ANT B, Sh%, Table 3.3FT &5 ReTORBIC>WTTF—2ANT 5

O REEEE ST, Table 3.308&ED 14 HOIBESTH 5. Fig. 4.3 UFig.4.410Y ¥
7 NIRRT OBUE TR - & - 7 s A v ETRT,

4.4 CaF-F—F-T740L

BEN DAY P IO L, FEESDLVEAS) TOLHOS LRI ELRBORZ LTS
DA E L, HERREFIERERS, REFCH L TREROFERERETE 55, ~
7 s LTI OO IEE DA L S hisl s Srt10EOHE - KU T H# 1T
FLILRTED, LObL, WEEBOBSHYOEN LORARMAX) ZANL, ANT -
BT AADET (BBEERT—F 7740, 32 Ay by b 77 0, #IT
CIEEF &« 7 7 A ADIA) I F— %+ T A VDR (P a7 - DT —H 75 A
N, CCDFF—% « 774, 7 7—<—BRHT—27 74 VO3, ROA =T vty
F DR BIER T — 8 AJIT B, Fig- 45004 v 7 ARERITAOY a 7« ¥ =%+ 7 7
A AT,
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HLWAGCS VERSION 18/05/84

QK
TK
RUK
KUEHLUNGSAUSFALL AM HAW-TANK
CUT SETS
1 QBsL
2 QBKTZ
3 . QBKUV QBSOM
KoL
" KOLONNE
CUT SETS
i GWA I
2 GWR
3 GWMA
KON
TKO
RKO
KONGENSATOR
CUT SETS
1 GKV1 GKKL
2 GKV3 GKKL
3’ GKUMR GKKL
4 GKKY
S
Qs
AGSFILT ABGAS-S-FILTER
CUT SETS
1 GFSEU
2 GWEDLU
SK
TSK
RSK
AUSFALL EINES SIEDEKUEHLERS
CUT SETS
1 QSBRL
2 QSBKS
3 QSBLK
(RKO)
KONDENSATOR ODER S1EDEKUEHLER
CUT SETS
[ GKV1 GKKL
2 GKV3 GKKL
3 GKUMR GKKL
4 GKKV
5 QSBRL
6 QSBKS
7 QSBLK

Fig, 4.1 Contents of minimum cut set file HLW.CUT.



HLWAGDAT
HLW-TANK
RATEF ILE

F
GWV12
F
GWVR
GFRVA
F
GFSE
F
GKKL
F

Q1s
“GWA |
F
GFMR
F
WVMV |
F
GFVR
CMVS
QSBRL
QSBKS
QSBLK
GF SEU
GWEDLU
QBSL
@QBKUV
QBKTZ
QBSOM
END
END
STOP

VERSION 27/02/84

2 86.
GFRV

2 43.
KGAV

i 12.
GFSG

1 15,
GWEDL

! 10.
GWHSA

1 125.

1 17.
GFVMR

3 0.001
KGAMV

KBV .

et o e ()
M

Fig. 4.2 Contents of reliability data file HLW.RAT.

FVEV

GWR

WKDMR

KGAM

LSEMR

GFMV

24.
WKDVE

24,
LSEV
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GKVI
WKDOVR

GWMT

GKKYV

KGDMR

GKMV

GFVE

GKV3

KDMA

VDEL

GFVMV

GWV

GWVD

FVEMR

GWVMV

KGD



COMMITED DOSE EQUIVALENT IN ORGANS (REM/CURIE) PER

L

—

NWNORANCAODOCTTIRCNG~—®O@N

0

R

T

T

B

ONW~NW WON~NN~N—=—=ATNW~NOLANTODNWIWOW

IVER
L421E-06
.93BE+00
.BT3E+01
.104E-04
.114E+QO0
.237E-04
NGS
.983E-06
.666E-01
.086E-01
.583E-03
.485E+00
L.A4B69E-01
ARIES
.385E-06
.T23E-0!
.387E-01
.152E-04
.545E-01
.254E-04
MARROW
.823E-04
.099E+00
.858E+00
.142E-02
.238E+00
.485E-03
STES
.225E-06
.T23E-01
L397E-01
.053E-04
.545E-01
.136E-04
YRCID

. 158E-02
.BBBE~07
.B33E-07
.092E-04
.202E-08
.152E-04
NE SURF
. T45E-06

.8T73E+01
.323E+01
.243E-01
L T99E+ON
.T47E-02

Fig.

.TT7T3E-04
.505E-05
.053E-01
.680E-06
.308E-01
~204E-05

O — 0 wow

.50TE-04
L.217E-04
.186E-04
.C49E-01
.341E-02
. 196E-03

— O =N — W

.390E-04
.50BE-05
.016E-0D2
.680E-06
.123E-03
.T12E-05

— oo wW

.524E-C4
.13TE-02
.210E-0C1
.088E-03
.996E-02
.8B8TE-05

Wwh—=——=w

.863E-04
.505E~-05
.01B6E-02
.680E-08B
.123E-03
.446E-06

N 0o 0N W

.310E-04
.50BE-0b
.456E-07
.680E-086
.31BE-07
.41BE-05

WR OB oW

.269E-04

.B13E-02
.B12E+00
.404E-03
.245E-01
.932E-05

DN —=MN W

4.3 Contents of dose evaluation data file

aa—-=oUoMN Ww—0-~MN OGN —-0—-N W —-0—=mMN WooMN B~ DO — — N

BN~ N
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.651E-04
.570E-05
.494E+01
.965E-05
.809E+00
.981E-05

.B11E-04
.613E-04
.82GE-01

.442E-04
.999E+00
.196E-02

.410E-04
.448E-05
.927E-01
.294E~-05
.369E-01
.988E-05

.464E-04
.8993E-05

.B6TE+00

.307E-0b
.128E+00
.35Z2E-05

.600E-04
.551E-06
L927E-01
.951E-06
.369E-0i
.B22E-05

.352E-04
.270E-06
.457E-07
.0B0E-05
.096E-07
.240E-05

.356E-04

.205E-05
.968E+01

.525E-05

.660E+01
.80TE-05

~NO—Ww—=w MO — -0 N — -0 N0 — M N W — B

—“NWsLQW

N —w— ~

.520E+0+
.842E-06
.029E-~05
.B24E-06
.4T3E-05
L2T4E-04

.TVI1E-O1
.034E-05%
.43CE-05
.918E-04
.458E~-04
.T9TE+0D

.086E-01
.351E-086
.608E-05
.191E~0B
.504E-05
.208E-05

.664E+00
.351E-06
.865E~05
.191E-06
.612E-05
.202E-03

.086E-01
.3b1E-06
.575E-05
.191E-08
.047E-08
.146E-05

.055E~-04
.B61BE~-05
.281E-05
.189E-0b
.308E-05
.191E-04

.O076E+01

.351E-06
.0B6E-03
.182E-08
.458E-04
.980E-C2

~N == kOt ~N =05 Ow N —00h~NMN ~N—0hoOm (oo BEAVING IIE 41 IR ~N s~

W—— A - N

.885E-0B
.549E-03
.260E-04
.BT1E-Q4
.285E-04
.394E-05

.T80E-04
.386E-03
.554E-04
,325E-02
.466E-03
.314E+00

.297E~-06
.T17E-0b
.284E-04
.962E-06
.245E-04
.382E-05b

.432E-05
.931E-04
.245E-04
.488E-05
.251E-04
.01BE-03

.T55E-06
.527E-0B
.27T1E-04
.7T07E-06
.219E-04
.392E-05

LT189E-0T7
.5TBE-05
L221E-04
.378E-086
.238E~-04
.393E-C5

.937E-04

.351E-086
.224E-04
.399E-04
.234E-04
.1B61E-02

ORGAN AND

.620E+01
LA423E+401
.T63E~-04
.420E+00
.118E-04
.464E-04

NN O —- —

.399E-01
.400E-01
.314E-03
.388E+00
LATTE-01
.481E+00

O W o GG

.268E-01
L2T4E-01
.TTSE-04
.O0T1E-0O1
.082E-04
.935E-05

oMWW

.0i1B6E+00
.215E+00
.045E-02
.95TE+00
.162E-03
.334E-03

Wo—~Nnaom

.628E-C1
L2T4E-01
.T37E-04
.CTI1E-0O1
.028E-04
.586E-05

~ N WO W

.247E-05
L351E-07
. 7T85E-04
.801E~-08
.066E-04
.7T60E-0b

OO —~ N

.B19E+00

.519E+01
.912E-01
A4TE+Q]
.752E-02
.332E-02

WMoy ~

NUCLEUS

NO~N—Ww N W~ — NN~ - N W~ — OO NG~ — W

oNw -~y —

.855E-01
.B58E+01
.054E-04
.059E+00
.121E-04

.548E-01
.031E-01
.863E-03
.388E+00
.455E-01

.691E-02
.308E-C1
.054E-04
.514E-01
L121E-04

. 185E-01
.80BE+0Q
.9BTE-02
.219E+00
.811E-03

.691E-02
.308E-01
.054E-04
B14E-01
121E-04

.TT2E-08
.2B65E-07
.054E-04
.727E-08
L121E-04

.495E+00

.2BBE+01
.088E-01
.TT4E+0 1
.286E-02

HLW.DSE(hind) .



SPECIFIC
22 1.0
90Sr 9
95Zr 18
g5Nb 10
g9Te¢ 11
106Ru 19
1291 H
134Cs 2
137Cs 3
144Ce 26
235U 20
236U 21
238U 22
237TNep 4
239Ne &
238Pu 13
238Pu 14
240Pu 15
241Pu 16
242Pu 17
241Am 6
242Cm 7T
244Cm 8

JAERI-M 90158

RADIOACTIVITY PER RELEASED NUCLUS

LATE+Q2
.84E-04
.489E-04
.B52E-02
.22E+0]
L.22E-08
.01E+02
.0BE+02
.0D3E+01
.7T6E-0OT
.03E-06
.B0E-06
.B1E-04
.1BE-02
.98E~02
.32E-03
.85E-03

PO —-N—~OObRhbLEAAMNW—ON—MION®WL-—

Fig. 4.4 Contents of dose evaluation data file HLW.DSE(fore).

RELEASE OF AEROSOLS VIA HLLW TANK OFF-GAS SYSTEM

.RAT
.CUT
.DSE
LOUT
.Kov
.FAR

Fig. 4.5 Contents of job file for batch use of STAR.
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Table 5.1 Sample Computation Output On a Key-board Screen

Program STAR : Release Risk Evaluation

path failed annual effective released dose dose

no. barriers frequency duration flow. equiva, risk
I NONE | .O0E+00 B8.7BE+03 7.30E+01. 2.22E-06 2.22E-06
Z QKV 6.13E-02 2.01E+01 1.55E+D04 1.08E-06 6.60E-08
3 QKS 6.13E-02 1.71E+01 3.89E+04 2.30E-06 1.41E-07
4 QKV SK 6.05E-06 1.68E+01 5.34E+04 3.11E-06 1.88E-11
5 QKS 8K 6.08E-06 5.97E+00 1.39E+06 2.87E-05 1.74E~10
6 KOL 1.5666+00 2.30E+01 9.51E+01 7.58E-08 1.18E-08
. T QKV KOL 5.92E-04 1.27E+01 2.05E+04 9.03E-07 5.34E-10
8 QKS KOL 5.92E-04 1.60E+00 5.16E+04 2.8B6E-07 1.68E-10
8 KON 8 .89E-02 6.1BE+00 7.45E+01 1.59E-08 1.42E-10
10 QKV KON 2.68E-05 65.23E+00 1.58E+04 2.8YE-07 7.68E-12
i1 QKS KON 2.68E-05 1.95E-02 3.97E+04 2.68E-09 7.1T7TE-14
i2 KOL KON 3.65E-04 4.80E+00 g.70E+01 1.62E-09 ©5.90E-13
13§ 2.37E-01 '5.00E-0% 3.10E+04 5.38E-08 1.27E-08
14 QKV § 6.23E-05 4,93E-01 6.53E+06 1.12E-05 ©6.96E-10
15 QKS S 6.23E-05 1.21E-30 1.64E+07 6.91E-35 4.31E-39
16 KOL S 7..43E-04 4 .89E-01 3.96E+04 6.72E-08 4.89E-1]
17 KON § 1.54E-05 4.62E-01 3.17E+04 5.07E-08 7.81E-13

enter RETURN to continue
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Table 5.4 Contents of The Reliability Data File Used As Inmput

RELIABILITY DATA OF THE BASIC EVENTS

FAILURE RATE(I/H) REPAIR RATEC(I/H) UNAVAILABILITY FAILURE FREQ. DEN.{(1/H)

CLASS TYPE BASIC EVENT A DA R DR u DU H DH
1 2 Gwviz2 8.60E-05 2.07TE~08 4.1TE-CZ 1.0BE-D2 .00E+D0 .00E+C0 B.B0E-05 2.0TE-08
1 2 GFRV 8 .50E-05 2.0TE-08 4.17E-QZ | . 0BE-D2 .0GE+0{Q ,0CE+00 8 .60E-05 2.0Q07E-08
1 2 FVEVY 8.60E-05 2.07E-08 4.17E-02 |.06E-02 ,00E+00 .Q0E+00 8.60E-05 2.07E-08
1 2 WKDVE 8.B60E-05 2.07TE-08 4.1TE-02 1.06E-G2 .00E+D0 .QDE+DD B.BOE-05 2.0TE-08
1 2 GKV) 8 BOE-Db 2_.0TE-08 4_17kR-02 ',06E-02 _Q0E+00 ,O0E+00 B.BOE-06 2.07E-08
1 2 GFVE 8.60E-05 2.07E-08 4.1TE-02 |.0BE-0C2 ,0DE+00 ,D0E£+00 8.60E-05 2.07E-08
1 z GWV B.BDE~-05 2.0TE-08 4.17E-02 !, 0BE-02 .00E+00Q .00E+00 B8,B0E-05 2.0TE-O8
2 2 GWVR 4.30E-05 5.18E-09 4.17E-02 '.06E-02 .00E+00 .OQDE+00 4.30E-05 5.18E-09
2 4 KGAV 4,30E-05 5.1BE-09 4.17E-02 1 ,06E-02 LO0E+00 ,00E+00 4.30E-05 5.18E-09
2 2 GWR 4. 30E-05 6.18BE-09 4 .17TE-02 1.06E-02 .ODE+00 .0DE+00 4.30E-06 5.18E-089
2 2 LSEY 4.30E-05 5.1BE-09 4.17E-02 }.CBE-DZ _ODE+00 ,00E+00 4.30E-05 §,18E-09
2 2 WKDVA 4,30E-05 5.18E-09 4.17E-02 ] .06E-02 .OCE+Q0 .00E+00 4,30E-05 5.18E-09
2 z GKV3 4.30E-05 5.18E-09 4.17E-02 1.08E-D2 _OOE+00 .DOE+00 4.30E-05 5.18E-09
2 2 GWVD 4 _30E-05 5.18E-09 4.17E-0Q2 1.06E-02 .0Q0E+D0 .COE+00 4.306-05 5.18E-09
2 2 KGDRV 4.30E-05 5.18E-09 4.1TE-02 1.06E-02 .00E+00 .QOE+00 4.30E-05 5.!8E-09
2 4 GFRVA 4 . 30E-05 5.18E-09 4.1TE-02 1.06E-02 ,00E+00 .CQE+00 4.30E-05 5.78E-09
3 ] GFSE 1.206-05 4.04E-10 | .67TE-01 1.69E-0! 7.20E-05 4.60E~08 1 .20E-05 4.04E-10
3 I GFS5G 1.20E-D05 4.04E-10 |.6TE-0Q1 1.69E-0! 7.20E-05 4.60E-08 | .20E-05 4.04E-10
3 1 WKOMR 1 .20E-05 4.04E-10 | .BTE-01 1.B9E-O! 7.20E-05 4.BOE-08 1.20E-05 4.04E-10
3 1 GKUMR 1 .20E-05 4.D4E-10 | .67E-01 1.68E-01 7.20E-D5 4.GOE-08 1.20E-05 4.04E-10
3 1 GWMT 1.20E-05 4.04E~-10 | .6TE-01 |.GSE-01 7.20E-05 4.60E-08 1.20E-05 4.04E-10
4 ! GKXL 1.60E-05 6.31E-10 1 .39E-02 |.ITE-Q3 1.0BE-03 1.03E-05 1.S0E-05 6.29E-10
4 i GWEDL | .50E-05 6.31E-T0 1.38E-CZ 1.17E-D3 1.0BE-03 1.03E-05 1.G0E-05 6.28E-10
3] i Qs | .00E-QS 2.B0E-10 1.BTE-0! 1.69E-01 6.00E-05 3,20E-08 1.00E-05 2.80E-10
5] 1 GWHSA | .00E-0% 2.80E-10 1.BTE-G1 |.B62E-0! 6.00E-05 3,20E-0B 1.00E-05 2.B0E-10
-] 1 KGAM {.QDE-D5 2,80E-10 1 .BTE-O1 1,69E-01 6.00E-05 3.20E-08B 1.Q0E-05 Z.8B0E-10
5 1 GWMA 1 .00E-0% 2.80E-10 1.67E-01 1} .69E-CI 6,00E-05 3.20E~08 1.00E-05 2.80E-10
8 1 GKKV 1.00E-05 2.80E-10 1.6TE-01 1.69€-01 6.00E-05 3.20E-08 | .00E-05 Z2.B0E-10
5 1 KDOMA 1.00E-05 Z.80E-10 | . 6TE-Q1 1.B68E-0! 6.00E-05 3,20E~08 | .00E-05 2.80E-10
6 1 GWA | 1.25E-04 4,38E-08 4.1TE-02 1,06E-02 2.99E-03 7.90E-05 1.25E-04 4.35E-08
T 1 GFMR 1.70E-05 B.10E-'0 | ,B6TE-O1 1.89E-01 i.02E-04 9.24E-08 1.TOE-05 B.I1OE-10
T t GF VMR ) .TOE-05 B.!0E~-10 1.67E-01 1,.68€E-01 1.02E-04 9.24E-08 1,TO0E-05 B.iQE~1D
7 i LSEMR | .70E~05 B8,10E-10 1.67TE-0! 1.69E-01 1.026-04 9.24E-08 1.TDE-05 8,{0E-10
T 1 KGAMR | . 7T0E-05 B.10E-10 1.67E-G1 1.69E-01 1_.02E-04 9 .24E-08 1.TOE-05 8.10E-10
T 1 KGDMA | . T0E-05 B,10E-i0 ) .BTE-01 1 .69E-01 1.02E-04 9.24E-08 1.TCE-0% 8.10E-10
T 1 VDEL 1 ,TOE-0S B.10E-10 1.6TE-01 1.69E-0! 1.02E-04 9.24E-08 |.70E-05 8.10E-10
T 1 FVEMR 1.7TOE-05 8.10E-10 1.6T7E-01 1.69E-01 }.0ZE-D4 9.24E-0B | .TDE-05 8&.10E-10
8 3 WMV | 1.00E-03 Z.80E-06 1.00E+00 6.08E+00Q 1.00E-03 2,BOE-0B .00E+00 .00E+00
8 3 KGAMV 1.00E-03 2.80E-06 | .QCE+00 6.08E+00 | .00E~03 2.BOE-06 .00E+0Q . 00E+DQ
B 3 GFMV 1.00E-03 2.80E-08 1.00E+0Q0 6,08E+00 | .00E~-03 2 .BOE-0B .00E+DQ .00E+00
8 3 WK DMV 1.00E-03 2.80E-06 1 .QDE+QC 6.08E+00 i .00E-03 2.80E-~06 .00E+00 .0QE+DO0
8 3 GKMV | .ODE-03 2.80E-06 | .00E+00 6.08E+00 {.00E-03 2.80E-06 .00E+00 ,QO0E+00
8 3 GFVMV 1 .00E-D03 2.B0E-06 | .Q0E+00 6.08E+0C T.00E-C3 2.B0E-06 .DOE+00 .QOE+QC
8 3 GWVMV ) .ODE-03 2.BOE-06 | .00E+00 6.0BE+O0 1,00E-03 2Z.80E-06 .0DE+00 .0QCE+QO0
9 2 GFVR 4 ,30E-05 5.18E-09 4.17E-02 1.06&-02 .00E+00 .0QE+CQ 4.30E-05 5.18E-09
g Z2 KBV 4.30E-05 6,18E-09 4.17E-02 1.0BE-DZ _DOE+DC .ODE+0O 4.30E-05 5.18E-09
10 3 CMVS | .ODE-01 2_.80E-02 1 .QGOE-CS 6.08E-10 }.00E-0% 2.80E-02 .00E+00 .QCE+00
11 1 QSHRAL 3.00E-08 2.52E-15 8.33E-02 4,22E-02 3.60E-07 1.IBE-12 B3.00E-08 2.52E-15
12 1 QSEKS 5.00E-07 7.01E~-13 1.39E-02 1.1TE-03 3_BOE-05 1.15E-08 5.00E-07 7.01E-13
13 1 QSBLK 5.00E-07 T.01E-13 2.08E-02 2.64E-03 2. 40E-05 5.11E-09 §.DOE-OT 7.01E-13
14 1 GFSEU {.20E-05 4.04E-10 2.00E+00 2.43E+01 6.00E-06 3.20E-10 1.20E-05 4.04E-i0
15 1 GWEDLU | .50E~05 6.31E-10 2.GOE+CG0O 2.43E+Q) 7.50E-06 4.99E-10 1.S0E-05 6.31E-10
16 1 aBsSL 5.00E-D6 T.01E-11 2.0BE-D2 2,64E-03 2.40E-04 5.11E-07 &.00E-06 7.00E-11
1T ! QBKUY 7.30E-0T 1.48€-12 1.11E-01 7.50E-02 6.57E-06 3.83E-10 7T,30E-07 |.49E-12
18 1 QBKTZ 2.00E-06 1.12E-11 1.00E-0} 6.08E-02 2.DDE-05 3.5S5E-09 2.005-06 1.12E-11
19 1 QESOM 1.40€E-07 5.49E-14 | . 25E-01 9.B0E-0Z2 1.12E-06 1.11E-11 1.40€E-07 5, 49E-~14
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Table 5.6 Computed Maximum Dose Equivalent Committed By Public

MAX IMUM DOSE EQUIVALENT COMM!TTED PER NUCL [DE AND HUMAN ORGAN (REM)

NUCL IDE LIVER LUNGS OVARIES R MARROW TESTES THYROID BONE SURF
g0Sr 1.88E-09 2.T1E-09 |.89E-08 2.53E~07 1.BYE-09 ! .89E-09 §&,GSE-OT
85Zr 2.34E-15 3,T4E-15 3.26&-15 2.24E-15 2.08E-15 2.49E-15 1,78E-13
g5Nb 2.02E-185 2.07E-14 - 1.8BGE-15 2.6BE-15 G.TO0E-16 [.19E-15 §.26E-15
g9Te 7.08E-15 3.94E-14 6.IBE-15 ©&.1BE-15 ©bG.15E-15 1.38BE-13 5.1BE-15
106Ru 3.37E-09 4.39E-09 3 ,36E-09 3.35E-09 3.37E-09 3.34E-09 3.34E-09
1291 j .68E-20 &.T4E-20 1 .52E-20 2.44E-18 1.42E-20 Z2.66E-16 2.39E-20
134Cs 5.77E-09 &.36€E-09 5.18E-09 S.38E-09 5.91£-09 B5.06E-09 S.00E-09
137Cs 7.95E-09 8,14E-09 7.51E-09 7.68E-09 8.1[E-09 7,33e-09 7T.35E-09
144Ce 7.00E-09 2.12E-07 6.35E-11 T.7S5E-10 65.21E-11 T.65E-11 1 .28E-09
235U 1 .BOE-17T 2,21E~16 {.B1E-IT 5.45E-{6 1.T7T9E-1T7 1.BIE-1T T.7BE-I15
236U 3.24E-16 4 .06E-}5 3.24E-16 9.02E-15 3.24E-16 3.24E-16 |.42E-123
238U ?2.69E-16 3.25E-'6 2.TlE-16 1 ,l19E-14 2.6TE-16 2.68BE-16 1.23E-13
237Np 1.75E-09 5.43E-i1 1.05E-i0 B.52E-10 |.05E-i0 3.52E-14 8. 15E-09
238Np 4.96E-13 4,90E-12 3,34E-14 1.53E-13 2.36E-14 1.08E-I5 ].85E-12
238Pu 1.07TE-D7 4.07E-09 6.24E-09 3.93E-08 6.24E-09 1.02E-15 4.91E-0T
238FPu 1.02E~D8 3 .29E-10 6.09E-10 3.BDE-09 6.09E-10 8.27E-1T7 4.T4E-08
240Pu 1,63E-08 &5.27E-10 9S.74E-10 6.0TE-09 9.T4E-10 1.69E-16 T.59E-08
241Pu 7.44£-08 5.33E-11 4.91E-09 2.95E-08 4.91E-09 1.09E-13 3.68E-0T7
242Pu 6.51E-11 2_10E-12 3.B9E-12 2.43E-11 3.89E-12 3.69E-18 3.03E-10
241 Am 4,39E-06 1.46E-07 2.51E-07 1.63E-06 2.61E-QT 6.09E-12 2.04E-06
242Cm 1.34E-08 1 _.58E-08 5.89E-i0 4.16E-09 5.89E-10 1.31E-16 b.R20E-08
244Cm 6.67E-06 4.23E~0T7 3.52E-07 2.31E-06 3.52E-0T7 1.38E-13 2.BOE-05
TOTAL 1.13E-05 B.23E-07 6.35E-07 4.30E-06 6.4BE-0T 1.T7E-08 3.26E-05
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Fig. 5.1 Farmer diagram for sample loss of coolant accident.
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Fig. 5.2 Complementary cumulative distribution of frequency
for sample loss of coolant accident.
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Fig. 5.3 Size dependent particle number flow
for sample loss of coolant accident.
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Fig. 5.4 Size dependent particle mass flow
for sample loss of coolant accident.
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Fig, 5.5 Size dependent particle activity flow
for sample loss of coolant accident.
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Fig. 5.6 Particle size dependent barrier penetration
for sample loss of coolant accident.
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