UNITED STATES
NUCLEAR REGULATORY COMMISSION
WASHINGTON, D. C. 20555

wey 25 1082

Trant

MEMORANDUM FOR: G. N. Lauben, Section Lesader, Section A, Reactor Systems Branch, OSI
FRCOM, J. K. Long, Section A, Reactor Systems Branch, DSI
SUBJECT: SASA PROGRAM QUARTERLY REVIEW ME TING ON APRIL 13-14

Attached are copies of a few of the key documents distributed at the subject
meeting which will be of interest to RSB and CSB. I have a few more details

in my office for those interested. Some of the main develcpments are summarized
below.

Oak Ridge is pursuing the study of the BWR accident where scram discharge volume
fails. The attached summary of the study emphasizes the need for operator action
to achieve recovery. In addition, Univarsity of Tennessee is developing
mathematical models of the suppression pool.

Sandia has initiated a review of PWR contairment management for severe accidents.
Some comparisons between their Zion review and NUREG-0850 were presented.
Pressurized thermal shock was also investigated.

EG&G at [daho have extended their studies of station blackout, SG tube ruptures
and depressurization without PORVs. In the latter case, they have completed

their analysis with RELAP 4 Mod 7 and have suggested that RELAP 5 will be
necessary if they are to refine the work further. We have agreed that this should
be done.

The LANL thermal hydraulics neutronics studies of boron dilution have been
completed using TRAC, and a draft report is attached. They have not included
operator dose estimates and I repeated our need for this information. The
main dcse pathway appears to be radially outward through the vessel and then
upward through the gap between vessel and shielding. LANL has also studied the
behavior of noncondensable gases releyant to the development of procedures for
the use of high point vents. e,ex '
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SASA POOGRAM 2EVIEW AGEZ'DA
Poom 130, ¥illste 3uiléing, 791§ Zastern Avenue
Silver Soring, Marvland
foril 13-14, 1982

Introductcry ®emarks

Agenda Review

Actions since January 20, 1982

Funding Status

P3F Test Pesults - Interface with SASA
3reak

Severe Core Damage Analysis Program (SCCAP) -
‘nterface with SASA

Progress 2eports (each lab. to provide 10 minute

summary of succinct written 1ist of accomplish-
ments since January 20, 1982

I"EL\
LANL
SNL
oML
Lunch

Petailed Progress Zeports

INEL J.

- 3rown's Ferry Station 2lackout Pesults
Scram discharae volume analysis using
OELAPS

- Depressurization of CE Plants without P0OVS

- Characterization of 2-loop plants for SGTR

- 28W behavior under LOFW Conditicns with
multiple failures

- Concept of science of Accident “znagement

. CUrtss

. M, 3rcughton

. “owe

Hunter, 2. Schultz
’




foril 13, 1982

2:15 PM

LAML

- Unmitigated Boron Dilution Pesults (W, Plants)

- Vessel Head High Point Vents %essults (R38W and
W. Plants)

Sreak

SHL J. Nardby, E. Heskins

- Pressurized Thermal Sheck - 2ackfnd 2nalysis
& Results

- Program Plan for P42 Containment Accident
“anagement Strategy

Comments by '®R representatives

- Adjourn

-
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ORML

- Status on Station Blackout, Fission Product
Transport Analysis

- 3WR Scram discharge volume b“reak analysis
be fore core uncovery

- 8WR Scram discharge volume bresk analysis
after -ore uncovery

- Status on Pressure Suopressicn Pool “odelina

2reak
Pequlatory Concerns in RWR ATWS
“uman Factors - SASA Interface
Lunch

Discussion of Accident Management and SASA's
role in it

- Highlights of ANS meeting on °RA
- Status on ‘aformation exchange with the French
- Discussion on “ew Plant Analysis for SASA

SASA Calculational Log

ASA Program Plan Seview

BWR Long Range SASA Plan (IPE? VS 3 3R
seouencas)

Bypass Sensitivity Study, core voiding in small
Sreak situation

“State-of-the-Art" of T-H Code to mode! ATWS

Cevelopment of accident sirmulation and manaae-
ment technique

Information Gathering Scheme
2esolution nf Pressurized Thermal Shock Study

Discussion on MARK IT containments
Discussion on Cocneration with 2attelle Columbus
on MAPCH?2 fode

S. Hadae

S. Hodge

. Greene

S
0. Cook

C. fGraves

J. Jenkins

2, Curtis

J. Hunter

M, NeMyth

J. Darhy

S. “odge



SCRAM DISCHARGE VCLUME ERZAK

ACCIDENT SEQUENCE ANALYSIS

S. A. HODGE
S. R. GREENE

OAK RIDGE NATIOUNAL LABCRATORY

SASA PROGRAM REVIEW MEETING
SILVER SPRING, MD

APRIL 13 - 14, 1982



SCRA DISCHARGE VOLUE BREAK
ANALYSIS

o SALL-BREAK LOCA OUTSIDE CCNTAIN'ENT
o (QPERATOR ACTION IS CRUCIAL 70 SAFE RECCVERY



THE TENNESSZE VALLEY AUTHORITY (TVA)
COOPERATED FULLY WITH THE STUDY AND
PROVIDED IWVALUABLE ASSISTANCE -

e REVIEW OF ASSUMPTIONS, CALCULATIONS,

PLANT DRAWINGS AND TECHNICAL DATA

CPERATOR TRAINING MANUALS AND
OPERATING INSTRUCTIONS

TWO PLANT VISITS AND CONTINUING
DIALOGUE WITH OPERATORS

AND FINDINGS FOR ACCURACY.



TACTRUTLT IRy TN 2 DADT
JRESINTATIEN IS IN 3 PART

BACKGROUN
FRONT-END ANALYSIS

DEGRADED-CORE AMNALYSIS
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CMARGING WATER RISER

SOLATICY vALVE
SERAN VALVE PILET AIR
‘ ROLATION VALYVE
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PART 11

EVENTS OF ACCIDENT SEQUENCE
BEFORE CORE UNCOVERY

WORK PERFORMED BY
R. M. HARRINGTON
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MAJOR EVENTS DURING FIRST 8 HOURS

TIME EVENT

) REACTOR TRIP ON 3 X N HIGH MAIN STEAM RADIATION

30 s SOV BREAK

3.2 m HPCI_AND RCIC INITIATION ON LOW REACTOR VESSEL WATER LEVEL

390 VESSEL PRESSURE GOES 3ELOW COMBINED HEAD OF CCONDENSATE PUMP

) AND CONDENSATE BCOSTER PUMP: CONDENSATE FRCM HOTWELL BEING
PUMPED INTO REACTOR VESSEL

4.6 h REACTOR VESSEL FULL

5.2 h HOTWELL EMPTY, CBP TRIPPED ON LOW SUCTION PRESSURE, VESSEL

7.3 h

INJECTION STOPS
CORE BEGINNING TO BE UNCOVERED
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} STANDBY GAS TREATMENT SYSTEM MAINTAINS SLIGHT VACUUM
{; THROUGHOUT MOST OF THE ACCIDENT SEQUENCE
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- o> —e
< \ f
T SMALL PEAKS FOLLOW PEAKS IN
STEAM LEAK RATE
?‘ T T T T T T T
0 60 120 190 240 300 360 4120 400
TIME (MIN)

Fig. 3.10 SDV broae sequence without operator action - reactor building and
refucling floor pressures,
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Fig. 3.11 SDV break sequence without operator action - reactor building and refueliag
hay atmosphere temperatures
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NCES WITH OPERATOR ACTION

o SLOW DEPRESSURIZATION
o FAST DEPRESSURIZATION
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INCREASE DUE TO WARM WATER FLOODING

3 /\ BASEMENT FLOOR
8' \

4 —
= ‘\L TEMPERATURES DECREASE DUE TO MIXING WITH OUTDOOR ALR

DRAWN IN BY SGT SYSTEM
a 1  § & i L) Ll L[} 14
0 30 [21] Y0 120 150 180 210 240

TIME (MIN)

5.17 SV Bresk Operator dctlon Sequence With Fast bepressurization - Reactor

P afidine Armaanhervrs Townovratur::




e ACCIDENT MUCH LESS SERIOQUS WITHOUT SEAL EROSION

o 16 HOURS TO INJECTION FAILURE

O CAUSE IS BASEMENT FLOODING

o WITHOUT OPERATOR ACTION

-~
~

O INJECTION FAILS AT 5.2 HR,

o CAUSE: VESSEL FILL
HOTWELL EMPTY

C PRESSURIZED BOILOFF

o CORE UNCCVERED AT 7.3 HR,



CONCLUSIONS (CONT)

WITH CPERATOR ACTION

o SBLOCA RECOGNIZED WITHIN 30 MIN

0 RB FLOCDING ALARMS
O RB TENPERATURE ALARMS
O RB RADIATION ALARMS

-

~

o SDV BREAK WITHIN 60 MIN

o CRD TEMPERATURE ALARMS
C AENCRMAL ROD POSITION INDICATICN

o CONTROL ROCM ALARMS AND INSTRUMENTS
AUGMENTED BY

C REPORTS OF PERSCNS ON SCENZ

C REPORT OF RADWASTE CONTROL ROCM
OPERATOR.



CONCLUSICNS (CONT)

OPERATOR ACTIONS

« OVERRIDE SCRAM SIGNAL AND RESET SCRAM

e DEPRESSURIZE

o REQUIRED BY EOI FOR HIGH MAIN STEAM
LINE RADIATION (100 F°/p)

~c NOT REQUIRED BY EOI FOR SBLOCA QUTSIDE
CONTAINMENT

---UNLESS > 5000 GPM




STUDY RECOMMENDATIONS

o FUTURE DESIGNS SHOULD INCLUDE PROVISION FOR:

o INDICATION OF THE NUMBER OF CRD HIGH
TEMPERATURE ALARMS

o INDICATION OF THE SCRAM DISCHARGE VOLUME
PRESSURE

o REALIGNMENT OF CRD HYDRAULIC SYSTEM AFTER
SCRAM

o HIGH-LEVEL TRIP OF CONDENSATE BOOSTER
PUMPS

=



RECOTECATIONS (CONT)

o EERGENCY OPERATING INSTRUCTIONS

0 SHOULD REQUIRE VESSEL DEPRESSURIZATIGN FOR
SBLOCA OQUTSIDE CONTAILINENT,

0 SHOULD CAUTION OPERATOR TO PREVENT VESSEL FILL.



SASA PROCRESS REPORT

PRESENTED AT
SILVER SPRING,MARYLAND
APRIL 13-14,1982

J.L. DARBY
F.E. HASKIN



SANDIA ACCONPLISHUENTS
SINCE JARUARY

*PRESSURIZED THERMAL SHOCK STUDIED
*ZION FINAL REPORT COMPLETED
*MARCH MODS REPORT BEING COMPLETED
*3 PAPERS WRITTEN

*PWR CONTAINMENT PLAN DEVELOPED

*CONTACT WITH MAINE YANKEE MADE



HICHLIGHTS OF LORK

* THERMAL SHOCK
-CONTAINMENT WILL NOT FAIL AT
MINIMUM TIME

*CONTAINMENT VENTING CAN NEGATE H2 BURNM



#\D

THERMAL SHOCK-COHTAINEERY

«H?2 RELEASED LATER THAN IN LARGE LOCA
-CONT. FAILURE DUE TO BURN NOT AT
MINIMUM TIME

*OVERPRESSURE NOT AT MINIMUM TIME
-ECCS FOR SMALL LOCA
-MUCH WATER ADDED IN SG OVERCOOLING
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L SASA RPT ON ZION VERSUS

NUREG-0G30

*MULTICOMPARTMENT CORRAL VS SINGLE
COMPARTMENT CORRAL

*DIFFERENT PUFF RELEASE ESTIMATES

«0.1 VS 1.0 PER CENT PER DAY
LEAKAGE FOR ISOLATED CONT,.

«SNL ACKNOWLEDGES AC 1SOL. VALVE
IN DIESEL SPRAY PUMP DSCHG. LINE

*SNL ASSUMED BYPASS OF FAN COOLER
FILTERS POSSIBLE

*SNL DISAGREES WITH FACTOR OF 2
CONCLSN. FOR MITIG. FEATURE EFF.

«SNL DISSCUSES MORE OPERATOR ACTIONS
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MARCH-S1,SANDIA IKRPUT
70 [HARGH2

*PRIMARY SYSTEM MODELS

~USER SPECIFIED BLOWDOWN

-IMPRVD. HEAT TRANS. INCLO. IN CORE
THERMAL RADIATION MODELS

-IMPROVED FLASHING MODEL

*CONTAINMENT ANALYSIS MODELS
-MECHANISTIC CONDENSING HEAT
TRANSFER CCRRELATION

-H2 BURN IMPROVEMENTS

*CORCON INCORPORATION

*NEW OR IMPROVED SUPPORT MODULES



PWR CONTAINMENT MANAGEMENT STUDY

J

JUSTIFICATION
e SEVERE ACCIDENTS DOMINANT RISK

e RADIOLOGICAL CONSEQUENCES FROM SEVERE ACCIDENTS DEPEND ON CONTAINMENT
INTEGRITY

e CONTAINMENTS WERE NOT SPECIFICALLY DESIGNED FOR SEVERE ACCIDENTS
e CONTAINMENT RESPONSE MODELING FOR SEVERE ACCIDENTS RAPIDLY DEVELOPING

e NEED CURRENT, SYSTEMATIC STUDY OF CONTAINMENT LOADINGS, FATLURE MODES,
AND OPERATOR ACTIONS



PHR CONTAINMENT MAMAGEMENT STUDY

PRODUCTS - :

1. Mesthodology for analyzing PWR containment management
strategies.

2. Documented analyses of containment behavior under severe
accident coenditions for three distinct PWR containment
types.

3. Docurmented discussion of important uncertainties and their
effects.

4. Documented guidance on containment managenment strategies
for PWR'Ss.



PWR Containment Management Study
(Sandia SASA Effort)

Justification

Probabilistic risk assessment studies have determined that risk
from reactor accidents is dominated by severe core damage accidents.
Radiological conseguences from such accidents can range from minor
to major éepending on the degree to which radionuclides released
from the core are retained within containment. Core damage acci-
dents have not been considered in the design requirements for
containment. A systematic study of containment loadings and of
operator actions which could affect containment integrity during
severe accidents is therefore warranted.

Tasks

1 Select accident sequences for analyses for each of the follow-
ing three PWR containment types: ice condenser, larce dry
tmospheric, large dry subatmospheric. The following types
of accident sequences will be addressed: containment bypass,
containment leakage, no containment heat removal, and delayed
containment heat removal. Specific accident sequence identi-
fication, as necessary, will be based on risk analyses. The
following specific plants will be used to provide information
necessary to perform detailed analvses: Watts Bar and Sequoyah
(ice condenzer), Zion (large dry atmospheric), and Surry (large
dry subatmospheric). These plants were selected based on the
amount of design information and risk study results already

available to Sandia.

2. Estimate thresholds for containment failure due to static and
dynamic loads for the following containment structures: Watts
2ar, Zion, and Surry. Penetrations will be considered to the
extent that design information is available.

3, Analyze containment integrity for each containment type under
a range of accident sequences. Assume that no mitigative steps
are taken by operators. Determine plant-state information
available to the operator during these accidents.

4, Repeat the analyses of Task 3, but include operator mitigation.
Identify mitigative strategies that help preserve containment.
Also, identify strategies that may degrade containment integrity.
Determine plant-state information available to the operator
and determine how promising mitigative strategies should be
initiated based on this information.

S for situations in which no premising operator mitigativ
strategy can be identified, propose new systems to help pre-
serve containment and estimate their effectiveness, Cetermine

plantstate informaticn upon which actuation of propcsed systems,

i€ necessary, should occur. This task will be coordinated with
cther systems design studies studies at Sandia.

o e



-

6. Identify uncertainties in the analyses and evaluate their
imrpact and relative importance on: containment loading,
containment failure mode probabilities, containment failure
thresholds, and operator guidelines., Provide recommendations
for future research to resolve important uncertainties.

rroducts

1. Methodology for analyzing PWR containment management
strategies.

2. Documented analyses of containment behavior under severe
accident conditions for three distinct PWR containment
types.

3. Docurmented discussion of important uncertainties and their
effects.

4. Documented guidance on containment management strategies
£ o n ¢
£QF P“R s.



PWR CONTAINMENT MANAGEMENT STUDY

PLANT SELECTION

» LARGE DRY - ZION

e |CE CONDENSER - WATTS BAR/SEQUOYAH

e SUB-ATMOSPHERIC - SURRY

REASONS

e PROTOTYPES

e |NFORMATIGN AVAILABILITY

e COORDINATION WITH OTHER RESEARCH PROGRAMS

EMPHAS IS

e WATTS BAR/SEQUOYAH




PWR CONTAINMENT MANAGENENT STUDY

RELATED SANDIA RESEARCH PROGRAMS
e FILTERED-VENTED CONTAIMMENT DESIGN
o SEVERE ACCIDENT EVALUATION
o STRUCTURAL SAFETY MARGIN FOR CONTAINMENT
o COMBUSTIBLE GAS IN CONTAINMENT
e HYDROGEN PROGRAM
o. HYDROGEN BURN SURVIVAL - ANALYSIS
o HYDROGEN BURN SURVIVAL - EXPERIMENT
e SEVERE ACCIDENT RULEMAKING RESEARCH
e MOLTEN CORE INTERACTION (CCRCON)
e [N-CORE PHENOMENOLOGY
e HIGH TEMPERATURE FISSION PRODUCT CHEMISTRY
e CORE DEBRIS BEHAVIOR
e DEBRIS BED COOLABILITY

e CONTAIN CODE DEVELOPMENT



PWR CONTAINMENT MANAGZMENT STUDY

TASKS

THERMAL-HYDRAULICS
e DEVELOP PLANT MODELS
e SELECT BASE SEQUENCES
e HANDS-OFF ANALYSES

e ANALYZE OPERATOR ACTIONS

> STRUCTURAL ANALYSES
e ULTIMATE CAPACITY
e LARGE PENETRATIONS
e TYPICAL PENETRATIONS

e CYLINDER-BASEMAT JUNCTION

OPERATOR ACTIONS

MITIGATING FEATURES

UNCERTAINTIES
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PWR CONTAINMENT MANAGEMENT STUDY: STRUCTURAL TASKS

J

ADDITIONAL STALCTLAAL INFOAMATION
(SUART)

ANALYLE
CYLINDER/
DETERAMINE PMALLYZE BASE ANALYLE
OLTIMATE LARGE NATERAL TYPVCAL
CAPAC\TY PENETROTIONS SUMCTION ENETRATIONS

ADOITMONAL STRUCTLAAL ADDITIONAL STALCTLURAL
INFORIMATION (ZION) INFORMATION (LHB/S5Q)

\

\

\\

DURATIONS 3 (NOT ON CRITICAL PATH)
WIYSO = 16 WEERS
210N = 14 WLERS
SUNRY * 16 WEERS



PWR CONTAINMENT MANAGEMENT STUDY

MAJOR MILESTONES

START

ZION DRAFT

WATTS BAR/SEQUOYAH DRAFT

SURRY DRAFT

CONSOLIDATED DRAFT

PUBLISH FINAL REPORT

DATE

01/22/82

01/07/83

01/25/83

09/01/83

11704783

02/21/84



PWR CONTAINMENT MAMAGEMENT STUDY

1. COMPLETE, UP-TO-DATE FSAR

2. GENERAL EQUIPMENT LOCATION DRAWINGS

N
-

P&ID’S AND SYSTEM DESCRIPTIONS
4. ELECTRICAL SINGLE LINES
S. RADIOLOGICAL TECH SPECS.

=

6. STRUCTURAL INFORMATION

LA
TIMATE PENET

10N
ZION HAVE NEED
W3/SQ PART PART
SURRY NEED NEED

JUNCTION
HAVE
NEED

NEED

TYPICAL
PEMETRAT

NEED
NEED

NEED



PWR CONTAINMENT MANAGEMENT STUDY

. lNFORHATlON T0 IMPROVE PLANT SPECIFICITY

1.

COMTAINMENT INTERNAL DETAILS

KEY COMPONENT PERFORMANCE DATA

BASEMAT CONCRETE COMPOSITiON

EMERGENCY OPERATING PROCEDURES

CONTROL CIRCUIT ELEMENTARY DIAGRAMS



INFORMATION RESTRAINTS

’

STRUCTURAL /4 & OP
WB/S0 06/30/82 06/30/82
Z10N L10/08/82 *
SURRY L03/15/82 02/01/83

*CURRENT PLAN ASSUMES NO ADDITION T/H INFORMATION WILL BE OBTAINED FOR ZION.



PWR CONTAINMENT MANAGEMENT STUDY

e [DEAL INFORMATION
1. UTILITY COORDINATOR
2. PLANT VISITS

3. OPEN ACCESS

4. YTILITY REVIEW




