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MECHANICAL DISPERSION
of
CORE MATERTAL



STEAM, HYDROGEN,
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DISPERSED CONDITIONS

+ AVAILABLE SURFACE AREA ~800wm?

AMOUNT OF CORE DEBRIS~ 100,000 kq
+ BED POROSITY €~0.5
*BED DEPTH ~ 3cm



CONCLUSIONS

° MECHANICAL DISPERSIVYE TPOTENTIAL
TS LARGE AND PROBABLY DICTATES
THE FINAL CORE TDEPOSITION

*WATER IS AVAILABLE ON A CONTINUOUS
BAS1IS ON ALL SURFACES WHERE
SIGNIFICANT FUEL ACCUMULATION
CAN OCCUR

¢*DISPERSED CORE IS COOLABLE AND
NQO SIGNIFICANT ATTACK OF THE
CONCRETE OCCURS
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APPENDIX B: SYMBOLOGY )

System Identification System Failure
Symbol Syster Symbel

CSRS ontaimment Soray Recirculation System F
ECI(S) Emergency Coolant Injection (System) D
ECR(S) Bnergency Coolant Recirculation (System) H
AFWS Auxiliary Peedwater System L
LPRS Low Pressure Recirculation System
HPIS Bigh Pressure Injection Syster
LPIS Low Pressure Injectior Syster
ACTS Accuarulator Syster
RCS Reactor Coclart Syster
RHF Residual Heat Removal Syeten
HPRS High press.re recirculation system

Ra=T Refueling water storage tank



SYMBOLOGY
nitiating Bvents Symoel
Large pipe break ( 6%) B

Small pipe break (2°-6°)

Small pipe break (1/2°-2°)

Interfacing check valve failure (Mo LPIS/LPxS)
with blowdown outside contairment v

Transient (Loss of offsite AC power ) T
Loss of AL Power Events Symbol

Non-recovery of off-site power for

about 1 hr v

Loss of Onsite AC power for about 1 hr. B

Non-recovery of any AC power for about 3 hrs. B'

Saccessful recovery of some AC power

wvithin 3 hrs. B.
Containment Failure Mode: Symbe

—

Stear explosion ir Reactor Vesse)

Isclation leakace

Overpressure - generallv (less hvdrage-

Contaimment melt-throue-

oo 1
o
Overpressure frar Wvdrage- bur=ing Y




TIDENTIFY
SEQUENCES

SHORT-TERM CORE MELT STUDY

PROCESS OVERVIEW

SAFETY
SYSTEMS
STUDILS
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SEQUENCE

PROCABILITIES

FISSION
PRODUCT
RELEASE +
CONSEQUENCES
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CONTAINMENT
FATLURE
PROCESSES

CONTAINMENT
STUDIES

CONTALIMENT
FATLURE

PROBABILITIES

RISK
CALCULATION
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PRESENTATION OUTLINE

IDENTIFICATION OF SEQUENCES

PROBABILITY ESTIMATES

FISSION PRODUCT RELEASES AND CONSEQUENCE CALCULATIONS

RESULTS



ACCIDENT SEQUENCE IDENTIFICATION

STARTING POINT
WASH-1400, APPENDIX 5, TABLE 3-14
CUTOFF PROBABILITY OF 1 X 10°% / YEAR

SEQUENCES ADDED
ARF
S HF
S pHF

SEQUENCES DELETED

e
|



SEQUENCE
AD

AH

AHF

5,C

Syi

S HF

5,0

SoH

SoHF

THMLEB'

TMLBB"

ACCIDENT SEQUENCE SUMMARY

INITIATING EVENT

LARGE LOCA (A)

LARGE LOCA (A)

LARGE LOCA (A)

INTERMEDIATE LOCA (S1)

INTERMEDIATE LOCA (Sq)

INTERMEDIATE LOCA (S7)

SMALL LOCA (S2)

SHALL LOCA (Sp)

SMALL LOCA (S2)

INTERFACING CHECK VALVE FAILURE (V)
TRANSIENT LOSS OF OFFSITE POWER (T)

TRANSTENT LOSS OF OFFSITE POWER (T)

ECCS
ECCS
ECCS
ECCS
ECCS
ECCS
ECCS
ECCS
ECCS

FAILED FUNCTIONS
INJe 'ION (D)

RECIRCULATION (H)

RECIRCULATION (H) + SPRAY RECIRCULATION (F)
INCECTION (D)

RECIRCULATION (H)

RECIRCULATION (H) + SPRAY RECIRCULATION (F)
INJECTION (D)

RECIRCULATION (H)

RECIRCULATION (H) + SPRAY RECIRCULATION (F)

ONSITE AC POWER + AUXILIARY FEEDWATER + LONG-

TERM NON RECOVERY OF POWER

ONSITE AC POWER + AUXILIARY FEEDWATER +

RECOVERY OF SOME POWER



PROBABILITY TOPICS

KEY DIFFERENCES FROM WASH-1400
INITIATING EVENT PROBABILITIES
COMPONENT FAILURE DATA

SYSTEM FAILURE CALCULATION



SUMMARY OF WASH-1400 DIt "ERENCES

CONTAINMENT FATLURE FROM STEAM EXPLOSION
e REDUCED BY 10 FOR "A"™ SEQUENCES

e REDUCED BY 100 FOR "S;", "Sp", "TMLB" SEQUENCES

OPERATOR ERROR PROBABILITIES
o FELIMINATE FATLURE TO SHIFT TO HOT LEG RECIRCULATION

e REDUCE INJECTION-TO-RECIRCULATION ERROR PROBABILITY BY 10
FOR SHE AND SoHE
INTERFACING CHECK VALVE CALCULATION

LOSS OF OFFSITE POWER PROBABILITY (ZION)

CONTAINMENT OVERPRESSURE FAILURE PROBABILITY

e USED 0.1 FOR ALL SEQUENCES EXCEPT TMLB

DICSEL-GENERATOR COMMON MODE FATLURE

e REDUCED PROBABILITY BY 100



INITIATING EVENT SUMMARY

INITIATING EVENT

LARGE LOCA (A)
INTERMEDIATE LOCA (S;)
SMALL LOCA (S,)

LOSS OF OFFSITE POWER (T)

INTERFACING CHECK
VALVE FAILURE (V)

PROBASILITY

1 x 10°%/veAR
-4

3% 107%/veEAR

1 X 10°3/YEAR

0.04/YEAR (IP-2)
0.2/YEAR (ZION)

2.8 x 10°10/ygar (1p-2)
7.2 X 10°8/YEAR (ZION)
5.2 X 10°8/YEAr (1P-3)



SOURCES OF COMPONENT FAILURE RATE DATA

® WASH-1400 GENERALLY

o EXCEPTIONS
DIESEL GENERATORS
GAS TURBINES (IP ONLY)
AUX FEEDWATER TURBINE (ZION)

@ DETAILED DERIVATIONS IN APPENDIX A




MITIGATING SYSTEMS AND RELATED SEQUENCES

SYSTEM SEQUENCES

LPIS AD

ACCUMULATORS AD, S10

HPIS $10, S50

LPRS AH, AHF

HPRS SiH, SiHF, SpH, SoHF
CHECK VALVES v

AFW TMLB

ONSITE AC POWER TMLB

f {



FLUID SYSTEM UNAVAILABILITY ANALYSIS PROCEDURE

e PRODUCE SIMPLIFIED FLOW DIAGRAM
@ ARRANGE COMPONENTS INTO GROUPS OR "BLOCKS"
o CONVERT FLOW DIAGRAM INTO A BLOCK DIAGRAM

o COMPUTE FAILURE PROBABILITY WITHIN
EACH £.0CK

¢ DETERMINE THE COMBINATIONS OF BLOCK
FAILURES WHICH RESULT IN SYSTEM FAILURE

e COMBINE BLOCK FAILURE PROBABILIT T0

ITIE
ARRIVE AT SYSTEM FAILURE PROBABILI

S
TY

A}

=4
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3.21-2)

CSRS
D—=1 5 -
;:?’ CSRS TO RCS
-——@—
HX P =P =3.6x1072

20 .'QI -4) 41-4)

3.5(-3)

@(\M——N———

1.3(-3 1.3(-3) 21-4)

COMBINAT[ON OF
BLOCKS

OLE©)
OO
@) ano 3)
(@) ann (@)

LPRS BLOCK DIAGRAM & FAILURFE COMBINATIONS

PROBABIL |
FORMULAT It

(32

3.61-21X3.61-2)

J.61-21%2.81-3)

2.81-31X3.61-2)

2.8(-3)1x2.81-3)

PILPRS AND CSRS) -

P.LPRS) =

PR =P (A)=2.8x10°3

r——-.ESULl-————j

Mo rAILS  OT AL
1.3x10°3
1x10~4
1x10~4
7.8x10°6
1.3x10"3
2x10-4




EXAMPLE SEQUENCE PROBABILITY CALCULATIONS

SEQUENCE AH

8 ) ® BT W

p(tgggE) = p(EVENT A)

p(SEQUENCE AH) .

SEQUENCE AHWF

p(LPRS + CSRS FAILURE)

p(OPERATOR ERROR)
p(EVENT HF) =

{tgggg) « p(EVENT A)

p(SEQUENCE AHF) s

2 x 107%
1 x 104

2 x ic-8

1.3 x 1073
3x 10
4.3 x 1073

1 x 1074

4.3 x 1077




COMPARISON OF CHECK VALVE FEATURES

PLANT FEATURE Z10N 1P-2 IP-3 WASH-1400

CHECK VALVE TEST CONNECTIONS

PROVIDED? YES YES YES NO

PERIODIC TEST INTERVAL NOT 15 MOS. 9 MOS. —
DONE (*) (*) (*)

LOW PRESSURE SYSTEM PIPING

INSIDE CONTAINMENT? NO YES YES NO

CHECK VALVES ISOLATED BY

NURMALLY CLOSED VALVE? NO YES NO N

NUMBER OF PATHS TO LOW PRESSURE

PIPING ISOLATED BY CHECK VALVES 4 4 4 3

NUMBER OF CHECK VALVES

IN EACH PATH 3 2 2 2

(*)TESTING IS PRESENTLY PERFORMED AT EACH RCS PRESSURIZATION
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INTERFACING CHECK VALVE FAILURE PROBABILITY CALCULATTON

The following calculaticn is based on the model and failure rates
given in WASH-1400, Appendix V, Section 4.4, pp. V=423 and V=44,
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= Failure of one check valve pir,
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s Failure of one check valive gir,
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FAILURE_MODE
IN-VESSEL STEAM
EXPLOSION (ALPHA)

FATLURE CF CONTAINMENT
ISOLATION (BETA)

OVERPRESSURE FAILURE
(GAMMA + DELTA)

MELT THRU (EPSILON)

CONTAINMENT FAILURE MODES

THIS_STUDY
-3
10, LARGE BREAKS

107%, SMALL BREAKS & TRANSIENTS

2 x 10'3

0.1

CASE 1: RESIDUAL ASSUMING
TOTAL FATLURE
PROBABILITY OF 1.0

CASE 2: 10‘2

WASH-1400
1072

2 x 1073

0.1 TO 0.2 FOR NO SPRAY CASES
0.8 FOR TMLB

-2
<10 OTHER CASES

RESTDUAL ASSUMING
TOTAL FAILURE
PROBABILITY OF 1.0
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COMPARISON OF ACCIDENT
SEQUENCE PROBABILITIES

PROBABILITY (PER YEAR)

SEQUENCE

ZION 1P-2 1P-3 WASH=1400
AD 5 x 1077 6 x 1077 5 X 1077 2 x 1076
AH 2 x 1078 1 x 1077 2 x 10°° 1 x 1076
AHF 4 x 1077 3 x 1077 3 x 1077 1 x 10710
$10 5 x 1077 2 x 1076 1 x 1078 3 x 1078
S1H 1 x 10-6 1 x 1076 1 x 1076 3 x 1078
§ HF o 5 x 1077 1 x 1077 1 x 107 4 x 1010
S50 5 x 107 5 x 107 4 x 107 9 x 1076
S oH 4 x 1076 a x 10°° 4 x 1076 6 x 1078
S OHF 2 x 1078 T 4 x 1077 1 x 1072
52C N/A a :T.. N/A 2 x 1078
v 7 x 10°8 3 x 10717 5 x 1078 4 x 1076
TMLBB' 1 x 10°8 8 x 1077 8 x 1079 3 x 1076
TMLBB" 1 x 1078 8 x 1077 8 X fc" 3 x 1078




TABLE 3-1
CONTAINMENT FAILURC MODE PROBABILITIES
L RIES FOR TH
NT NT U

CONTAINMENT FAILURE PROBABILITY AND (RELEASE CATEGORY)
SEQUENCE o X _€ (NOTE 1)
e S CASE 1 CASE 2
AD 10°33)  |2x1073(s) [o.1(5) 0 0.9(7) .01(7)
A 1033) | m073s) |o.105) 0 0.9(7) .01(7)
AHF 103(1) | ax1073s0 {o.1(2) 0 0.9(€) 0106
L
| 5,0 100%3) [ 2x1073s) o.1(5) 0 0.9(7) 01(7
i
| sy 10°%3) | 1.67073(s} 0.1(5) 0 0.9(7) | .0o1(7)
I e - | ,,'4 '3 \ \ '
o 10°%1)  |1.67x10°3(5] 0.1(2) 0 0.9(6) .01(6
SoC 0-4(3) -3 \ (7
| 2t 10°%3)  R.2x1073(5) [0.1(5) 0 0.9(7) 01(7
| 4 3
So+ 1077(3) 1.6x1077(5)] 0.1(5) 0 0.9(7) .01(7
-
! r ‘A \ ‘3 \ 194
§,H 107%(1) h.smo ()1 0.1(2) 0 0.9(6) 01(6
| TH_ES 1074(3) .24(5) 0 6(7) | L7607
3 p
| ™™_3e 107%(3) .24(5" s6(s) .2 (7 2 (7
(Zion
| Mee 1074(1) .24(2) 5620 .2(6) | .2 (e
(I.Point)
note 51,
case | PE) = ] -Z?(Others)
Case 2: P(€) = .01, except for TMLB sequences. For TMLE sequences, P(E, is
the same as in Case 1.




SUMMARY OF PROBABILITY ESTIMATES: INDIAN POINT - 3

Release |
Category
Sequence

AD .4(-10)."‘.i
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SUMMARY OF RELEASE CATEGORY
PROBAUILITY ESTIMATES (FOR CASE

. RELEASE CATEGORY

e -

~ ] 2 3 5 6 7
PLANT \\ e

INDIAN POINT - 2 3.5(-10) | 8.5(-8) 1.9(-9) 1.3(-6) 7.0(-7) 1.1(-5)
INDIAN POINT - 3 3.5(-10) | 1.4(-7) 1.6(-9) 1.1(-6) 6.9{-7) 9.7(-6)
B -~

Z10N 6.4(-10) | 3.2(-7) 1.2(-9) 6.8(-7) 2.2(-6) 6.1(-6)
N N o

WASH-1400 PWR 2.8(-8) 4.6(-6) 2.3(-6) 3.8(-8) 1.4(-7) 2.9(-5)
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PRINCIPAL DESIGN DIFFERENCES
IMPORTANT IN THE DOMINANT SEQUENCES

PLANT APPLICABILITY

DESIGN —
FEATURE 210N 1p-2 IP-3 gwlz 0

DIESEL SPRAY PUMP X

CONTAINMENT FAN COOLERS X X X

PARALLEL LOW PRESSURE

RECIRC. SUBSYSTEMS X :
THREE VS TWO DIESELS X X X
GAS TURBINES A X

CHECK VALVE
TEST CONNECTIONS X X X

CTMT. SPRAY RECIRC.
SEPARATE FROM ECCS RECIRC. X
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PROBABILUTY PER REACTOR YEAR

b
L}

ZION ¢ INDIAN POINT
PLANTS AT THEIR (WN
SIIESI‘MSP PLANITS
WITH NO CHANGES ¢ NO
CRELAT FOR STEAM
EXPLOSION  TECHNOL O6Y

WASH et
Al ZION ‘11t

 WASH - 1L00

WA H L0 Al
HOAN POINT
Rl

10

10

100

CONSEQUE NCE

o0



SUMMARY CF MAN-REM CONSEQUENCE
AND RISK RESULTS BY RELEASE CATEGORY

la 1b 2 3 5 £ 7
o~
+= | Consequence Per Event | 4.8(7) 2.1(7) 2.9(7) 3.0(7) 2.9(6) 2.7(5) 4.4(3)
g
< | Risk Per Year 1.4(-2) 1.1(-3) 2.5 5.7(-2) 3.8 1.9(-1) 4.38(-2)
»—-;--4 T - — - —

+ | Consequence Per Event | 4.8(7) 2.1(7) 2.9(7) 3.0(7) 2.9(6) 2.7(5) 4.4(3)
=2
S | Risk Per Year 1.4(-2) 1.0(-3) 4.1 4.8(-2) 3.2 1.9(-1) 4.3(-2)

Consequence Per Event 1.8(7) 1.2(7) 1.6(7) 1.9(7) 2.6(6) 3.2(5) 5.9(3)
b
o
" | Risk Per Year 7.7(-3) 2.5(-3) 5.1 2.3(-2) 1.8 0.7 3.6(-2)
S | Consequence Per Event 2.8(6) 3.1(6) 1.4(6) 7.0(4) 7.5(3) 1.3(2)
-
% | Risk Per Year 7.8(2) 1.4(1) 3.2 2.7(-3) | 1.1(-3) | 3.8(-3)
=




MAJOR

INTERMEDIATE

MINOR

SUMARY
IMPORTANT CONTRIBUTOKS TO RISK FOR INDIAN POINT & ZION

TYPE OF SEQUENCE - CONTAINMENT
FAILURE MODE CONTRIBUTION

CONTAINMENT OVERPRESSURE FATLURE WITHOUT SPRAYS. FAILURE
RESULTING FROM PRESSURE SPIKES (HYDROGEN BURN OR RAPID
STEAM GENERATION)

CONTAINMENT OVERPESSURE FATLURES WITH SPRAYS
INTERFACING CHECK VALUE FAILURES (PERHAPS)
TMLB' WITH OVERPRESSURE FAILURE (PERHAPS)

INTERFACING CHECK VALVE FAILURES (PERHAPS)
THLB' WITH OVERPRESSURE FAILURE {PERHAPS)
ALL STEAM EXPLOSION SEQUENCES

ALL CONTAIMMENT ISOLATION FAILURE

REPRESENTATIVE
SEQUENCES

AHF -GAMMA
S1HF-GAMMA

AH-GAMMA
AD-GAMMA
S1D-GAMMA
S 2D-GAMMA
v{?)
TMLB(?)

v(?)
TMLB(?)
ALPHA MODE
ALPHA MODE



SEQUENCE
AB-BURN

S,D-BURN
S
A-VENT

™LB'
TMLB"™

NRC_SEQUENCES FOR Z/IP MITIGATING SYSTEMS DESIGN

LARGE BREAK, LOSS OF AC POWER EARLY
AND RAPID HYDROGEN BURN

SMALL BREAK, LOSS OF INJECTION, RAPID
HYDROGEN BURN

SMALL BREAK, LOSS OF CONTAINMENT SPRAY
INJECTION

LARGE BREAK, LOSS OF CONTAINMENT INTEGRITY
LOSS OF AC POWER, LOSS OF HEAT SINK, LONG-

TERM POWER LOSS (B') OR SOME POWER RECOVERY
(8'")

LOW PROBABILITY

UNNECESSARILY HIGH AMBIENT PRESSURE

AT TIME OF BURN

UNNESSARILY CONSERVATIVE DESIGN CONDITIONS

REALISTIC SEQUENCE
SoHF SHOULD ALSO BE CONSIDERED

NOT AN APPRPROPRIATE SEQUENCE FOR
IP AND ZION

NOT A CORE MELT SEQUENCE

INTERMEDIATE - LOW RISK CONTRIBUTION
BOTH PROBABILITY AND MITIGATION SHOULD
BE CONSIDERED.

UTILIZED IN PRESENT SYSTEM EFFECTIVENESS
EVALUATIONS

CR



LARGE BREAK

SMALL BREAK

TRANSIENTS

¢

SUGGESTED SEQUENCES

FOR
DESIGN

AD OR AHF

$;0 OR S20
SyH OR S1HF

DO NOT UTILIZE AS PART QOF DESIGN
BASIS BECAUSE OF SMALL RISK CONTRIBUTICN

. .
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Meeting 5

Distributrion:

Docket Files S. Varga
RS8 Rdg. Files H. Polk

D. Ross TERA
Rubenstein NSIC

Check NRR Rdg. File
Novak ORB-1 R/F
Speis G. Quittschreiber, ACRS
Meyer P. Williams
Long W. Kastenberg, ACRS
Carter F. Schauer
Fenstermarcher D. Jeng

. Marchese P. Kuo
Soffer

DiSalvo

Derton

Case

Eisenhut

. Mattson

. Hanauer

Russell

Olshinski

. Zech

Murley

Budnitz

. Olshan

Reeves

. Kelber

Silberberg

Acharya

Sherry

Rowsome

Picklesimer

Butler

Benero

. Houston

Local PDR

NRC PDR (2)
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