UNITED STATES .
NUCLEAR REGULATORY COMMISSION el
WASHINGTON, D. C. 20555
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Gus C. Lainas, Chief, Containment Systems Branch, TR " _
THRU: John Kudrick, Section A Leader, Containment Systems Branch, TR %?i

MEETING WITH GENERAL ELECTRIC COMPANY - POOL DYNAMIC AND RELIEF VALVE LOADS
ON MARK I AND II CONTATNMENTS

On April 10, 1975, a meeting was held in Bethesda, Maryland with the

General Electric Company (GE) to discuss our concerms regarding the effects
of pool dynamic and relief valve loads on BWR operating reactors and reactors
under construction; i.e., reactors utilizing Mark I and Mark II type contain-
ments. Copies of the vugraphs used by GE and a list of attendees are en-
closed. A summary of the items discussed is as follows:

1. GE summarized their preliminary analysis of pool swell loads
on torus internal structures for a typical Mark I plant. The
structural analysis was based on swell loads extrapolated from
Mark III test data. GE indicated that their conclusion was that
some local yielding in the vent header support struts could
occur; however, structural failure was not predicted.

[ o]

GE will be advising all their Mark I customers of the potential

concern on pool dynamic loads at a meeting in San Jose on April
23-24, 1975.

3. GE indicated that letters were sent to all their Mark II
customers regarding potential concerns on relief valve loads
and pool dynamic loads in January and February 1975. Each
utility is in the process of evaluating their particular design
for the loads under consideration.

4. GE stated that they were looking at the availability of facilities
and materials to do pool swell testing, including the effects of
air compression for Mark I and Mark II configurationms.

5. GE stated that they were about to initiate a series of steam
quencher tests at their Moss Landing facility. The purpose of
these tests was to evaluate the load attenuation effectiveness
of a number of relief valv' discharge line nozzlc designs.

We informed GE that we would consider the inforuation that they had provided
in determining our course of action for resolving the concerns on pool
dynamic loads for Mark I and II containments. We also indicated that we
would need substantially more detailed information in the near future re-
garding tneir methods of determining loads for Mark I and II and that
testing for these configurations may be necessary.
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PRESSURE. SUPPRESSICN TESTS
COHOUCTED BY THE GENERAL ELECTRIC COMPANY

NOTE:  Sore O THE DaTa GENERATED DURING THe TesT SER1ES TABULATED
Bewow s GeneraL ELECTRIC PROPRIETARY INFORMATION.

B HeeooT Bay INITIAL CONDENSING TESTS. Suer 1958,
GEAP-3143.

v Moot BAy INITIAL TRans1eNT TesTs. 196-99 GEAB-3143.,

" HeoLnT Bay FuL Scae /48 Seeent TesTs. Sueer 1960,
GEAP-35%6.

B mmmvmmvmwrsum.’-m
Bav PSAR. DocxeT Mo, SO-205.

’ Boneca B QUARTER SCALE 1/B Seovext MuLTipLe VexT TesTs.
SPRING w. A/C DC_U,yL.;M\ﬁ-f-vw\ 4o Sta7T’

Adude 8.2.74



EERAL ELECTRIC [DRIZOTAL VBT
PRESSURE. SUPPPESSICI TESTS

IO ETTATIGN
WOTE: rwwmmmmmzmmmmn{mmammc

CaPAl
Pressure SUPPRESION PooL INVESTIGATIONS Juy 1970, EDH130%6-1.

PressURE SUPPRESSION AD HEIR VENT TesT ProGRAM ILINI-HEIR HORIZONTAL
Vext TesTs May 1972, TEDI-13056-2.

PressuRe SUPPRESSTON TEST PROGRAM SMALL ScALE Hor1zonTAL VENT TESTS.
Octoser 1972, MEDM-13036-3.

Marx 111 ConFirmaTory TeST PROGRAM PROGRESS [EPORT, ApriL 1973,
HEM-1848,

Marx 111 AmaLyTicaL InvesTiGation OF AL -ScaLe Tests PROGRESS
Report. AucusT 1973, [EDM-10976.

Thirp QUARTERLY Procress MEPORT:  MARK 111 ConrirmaTorY TEST PROGRAM.
NEDO-2210A.  Decereer 1973,

PRESSURE SuppresS1ON TEST ProGRAM SMALL SCALE TesTs. Jawary 1974,
D133,

Mark 111 Cons1rMaTory TEST PrOGRAM PHASE 1 - LarGE ScALE DEMONSTRATION
Tests. Octoeer 1974, [EDM-15377.

FourTH QUARTERLY Procress Repor: Hark 11 Conr 1RMATORY TEST PROGRAM.
'EI0-20345, AeriL 1974,

F1emH QUARTERLY Procress MEPoRT: MRk 111 Cone1rmaTory TEST PROGRAM.
NEIO-20550, Juy 1974,

AJJ. 2875
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StxTH QUARTERLY ProGress ReporT:  OcToser 1974,  (LETTER TRANSMITTAL
TO IRC StAFF),

SeventH QUARTERLY Progress RePorT: Mark 111 ConFirMaTory TEST PRocraM.
ED0-20732, Decemser 1974,




NRC ACTIVITY ---- CONTAINMENT PHENOMENA

SAFETY/RELIEF DYNAMICS

S/R PIPE CLEARING

® SOME MARK 1 START-UP TESTS SHOWED VIBRATION DAMAGE

e QUAD CITIES #2 TEST TO INVESTIGATE PIPE CLEARING - 10/72
o LOOSE HEADER HANGERS AT QUAD CITIES #2 - 12/72
¢ NEDO-10859 - VENT MODEL + QUAD CITIES DATA - &7
o ADDENDA FOR TOPICAL REPORT FILED - 573
o NRC REQUESTED MORE INFORMATION - 9/73
® GE SUBMITTED RESPONSE TO NRC - /N
® TORUS TESTING AT BROWN'S FERRY #1 - 12/713

o TVA FILED TEST REPORT .
o TVA/GE AGREED TO MORE TESTS ON BROWN'S FERRY #2 -

o NRC LETTER TO GE ON NEDO-10859 SOUGHT MORE - AN
TEST DATA

¢ GE HELD SEMINAR OF MARK I OWNERS, RE: TESTS 474

3-22-75



JOINT PRESENTATION MADE TO NRC ON TESTING

SEVEKAL MARK 1 OWNER'S REQUESTED GE WITHDRAW
GE WITHDREW FROM LEAD IN LETTER TO NRC

NRC STATES QUAD CITIES DATA NON-CONCLUSIVE FOR
NEDO-10859

NRC REQUEST FOR GE MARK II - III PLANS
NRC LETTER TO MARK I UTILITIES ON PLAN
GE GROUP TESTING INFORMATION TO ASSIST CLIENTS

GE RESPONSE TO 1/75 NRC REQUEST

4/74

5/74

9/74

1775

2/75

3/75

3/75

3-22-75



NRC ACTIVITY -- CONTAINMENT PHENOMENA

SAFETY/RELIEF DYNAMICS

HIGH TEMPERATURE CONDENSATION

® GE MEETING WITH NRC ON PHENOMENA - 11/74
® GE RECOMMENDATIONS SUBMITTED AS REQUESTED - 12/74
® GE TRANSMITTED *WHITE PAPER® TO CLIENTS - 12/74
® NRC LETTER TO GE ASKING MARK II-I1I1 PLM - V715
® NRC LETTER TO MARK I UTILITIES ON PLAN - Y715
® GE INFO PACKAGE TO ASSIST CLIENTS - MARK I - 375
® GE RESPONSE TO 1/75 NRC REQUEST RE MARK II & III - 375

3-22-75



NRC ACTIVITY -- CONTAINMENT PHENOMENA

LOCA DYNAMICS

® START PSTF TESTING (VERIFY MARK III MODEL)

® REORIENTED TEST TO BOUND IMPACT LOADS ABOVE POOL

® REPORTED TO NRC VERBALLY IN PROGRESS MEETING
ON TYPICAL NEW LOADS

® REFERENCE MARK 111 LOAD CRITERIA CHANGES IN GESSAR

® REFERENCE MARK 111 CONFIGURATION CHANGES IN GESSAR

® NRC REPORTS PSTF DATA INSUFFICIENT TO UPPER BOUND
IMPACT LOADS

® START 1/3 SCALE TESTS TO CONFIRM UPPER BOUND

@ NRC NOTED POTENTIAL APPLICABILITY TO MARK I & II

11/73

- 24

4/74

5/74

7/74

10/74

12/74

4 |14
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© PP&L ANNOUNCEMENT

PPAL/SUSQUEHMANNA MARK 11 IN EARLY STAGES OF WETWELL CONSTRUCTION

WETWELL DESIGN 1S DIMENSIONALLY MOST DIFFICULT OF THE MARK I1'S
RELATIVE TO NEW PHENOMENA

WETWELL 1S CONSTRUCTION CRITICAL PATH -~ 10 DAYS FLOAT

DECISION TO STOP WORK CURRENTLY APPLIES OMLY TO UNIT #2 RPY PEDESTAL
EVALUATE NEW LOADINGS vs. EXISTING DESIGN CAPABILITY

IDENTIFY AXY NECESSARY STRUCTURAL FIXES

INCORPORATE INTO DESIGN & CONSTRUCTION AT FRONT END TO NEGATE
REED FOR RETROFIT LATER

ONE TO THREE MONTHS TO RESOLVE IS CURRENT ESTIMATE

KEEP CORRECTLY DESIGNED PLAWT OM COMSTRUCTION SCHEDULE
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PI'RCHASFR/OWNFR RESPONSIBILITY
o DESICN
o SUPPLY
o CONSTRUCT .

]

o MEET NSSS INTERFACE REQUIREMENTS

GE RESPONSIBILITY
o PROVIDE NSSS INTERFACE REQUIREMENTS

o PHYSICAL/DIMENSIONAL
o ENERGY RELEASE FROM NSSS PIPE BREAK

o ENERGY RELEASE FROM S/R VALUE DISCHARGE f .-

o CALCULATE PEAK P & T FOR CONTAINMENT RESPONSE TO
LOCA RELEASE --- OPTION FOR SAR

| P
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(" PRIMARY CONTAINVENT ANALYS:S DATA (all data to be providid by Purthaser)

A.

- e - s e e - —

2 BN .-t N ae_maey,
. . .

General

-~ 1. Operating Pressure Gh) |
_- 2. Design Pressure '

Test Pressure

"
' 4.’ F&f‘bu at Test Pressun

3. Maximm Natural Sink Temperature

m‘ll . : s i

1. Net Air Volume (including vents)
} z l Openting Teupeuture

4 va. Rnidity e Mml Operation
4. Total Vent Area
5. Vent Loss Coefficient (F)
6. Submergence of Vent Pipe End
Suppression Chavber

1. Gas Vilume . ' 2
2. Water Volume o, "

3. Normal Opezating Tempcrature
(Max. at pre-hotstandby)

RR Cooling Service Water

) A ’.'nurce of water
2. Type of water

v » - . .

- » '~l..~‘ --.v.'

®e . comsme o w bos s ovm e me

psig |

L 1% ." .

)

.7
48  psig
55  psig
*0.5 \/dny
.234- 700 £ ‘
135 .
= -@0;’
276 u’
0.5
/7.0 _fr wF '
1SS 750 B ¥ ow
/22, 00 £ »w
£r°F
SusuEHmA JoIVeR
SLESH (fresh/
*F

5L

®alue to be used unless otherwise instructed by Purthaser.

¥k VALUES GIVEN AT MYIMIL St i7H (23 /[(f) -



RELICF VALVE DISCHARGE

EFFECTS IN THE SUPPRESSION POOL

RATURE OF CONCERN

o DISCHARGE PIPE CLEARING
FCRCES DUE 10 PIFE CLEARING OF AIR
SHORT DURATION
KIGH LOADS

o  STEAM QUENCHING IRSTABILITY
" WIBRATION PHENDZNON
OBSCRYED TO RESULT FROM KIGH LOCAL TEMPERATURES
LONG DISCHARGE CURATION
OPERATIMAL CONCERM

12/6/74



PIPE CLEZRJING FORCES -

BACKGROUND
MINOR DAMAGE IN ARK 1 TORUS
STRUCTURAL MODIFICATIONS WERE MADE
TEST PROGRAM ANS 'monr - QUAD CITIES
MODELS DEVELOPES

ADDITIONAL TESTS AT TVA

0193916

12/6/74



CURRENT DEVELOPMENTS
MODELS DEVELOPED FOR MARK 111

TEST FACILITY UNDER CONSTRUCTION TO CONFIRM
BUBBLE MODEL '

MARK 111 WORK INDICATED POTENTIAL IMPACT ON MARK 11

WORK APPLIED TO DEVELOP BOUNDING CONDITIONS FOR
MARK 11

MARK Il MODEL 1S STARTED

FORCE REDUCING QUENCHERS ARE BEING EVALUATED
AGAINST ALL CONCERNS ¢

JLM
12/6/74 -
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CONJAINMENT

PEDESTAL:

MK I

PLAN VIEW QUENCHER
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DIt FLOR & COLUSS
VERTICAL VEITS & VACLSY BRENERS
S/R VALVE DISOURGE PIPES

CATALIS & HISC, STRUCTURES



COMBINATION LOADS FOR STRUCTURAL ANALYSIS

EXAMPLE: SUPPRESSION CHAMBER WALLS, BASEMAT AHD RV PEDESTAL

® DEAD LOAD

® LIVE LOAD

® HYDROSTATIC LOADS

® PRESSURE AND COINCIDENT TEMPERATURE LOADS
® SEISMIC LOADS

® S/R DISCHARGE CLEARING LOADS

® MAIN VENT CLEARING LOAD

® MAIN VENT HORIZONTAL LOAD (INDIRECT)

® POOL SWELL LOAD (INDIRECT)

SUPPRESSION CHAMBER LINER (ACT AS LEAK-TIGHT MEMBRANE)

® HYDROSTATIC LOADS

® PRESSURE AND COINCIDENT TEMPERATURE LOADS

® S/R DISCHARGE CLEARING LOADS

@ MAIN VENT CLEARING LOADS

3-22-75
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MARK 1 HEADER LOAD CONSERVATISMS

BOU'DARY CONDITIONS

ASSUMED ALL AIR CARRY OVER

USED BREAKTHROUGH HEIGHT OF 2 X SUBMERGENCE
BODEGA INDICATED 1.5 X

1-2"LIGA¥ENT EXPECTED AT HEADER ELEVATION
PEAK DY PRESSURE CONSERVATISMS

ODEL

CALCULATED LOAD IS 20% HIGHER THAN MEASURED (USING TEST

USED INFINITE OCEAN (SOLID WATER)
BOU"DARY CONDITIONS)
\

COTICLUSION:  TOTAL CONSERVATISM MAY BE AS HIGH AS FACTOR
OF TWO

JAR 4,9,75

VP BTSSR o



VENT PIPES
—VENT RING HEADER

o= i ~+ - VACUUM RELIEF
DOWNCOHERS -~ P sig®
210"
KATER LEVEL, l | 4
40"
A

FIGURE B. MARK I TYPICAL VENT SYSTEM ( BROWNS FERRY)




LOADS SUMMARY

RASED ON PRELIM DYNAMIC STRUCTURAL ANALYSIS.
- EFFECT OF BELLOWS ¢ PIPE
_ DEAD LDADS 20K
_ JET LOADS 120K
_ POOL SWELL LOAD, (P V TIME)
_LINEAR ANALYSIS _ KEY ASSUMPTION

CAPABILITY OF COLUMM. 252 K
. © BOLT, 282K
’ * Wy 255K EREY 0 pornt
. * PLATE 184 K

RESULTANT TENSION 780,000 “EQUIV. LINEAR®

DEFLECTION OF COL = .575°

No PROBLEM
=DEFLECTION OF VENT = .35°



mT!S CLEVIS MOT RUPTURING AT LESS THAN COLUMN Y.P. SO

nl./o

(A) COLUMN CAN ABSORB ENERGY IN PLASTIC RANGE (H1X)
(B) POOL LOAD DROPS TO LESS THAN 780.000
EXAMPLE 1% COLUMN STRAIN X 700,000 I #.
’ TIRE PIPING
gcgw ENERGY X 500,000M# TO ENTIRE PI

IMPULSE CAN BE HANDLED WITH MINOR DISTORTION
OF SYSTEM.

CLEVIS WILL NOT RUPTURE BECAUSE

(A) CABPABILITY

BASED ON “ONSET OF DISTORTION® HQT ON RUPTURE.
(B) USED MINIMUM MAT’L PROPERTIES
(C) “CONSERVATIVE® ANALYSIS BY ANALYSTS

BEST JUDGMENT IS THAT CLEVIS WILL HOLD TOGETHER
TO ENABLE COLUMN TO STRETCH.



EVEN IF CLEVIS FAILS - (PRELIMINARY LINEAR DYNAMIC)
MIAN VENT PIPE “MOVES” Up 2-3" - STOPS AT 1

W14\ VENT STRESS 30-40,000 P57

WORST STRESS IS RING HEADER ATTACHMENT TO MAIN
VENT 5% YIELD.

BENDING 2/3
( In VENTS SUPPORT RING.)
TENSION 1/3

NO BY-PASS OF STEAM EXPECTED.

(COULD TOLERATE 2 FT 2 BY-PASS FOR LOCA WITH %0 CONDENSATION)



STRESS ANALYSIS CONSFRVATISMS

LOAD APPLIED UNIFORMLY ALONG HEADER.
SENSIVITY COULD BE AS HIGH AS 2

JET LOAD TIMING VS STATIC

MINIMUM YIELDS USED.

“FAILURE" DEFINITION NOT IRUE FAILURE
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