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ENCLOSURE 

UNITED STATES 
NUCLEAR REGULATORY COMMISSION.  

WASHINGTON, O.C. 20555 

August 21, 1981 

Docket No. 50-299 

Mr. Henry 0. Hukill, 'ice President 
and Director - TI-1 

Metropolitan Edison Company 
P. 0. Box 480 
Middletown, Pennsylvania 17057 

Dear Mr. Hukill: 

SUBJECT: PRESSURIZED THERMAL SHOCK TO REACTOR PRESSURE VESSELS 

We have reviewed the PWR Owners' Groups responses of May 15, 1981 and the 
licensees' responses of May 22, 1981 to our letter dated April 20, 1981 
concerning the subject issue. The EPRI work which bears on the issue 
was included in the licensees responses. On the basis of our independent 
review, of the plants where neutron irradiation has significantly reduced 
the fracture toughness of the reactor pressure vessels (RPVs), all plants 
could survive a severe-overcooling event for at least another year of full 
power operation. However, we believe that additional action should be 
taken now to resolve the long-term problems.  

This belief is based upon our analyses which indicate that reductions 4n 
fracture toughness for some RPls are approaching levels of concern.  
1t is also based in part on the fact that any .proposed corrective action 
must allow adequate lead time for planning, review, approval, procurement 
and installation. These conclusions were recently discussed with the ?WR 
Owners Groups on July 28-30, 1931. At those meetings, the Owners Grouos 
reviewed the programs underway at the three ?WR vendors which are designed 
to scooe the magnitude and applicability of the generic problem and to be 
compieted by late 1981. The three crograms appeared to contain the necessary 
elements for resolution of the oroblem on a ieneri: basis and the N4RC olans 
to make full use of the i-ecor:s due by the end of the year. While the 
vendors and Owners Grouos are to be commended and encouraged in addressing 
the :eneric issue, there is also a need for lant-scecific information for 
your Plant.  

3ased on current.vessal reference temperature and/or system characteristics, 
we have identified ;t. Calhoun, Robinson 2, San Ohofire 1, Maine Yankee, 
Oconee 1, Turkey ?oint 1, Calvert Cliffs I and Three Mile Island 1 as plants 
from which we reauire additional information at this time.  

The staff has used the time-dependent pressure and temperature data from 
the March 20, 1973 Rancho Seco transient as a starting .point for our 
evaluation of this issue because: (1) it is the most severe overl ing 
event experienced to date in an operating plant; (2) it is a real, as
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Mr. Henry D. Huki 1 -3

(2) At what rate is RT increasing for these welds and plate material? 
NOT 

(3) What value of RT for the critical welds and plate material do 
NOT 

you consider appropriate as a limit for continued operation? 

(4) What is the basis for your proposed limit? 

(5) Provide a listing of operator actions which are required for your 
plant to prevent pressurized thermal shock and to ensure vessel 
integrity. Include a description of the circumstances in which these 
operator actions are required to be taken. Included in this summary 
should be the specific pressure, temperature and level values for: 
a) high pressure injection (HPI) termination criteria presently used 
at your facility,-b) HPI throttling criteria and instruction presently 
used at your facility and c) criteria for throttling feedwater presently 
used at your facility. For each required operator action, give the 
information available to the operator and the time available for his 
decision and the-required action. State how each required operator 
action is incorporated in plant operating procedures and in training 
and requalification training programs.  

You are. also requested to submit a plan for Three Mile Island, Unit No.  
to the NRC within 150 days of the date -of this letter that will define 
actions and schedules for resolution of this .issue and analyses supporting 
continued operation. We request that you include consideration and evalua
t'ion of the following possible actions: 

(1) reduction of further neutron radiation damage at the beltline 
by replacement of outer fuel assemblies with dummy assemblies 
or other fuel management changes; 

(2) reduction of the thermal shock severity by increasing the .ECC 
water temoerature; 

3) recovery of RPV toughness by in-place annealing (include the basis 
for demonstrating that your plant meets the requirements in 10 CFR 50 
Appendix S C) 

14) design of a control system to mitigate the initial thermal shock 
and control repressurization.  

For these, as well as for any other alternative approaches, provide 
implementation schedules that would assure continuance of adequate 
safety margins.  

:n the interest of efficient evaluation of your submittal, we request 
that you include with the above plan, a response to the enclosed request 
for additional information.
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Enclosure 

REQUEST FOR ADDITIONAL INFORMATION 

1. Geometry 

Geometrical description-including design and as-built(when available) 
dimensions of the core, assemblies, shroud/baffle, thermal shield, 
downcomer, vessel, cavity, and surrounding shield and/or support 
structure..  

2. Material Description 

Region-wise material composition and material isotopic number densities 
(atoms/barn-cm) for the core, near-core regions and RPV, suitable for 
neutron transport calculations.  

3. Neutron Source 

Present and expected EOL: . a) Assembly-wise and core power history (EFPY).  
b) Rod-wise and core power history (EFPY) for peripheral assemblies.  
c) Core average axial power history; distribution.  

4. 'essel Fluence 

a) Description of available calculations of the vessel fluence including 
fluence values, locations, and corresponding power histories (EFPY), 
including 1/4T, 1/2T and 3/4T through the RPV.  

b) Description of available capsule-inferred vessel fluences including 
fluence values, locations, and corresponding power histories (EF?Y).  

Surveillance Caosules 

a Caosule materials, radial and axial dimensions and locations.  
Caesul e fluence measurements, together with the accumulated Power 
history EPY) and a description of the lead factors used to extra
polate the measurements to :he peak wall fluence location.
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PRESSURIZED THERMAL SHOCK OF PRESSURE VESSELS 

COMMISSION BRIEFING 

.E. MURLEY .  
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PRESSURTZED THERMAL SHOCK OF PRESSUREVESSELS 

COMMISSION BRIEFING 

V. SUMMARY OF THE PROBLEM 

II, DISCUSSIONS WITH INDUSTRY 

III, RECENT INFORMATION 

IV, POSSIBLE REGULATORY LIMITS 

V, STAFF CONCLUSIONS



SUMMARY OF THE PROBLEM
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VESSEL WALL TEMPERATURE 
VS. TIME AND DEPTH 
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MATERIAL TOUGHNESS VS, TEMPERATURE 
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NEUTRON-RADIATION-INDUCED 

TOUGHNESS CHANGES 

MATERIAL 

TOUGHNESS 

UNIRRADIATED IRRADIATED 

RTNDTO RTNDT TEMPERATURE



TEMPERATURES 
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DISCUSSIONS WITH INDUSTRY



DISCUSSIONS WITH INDUSTRY GROUPS 

- MARCi 31, 1981, MEETING WITH PWR REGULATORY RESPONSE GROUPS 

- APRIL 29, 1981, PROGRESS BRIEFING FROM PWR OWNERS GROUPS 

- MAY 15, 1981, REPORTS FROM OWNERS GROUPS 

- MAY 30, 1981, REPORTS FROM PWR LICE'NSEES 

- JULY 28-30, 1981, MEETINGS WITH OWNERS GROUPS 

- AUGUST 21, 1981, LETTERS TO 8 LICENSEES 

- SCHEDULE FOR MEETINGS ON TECHNICAL ISSUES 

-- W OWNERS GROUP - SEPTEMBER 18, 1981 

-- BW OWNERS GROUP - SEPTEMBER 22, 1981 

-- CE OWNERS GROUP - OCTOBER 7, 1981



PRELIMINARY STAFF CONCLUSIONS PRESENTED TO OWNERS GROUPS 

1. EFFORTS SHOULD CONTINUE TO REDUCE THE PROBABILITY AND SEVERITY OF 

OVERCOOLING TRANSIENTS 

2. RELIANCE ON THE OPERATOR ACTION TO PREVENT REPRESSURIZATION IS NOT AN 

ACCEPTABLE LONG-TERM SOLUTION 

3. A LIMIT SHOULD BE ESTABLISHED ON RT FOR CONTINUED OPERATION



INDUSTRY VIEWS -- BaW PLANTS 

BOUNDING TRANSIENT IS SMALL BREAK LOCA 

PRELIMINARY ANALYSIS USING REALISTIC ASSUMPTIONS SHOWED OCONEE-1 

VESSEL COULD SUSTAIN THE SBLOCA AFTER 32 EFPY 

- ANALYSIS ASSUMES OPERATOR ACTION TO PREVENT REPRESSURIZATION 

- PLANT SPECIFIC ANALYSES PLANNED 

OCONEE 1 - DECEMBER 31, 1981 

RANCHO SECO - MARCH 1, 1982 

OTHER PLANTS - LATER IN 1982



INDUSTRY VIEWS -- WESTINGHOUSE PLANTS 

- BOUNDING TRANSIENT IS PLANT SPECIFIC (LARGE LOCA, SMALL LOCA OR 

STEAM LINE BREAK) 

- ALL W PLANTS CAN SAFELY SUSTAIN SEVERE THERMAL SHOCK TRANSIENT, 

INCLUDING REPRESSURIZATION, TO BEYOND JANUARY 1983 

- GENERIC ANALYSIS SCHEDULED FOR COMPLETION DECEMBER 31, 1981



INDUSTRY VIEWS -- CE PLANTS 

BOUNDING TRANSIENT IS A, STEAM LINE BREAK 

MOST LIMITING PLANT CAN SAFELY SUSTAIN THE MOST SEVERE OVERCOOLING 

TRANSIENT FOR AN ADDITIONAL 5 EFPY 

ANALYSIS ASSUMES NO OPERATOR ACTION BEYOND THOSE PRESCRIBED BY 

PROCEDURES 

- GENERIC ANALYSIS SCHEDULED FOR COMPLETION DECEMBER 31, 1981



Reference-Temperature for the Reactor Vessels 
Owned by the Eight Recipients of the Aug. 21, 1981 

Letter on Pressurized Thermal Shock 

Reference Temperature, 
Plant NSSS Vessel RTNDT, deg. F.  

Vendor Fabricator Cir. Welds Long. Welds 

Oconee B&W B&W 150 170 

Three Mile Is. 1 B&W B&W 180 160 

Fort Calhoun CE CE 280 280 

Maine. Yankee CE CE 240 240 

Calvert Cliffs 1 CE CE 230 230 

Robinson 2 West. CE 290 290 

r Ponnfr 1 WB 2970 2gn 

Turkey Point .4 West. B&W 290 Forgings



SUMMARY OF INFORMATION REQUESTED FROM 8 LICENSEES 

60 DAYS 

-- RTNDT VALUES OF THE CRITICAL WELDS AND PLATES 

-- RATE OF INCREASE OF RT 

-- APPROPRIATE LIMIT ON RTDT FOR CONTINUED OPERATION 

-- OPERATOR ACTIONS TO PREVENT PRESSURIZED THERMAL SHOCK 

150 DAYS 
-- PLAN FOR RESOLVING THE ISSUE 

-- EVALUATION OF POSSIBLE CORRECTIVE ACTIONS 

-- IMPLEMENTATION SCHEDULES 

-- DETAILED INFORMATION FOR STAFF EVALUATIONS



III, RECENT INFORMATION



RECENT INFORMATION 

OCONEE-1 IN-SERVICE INSPECTION SHOWING INDICATIONS OF SMALL CRACKS UNDER 

THE CLADDING 

OVERCOOLING TRANSIENTS AT BORSSELE AND SAN ONOFRE 

SENSITIVITY CALCULATIONS BY STAFF 

RANCHO SECO TRANSIENT AS A BENCHMARK 

- NOMINAL MATERIAL PROPERTIES 

- VERY CONSERVATIVE PARAMETERS AND MATERIAL PROPERTIES



LOVIISA 1 EXPERIENCE 

MONITORING PROGRAM SHOWED WELD EMBRITTLEMENT FASTER THAN EXPECTED 

RT INCREASED FROM LI5oF TO 182oF 
NDT 

36 OUTER FUEL ELEMENTS WERE REPLACED BY DUMMY ELEMENTS 

NEUTRON FLUX AT VESSEL WALL REDUCED TO 1/3 ORIGINAL VALUE 

TEMPERATURE OF ECC WATER FROM 1PI RAISED FROM 680F TO 113-1310F



BORSELLE EVENT - MARCH 2, 1981 

- 400 MWE, 2 LOOP, 2 S-G, KWU DESIGN 

DURING MAINTENANCE, SOME ELECTRICAL CONNECTIONS AFFECTING SECONDARY 

SAFETY VALVES WERE INTERCHANGED 

- DURING STARTUP (NOT CRITICAL) OPERATOR TESTED POWER TO A PILOT VALVE, 

CAUSING S-G SAFETY VALVE TO OPEN 

- VALVE DID NOT RECLOSE (APPARENT INDEPENDENT FAILURE) 

- ONE S-G BOILED DRY, OPERATORS ISOLATED SECOND S-G, TURNED ON CHARGING 
PUMPS TO REGAIN PRESSURIZER LEVEL 

- PRIMARY TEMPERATURE DECREASED FROM 4460F To 284 0F IN 20 MINA 

- PRIMARY PRESSURE DROPPED To 2130 PSIG, THEN INCREASED To 2350 PSIG 
BY CHARGING PUMPS



SAN ONOFRE FEEDWATER TRANSIENT - SPET 3, 1981 

POWER SUPPLY FAILURE CAUSED PARTIAL CONTROL SYSTEM FAILURE 

OSCILLATIONS OBSERVED IN FLOW AND LEVEL OF STEAM GENERATORS 

OPERATORS TRIPPED THE REACTOR MANUALLY 

NATURAL CIRCULATION WAS ESTABLISHED IN ACCORDANCE WITH PROCEDURES 

AFTER 8 MINUTES SAFETY INJECTION OCCURRED DUE TO LOW PRESSURE 

OPERATORS IMPLEMENTED THE LOCA PROCEDURE UNTIL IT WAS ESTABLISHED THAT 

A LOCA HAD NOT OCCURRED 

COLD LEG TEMPERATURE DROPPED FROM 5320F TO 4620F IN 10 MINUTES 

NO DATA ON PRESSURE WAS RECORDED



IV, POSSIBLE REGULATORY LIMITS



POSSIBLE CORRECTIVE ACTIONS 

1, REDUCE THE PROBABILITY OF OVERCOOLING TRANSIENTS 

(E.G., MORE RELIABLE CONTROL SYSTEM) 

2. REDUCE THE SEVERITY OF OVERCOOLING TRANSIENTS 

(E.G., RAISE TEMPERATURE OF ECC WATER) 

3. REDUCE THE LIKELIHOOD OF REPRESSURIZATION 

(E.G., OPERATOR PROCEDURES OR CONTROL SYSTEM MODIFICATIONS) 

I.. MAINTAIN HIGH FRACTURE TOUGHNESS OF VESSEL 

(EG., REMOVE OUTER FUEl TO REDUCE FLUX AT VESSEL) 

5. REGAIN FRACTURE TOUGHNESS OF VESSEL 

(E.G. IN-PLACE ANNEALING)



WHAT SHOULD BE THE REGULATORY LIMIT? 

WHAT SHOULD BE THE DESIGN BASIS TRANSIENTS? 

IS RTNDT THE PROPER CRITERION? 

IF SO: 
WHAT SHOULD BE THE LIMIT ON RTNDT? 

WHAT SHOULD THE EVALUATION MODEL FOR CALCULATING RTNDT? 

HOW SHOULD UNCERTAINTIES BE TREATED? 

SHOULD ONE DIFFERENTIATE BETWEEN CIRCUMFERENTIAL AND LOGITUDINAL 

WELDS?



RATE OF INCREASE OF RT 

PLANT URRENT RTNLT ADDITIONAL EFPY To REACH RINDT 3000F 

FT. CALHOUN 2800F 2.0 EFPY 

ROBINSON 2 2900F 1.4 EFPY 

SAN ONOFRE 1 2700F 2.7 EFPY 

TURKEY POINTr 2800F 2.2 EFPY 

MAINE YANKEE 240 0F 7,14 EFPY 

CALVERT CLIFFS 1 2300F 3.4 EFPY 

TMI 1 1600F 10.4 EFPY 

OCONEE 1 1700F 13.3 EFPY



NUMBER OF PLANTS WITH RINDT ABOVE 200F 

RANGE OF RTNDT (F) 

200-220 220-240 240-260 260-280 280-3 

VESSELS HAVING 
2 2 11 2 

LONGITUDINAL WELDS 

VESSELS HAVING 
2 1FII0 2 

CIRCUMFERENTIAL WELDS



10 CFR 50 APPENDIX G PARAGRAPH IV 

"REACTOR VESSELS FOR WHICH THE PREDICTED VALUE OF ADJUSTED 

REFERENCE TEMPERATURE EXCEEDS 2000F SHALL BE DESIGNED TO PERMIT 

A THERMAL ANNEALING TREATMENT TO RECOVER MATERIAL TOUGHNESS 

PROPERTIES OF FERRITIC MATERIALS OF THE REACTOR VESSEL 

BELTING."
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EXAMPLE OF ANNEALING TO MEET RINDT LIMITS 
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EXAMPLE OF ANNEALING IEET.RT LIMITS 

FOLLOWED BY FUEL REMOVAL TO REDUCE FLUX BY FACTOR OF 3 

300 

RTNDT 
(OF) 

100

0 I II 
0 10 20 30 

EFFECTIVE FULL POWER YEARS



C/) 

C-) 

2" 
(/)



STAFF CONCLUSIONS 

PRESSURIZED THERMAL SHOCK IS A SAFETY CONCERN FOR OLDER PWR VESSELS HAVING 

HIGH COPPER CONTENT MATERIAL.  

IMMEDIATE CORRECTIVE ACTION IS NOT NECESSARY, BUT SUBSTANTIAL WORK IS NEEDED 

BY THE INDUSTRY DURING COMING YEAR 

- SOME CORRECTIVE ACTIONS WILL LIKELY BE REQUIRED FOR SOME PLANTS WITHIN A YEAR 

FROM NOW 

BASES FOR STAFF CONCLUSIONS THAT NO .CORRECTIVE ACTIONS ARE REQUIRED NOW: 

A) CHANCES OF A SEVERE OVERCOOLING TRANSIENT IN OLDER PWR PLANT DURING 

COMING YEAR IS ABOUT 1 IN 100 

B) EVEN IF A TRANSIENT AS SEVERE AS RANCHO SECO WERE TO OCCURo VESSEL 

FAILURE.WOULD NOT BE PREDICTED USING NOMINAL MATERIAL PROPERTIES 

C) ANALYSES INCLUDE A NUMBER OF CONSERVATISMS



STAFF ACTIONS 

- INDEPENDENT ANALYSES OF TRANSIENTS, FLUENCE AND FRACTURE MECHANICS 

CALCULAT IONS 

REVIEW LICENSEE ANALYSES 

- 60 DAY REPLIES 
- 150 DAY REPLIES 
GENERIC REPORTS 

GENERIC RESOLUTION BY STAFF (DRAFT NUREG BY SUMMER 1982) 

POSSIBLE OPERATOR GUIDELINES 

- POSSIBLE LIMITS ON RT 

V
t

D



REFERENCE TEMPERATURE, RTNDT 
FOR PWR OPERATING PLANTS 
AT VESSEL INSIDE SURFACE 

As OF MAY 1, 1981 

DEFINITION: 

RT DT = REFERENCE TEMPERATURE IL-DUCTILITY TRANSITION 

RTHDT = INITIAL RT + ART 

INITIAL RT;:nT IS DETERMINED BY FOLLOWING ASHE 
CODE PROCEDURES., IB-2331 

ART-DT IS THE TEMPERATURE SHIFT IN THE CHARPY 
TRANSITION CAUSED BY IRRADIATION. VALUES USED 

IN THE ATTACHED TABLES ARE FROM REG. GUIDE 1.99, 
REV, 1.



BABCOCK AND AILCOX PLANTS 

Vessel Effective Fluence Per EFPY Percent Copper Reference 1 iperature, 
Plant Fabricator Full Power Cir. Loig. Cir. Long. RTNDT De! Fahr.  

Years Welds Welds Welds Welds Plate Cir. Weld Long. Welds 
18 2 18 2 

x10 n/cm x1) n/cm 

Oconee 1 B&W 4.89 0.54 0.46 0.26 0.31 150 170 

Three Mile Is. I B&W 3.45 0.60 0.60 0.35 0.31 180 160 

Rancho Seco B&W 3.25 0.66 0.58 0.31 0.31 160 150 

Arkansas 1 B&W 3.85 0.61 0.45 0.31 0.31 170 150 

Crystal River 3 B&W 2.18 0.58 0.55 0.35 0.31 150 130 

Oconee 2 B&W 4.26 0.61 Forgings 0.35 Forgings 200 Forgings 

Oconee 3 B&W 4.3 0.61 Forgings 0.24 Forgings 140 Forgings 

Davis Besse B&W 1.26 0.66 Forgings 0.24 Forgings 60 Forgings



COMBUSTION S NEERING PLANTS 
Reference I >erature, 

Vessel Effective Fluence Per EFPY Percent Copper RTNDT De,, Iahr.  
Plant Fabricator Full Power Cir. Ong. Cir. Long. Plate Cir. Weld: Long. Welds 

Years Welds Walds Welds Welds 
18 2 18 2 

x10 n/cm xl0 n/cm 

Fort Calhoun CE 4.76 1.72 1.72 0.35 0.35 280 280 

Maine Yankee CE 5.50 0.85 0.85 0.36 0.36 240 ' 240 

Calvert Cliffs 1 CE 4.10 1.47 1.47 0.30 0.30 230 230 

Calvert Cl iffs 2 CE 3.03 1 .47 1.47 0.23 0.30 150 200 

Palisades CE 3.92 1 .16 1.16 0.25 0.25 190 190 

Millstone 2 CE 3.37 0.56 0.56 0.37 0.37 160 160 

St. Lucie CE 3.31 0.63 0.63 0.31 0.30 140 140 

Arkansas 2 CE 0.69



WE-STI NGII LANTS 

Reference 1 erature, 
Vessel Effective Fluence Per EFPY Percent Copper RTNDT Deo. I Mhr.  

Plant Fabricator Full Power Cir. Long. Cir. Long. Plate Cir. Welds . ong. Welds 
Years Welds Welds Welds Welds 

18  2 18 2 
x10 n/cm x10 n/cm 

Robinson 2 CE 6.80 1.72 1.59 0.34 0.34 290 290 

San Onofre CE 8.82 1.74 1.74 0.19 0.19 270 270 

Haddam Neck CE 10.42 1.31 1.09 0.22 0.22 230 220 

Point Beach 1 B&W 7.69 1.24 0.91 0.24 0.24 220 210 

Surry 2 B&W/RDM 4.34 1.56 0.34 0.19 0.31 140 110 

Zion 2 B&W 4.16 0.63 0.20 0.26 0.35 120 100 

Zion 1 B&W 4.32 0.63 0.20 0.35 0.31 170 90 

Farley CE 1.86 1.69 0.38 0.24 0.27 120 70 

Surry 1 B&W 4.51 1.56 0.34 0.25 0.18 190 60 

[eaver Valley CE 1.33 1.69 0.25 0.37 0.36 160 60 

Cook 1 CE 4.15 0.63 0.34 0.40 0.13 170 50 

Cook 2 CB&I 2.00 

Sequoyah 1 ROM 0.20 

Yankee Rowe B&W 14.14 0.78 Plate 0.20 Plate 200 No weld data 

Indian Point 2 CE 3.97 0.50 Plate 0.25 Plate 140 No weld data



Page 2 of 

WESTING@ PLANTS 

Reference perature, 
Vessel Effective Fluence Per EFPY Percent Copper RTNDT Dei. Fahr..  

Plant Fabricator Full Power Mr. Long. Lir. Long. Plate Cir. Weld Long. We1ds 
Years Welds Welds Welds Welds 

18 2 18 2 
x10 n/cm x10 n/cm2 

Indian Point 3 CE 2.67 0.56 Plate 0.24 Plate 120 Plate is controlling 

Salem I CE' 1.76 1.16 Plate 0.24 Plate 90 Plate i controlling 

Trojan CB&I 2.57 0.69 Plate 0.15 Plate 60 Plate i controlling 

Turkey Point 3 B&W 5.67 1.97 0.31 290 Forgings 

Turkey Point 4 B&W 5.16 1.97 0.30 280 Forgings 

Point Beach 2 B&W/CE 6.96 1.24 0.25 240 Forgings 

Ginna B&W 7.66 1.16 0.25 220 Forgings 

Kewaunee CE 5.32 1.34 0.20 150 Forgings 

Prairie Is. 2 SFAC 5.11 1.34 0.19 140 Forgings 

Prairie Is. 1 SFAC 5.36 1.34 0.14 100 Forgings 

North Anna 1 RDM 1.90 1.78 0.14 110 Forgings 

North Anna 2 RDM 0.35 1.78 0.13 90 Forgings
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OAK RIDGE NATIONAL LABORATORY 
OPERATED BY 

UNION CARBIDE CORPORATION 

NUCLEAR DIVISION 

POST OFFICE BOX X 

OAK RIDGE, TENNESSEE 37830 

August 24, 1981 

Mr. larren iLazelton 
Engineering Branch 
Division of Cperating Reactors 
Mail Stop 440 
U.S. !Nuclear Regulatory Coamission 
Washington, D.C. 20555 

Dear Mr. Hazel.on: 

I visited the Oconee nuclear reactor site on July 21-23, 1931 and 

again on August 10-12, 1981. The purpose of these two visits was to 

observe and evaluate the ten-year in-service ultrasonic inspection of 

the w:elds in the unit 1 reactor vessel. The Tressurized-.:ater reactor 

is o-ned and operated by the Duke Power Company.. The in-service 
ultrasonic.inspections were performed by Babcock and Wilcox (E2W) 

personnel. A prelim:inary meeting-discussing these inspections ;as 

held in Bethesda on March 24, 1931. My comments on that meeting were 

presented to you in Letter No. 0401-16-81, dated April 1, 19e1. He 

follo:ing is a c ymmay of the two visits to Oconee.  

On July 21-23, 1331, Jehn Glein, John Gieske, and I vis'ted tha.Czenee 

acto site. -n oi Lirst day (July 21 . c d d 
afety re (7:C00 an to 3:00 .) 
ce .1 i y (July 2 ) -c i .cked p c:e .>:& . s 

at with Nick cono.s (7RC repcsentatie from. L: l)a I Lcy of 

tha Tnbeccck and Wi I cox proposed ltrasuic t t c apy 

of the published.issue of the I:RC Regulatory Cuide 1.1,0 (Jue 1981) 
-ere made available by M r. Economos. 1We reviewed these docunents 

briefly and discussed their compatibility. An unofficial report was 

received about noon that water had leaked into the electronics of the 

B&W Automated Reactor Inspection System (ARIS) as it was lowered into 

the reactor vessel and that the system would require some repair.  

After lunch we suited up and went into, the reactor to examine the 

scanning fixture and the inspection site. We. found the ARIS fixture 

isolated with no one around to discuss its status. 7hen we got cut of 

containcnt, (about 4:00 pm) we learned that the ARIS fixture.had been 

-ore zeverely damaged than earlier estimated and that the rapair -:ould 

take about five -days. A Meeting was arranged with EE&W terso: n-el to
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discuss the ultrasonic test procedure, but the meeting was not 

scheduled until 8:30 am the following day. We cere allowed to make 

co.pies of the B&W test procedure (treating them as proprietary 
information). 1e each took a copy of the test procedure back to the 

cote and studied it individually for a couple of hours-1 then met 

during dinner to discuss the procedure as a group. This.did not 

accomplish much because the procedure is. written in general language 
and few details are given discussing how some of the steps are to be 

plarformed. Il su=mary, one cannot t une merely by reading the 
test procedure whether or not the ultrasonic inspection:of the elds 

in the reactor vessel will be perfoimed in accordance with Regulatory 
Guide 1.150.  

On L'dnesday, July 23, we met with Jim Brackett (Duke Power) and 

'ike Hacker and ert Chism (B&W) to discuss and clarify the ultrasonic 

test procedure, and the following is a summary of that discussion: 

We learned that 3.&W planned to inspect the near-surface region.using 
shear waves and a refracted angle of 7 0 *. One-half-inch diameter 

transducers are used and they mount two transducers. diagonally side by 
side to increase the area inspected on a single scan. The ARIS 

scanning arm has been modified to.accocmodate five transducers (it was 

originally designed to operate with three). The sensitivity of the 

70* inspection was determined at.the-B&W laboratories using notches 

ind side-drilled holes. 1-e were told they planned to calibrate for 

the inspection using a T/4 hole (side-drilled hole located at a depth 
of one-fourth of the cample thick-ess). he sznsitivity. of the 7I 

in~spection was established in the laboratory using corner uotches.  

Since corner notches typically reflect more sound energy, the 
sensitivity to notches located in the center -of the sp oimon would 

no~mally be reduced. No information was available as to how much the 

c ensitivity would be reduced. This y be an ite that .ads tO be 

in-;stigated at cur laboratory. Most of the remaining otails 

ds cussed :ere. :outine and the gen-ral appe.:cc s that t he 
r enic l1. poetion would be es.2 1 ut in-. .. C' 

* ..txe~s aiot-ual taL;ting 7when the a r i:Ar as 

Cn Monday, August .10, Nick Econocos and I returned to the Conce plant 

site. After completing the routine details of 'cody counts, 
dosimeters, dnd security badges, a met with Jim Brackett, 

Mike Hacker, and Bob Micheleski (B&:) to discuss the status of testing 
to date.,. We learned that the inspection of the three beltline weds 

had been completed. On R&W inspection sequence number 4 approximately 

16 indications were obtained from one of the beltline welds during the 
70 inspection.. Iost of the indications occurred in a 60* segment. on 

the circumference of. the weld, and most occurred at the top of the
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weld. ZLiin ndi doths of the india on no 
rb! g o about 0.3 to 0.9 in. with lengths of 0.1 to 

0.75 in. The a:nplitudes of. the signals varied from 50 to 150% orthe 
ditan-ce amplitude correction (nUAC) curve. A couple of the signals 
were also observed at the 60* inspecti6n angle. No other significant 
indbetions lhd been obtained. We learned that E&W 1.nod to 
reinspect these indications for confirmation and to obtain additional 
measure:ents. We asked to be present during these reexaminations.  

There is no good way. to corpare these data with 'previous baseline 
ultrasonic inspection results. The 70* refracted angle iitspection has 
never been performed before and the baseline inspection was performed 
Lising con.tact ultrasonic techniques whereas the in-service inspection 
was performed using imivarsion techniques. (This seems to be typical 
o . -of'nost reactor sites that I visit. The so-called baseline inspection 
is usually performed by a different method than the in-service 
inspection..) 

',Nick Economos and I spent the afternoon in the BS., trailer that houses 
the ultrasonic instrumentation, video displays, and computer control 
system for the ARIS text fixture. The trailer was located in the 
security area, but outside of containmient. 'e observed the 

calibration of the ultrasonic test system and learned more about the 

V test' procedure.  

The ultrasonic inspection as performed as follows: the ARIS system 
*,,:s calibrated inally. The calibration blocks were mounted on the 

.IS f::ture a-nd .are physically located in the reactor pool. The 
cc..puter was wscd to placed the transducers in the general vicinity of 
the calibration blocks, then the transducer arm was manipulated 
* nually using .puch-button motorized control6 to obtain peak signals 
fr- the raflactors in the calibration blocks. The sca-.i.g and 

.--.c zon, ortiont of the inzpection ware f'erfDrrsd at y.I 
sg con puter control. A rectan:gulac ig-zag sc ing t  

( r to a se7.:ag :.chine p:en was a.:ployed. T e lg 

:1. :h st.'.of ;:he 'eld.' Vcaning ''3as p- ctor d at a z:Ci 3 ..3 
hi hEr than the calibration setting. Chen indications are obta d 

thecopuer. Gs topped and, th elctorS wr vlae 1u ly b 
obtaining peak signals using thepush-button notorized controls.  

The calihration for the 70* inspection was perforned in a nner 
slightly different from that discussed at our previous .eeting on 
July 23. The beltline weld where the indications were chtained is 
approxi-ately 9 in. thick. In this area the DAC curve was produced as 
follows: the 'reflected signal from a 0.2-in.-deep EDM (corner) notch 
located just below the cladding was adjusted to 80% full-scale height.  
Asrai-ht line was drawn from the left edge of the screen to this 

Voit. 7The signal from a.T/4 hole (in 013 9-in,-thick calibration 
blck) occurred further in time and had an a-plitude of about 40-50%.
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A straight line was drawn from the 80% signal peak to this peak.. The 

resulting lines produced the DAC curve. The signal from the 

O.2-in.-deep notch and the T/4 hole were sharp and distinct and both 

hid. good signal-to-noise ratios.  

The 0, 45, 60, and 70* (two transducers) inspections ware performed 

simultaneously. The output signals from the 0, 45, 60, anid one of the 

70* transducers were fed to a Krautkratner U-600 ultraconic instrument 

and were displayed as four separate traces. on. a .sinc escilloscope.  

The fifth transducer (70* angle) was not displayed visually b-ut was 

connected to an audible alarm module. A single audible alarm system 
was available for the four channels on the KB-6000 but it was 

continueisly triggered by standing signals (multiples) that could not 

be eliminated, therefore it was disabled. To su; -marize: four 

transducers ware displayed visually with no audible alarm and one 

transducer was ccnnected to.an audible-alarm but was not displayed 

visually. During the performance of the ultrasonic examinatioa cne 

man monitored all five transducers and the technicians worked 12-h 

shifts. . The technicians did not have to observe the oscilloscope 

continuously during the 12-h shifts but the time still secs- a little 

iong to me. This particular area (possible technician fatigue) is not 

covered in the Regulatory Guide.  

On the following day we observed more testing and went into the 

containment area to observe the test fixture. (The ARIS system 
parfors quite well when it is working.) Around 5:00 pm we Iarned 

that 2S'! planned to rAinspact the 70o indications that night and we 

1 ft. word to call-us at the motel. ,a received the call about 

10:30 pm (does this sound familiar) and we wre at the site y 

11:30 pa.  

The .i.ation and evaluation process progressdd th er sa sly 
bacause of.the additional requircments to evaliate each i i in at 

50 .d 20% cf DAC. The Train reason for the in cre-sed i a 

- .ay opinion, was not the requirrulnt for Addition- d1 ut 5 'e 

C jhe fact vt ta t::Ichn-icians 2erorming . . a n 

-:il .r with 20% DAC or with. the now >-<ulatory 0 . 1 

form had not been ondified to have specific slots available to 

the required information. The reinspection therefore w:as a tiining 

exercise as well as an evaluation process. Based on my observations 

for this insaction the evaluation time to obtain the additional-data 

required by the new Regulatory Guide should increase the old 

cvaluation time by a factor of 1.5 to 2.0 per indication. This should 

amount to roughly 30 min per indication at most. Compared to the 

overall inspection time (approximately 21 days) this is almost 

insignificant.  

.I requested and was allowed to observed- the oscilloscope while one of 

the indications obtained at 700 was scinad in-the normal manner. The 

indication on the scraen was distinct and readily detectable but it 

only occurred on two or three scans and it could have easily been 
issad if the oprator, did not apply his full attention to the scope.
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It is .my opinion that individual audible alarms should be provided for 
each recorded channel during an ultrasonic inspection. The audible 
alarms are even more important when multiple channels are being 
observed simultaneously.  

Cimred with contemporary inspections that I have observed, the 
ultrasonic inspection of the welds in the unit 1 reactor vessel at 
Oconee -:ere conducted in a comipetent manner.. raiynd 
ripeta bility both appeared to be ;ood. The addition of the 70' angle 
inspection. provided coverage fr the near-surface area and additional 
data required by the Regulatory Cuide were recorded. I got the 
tapression that B&W personnel were tryinng to follow thenew 
Regulatory Guide and I know of no cases where they did not ccmply in 
the performance of the examination. The technicians could have been 
more familiar with the Regulatory Guide but competent personnel -were 
on hand to direct them. I would suggest the use of individual audible 
alarms as well as video displays for each channel of data recorded but 
this is not required by either AS.E Code or the Regulatory Guide. I 
will al:o mention that 'we were treated cordially by both Duke and 85W 
personnel. Our questions were answered and we were allowed to freely 
visit the inspection areas.  

I am including a copy of the preliminary test results for inspection 

sequence number 4. No other. significant indications were obtained 
during my visit.  

Si cerely yours, 

. H. S-mitt 
-O:Astructive Testing Group 

etals and Cerl-mics Division 

S~lb 

/cc/nc: N. 7coroos, RC 
J. Gieske, Sandia 
J. Gleim, NRC 
A. R. Herdt, NRC 
M. R. Fum, NRC 
A. L. Lotts 
R. W. McClung 
G. M. Slaughter 
J. H. Smith/File
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