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July 29,1997
ST-HL-AE-5701
File No.: G03.08
10CFR50

U. S. Nuclear Regulatory Cornmission
Attention: Document Control Desk
Washington, DC 20555

1

South Texas Project
Units 1 and 2

Docket Nos. STN 50-498, STN 50-499
120-Day Response to Generic Letter 97-01,

" Degradation of Control Rod Drive Mechanism Nozzle
;Ln_d_QAlter Vessel Closure Head Penetration 3"

Reference: 1) Letter from T. T. Madin, Nuclear Regulatory Commission, to All Holders
of Operating Licenses for Pressurized Water Reactors, dated April 1,1997

2) Letter from T. H. Cloninger to U. S. Nuclear Regulatory Commission,
dated May 1,1997 (ST-HL-AE-5635)

In Reference 2, the South Texas Project provided the 30-day response requested by
Generic Letter 97-01, " Degradation of Control Rod Drive Mechanism Nozzle and Other Vessel
Closure Head Penetrations" and committed to submit a written response to the Nuclear
Regulatory Commission by July 30,1997, relative to Items 1 and 2 of the requested information
section of the Generic Letter 97-01. The attachment to this letter provides the written summary.

If you have any questions on this matter, please contact Mr. A. W. Harrison at (512) 972-
7298 or me at (512) 972-8787.
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Attachments: 1. Affidavit |
2. 120 Day Response to Generic Letter 97-01, " Degradation of Control Rod |

Drive Mechanism Nozzle and Other Vessel Closure Head Penetrations"
3. Safety Evaluation Report on the NUMARC Submittal Addressing Alloy'

600 Control Rod Drive Mechanism (CRDM)/ Control Element Drive
Mechanism (CEDM) Pressurized Water Reactor Vessel Head Penetration
Cracking Issue
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Ellis W. Merschoff Rufus S. Scott
Regional Administrator, Region IV Associate General Counsel
U. S. Nuclear Regulatory Commission Houston Lighting & Power Company
611 Ryan Plaza Drive, Suite 400 P. O. Box 61067
Arlington, TX 76011-8064 Houston, TX 77208

Thomas W. Alexion Institute of Nuclear Power
Project Manager, Mail Code 13H3 Operations - Records Center
U. S. Nuclear Regulatory Commission 700 Galleria Parkway
Washington, DC 20555-0001 Atlanta, GA 30339-5957

David P. Loveless Dr. Bertram Wolfe
Sr. Resident Inspector 15453 Via Vaquero j
c/o U. S. Nuclear Regulatory Comm. Monte Sereno, CA 95030 !

P. O. Box 910 '

Bay City, TX 77404-0910 Richard A. Ratliff
Bureau of Radiation Control

J. R. Newman, Esquire Texas Department of Health
! Morgan, Lewis & Bockius 1100 West 49th Street

1800 M Street, N.W. Austin, TX 78756-3189
Washington, DC 20036-5869

J. R. Egan, Esquire
M. T. Hardt/W. C. Gunst Egan & Associates, P.C.

! City Public Service 2300 N Street, N.W.
P. O. Box 1771 Washington, D.C. 20037

i San Antonio, TX 78296
|

J. C. Lanier/M. B. Lee U. S. Nuclear Regulatory Commission
City of Austin Attention: Document Control Desk
Electric Utility Department Washington, D.C. 20555-0001

,

721 Barton Springs Road i

Austin, TX 78704

| . Central Power and Light Company
| ATTN: G. E. Vaughn/C. A. Johnson

P. O. Box 289, Mail Code: N5012
Wadsworth, TX 77483
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AFFIDAVIT i

UNITED STATES OF AMERICA
. NUCLEAR REGULATORY COMMISSION

. In the Matter of )
)

Houston Lighting & Power ) Docket Nos. 50-498
Company, et al., ) 50-499

')
South Texas Project ) !

Units I and 2 )

AFFIDAVIT

|- I, T. H. Cloninger, being duly sworn, hereby depose and say that I am Vice President, Nuclear
'

Engineering, of Houston Lighting & Power Company; that I am duly authorized to sign and file with
the Nuclear Regulatory Comnussion the attached response to Nuclear Regulatory lission Generic
letter 97-01; that I am familiar with the content thereof; and that the matters h therein are true
and correct to the best of my knowledge and belief.
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Vi Pre ent, |

N cl Engineeri g

STATE OF TEXAS )
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. Subscribed and swom to before me, a Notary Public in and for the State of Texas, thisJ1 day
'

of.bl ,1997.;
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'

120 Day Response to NRC Generic Letter 97-01, " Degradation of Control Rod Drive Mechanism
Nozzle and Other Vesse1 Closure Head Penetrations"

INTRODUCTION:

'

Generic Letter 97-01 (GL), Degradation of Control Rod Drive hiechanism Noule and Other
Vessel Closure Head Penetrations, was issued to request licensees to describe their program for
insuring the timely inspection of pressurized water reactor (PWR) control rod drive mechanisms.

(CRDM) and other closure head penetrations. This response provides South Texas Project's
(STP) information relative to the information requested by the GL.

.

Prior to issuance of the GL, STP worked with the Westinghouse Owners Group (WOG), Electric
Power Research Institute (EPRI), and the Nuclear Energy Institute (NEI) to understand the
operational experience, identify technical issues, cause factors, relative importance, and solutions.
One of these tasks was the development of safety evaluations that characterized the initiation of-

damage, propagation and consequences. These safety evaluations are contained in WCAP-13565,
Rev.1, " Alloy 600 Reactor Vessel Head Adapter Tube Cracking Safety Evaluation", and are
applicable to STP. The Nuclear Regulatory Commission (NRC) reviewed the safety evaluations
and issued a safety evaluation report (SER) to NEI on November 19, 1993. The safety
evaluations and the SER establish the basis for STP's continued operation. A copy of the SER is
provided in Attachment 3.

REOUESTED INFORMATION ITEM 1.1:

"1.1 A description of all inspections of CRDAf noule and other VHPs performed to the date
of this generic letter, including the results of these inspections. "

STP RESPONSE TO ITEM 1.1;

The South Texas Project has performed multiple inspections of the CRDM nozzles and other
vessel head penetrations (VHP) of both units of STP as described below.

Gk88-05 Visual Insocctintdesults

Boric acid inspections as required by GL 88-05, " Boric Acid Corrosion of Carbon Steel
Reactor Pressure Boundary Components in PWR Plants", are performed at STP in
accordance with procedure OPGP03-ZE-0033, "RCS Pressure Boundary Inspection for
Boric Acid leaks". To date, there have been 28 inspections performed in Unit I and 22>

inspections performed in Unit 2. No leakage has been detected in the reactor vessel head
penetration area in Unit 1. Unit 2 inspections have documented one incident where
leakage from a reactor vessel water level penetration flanged connection above the reactor
vessel head had leaked and boric acid residue was seen on the vessel head. Additional
inspections were performed after the removal of the boric acid residue and no areas of
wastage were found.

.wwmuu m msw
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JSI Visual Insnection Results of the Attachment Weld. As Rc_ quired by Section XI of the
ASME Code

In accordance with the STP inservice inspection (ISI) program, the Class 1 pressure
boundary, including the reactor pressure vessel (RPV) head penetration welds for
CRDM's, the CRDM housings themselves, and other RPV head penetrations, are subject
to a visual examination for leakage (VT-2) during a system leakage test after each
refueling outage and during a hydrostatic pressure test each inspection interval (approx.
10 years) under Category B-P, Item Nos. B15.10 and B15.11, respectively. The control
rod drive (CRD) nozzles are also required to be visually examined (VT-2) during the
system hydrostatic test at the end of each inspection interval under Class 1 Examination
Category B-E, Item No. B4.12. Since STP has not yet completed its first inspection
interval, we have only performed the VT-2 visual examinations during a system leakage
test after each refueling outage under Section XI rules. No leakage has been identified in
the RPV head area during these inspections.

JSI UT and/or PT Inspretion Results of the Dual Metal Weld. As Required by Section XI
of the ASME Code

Full penetration butt welds in CRD housings are categorized in Section XI as Category B-
O, Item No. B14.10 welds. The code requires that the welds in 10% of the installed
peripheral CRD housings be examined by a volumetric or surface examination each
inspection interval. There are 26 peripheral CRD housings. STP performs a liquid
penetrant (PT) examination on three housings (one weld in each housing) each interval.

The three CRD housing welds in Unit I were PT examined during the IRE 06 refueling
outage (May-June,1996). No recordable indications were detected. The Unit 2 CRD
housing welds are scheduled for examination during the 2RE06 refueling outage scheluled
for Fall,1998.

Any ReplicMion Inspeglions Perfonned

No replication inspections have been performed at STP.

Any Plant SpeciDe Volumetric Inspection Results |
1

No volumetric examinations of the CRDM nozzle attachment welds have been performed !

at STP,
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In addition to the STP-specific inspections discussed above, CRDM penetrations have been
inspected at other domestic Westinghouse plants and at Westinghouse supplied plants around the I
world. These CRDM inspections are summarized below.

In 1994, two WOG/ Westinghouse PWR plants (Point Beach Unit I and D C. Cook Unit !
2) voluntarily performed inspections of the CRDM penetrations. The results showed that

;

there were no indications found in Point Beach Unit 1. Three indications were found in a l

single penetration at D.C. Cook Unit 2. These were significant cracks but considerably
smaller than the NRC approved acceptance limit.

j

l
In Spring of 1996, D. C. Cook Unit 2 re-inspected some of their penetrations that had '

been previously inspected and confirmed the same indications reported earlier. No new
i

indications were found. Meanwhile, North Anna Unit 2 inspected 20 out of the total l
complement of 65 penetrations. No indications were found.

|

A large number of inspections have been performed on Westinghouse supplied reactor
vessel head penetrations throughout the world, and this section will document those
inspections, and the findings to date.

Section XI inspections have been performed for many years on the head pcnctration to
reactor vessel panial penetration weld, and the weld between the head penetration tube
and the CRDM. While these inspections do not cover the Alloy 600 portion of the head
penetration directly, they do provide surveillance information on the head penetration
region, and must be performed every ten years. To date, no indications have been j
reported. i

A second series of inspections which have been carried out regularly since 1988 involves
visual surveillance of the head for boron deposits which would be evidence of leaks,
following Generic Letter 88-05. Some boron deposits have been found by this
surveillance, but the sources of the leakage were nni from cracked head penetrations.
Generally these leaks have been associated with mechanical seals on the head.

Westinghouse supplied nuclear steam supply system (NSSS) plants in Spain, Sweden,
Switzerland, Belgium, Brazil, and Korea have conducted nondestructive examination
(NDE) inspections on Reactor Vessel Head Penetrations. By the beginning of 1996, some
5200 penetrations had been inspected worldwide. The results are summarized in Table 1-
1. On average, indications were found in approximately 2% of the penetrations that were
inspected. Based on Table 1-1, it appears that the rate of indications at U.S. plants is
significantly less than that of the French plants. Of all these inspections, only one
penetration was found to have through-wall cracking: the Bugey plant where cracking was
first identified.

.%+ mm mmm
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It will be ofinterest to examine the history ofinspections of the plants of Westinghouse
design worldwide, as well as the plants of Westinghouse design and US fabrication. A
relatively large number of these plants have been inspected, and very few indications have
been found. Outside of France, a total of 39 plants of Westinghouse design have been

;

inspected. Of approximately 1900 penetrations inspected, only 10 were found to be
i

cracked, for a percentage ofless than 0.6 percent. Of the 39 plants,9 were manufactured
in the USA, and for these plants 310 penetrations were inspected with only one cracked.

1

Thus, for Westinghouse plants manufactured in the USA, only 0.3 percent of the
penetrations have been found to be cracked.

Root cause evaluations concluded that the cracks were caused by primary water stress
corrosion cracking (PWSCC) of the Alloy 600 material. Electricite de France (EdF) and
Westinghouse concluded that the following factors contributed to the Bugey Unit 3
PWSCC.

Susceptible microstructure produced during manufacturing
-

Surface finish on the inside of the penetration-

Stresses induced during welding, which caused ovalization of the penetration
-

TABLE 1-1

WORLDWIDE VESSEL HEAD PENETRATION PWSCC INSPECTION RESULTS*

Number of Total No. of Number of Penetrations Rate of jCountry Plants Penetrations Penetrations With Indication !
Inspected in the Plants Inspected Indications Detected ** {

France 47 3225 3213 105 3.3%
Sweden 3 195 190 7 3.7%
Switzerland 2 72 72 2 2.8%
Japan 17 960 834 0 0
Belgium 7 435 435 0 0
Spain 5 325 102 0 0
Brazil 1 40 40 0 0
South Africa 1 63 63 0 0
South Korea 1 65 65 0 0
United States 5 314 217 1*** 0.5%

Total: 89 5694 5231 115 2.0%
s

'
Based on data available as of January 1996 (Europe) and July 1996 (U.S.).*

** Ratio of number of penetrations with indications detected to number of penetrations
inspected.

Oconee indications were not counted as cracks, because they had no measurable depth.***

Eddy current inspections after one cycle did not indicate any growth

,%.w nm5m - rn mm.
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REOUESTED INFORM ATION ITEM 1.2 THROUGH 1.4:
4

| "1.2 If a plan has been developed to periodically inspect the CRDhi noule and other VHPs:

a) Provide the scheduleforfirst, and subsequent, inspections of the CRDht noule |

| and other VHPs, including the technical basisfor this schedule.

;

b) Provide the scopefor the CRDM noule and other VHP inspections, including the
total number of penetrations (and how many will be inspected), which
penetrations have thermal sleeves, which are spares, and which are instrument or
other penetrations. ",

1.3 If a plan has nol been developed to periodically inspect the CRDM noule and other.

VHPs, provide the analysis that supports why no augmented inspection is necessary.
;

1.4 in light of the degradation of CRDM noule and other VHPs described above, provide
the analysis that supports the selected course of action as listed in either 1.2 or 1.3, i
above. In particular, provide a description of all relevant data and /or tests used to \

f develop crack initiation and crack growth models, the methods and data used to validate
'

these models, the plant-specific inputs to these models, and how these models i

substantiate the susceptibility evaluation. Also, if an integrated industry inspection
program is being relied on, provide a detailed description of this program."

.

STP RESPONSE ITEM 1.2 THROUGH 1.4:

STP is a participant in the WOG/NEI RPV head penetration integrated inspection program. This
integrated program includes volumetric inspection of head penetrations that have been performed
(see Table 1-1 above) and additional volumetric inspections that will be performed. I

STP believes that the number of plants that have or will be inspected is sufficient to demonstrate
,

the adequacy of the WOG/NEI integrated inspections program.

The need and schedule for re-inspection will be based on an evaluation of the inspection results
from the integrated inspection program. The plant performing re-inspections will keep the NRC
staffinformed ofits future re-inspection plans.

STP has selected a crack initiation and growth prediction model developed by Dominion
Engineering Inc. The reactor pressure vessel head nozzle PWSCC calculations of time to 75%
through-wall flaw depth are based on: 1) a crack initiation model using industry inspection data
and Weibull statistics with corrections for factors such as stress and nozzle temperature and 2) a
crack growth model using a stress intensity power law relationship. Predictions of initiation and
growth are integrated for the entire head using a Monte Carlo analysis because of the variability in
susceptibility among nozzles.

eWnNwc-wkW9%Mi er ST131041516
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,

Based on the currently available results using this approach, even the most conservative integrated,

prediction (i.e., the number of effective full power years from January 1,1997 until a 5%
probability of the presence of a 75% through-wall crack in any nozzle in the vessel head) indicates
augmented inspections of the RPV head penetrations will not be required for either unit prior to

i the end of the second ISI interval (circa 2009-2010). STP RPV head penetrations are accessible
for volumetric examination only during non-rapid refueling outages when the upper internals are
disconnected from the head. This evolution occurs approximately each ten years when the RPV

i
mechanized ISI examinations are performed.

All three PWR owners groups, EPRI, and NEI are cooperatively working to compile industry-
wide information on the estimated operating time from January 1,1997, needed to initiate and
propagate a crack 75% through wall in a vessel penetration. This information will be evaluated to
determine if an adequate number of plants have or are planning to inspect. This evaluation will be
completed by the end of 1997 and provided to the NRC. Therefore, STP will base any future

; inspections upon an evaluation of the integrated inspection plan.
a

: REOUESTED INFORMATION ITEM 2:

2. Provide a description of any resin head intrusions, as described in IN 96-11, that have
: exceeded the current EPRI PWR Primary Water Chemistry Guidelines recommendations

. forprimary water sulfate levels, including thefollowing information:
i

'

2.1 Were the intrusions cation, anion, or mixed bed?
2.2 What were the durations of these intrusions?
2.3 Does the plant's RCS water chemistry Technical Specifications follow the EPRI

guidelines?
2.4 Identify any RCS chemistry excursions that exceed the plant administrative limits

; for the following sp:cies: sulfates, chlorides orfluorides, oxygen, boron, and
i lithium. Identify any conductivity excursions which may be indicative of resin

intrusions. Provide a technical assessment of each excursion and anyfollow-up1

actions..

2.5 Provide an assessment of the potentialfor any of these intrusions to result in a
sigmficant increase in the probabilityfor IGA of VHPs and any associated plan'

for inspections",

b

N

STP RESPONSE ITEM 2 :'

STP has reviewed the plant historical records to determine if any incident of resin ingress similar.

to those which occurred in 1980 and 1981 at the Jose Cabrera (Zorita) plant has occurred at Unit
1 or Unit 2 of STP. This data scarch is structured to identify all resin intrusion events into the<

primary coolant system with a magnitude greater than 1 ft' (30 liters). The threshold of I ft was3
;

chosen as a conservative lower bound since it represents less than 15% of the estimated volume of,

resin released into the reactor coolant system during the two events at Jose Cabrera.
;

a
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For the period of plant operation prior to the routine analysis for sulfate in reactor coolant, the
data search was based on a review of the plant's reactor coolant chemistry records relative to
specine conductance of the reactor coolant. An elevation of a 28 micro S/cm increment in
specific conductance was the value used as an indicator of cation resin ingress equivalent to a
volume of I ft'.

Routine analysis for sulfate in reactor coolant was performed for plant operation from June,1990
to the present. A sulfate concentration in the range of 15 to 17 ppm peak concentration was used
as the indicator of cation resin ingress. This concentration is approximately equivalent to a
volume of 1 ft'.

|
The review of plant records showed no indication that an incident of resin ingress similar to those 1

which occurred in 1980 and 1981 at the Jose Cabrera (Zorita) plant had occurred in Units 1 or 2
of STP.

Had either specific conductance or sulfate increases indicated resin ingress to the magnitude of the
threshold quantity identified above, additional data evaluation would have been conducted to look j
for a corresponding depression in pII or elevation in lithium as corroborating information of the !

incident. In the case of the use of sulfate data as the indicator, specific conductance would also
;

have been included as confirmatory data had a significant in leakage event been identified.
|

It is unnecessary to review plant records for boron, chlorides, fluorides and oxygen, because these
species are not viewed as valid indicators of cation resin ingress and degradation within the |

primary coolant system of a PWR. Borate, chloride and fluoride anions could be associated with

the anion portion of mixed bed resin (cation plus anion); however, if mixed bed resin leakage to
the RCS occurred, the cation portion of the resin would contain the sulfate indicator described
above. Detectable dissolved oxygen in reactor coolant, during power operation with appropriate
hydrogen overpressure on the volume control tank and specified residual dissolved hydrogen in
the reactor coolant, could not occur and, therefore, could not be associated with resin in-leakage.

STP has followed the EPRI PWR Primary Water Chemistry Guidelines since the start of
commercial operation of each unit and has implemented revisions when issued.

ey=w mu u su mm
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| f E UNITED STATES
; i ! NUCLEAR REGULATORY COMMISSION
I 8 WASHINGTON, D.C. 20 25 4001

*****
| November 19, 1993 -

}
"

1 William Rasin, Vice President
i Director of 6he Technical Division
i Nuclear Management and Resources Council

1776 Eye Street, N.W.
3

i Suite 300
| Washington, D.C. 20006-3706

Dear Mr. Rasin:i

i

!- The attached safety evaluation was prepared by the Materials and Chemical
Engineering Branch, Division of Engineering, Office of Nuclear Reactor' I;

; Regulttion, on the MMARC submitta' of June 16,1993, addressing the Alloy 600
! Control Rod Drive Mechanism (CRDM)/ Control Element Drivo Mechanism (CEDM)
! pmssurired water reactor vessel head penetration cracking issue. This
! suireittal addressed stress analyses, crack growth analyses, leakage
i assessasnts, and wastage assessments for potential cracking of the inside
i diameter of CRDM/CEDM nozzles. Based on the overseas inspection findings and
| the review of your analyses, the staff has concluded that there is no
: immediate safety concem for cracking of the CRDM/CEDM penetrations. This
! finding is predicated on the performaace cf the visual inspection activities -

! requested in Generic Letter 88-05. Also, special nondestructive examinations
j are scheduled to commence in the Spring of 1994 to confim your safety
j analyses for each PWR owners group.

! Your submittals for each PWR type did'not address the fusey-3 fliw that was
,

i oriented approximately 30* cff the vertical axis nor a circumferential, J- |
| groove flaw discovered at Ringhals. Preliminary information supplied to the '

a staff by Swedish authorities indicates that the .0-groove flaw may be ;

| associated with a fabrication defect. We are continsing to work with the ,

; Swedish authorities to confirm this. From the Infomation available to us ;

; today, neither of these flaws would. pose a threat to the integrity of the CRDM
' penetrations. It is our understanding that you are also reviewing these flaws

and you will provide your assessment as to their significance and origin. NRC:

| will issue a supplemental safety evaluation after reviewing your supplemental
j assessment. |

..

! The staff agrees that there are no unreviewed safety questions associated with
i CRDM/CEDM penetration ' cracking. The staff agrees that the flaw predictions
j based upon penetration stress analyses are in qualitative agreement with

inspection findings; However, the stress analyses do not address stresses
,

: .from possible straightening of CRDM penetration tabos during fabrication.
These stresses, if large, could result'in circumferential flaw orientations.,

The staff requests that you also address this issue !n your supplemental'

i assessment. Based upon information received from on:rseas regulatory
j authorities, your analyses, and staff reviews, the staff believes that
i catastrophic failure of a, penetration is extremely unlikely. Rather, a flaw
4 would leak before it reached the critical flaw size and would be detected

during periodic surveillance walkdowns for boric acid leakage pursuant to
i Generic Letter 88-05. However, the staff recommends that you consider
,

!

'
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| William Rasin -2-
1

; enhanced leakage detection by visually examining the reactor vessel head until I

either inspections have been completed showing absence of cracking or on-line;

3 leakage detection is installed in the h'ead area. The staff requests that you '

also address _the issue of enhanced leakage detection in your supplemental:

;- assessment.
i

ihe NRC staff has reviewed your July 30, 1993 submittal, which proposed flaw.

acceptance criteria to be used in dispositioning any flaws found during
.

: CRDM/CEDM inspections. Tne staff finds the proposed flaw acceptance criteria
j acceptable for axial cracks because the criteria conform to the American
: Society of Mechanical Engineers (ASME) Section XI criteria. The staff

determined that flaws.that are primarily axial (less than 45' from the axial
3

; direction) should be treated as. axial cracks as indicated in Figure 1(b), (d),
i and (f) of your July 30, 1993 letter. Flaws more than 45* from the axial
i direction should be treated as circumferential flaws. However, based upon ;

i information submitted to date and the more serious safety consequences of
circumferential flaws, th'e staff does not agree with your proposed criteria'

i for circumferential flaws. Circumferential flaws which a licensee proposes to
j leave in service without repair, should be reviewed by the staff on a case-by-

case basis.;

i

! Sincerely,
! -

MUD
i

William T. Russell, Associate Director
. for Inspection & Technical Assessment
Office of Nuclear Reactor Regulation

,

As Stated

Distribution,1,
Central File JStrosnider WRussell
EMCB RF BDLiaw RHermann
JDavis JWiggins WKoo

PDR

.

;

'

*SEE' PREVIOUS CONCURRENCE

*EMCB:DE *EMCB:DE *EMCB:DE .*EMCB:DE *DE:D NRR;ADJ
v.%

JDavis WKoo RHermann JStrosnider JWiggins WRussell

09/23/93 10/25/93 10/27/93 11/18/93 11/19/93 18 / li /93
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SAFETY EVALUATION
FOR

POTENTIAL REACTOR VESSEL HEAD ADAPTOR TUBE CRACKING'

1.0 INTR 0096 TION -
-

Primary water stress corresion cracking (PWSCC) of Alloy 600 was
identified as an emerging' issue by the NRC staff to the NRC Commi! Pion
following a 1989 leakage from an Alloy 600 pressurizer heater sleeve
penetration at Calvert Cliffs Unit 2, a Combustion Engineering designed
pressurized water reactor (PWR); Several instances of PWSCC of Alloy;

| 600 pressurizer instrument nozzles had been reported to the NRC between
the time period of 1986 to the present on domestic and foreign .

'

pressurized water reactors (PWR). The licensee at Arkansas Nuclear
Operations, Unit 1, a Babcock & Wilcox (B&W) designed PWR, reported a.

leaking pressurizer instrument nozzle in 1990, after 16 years of
i operat'on. Westinghouse PWR's do not use Alloy 600 for penetrations or
| nozzles in the pressurizers. ;

According to the infomation provided to the staff by NUMARC at a public
,

meeting held on July 5,1993, a leak was discovered in an Alloy 600'

| control rod drive mechanism (CRDM) adapter tube penetration during a
I hydrostatic test at the Bugey 3 plant in France in 1991 after 12 years

of operation. A visual examination of the CRDM adaptor tube penetration
indicated the presence of axial flaws in the inside diameter (ID) of the
CRDM adaptor tube penetration. The remaining 65 CRDM adaptor tube

| penetrations were wanined at Bugey 3 and 2 additional CRDM adaptor tube i

penetrations contained axial cracks on the ID of the CRDM adaptor tube
'

penetrations. An examination of 24 CRDM adaptor tube penetrations at
Bugey 4 revealed axial ID cracks in 8 CRDM. adaptor tube penetrations.
CRDM adaptor tube penetrations have been examined at 37 nuc, lear power
plants in France, Sweden, Switzerlands Japan, and Belgium and 59 of the ;

,
1,850 penetrations have revealed short, axial crack indications.

!

l The primary safety concern associated with stress corrosion cracking in
Alloy 600 in CRDM penetrations is the potential for circumferential ,

cracks. Extensive circumferential cracking could lead to the ejection !

of a CRDM resulting in an unisolable rupture in the primary coolant i

system. As indicated above, the inspections to date have identified
short axial cracks. However, two other inspection findings are of
particular interest. First, the CRDM penetration that leaked during
hydrostatic testing at Bugey-3 was removed and examined metallurgically.

- during December 1992. A secondary crack that was 0.120 inches long and
0.090 inches deep at about 30 degrees to the axial direction was
observed on this CRDM. Second, in early in 1993, a J-groove weld at the
Ringhals plant in Sweden was discovered to contain a circumferential,

L crack. Preliminary indications are that this flaw is a fabrication
i defect. Additional work is in progress by the staff at the Swedish
j Nuclear Power Inspectorate to confirm this.

The Westinghouse CRDM adaptor tube penetrations are similar in design to
i the European PWR's and use Alloy 600 for the penetrations. The NRC

staff met with the WOG on January 7,1992 to discuss the experience at
.

, -- y 4- p,-- m -
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the Bugey 3 plant and the relationship of the French desigin of the CRDM |
adaptor tube penetrations to the. design of domestic Westinghouse plants. !
The WOG informed the NRC staff th$t a program had been initiated in !
Decembar_1991 to: (1) determine tne root cause of the CRDM penetration :
cracking; (2) analyze the stress distributions in the CRDM penetratioas !
of a typical domestic plant; (3) compare the design and operational )characteristics of domestic and French plants to determine the i

likelihood for cracking; and (4) identify the need for additional l

efforts. The NRC staff also met with the Combustion Engineering owners ,

Group (CEOG) and the Babcock & Wilcox Owners Group (B&WOG) to discuss |
the PWSCC of CRDM adaptor tube penetrations. The Nuclear Management and '

Resources ~ Council (NUMARC) coordinated the PWR Owners' Group effprts on
this subject. . .

On June 16, 1993, NUMARC submitted safety assessments to the NRC from
WOG, CEOG, and B&WOG for review by the NRC staff. These safety

.

assessments present stress analyses, crack growth analyses, leakage |analyses, and wastage assessment. for flaws initiating on the ID of CRDM ;

adaptor tube penetrations. NRC requested additional information on the
safety assessments by letter dated September 2,1993. NUMARC submitted
the response to NRC on September 22, 1993. The safety assessments
submitted to the NRC did not address the secondary flaw observed at the I

Bugey-3 plant that was oriented approximately 30' from the longitudinal'
axis of the penetration nor the apparent fabrication flaw at the
Ringhals plant. Neither of these flaws posed a threat to the integrity
of the CRDM penetrations. Howeve.r, NUMARC has committed to submit a
safety assessment relevant to this type of cracking. Afte~r this safety
assessment has been reviewed by NRC, a supplement to this SER will be j

issued. l

1.

2.0 STAFF EVALUATION |-

2.1 WOG WCAp-13565. ALLOY 600 REACTOR VESSEL HEAD ADAPTOR TUBE CRACKING

SAFETY EVALUATION

The WOG submitted the, " Alloy 600 Reactor Vessel Head Adaptor Tube I
Safety Evaluation," through NUMARC on June 16, 1993. The safety ,

evaluation addresses the following elements: ;

1. A summary of' the stress analysis focusing on the type (orientation)
of cracking that may be expected in the Alloy 600 material, and the |

'

stresses necessary for flaw propagation;.

|

2. A summary of the flaw propagation analysis along with the background
of the flaw prediction method;

3. An assessment of the WOG plants with respect to penetration flaw
indication data from plant inspections at Ringhals, Bernau, and i

various Electricite de France plants, in which the key parameters
for cracking are compared to WOG plants;
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4. A leakage assessment sunniarizing leak ' rate vs. flaw sfze, and
postulating leaks for WOG pl. ants for which leakage considerations

;may apply; and,

! 5. ' A Essel head wastage assessment including the process that leads to
'

wastage and an estimate of the allowable wastage.
.

|

| 2.1.1 REGULATORY BASIS AND DETERMINATION OF UNREVIEWED SAFETY OUESTIONS )
The WOG prepared safety evaluation addresses the potential for cracking
and the ramifications of such cracking of the reactor vessel head
adaptor tubes at Westinghouse designed NSSS plants. The W0G compared.
the results of this safety evaluation to the criteria in the Title 10
Code of Federal Regulations, Section 50.59 (10 CFR 50.59). The WOG
concluded that an unrevieued safety question did not exist. Its
evaluation considered the following:

.

1. Continued plant oporation will not increase the probability of an
accident previously evaluated in the FSAR. -

,

2. The consequences of an accident previously evaluated in the FSAR are
not increased due to continued, plant operation.

,
I

i 3. Continued plant operation.will not create the possibility of an
,

i accident which is different than any already evaluated in the FSAR.
,

~
;;

! 4. Continued plant operation will not increase the probab'ility of a '

malfunction of equipment important to safety.

5. Continued plant operation will not-increase the consequences of a
malfunction of equipment important to safety previously evaluated in
the FSAR. )

i

6. Continued plant operation will not create the possibility of a |

1 malfunction of equipment important to safety different than any |
| already evaluated in the FSAR. '

7. The evaluation for the effects of continued plant operation with
potentially ' cracked reactor vessel head adapters has taken into
account the applicable technical specifications. ;

2.1.2 STAFF'S EVALUATION OF THE REGULATORY BASIS AND DETERMINATION OF
UNREVIEWED SAFETY OUESTIONS ;.

,

'
'

The staff agrees that no unreviewed safety question exists, provided
only axial flaws are found. Those axial flaws would be expected to be
short, and they would most probably leak noticeably prior to the flaw

,

| size reaching unstable dimensions. The existence of any unexpected
i leaks would not adversely affect plant operation, or accident / transient

response. No significant equipment degradation would be expected.
,

! Details of the staff's evaluation that led to the above conclusions is
I discussed in the following sections.

'

,

;
.- -. . .. . -_..-. _. ,_ \
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2.1.3 PENETRATION STRESS ANALYSIS
|.

The WOG conducted an elastic-plastic, finite element analysis of a 4-,

loop 1EE plant vessel head penetrations. The WOG concluded that the 4-
: loop WOG plant is bounding since prior analyses showed that the
! operating and residual stresses are higher on a 4-loop plant than on 2

or 3-loop plants on the outermost penetrations. Three penetration:

locations were modeled, the center location, the outemost location, and,

i the location next to the outemost location. The stress history was
simulated by using a load sequence of the themal load from the first;

welding pass, the thermal load from the second weld pass, the4

! fabrication shop cold hydrotest, the field cold hydrotest, and th.e
; steady state operational loading. . .

; .

! The highest stresses are found in the zone around the weld and are the
i highest in the penetration farthest from the center of the vessel

(peripheral penetrations). The highest stresses on that penetration are'

on the side of the penetration nearest to the center of the vessel.

! (centerside) and on the side of the penetration farthest from the center
of the vessel '(hillside). Also, the stresses are the highest below the
weld and decrease significantly above the weld. The ratio of peak hoop,

stress to axial stress at the same location at the outermost
penetrations was abou.t 1.4 compared to a'value of about 1.6 estimated^

i based on the degree of ovaling measured on actual penetrations. The
i ratio of hoop stress to axial stress was about the same for center
; penetrations as for peri heral penetrations (1.6 for center penetrations )
i compared to 1.4 for peri ral penetrations); however, th'e ' magnitude of |

i the stresses at the per heral penetrations was higher. The analysis
j indicates that axial flaws would be more likely than circumferential i

! flaws, flaws are more likely below the weld than above the weld, and
j that axial flaws would appear at locations in the penetrations where |

! they have been found in service. i

) 2.1.4 STAFF EVALUATION OF THE PENETRATION STRESS ANALYSIS

The staff is in agreement with the results of the WOG stress analysis
that predicts that the cracking will be predominately axial. These4

! results are in qualitative agreement with field inspection findings.
! However, the WOG.did not address the effects of possible straightening |

'

| of the CRDM penetration tubes during fabrication. Such straightening
] operations could significantly alter the residual strees fields within
i the penetration tubes. Results of inspections to date have not
j identified any problems directly related to this process; however, the
j staff requests that NUMARC address this issue for all three owners

groups' plants. ,

2.1.5 CRACK GROWTH ANALYSIS: FLAW TOLERANCE

The WOG crack growth analysis was based on the assumptions that the flaw
would be caused by primary water stress corrosion cracking, and that the'

crack' growth is controlled by the hoop stress. The maximum p'rincipal
stress will be oriented at a slight angle to the hoop stress and flaws

i

e

-_, - .. _ . . ,
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would be expected to be perpendicular to the maximum principal stress. ,

| However, all of the flaws found in service with two exceptions have been
axially located. Hence, the WOG osed the hoop stress as anI

approx 131ation of the maximum principal stress. The outer- most
penetration for a 4-loep Westinghouse plant was selected for analysis
since this location experiences the highest stresses. .The highest

! stress was located along the inner surface just below the center side of
the weld. The calculated hoop stress through the wall of the

I penetration was used for flaw growth calculations. The flaw growth data
were obtained from steam generator field experience and laboratory data.

Based on the stress fields that exist in the CR::N penetrations, any flaw I
growth that occurs is expected to be predominate 1y' axial in nature. '

Furthermore, the growth of any flaws inclined from the vertical would be
limited in length due to the nature of the existing stresses. These
conclusions are consistent with the inspection results described above.
Accordingly, there is no significant potential for failure of a <

penetration by ejection of.the CRDM sleeve. With regard to axial
cracking, WOG has concluded that the critical flaw length for an axial
flaw for A11ov 600 is sufficiently long that leakage would occur and be i
detected during surveillance walkdowns as required by GL 88-05.
Therefore, the consequences of cracking in the senetration sleeve are

i limited to the affects of leakage as discussed below.
.

The flaw growth analysis showed that under the most severe conditions of
metallurgical microstructure, peak hoop stress, and operating
temperature, it w~ uld take about five years for a flaw togrow througho
wall. Under the same conditions, it would take an additional 10 years

.

'for a through-wall flaw to grow I % inches above the weld on the lower
hillside of the outemost head penetrations- (Figure 3.2-2) and about the

of the outemest penetrations,above the J-groove weld on the center side
same time to grow two inches

(Figure 3.2-3). The flaw growth analysis
indicates- that through wall flaws would essentially arrest before
growing a maximum of two inches above the weld. These flaws would be
constrained within the haad and could not significantly open thus
limiting the amount of teakage that could occur.

2.1.6 STAFF EVALUATION OF THE CRACK GROWTH ANALYSIS _

The WOG stated that the crack growth analysis is in general agreement
with the inspection findings. The crack growth rate data used in this
analysis was limited, but the results predicted using these flaw growth

I data bound the results of the inspections. Crack growth rates are
! difficult to determine precisely; however, the assumed growth rates
' compare well with inspection data available to date and the large

margins that exist in the analyses will account for any possibly higher
growth rates. There are large margins of safety in the analyses and the
CRDM penetrations are constructed of inherently tough material with a
critical flaw size of approximately 13 inches in the free span above the

: reactor vessel shell. Therefore, the staff concludes that catastrophic
failure of a penetration is extremely unlikely because a flaw would be,

i
l
|

|
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detected during boric acid leakage surveillance walkdowns tefore it+

reached the critical flaw size.
.i

2.1.7 ASSESSMENT OF WOG PLANTSa

The WOG compared the Ringhals and Beznau plants to the domestic
: Westinghouse plants and developed a model for the relative

susceptibility to PWSCC. The WOG considered residual and operating
stresses in .the penetrations, the environment, material condition,
operating temperature, and tine-of-operation at temperature, and
pressure. Based on this evaluation, the WOG has evaluated domestic WOG
PWR's with regard to their degree of susceptibility. Based on what WOG
considers to be conservative assumptions, the Ringhals plants en' elopev
45 domestic plants. None of these plants are expected to have any flaws
other than some short, shallow, axial flaws. Nine additional WOG plants
are not enveloped by the Ringhals plants. Based on the stresses,
operating temperatures, hours of operation, and the flaw growth curves
provided in the WOG safety. assessment, the WOG does not expect any CRDH
penetration axial flaws to reach a length in excess of 1 inch before
about the middle of 1995.

2.1.8 STAFF EVALUATION OF THE WOG ASSESSMENT

The susceptibility model developed by the WOG considers the appropriate
parameters affecting IGSCC and should provide a reasonable ranking of
plant susceptibilities. In addition, this evaluation indicates that it
is unlikely that U.S. plants should exhibit any cracking's'ignificantly
worse than that found in European plants. -

2.1.9 LEAK RATE CALCULATIONS .

The leak rates were calculated based on the assumption that the leak
rate will be controlled by the flow rate through the flaw in the head
penetration or by the flow through the penetration annulus, whichever is
smaller. WOG estimates the maximum leak rate would be 0.7 Spm for a 2
iach long flaw and an annular clearance of 0.003 inches. Leakage above
1.0 gpm is detectable in domestic WOG plants according to WOG. Growth
of an axial flaw outside of the part contained within the reactor head
will result in leakage greater than 1.0 gpm prior to reaching the
critical flaw size. The WOG stated that an axial flaw would remain
stable for growth up to 13 inches above the reactor vessel head.

2.1.10 STAFFS EVALUATION OF THE WOG LEAK RATE CALCULATIONS

The staff agrees with the WOG assumptions about leakage and concludes,
that based on existing leakage monitoring requirements, there is
reasonable assurance that leakage in excess of the 1.0 gpm technical
specification limit would be detected prior to any unstable extension of
the flaw.
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2.1.11 REACTOR VESSEL HEAD WASTAGE ASSESSMENTS -

This section assesses the potentit:4 wastage of the reactor vessel head
due to deakage of primary coolant through the CRDM penetrations. This
assessment is based on wastage data from previous Westinghouse
experiments and from the results of a penetration mockup test conducted
by the Combustion Engineering Owners Group (CEOG).

This analysis assumed that coolant escaping from the penetration would
flash to steam leaving boric acid crystals behind. WOG assumed that
crystals would accumulate on the vessel head but would cause minimal
corrosion while the reactor was operating. The head temperature would
be about 500*F during operation and significant wastage of the reactor .

head by the boric acid crystals would not be expected. Dry boric acid -.

crystals do not cause corrosion. Wastage would only occur during
outages when the head temperature is below 212*F. I

1

The CEOG provided all of the PW owners groups with the results of j
pressurizer penetration mockup test results. The WOG examination of the !

CEOG mockup test results showed that the maximum penetration rate at the i
-

deepest pit was 2.15 inches / year while the average penetration rate was I

0.0835inchys/ year. The maximum total metal loss rate or wastage volume
was 1.07 in / year, and the greatest damage occurred whsre the leakage l
lefttheannulus. The WOG considered the maximum wastage would be 6.4 i

in of vessel head material. The assumptions made were that any leakage '

over 10 gpa can be detected so only leak rates between 0.0 and 1.0 gpm.

were considered. The WOG analyzed the situation using fihite element-
analyses for a 2 loop, 3 loop, and 4 loop reactor vessel head where a
1.0 gpa leak went undetected for 6 years and concluded that the ASME
code minimum wall thickness requirement would be satisfied and that the
stresses remain within the ASME code allowable stresses.

2.1.12 THE STAFF'S EVALUATION OF THE REACTOR VESSEL HEAD WASTAGE
ASSESSMENTS

The assumption used in the WOG corrosion assessment are based on
experimental data and should provide a reasonable estimate of potential
wastage of the reactor vessel head. Based on these evaluations, there
would be significant time between initiating a leak and experiencing
wastage that would reduce the structural integrity margins of the
reactor vessel head to below acceptable levels. Considering the length.
of time involved, there is reasonable assurance that leakage, manifested
by the accumulation of moderate amounts of boric acid crystals would be
detected during a surveillance walkdown in accordance with GL 88-05.

3.0 CEOG SAFETY EVALUATION

The CE0G safety evaluation is essentially the same as the WOG safety
evaluation. The CE0G plants run at a slightly higher temperature than
the European plants that have experienced cracking, have greater
hillside angles, and have been in operation longer than many'of the
European plants. The CE0G indicated that all of these factors would

I
k u
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increase the probability of cracking for the CEOG plants. ' However, the
CEOG plants have significantly 1.ess weld metal in the J-groove welds and i

the CEOG stated that this would significantly reduce the residual
weldipp-induced stresses and would reduce the probability of PWSCC. -
CE0G concluded that any PWSCC that formed would be short, axial flaws.

The CEOG states that they can detect a 0.12 gpm leak in the primary
coolani; system. CEOG also states that the boric acid accumulation as a
result of a 0.12 gpm leak would not result in wall thinning below' the
code allowables in less than 8.8 years compared to 6 years for WOG
plants and that surveillance walkdowns would detect boric acid crystals
long before the 8.8 years.i

3.1 STAFF EVALUATION OF THE CE0G SAFETY EVALUATION -

The staff has concluded that the potential for PWSCC of CRDM/CEDM for
CE0G plants does not create an immediate safety issue as long as the

i

surveillance walkdowns required by GL 88-05 continue and corrective
| action is instituted when leaks are discovered. "The CEOG analyses

indicating 'tha't the stresses would favor development of axial rather
than circumferential cracks and that significant time would be required
to reduce the wall thickness of the vessel head to below the ASME code .
allowables demonstrates that an imediate safety concern does not exist.

4.0 B&WOG SAFETY EVALUATION

The B&WOG safety evaluation was essentially the same as th' WOG and CEOGe
safety evaluations. The B&WOG analysis indicates that B&WOG plants have
essentially the same susceptibility to PWSCC as the European plants
based on operating temperature, residual stresses, and operational life.
The B&WOG predicts short, axial flaws.on the aeripheral locations based
on the results of finite element analyses. Tie B&E0G estimates that it
would take 10 years from the time a flaw initiates on the inside,

diameter of a CRDM penetration until a leak appears. Once a leak
'

starts, B&WOG concluded.that it would take 6 years before enough
corrosion would occur to reduce the wall thickness of the reactor vessel !

head to below ASME code minimums, and that this amount of leakage would '
,

! be detected during surveillance walkdowns.

4.1 STAFF EVALUATION'0F THE B&WOG SAFETY EVALUATION |

The staff has concluded that the potential for PWSCC of CRDM for B&WOG
| plants does not create an 1smediate safety issue as long as the
| surveillance walkdowns required continue and as long as any leakage is

4
F corrected. The B&WOG analyses, indicating that the stresses would favor

development of axial rather than circumferential cracks and that
significant time would be required to reduce the wall thickness of the l,

vessel head to below the ASME code allowables, demonstrates that an !
.

j immediate safety concern does not exist.
i

)
.
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5.0 PROPOSED FLAW ACCEPTANCE CRITERIA -

:

!
On July 30, 1993, NUMARC submitted the proposed flaw acceptance criteria

l
for fims identified during inservice inspection of reactor vessel upperhead penetrations to the NRC for review. These criteria were developed
by utility technical staffs and the domestic PWR vendors. NUMARC
proposes that axial flows are permitted through-wall below the J-groeve
weld and 75 percent through-wall above the weld. There is no limit on ,

!

| the length of the flaws. NUMARC proposes that circumferential flaws
! through-wall and 75 percent around the penetration be allowed below the

J-groove weld and that circumferential flaws above the weld could be 7!i .

|

percent through-wall and 50 percent around the penetration. Proximity
rules found in ASME Section XI
detemining the effective leng., Figure IWA 3400-1 are proposed forth of multiple flaws in one location.'

,

|
-

;

i NUMARC proposes that the flaws be characterized by length and preferablydepth. NUMARC proposes that if only the length is characterized, that-
i ;

the depth be assumed to be one half of the length based on inspection
|1 findings to date. '

| 5.1 STAFF EVALUATION OF THE PROPOSED FLAW ACCEPTANCE CRITERIA

The staff finds the proposed flaw a.cceptance criteria acceptable for
axial flaws because the criteria conform to the American Society of
Mechanical Engineers '(ASME) Section XI criteria. The assumption that
flaw depth is one half the flaw length for flaws whose depth cannot be i

determined will limit the flaw length to 1.5 times the thickness of the
penetration sleeve. However, it is expected that reasonahTe attempts
will be made to detemine flaw depths. Flaws found through inservice
inspection
direction) w(ISI) that are primarily axial (less than 45' from the axial

ill be treatedias axial flaws as indicated in Figure Ifb),,

| (d),and

the axial (direction are considered to be circumferential . flaws.
f) of NUMARC'S July 30, 1993 letter. Flaws more than 45 from

! Based
upon information submitted to date and the more serious safetyi

| consequences of circumferential flaws, the staff has concluded that
| criteria for circumferential flaws should not be pre-approved.'

Detection of such flaws would be contrary to inspection results to date
and to the conclusion of the owners Groups evaluations. The
curcumstances associated with such a flaw would have to be well
understood. Therefore, any circumferential flaws found through ISI,
which a licensee proposes to leave in service without repair, will be
reviewed on a case-by-case basis by the staff.

6.0 LEAKAGE MONITORING

NUMARC, through the owners groups' reports, determined that any leakage
in excess of I gpm would be detected prior to any unstable extension of

i axial flaws. Also, leakage at less than 1 gpm would be detectable over
time based on boric acid buildup as noted during periodic surveillance

. wal kdowns. Although NUMARC has proposed, and the staff agrees, that low
i level leakage will not cause a significant safety issue to result, the
| staff determined that NUMARC should consider methods for detecting
j smaller leaks to provide defense-in-depth to account for any potential
t

. . .-
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uncertainty in its analyses. The reported leak rate at Bugey 3 was
about 0.003 gpm and was detected using acoustic monitoring techniques
during the performance of a hydrbstatic test. The staff does not think

i that 11._is necessary to detect a 0.003 gpm leak, but does think that
| permitting leakage just below 1.0 gpm as currently proposed may be

.

i undesirable. Leakage of this magnitude would produce significant '
'

deposits (thousands of pounds / year) of boric acid on the reactor vessel
head. Further, most facilities' technical specifications state that no '

pressure boundary leakage is pemitted. The staff notes that smallt

! leaks resulting from flaws which progressed through-wall just prior to a'

refueling outage would be difficult to detect while the thermal
insulation is installed. Although running for an additional cycle with
that undetected leak would not result in a significant safety istue, the
NUMARC should consider proposing a method for detecting leaks that are
significantly less than 1.0 gpe, such as the installation of on-line

i monitoring equipment. -
|

70 CONCLUSIONS
? -

.

-

Based on reviaw of the NUMARC submittal and the overseas inspection i
results, the staff concludes that the CRDM/CEDM cracking at the reactor ;

vessel heads is not a significant safety issue at this time as long as ;

the surveillance walkdowns in accordance with GL 88-05 continue. The ;
; staff agrees with the NUMARC's detemination that there are no

|
| unreviewed safety questions associated with stress corrosion cracking of '

| CRDM penetrations. However, new information and events may require a l
i reassessment of the safety significance. Furthermore, there is a need
! to verify the conclusions of the NUMARC's safety evaluations. !

i

Therefore, nondestructive examinations should be performed to ensure
i

there is no unexpected cracking in domestic PWRs. ' These examinations do
|

| not have to be conducted immediately since only short, shallow, axial !
! flaws are likely to be present in the CRDM penetrations. The industry |has committed to conduct inspections at three units in 1994. They are: 1

(a) Point . Beach Unit 1 in the Spring of 1994,
(b) D.C. Cook Unit 2 in the third quarter of 1994,
(c) Oconee Unit 2 in September 1994.

As the surveillarice walkdowns proposed by NUMARC are not intended for
! detecting small leaks, it is conceivable that some affected PWRs could
l

potentially operate with small undetected leakage at CRDM/CEDM
penetrations. In this regard, the staff believes it is prudent for !
NUMARC to consider the implementation of an enhanced leakage detection
method for detecting small leaks during plant operation. ;

The staff found NOMARC's flaw acceptance criteria acceptable for axial
i flaws but NRC review and approval of the disposition of any

!circumferential flaws will be required. i
t

Technical Contacts: Robert A. Hermann (301) 504-2768 !
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