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THERMAL SHOCK EFFECTS REACTOR
PRESSURE VESSELS BY OVERCOOLING TRANSIENTS

By: Ray Xlecker
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w' . VOSTULATED EVENTS THAT COULD AFFECT REACTOR VESSELS

LARGE LOCA'S

O SEVERE THERMAL TRANSIENT CAN CAUSE DEEP CRACKS IF
PRE-LOCA SMALL CRACKS EX1ST

O' ANALYSES AND EXPERIMENTS INDICATE THAT VESSEL WILL
STILL HOLD WATER POST-LOCA

0 LOCA’'S HAVE BEEN SUBJECTED TO CONSIDERABLE REVIEW IN THE
 PAST :

O THEREFORE, NOT A NEW CONCERN

UVERCOOLIiG TRAHSIEATS

(INCLUDES MSL3'S, SMALL LOCA'S PLUS OTHERS IN WHICH VESSEL COULD
$2 SUBJECTED TO PRESSURE DURING OR FOLLOWING A THERMAL TRANSIENT)

0 . XAMFLE: RANCHO SECO TRANSIENT (1973)
0 PROBABILITY OF OCCURRENCE REASONABLY HIGH

O SEVERE THERMAL TRANSIENT CAN CAUSE DEEP CRACKS IF PRE-
TRANSIENT SMALL CRACKS EXIST

0 VESSEL SAILURE COULD RESULT AFTER A TRANSIENT- IF
PRESSURIZED WITH RELATIVELY COLD WATER

0 LIKELIHOOD OF VESSEL FAILURE DEPENDS ON 175 MATERIALS,
IRRADIATION AND SEVERITY OF THE COOLDOWN TRANSIENT



'POSTULATED EVENTS THAT COULD AFFECT REACTOR VESSELS

LARGE LOCA'S

O SEVERE THERMAL TRANSIENT CAN CAUSE DJEEP CRACKS IF
PRE=LOCA SMALL CRACKS EX1ST
1 -

O ANALYSES AND EXPERIMENTS INDICATE THAT VESSEL WILL
STILL HOLD WATER POST-LOCA :

0 LOCA’S HAVE BEEN SUBJECTED TO CONSIDERABLE REVIEN IN THE
PAST :

0 THEREFORE, NOT A NEW CONCERN

UVERCOOL1iG TRAHSIEATS

(INCLUDES MSL3’'S, SMALL LOCA'S PLUS OTHERS IN WHICH VESSEL COULD
SE SUBJECTED TO PRESSURE DURING OR FOLLOWING A THERMAL TRANSIENT)

0 XAMPLE: RANCHO SECO TRANSIENT (19723)
0 PROBABILITY OF OCCURRENCE REASONABLY HIGH

O SEVERE THERMAL TRANSIENT CAN CAUSE DEEP CRACKS IF PRE-
TRANSIENT SMALL CRACKS EXIST

0 VESSEL SAILURE COULD RESULT AFTER A TRANSIENT: IF
PRESSURIZED WITH RELATIVELY COLD WATER

0 LIKELIHOOD OF VESSEL FAILURE DEPENDS ON 17§ HATéRlALS;
IRRADIATION AND SEVERITY OF THE COOLDOWR TRANSIENT
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EVALUATION AREAS

o EVALUATION OF SYSTEHS ANALYSES TO DETERHINE REASONABLE
SCENARIOS FOR:

A) DOWNCOMER WATER TEMP. VS. TIME

B) PRESSURE VS. TIME

o EVALUATION OF VESSEL INTEGRITY ANALYSES
" A)  HEAT TRANSFER ANALYSES
g) STRESS ANALYSIS

¢) FRACTURE MECHANICS ANALYSIS

o EVALUATIUN OF OPERATOR INSTRUCTIONS TO COPE WITH EFERGERCIES



ASSUIPTIONS USED IN AHALYSES

0 ASSUMPTIONS USED TO ESTIMATE THERMAL, PRESSURE AND RESIDUAL
STRESSES MUST BE CONSERVATIVE TO BOUND UNCERTAINTIES UNTIL
THE UNCERTAINTIES ARE MINIMIZED OR ELIMINATED

0 UNCERTAINTIES ARE:
-. HAGNITUDE AND DURATION OF TRANSIENTS
- {IIXING OF HOT AND COLD WATER
- HEAT TRANSFER CCEFFICIENTS
- EFFECT OF CLADDING.
- RESIDUAL STRESSES

- HMATERIAL PROPERTIES
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THERHAL SHOCK COMPAR]ISON

ORdL EXPERIMENT: : 475 F I 10 rild,

POSTULATED TRAWSIENT CALCULATED
BY BROOKHAVEN: 450 F I 20 NIN,

* RAWCHO SECO EVENT: | 310 F IN 60 1ilK.
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HHAT TO DO? -

PREYFNT EXCESSIVE COOLDOWN TRAWSIENTS .

0 REMEDIAL MEASURES BEING IMPLEMENTED POST~TMI SHOULD

HELP MEET THIS OBJECTIVE.

HOWEVER, ‘17 ONE OCCURS

O TAKE PRECAUTIONS TO PROTECT THE VESSEL AS WELL AS THE
CORE-=AYOID REFRESSURIZATION_NITH_QOLDvNATER

O ANALYZE THE TRANSIENT=--NEW VESSELS PROEABLY 0.K. BUT
OLDER VESSELS MAY HAVE THERMAL SHOCX CRACKS--WHEN IN
DCUBT, INSPEZT
(DEZREE OF IRRADIATION DAMAGE DEFINES “NEW” AND “OuD")

BECAUSE CLDER VESSELS ARE MORE VULNERABLE T0 THERMAL SHOCK,
AUTOMATIC SYSTEMS TO PREVENT REPRESSURIZATION (AS WELL AS
SIMPLE OPERATOR INSTRUCTIONS) MAY BE PRUDENT == CONSIDER
OTHER REMEDIAL MEASURES T0O :

HRC IS REVIEWING OLDER VESSELS NOW == IMPROVED TECHNOLOGY
COULD PERMIT RELAXATION OF CONSERVATISMS NOW USED iN
ANALYSES -- E.G.,, DEMONSTRATE THAT MIXING EFFECTIVELY
REDUCES THE SEVERITY OF A THERMAL SHOCK



LONG TERM STUDIES

0 CONTIdbED WORK TO BETTER QUANTIFY THE FRACTURE WECHAI]CS
ANALYSES AdD HATERIAL PROPERTY INPUTS

"0 - SYSTEH ANALYSES TO BETTER GUARTIFY PRESSURE-TEFPERATURE . -

CHROHOLOGY FOR SELECTED TRAWSIENTS, DETERMINATION OF
DEGREE OF iIXIns Il COLD LEG -



- CONCLUSTONS

|

o OVERCOULING TRANSIENTS HAVE HAD REASOWABLY HIGH FREQUENCY
OF OCCURRENCE T0 DATE |

o SOE OLDER YESSELS HEED ATTENTION NOM

o THEREFORE SHOULD CONSIDER

AUTOMATIC SYSTEM LIMITATIONS OF PRESSURE FOLLOWING A
THERMAL TRANSIENT AND SIMPLE OPERATING PROCEDURES TO
COPE WITH TRANSIENTS (IF AUTOMATIC SYSTEM FAILS)
AND/OR OTHER REMEDIAL MEASURES

UFGRADING PERTINENT TECHNOLOGY TO PERMIT MORE REALISTIC
AV UYTICAL ASSUMPTIONS



