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CONTINGENCY PLAN FOR
REPAIR WELDING OF
NOZZLE-TO-SAFE END WELDS
GEORGIA POYER CONMPANY
PLANT HATCH
DECEMBER 13, 1985
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DEVELOPMENT PROGRAM ¥, CHILDS

DEVELOPMENT DETAILS
METALLURGICAL/MOCK UP P. NORRIS
ANALYTICAL DETAILS P. RICCARDELLA

CONCLUSION L.T. GUCHA




CONTINGENCY PLAN FOR
OF SAFE-END TO NOZZLE WELDS

PREPARED BY
GEORGIA POWER COMPANY

AND
STRUCTURAL INTEGRITY ASSOCIATES

PARTIALLY FUNDED BY
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INTRODUCTION

CONTINGENCY PLANNING FOR REPAIR OF POTENTIAL 1GSCC
FLAWS IN SAFE-END TO INLET NOZZLE WELDS
TRADITIONALLY. TWO ALTERNATIVES FOR REPAIR

- REPAIR/REPLACE AND PWHT

- TEMPER BEAD REPAIR USING SMAW
CURRENT PROGRAM FOCUSED ON DEVELOPMENT OF A

THIRD ALTERNATIVE:

- TEMPER BEAD, INCONEL 82 WELD OVERLAY REPAIR
USING MACHINE GTAW

- PROGRAM PARTIALLY FUNDED BY EPRI FOR GENERIC
USE - EPRI REPORT WILL BE ISSUED.



COMPARISON OF ALTERNATIVES

« PWHT:

- COSTLY AND DIFFICULT PROCESS TO IMPLEMENT ON
OPERATING PLANT VESSEL

- LONG OUTAGE. HIGH EXPOSURE

- POTENTIAL FOR INTRODUCING HIGH RESIDUAL STRESSES
ELSEWHERE IN VESSEL IF IMPROPERLY DONE

- APPLICABLE PRIMARILY TO REPLACEMENT PROGRAM
- EXPERIENCE OF OTHER UTILITIES SUPPORTS ABOVE

« TEMPER BEAD REPAIR USING SMAW:

- PERFORMED LOCALLY AT PILGRIM DURING N2 SAFE-END
REPLACEMENT

- ASME SECTION XI PROCEDURE CURRENTLY IN PLACE
- DIFFICULT PROCESS TO CONTROL SINCE MANUAL PROCESS
- ALMOST EXCLUSIVELY USED WITH REPLACEMENT

- MANUAL SMAW OVERLAY WOULD HAVE HIGH MAN-REM IMPACT
AT SAFE-END LOCATION



COMPARISON OF ALTERNATIVES
(CONTINUED)

« TEMPER BEAD/WELD OVERLAY USING GTAW:

- PARAMETERS DEVELOPED BY B & W IN EPRI PROGRAM
TO GIVE PROPER TEMPERING

= RECENTLY APPROVED SECTION XI CODE CASE INCORPORATES
THESE RESULTS

= PROPOSED OVERLAY PROCEDURE MEETS INTENT OF CODE
CASE (TEMPERED P3 MATERIAL)

CAN BE SHOWN EFFECTIVE FOR AT LEAST ONE FUEL
CYCLE (PROBABLY SEVERAL)

= ALLOWS PLANNING OF ORDERLY PIPE REPLACEMENT
IF NECESSARY

= MINIMUM IMPACT ON OUTAGE LENGTH



NOZZLE TO SAFEND WELD-INCOMEL BUTTER AND BUTT WELD
THREE LAYER TEMPER BEAD WELD
OVERLAY AND GROOVE COMPLETED WITH WATER BACKING

LOCATION OF MICROHARDMESS SURVEY

AREA IN
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NOZZLE/SAFEND OVERLAY WELD PROCEDURE NUALIFICATION

SENUENCE OF OPERATION (OVERLAY MOCK-UP AN VE)
TEMPER BEAD (NOTE 1)

1.

.

PREHEAT TO 350 F-HOLD 1/2 HOUR

DEPOSIT FIRST TEMPER BEAD LAYER (AS SHOWH ON SKETCH)
DEPOSIT SECOND TEMPER BEAD LAYER

DEPOSIT THIRD TEMPER BEAD LAYER

- REPEAT STEPS 2 THROUGH 4 FOR THREE AREAS AS SHOWN
ON SKETCH

HOLD PREHEAT TO POSTHEAT

POSTHEAT 450-500°F FOR 3 HOURS-SLOW COOL

FILL MOCK UP WITH WATER, FLOW APPROX 3 GPM

HEL BALANCF OF OVERLAY AND GROOVE WiTH PARAMETERS

STEP 3 SQND TEMPER BEAD LAYER) WITH PREHEAT-
lNTERPASS 70 11

NOTE 1 - NOZZ&E AND BUTTER ON NOZZLE WERE HEAT TREATED AT

+ 25 F FOR 20 HOURS TO SIMULATE AS-INSTALLED
CONDITIUN OF VESSEL
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WELDING PARAMETERS

Modified Procedure F from EPRI NP-3614, Volume 2, July, 1984

Layer 1 Layer 2 Layer 3 Layer 4 Layer 5+

Current (A) 180 200 220 180 200
Voltage (V) 11 11 11 11 11
Wire Feed (ipm) 39 59 65 39 59
Travel (ipm) 8.5 7 6 8.5 7
Bead Overlap (%) 50 50 50 50 50
Preheat (°F) 300 300 300 300 300
Max. Interpass (9F) 500 500 500 500 500
Jules/in 14,000 186,900 14,200 14,000 18,900

(Water Backed)

Wire Diameter -- 0.035 Inch

Shielding Gas -- AR 18 CFH

Electrode -~ 2% Thoria Tungsten; 5/32-Inch Diameter;
2-1/2-Inch Total Stick-out (With Long Gas Cup);
Tip: 22.5° Included Angle

1. NO LAYER > PARAMETERS ON STAINLESS STEEL SIDE OF WELD

2. PREHEAT (250-3500F) ON FIRST 3 LAYERS AND POST WELD
BAKING (450-5500F) AFTERWARDS

PIPE FILLED WITH WATER AFTER FIRST 3 LAYERS



CHARPY “V” TEST RESULTS 40°F

kATERA% EXPANSION
& MIL

e
70%
50%

-LB

|

xV

66 MILS
51 MILS

88

69

BEND TEST NOTE -

TENSILE TEST RESULTS:

TWO SAMPLES (93,2 KSI, 92,8 KSI)
ILED IN 3

LES (
BOTH FAILED IN BASE METAL



Distance frow
Veld Fusion Line

100 pm
300

$00

800

1000
1200
1400
1600
1800

292 Base Metal 22
2719
256
20
229

Sample 01-2 . GROOVE WELD WAZ AT R007

area stance from
besfde | weld Fusion Line Row 1 Row 2
weld y I
10 » 349 351
300 330 340 j
4
500 319 332 Base Met:) 2?2 ]
700 364 329
900 332 351
1100 Rk 312
1300 285 287
1500 248 259
2700 Lt o=
*  woops Scale-200 gram load
PR

VAL

$PLCIrEN 0-5



ANALYSES PERFORMED TO
QUALIFY PROPOSED OVERLAY PROCEDURE

. RESIDUAL STRESS ANALYCTS

- SIMULATED BUTT WELD RESIDUAL STRESSES IN WELDS-2
FINITE ELEMENT MODEL

- TEMPER BEAD OVERLAY PROCESS PRODUCES COMPRESSIVE
STRESSES FOR SIGNIFICANT PORTION OF PIPE WALL
« CRACK GROWTH ANALYSIS

- CORRELATION BASED UPON LIMITED EPRI DATA FOR
CREVICED INCONEL SAMPLES IN AGGRESSIVE ENVIRONMENT

pA/DT = 1.08 x 10-8 K2.26

- CRACK GROWTH RESULTS SHOW AT LEAST ONE FUEL
CYCLE OF REPAIR LIFE
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USED IN FINITE ELEMENT RESIDUAL STRESS EVALUATION
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Sigma ! (ks1)
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FINITE ELEMENT RESULTS - RESIDUAL STRESSES AFTER WELD OVERLAY
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RESULTS/CONCLUSIONS

. A CONTINGENCY REPAIR PROCEDURE IS BEING DEVELOPED AND QUALI-
FIED FOR INCONEL- 82 WELD OVERLAY REPAIR OF NOZZLE TO SAFE-END
WELDS.

. PROCEDURE USES GTAW TEMPER BEAD PROCESS SIMILAR TO THAT DE-
VELOPED UNDER EPR] SPONSORED PROGRAM AND RECENTLY APPROVED
SECTION XI CODE CASE.

. METALLURGICAL TESTING SHOWS THAT HEAT AFFECTED ZONE IS

TEMPERED WITHOUT PWHT. AND IS CONSISTENT WiTH THE RESULTS
OF ABOVE EPRI PROGRAM/COME CASE,

. ANALYSIS SHOWS THAT:
- RESIDUAL STRESSES ARE HIGHLY FAVORABLE (SIMILAR
TO CONVENTIONAL OVERLAYS)
- CRACK GROWTH IN INCONEL- 82 OVERLAY MATERIAL ACCEPTABLE
FOR AT LEAST ONE FUEL CYCLE UNDER WORST CASE ASSUMP-
TIONS.



