ViwGiNiAa ELeEcTRIC AND POWER COMPANY

RicamMonDp, VIRGINIA 283261

November 22, 1995

U.S. Nuclear Regulatory Commission Senal No. 95-605

Attention: Document Control Desk NES/IS/PIJN/EJW

Washington, D.C. 20555 Docket No. 50-338
License No. NPF-4

Gentlemen:

YIRGINIA ELECTRIC AND POWER COMPANY

NORTH ANNA POWER STATION UNIT 1

BEACTOR VESSEL HEAD PENETRATIONS
USE OF AN ALTERNATIVE REPAIR TECHNIQUE

» Inspections at pressurized water reactors have shown the presence of cracking in
some roactor vessel head penetration tubes. This phenomenon has been followed
closely by the Nuclear Energy Institute (NEI, and the owners groups. Baseu on a
reassessment of the phenomenon by .he Westinghouse Owners Group (WOG), it
appears that Virginia Electric and Power Company's (Virginia Power's) North Anna
and Surry Power Stations may be more susceptible to the cracking mechanism than
previously believed.

Because of the slow rate of crack growth and relative ease of detection, the issue
appears to have a low safety significance but potential economic risk. As a
precautionary measure, it is our intent to perform a limited inspection at this time. The
results of those inspections will be used to refine the WOG guidelines for reactor
vessel head penetration tube cracking and to determine the necessity for similar
inspection activities in the future at North Anna and Surry.

Virginia Power currently plans to inspect North Anna Unit 1 during the February 1996
refueling outage. In the unlikely event that repairs are required as & result of the
inspection, we request, pursuant to 10 CFR 50.55(a)(3), the use of the attached
Alternative 1o Code Requirements. We also request that the NRC's review and
approval of this alternate repair technique occur prior to mid-January 1996 in order to
facilitate the upcoming North Anna Unit 1 outage, currently scheduled to begin
February 9, 1996.
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The following documents are referenced in the attached Alternative to Code
Requirements and are enclosed:

1. WCAP-13998, Rev. 1, "RV Closure Head Penetration Tube ID Weld Overlay Repair”
(Pruprietary) (5 copies)

2. WCAP-14518, "RV Closure Head Penetration Tube ID Weld Overlay Repair" (Non-
Proprietary) (5 copies)

3. USNRAC Letter, W.T. Russeil to Raisin, NUMARC, "Safety Evaluation for Potentia
Reuctor Vessel Head Adapter Tube Cracking," November 18, 1983,

4. USNRC Letter, A.G. Hansen to R.E. Link, "Acceptance Criteria for Control Rod Drive
Mechanism Penetrations at Point Beach Nuclear Plant, Unit 1," March 9, 1994,

Also enclosed are a Westinghouse authorization letter, CAW-95-906, accompanying
affidavit, Proprietary Information Notice, and Copyrigh: Notice.

As Item 1 contains information proprietary to Westinghouse Electric Corperation, it is
supported by an affidavit signed by Westinghouse, the owner of the information. The
affidavit establishes the basis on which the information may be withheld from public
disclosure by the Commission and addresses with specificity the considerations listed
in paragraph (b)(4) of Section 2.790 of the Commission's regulations. Accordingly, the
information which is proprietary to Westinghouse shou'd be withheld from public
disclosure in accordance with 10 CFR Section 2.790 of the Commission's regulations

Correspondence with respect to the copyright or proprietary aspects of the items listed
above or the supporting Westinghouse Affidavit should reference CAW-95-906 and
should be addressed to N. J. Liparulo, Manager of Nuclear Safety Regulatory &
Licansing Activities, Westinghouse Electric Corporation, P.O. Box 355, Pittsburgh,
Pennsylvania 15230-0355.

The attached relief request has been approved by the Station Nuclear Safety and
Operating Committee. If you have any questions concerning this request, please
contact us.

Very truly yours,

James P. O'Hanlon

Senior Vice President - Nuciear

Attachment



cc: U.S. Nuclear Regulatory Commission
Region 1l
101 Marietta Street, N.W.
Suite 2900
Atlanta, Georgia 30323

Mr. R. D. McWhorter
NRC Senior Resident Inspector
North Anna Power Station



ALTERNATIVE TO CODE REQUIREMENTS
I. IDENTIFICATION OF COMPONENTS

Bing’ Penetration # Rescription
Initial S e
13 62 - 69 4" control rod drive tube (sleeved)
12 58 - 61 4" control rod drive tube (sleeved)
11 51, 53, 54, 57 4" thermocouple tube (not sleeved)
50, 52, 55, 56 4" control rod drive tube, spare (not sleeved)
10 46 -49 4" control rod drive tube (sleeved)
9 38 - 45 4" control rod drive tube (sleeved)
8 30 - 37 4" control rod drive tube (sleeved)
7 26 - 29 4" control rod drive tube (sleeved)
6 22,23, 24,25 4" control rod drive tube, rods removed (not sleeved)
5 15,17, 19, 21 4" control rod drive tube, spare (not sleeved)
4 10-13 4" control rod drive tube (sleeved)
3 6-9 4" control rod drive tube (sleeved)
2 2-5 4" control rod drive tube (sleeved)
1 1 4" control rod drive tube, rods removed (not sleeved)

TRing number identifies the distance from the center of the reactor vessel head. The higher the ring
number the greater the distance from center and a higher probability of finding & flaw.

2Expansion scope - If an unacceptable flaw is found in the initial sample group, then the next rirg will be
examined. Expansion will continue until all the penetration tubes in a ring are found to be acceptable.

. IMPRACTICAL CODE REQUIREMENTS

The North Anna Unit 1 reactor vessel closure head penetrations are scheduled to be
examined during the 1996 refueling outage, as shown above. The initial inspection
scope will include the twenty penetrations in the outer three rings. The closure head
penetration tube base material in the region of the attachment weld will be uxamined
volumetrically using eddy current. Any identified flaws will be characterized by
ultrasonics. There are no inservice acceptance standards established for this area
since this examination is not required by ASME Section XI, 1983 Edition, Summer
1983 addenda. As allowed by subparagraph IWA-3100(b) "if acceptance standards
for a particular component, Examination Category, or examination method are not
specified in this Division, indications that exceed the acceptance standards for
materials and welds specified in the Section Ill edition applicable to the construction of
the component shall be evaluated to determine disposition. Such disposition shall be
subject to review by the enforcement authority having jurisdiction at the plant site.”



Acceptance criteria have been established by Westinghouse and reported in WCAP
14024, "Inspection Plan Guidelines for Industry/Plant Inspection of Reactor Vessel
Closure Head Penetration Tubes." The acceptance criteria have been reviewed and
accepted by the NRC'2, with comments. The NRC comments have been incorporated
in WCAP 14024. Virginia Power and Westinghouse are developing repair techniques
in the event repairs are required. The Code requires flaws exceeding the acceptance
criteria to be removed or reduced to an acceptable size, as stated in subparagraph
IWB-3112(c) "Components whose examination (IWB-2200) reveals flaw indications,
other than the indications of (b) above, that exceed the standards of Table IWB-3410-1
shall be unacceptable for service unless such flaws are removed or repaired to the
extent necessary to meet the allowable flaw indication standards prior to placement of
the component in service."

Thermal sleeves are installed in 48 of the 65 reactor vessel head penetration tubes.
Due to the penetration configuration and the available tooling, complete removal of
flaws greater than 0.25 inches deep requires the removal of the thermal sleeve.
Removal and reinstallation of the thermal sleeve is a very difficult process. Any
removal and reinstallation method involves special tooling, a significant amount of
remote machining/welding, radiation exposure, and uncertainty.

.  BASIS FOR ALTERNATIVE TO CODE REQUIREMENTS

An alternative to removing the thermal sleeve and totally removing the flaw is to
partially remove the flaw and weld overlay to the original wall thickness. This
technique is referred to as an "embedded flaw repair." This repair technique is
described in the Westinghouse Annotated Letter and WCAP 13998 (attached), entitled
"RV Closure Head Penetration Tube ID Weld Overlay Repair.”

The weld overlay eliminates tha exposure of the flaw to the reactor coolant
environment, which stops further flaw growth and results in a subsurface flaw as
defined by ASME Section ¥1, IWA-3320. Acceptance standards for flaws will be based
on the NEI/NUMARC guivelines. The penetration tube is sufficiently stiff, and
constrained by the vessel head, so the integrity of the tube will be maintained by the
weld overlay regardless of the extent of the flaw.

The other advantages to this type of repair verses a Code repair is that this technique
results in lower residual stress than a complete excavation with a full weld build up
and a better surface fcr reinspection than a complete excavaticn and a partial weld
build up. Therefore, it is also advantageous to use this technique for unsieeved
penetrations. Additionally the development of analysis and tooling for a single
versatile repair technique is preferred.

TUSNRC Letter, W T. Rur~ell to Raisin, NUMARC, "Safety Evaluation for Potential Reactor Vessel Head
Adapter Tube Cracking." November 19, 1993.

2USNRC Letter, A.G. Hansen to R.E. Link, "Acceptance Criteria for Control Rod Drive Mechanism
Penetrations at Point Beach Nuclear Plant, Unit 1," March 9, 1994,



IV. ALTERNATIVE TO CODE REQUIREMENTS

The embedded flaw repair method, proposed and supported by the stated
Westinghouse documentation, will be used as an alternative to the Code requirements
if repairs are required, for axial flaws up to 75% through-wall in reactor vessel head
penetration tubes. The flaw will be partially removed using electric discharge
machining (EDM). The excavation will be based on the depth of the measured flaw
and will range from 0.090 to 0.125 inches. A weld overlay will be performed to restore
the tube wall thickness. The final weld will be examined volumetrically using eddy
current and ultrasonics and surface examined using liquid penetrant. The reactor
vessel head will be VT-2 examined without removing the insulation during startup at
nominal operating pressure.
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Westinghouse Energy Systems Nuclear Technology Division
Electric Corporation e

Pittsburgh Pannsylvania 15230-0355

November 20, 1995
CAW-95-906

Document Control Desk
US Nuclear Regulatory Commission
Washington, DC 20555

Attention: Mr. William Russell

APPLICATION FOR WITHHOLDING PROPRIETARY

INFORMATION FROM PUBLIC DISCLOSURE
Subject: "RV Closure Head Penetration Tube ID Weld Overlay Repair," WCAP-13998, Rev. 1
(Proprietary)
Dear Mr. Russell:

The proprietary information for which withholding is being requested is further identified in Affidavit
C#W-95-906 signed by the owner of the proprietary information, Westinghouse Electric Corporation.
T. - affidavit, which accompanies this letter, sets forth the basis on which the information may be
withheld from public disclosure by the Commission and addresses with specificity the considerations
listed in paragraph (b)(4) of 10 CFR Section 2.790 of the Commission’s regulations.

Accordingly, this letter authorizes the utilization of the accompanying Affidavit by Virginia Power
Company .

Correspondence with respect to the proprietary aspects of the application for withholding or the
Westinghouse affidavit should reference this letier, CAW-95-906, and should be addressed to the
undersigned.

Very truly yours,

\
¢ &? i | PITYY. | A\\ ‘\ hoe
)
N. J. Liparulo, Manager
Nuclear Safety Regulatory & Licensing Activities
RSL/bbp
Enclosures

oe: Kevin Bohrer/NRC (12HS)

CAWSW/NERLASML
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CAW-95-906

COMMONWEALTH OF PENNSYLVANIA:

COUNTY OF ALLEGHENY':

Before me, the undersigned authority, personally appeared James M. Brennan, who, being by
me duly sworn according to law, deposes and says that he is authorized to execute this Affidavit on
behalf of Westinghouse Electric Corporation ("Westinghouse”) and that the averments of fact set forth
in this Affidavit are true and correct to the best of his knowledge, information, and belief:

James M. Brennan, Manager

Operating Plant Licensing

Sworn to and subscribed
before me this 2% day

of __“Usvgmdtr) . 1995

1852C-8RO-1:112008
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-2- CAW-95-906

I am Manager, Operating Plant Licensing, in the Nuclear Technology Division, of the
Westinghouse Electric Corporation and as such, I have been specifically delegated the
function of reviewing the proprietary information sought to be withheld from public disclosure
in connection with nuclear power plant licensing and rulemaking proceedings, and am
authorized to apply for its withholding on behalf of the Westinghouse Energy Systems

Business Unit.

I am making this Affidavit in conformance with the provisions of 10CFR Section 2.790 of the
Commission’s regulations and in conjunction with the Westinghouse application for

withhoiding accompanying this Affidavit.

I have personal knowledee of the criteria and procedures utilized by the Westinghouse Energy
Systems Business Unit in designating information as a trade secret, privileged or as

confidential commercial or financial information.

Pursuant to the provisions of paragraph (b)(4) of Section 2.790 of the Commission’s
regulations, the following is furnished for consideration by the Commissior a determining

whether the information sought to be withheld from public disclosure should be withheld.

(i) The information sought to be withheld from public disclosure is owned and has been

held in confidence by Westinghouse.

(ii) The information is of a type customarily held in confidence by Westinghouse and not
customarily disclosed to the public. Westinghouse has a ration~l basis for determining
the types of information customarily held in confidence by it and, in that connection,
utilizes a system to determine when and whether to hold certain types of information
in confidence. The application of that system and the substance of that system

constitutes Westinghouse policy and provides the rational basis required.

Under that system, information is held in confidence if it falls in one or more of
several types, the release of which might result in the loss of an existing or potential

competitive advantage, as follows:

1RS2C-SRG-2:1 12008
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(a)

(b)

(¢)

(d)

(e)

(M

®

3. CAW-95-906

The information reveals the distinguishing aspects of a process (or component,
structure, tool, method, etc.) where prevention of its use by any of
Westinghouse's competitors without license from Westinghouse constitutes a

competitive economic advantage over other companies.

It consists of supporting data, including test data, relative to a process (or
component, structure, tool, method, etc.), the application of which data
secures a competitive economic advantage, e.g., by optimization or improved
marketability.

Its use by a competitor would reduce his expenditure of resources r improve
his competitive position in the design, manufacture, shipment, installation,

assurance of quality, or licensing a similar product.

It reveals cost or price information, production capacities, budget levels, or

commercial strategies of Westinghouse, its customers or suppliers.

It reveals aspects of past, present, or future Westinghouse or customer funded
development plans and programs of potential commercial value to
Westinghouse.

It contains patentable ideas, for which patent protection may be desirable.

It is not the property of Westinghouse, but must be treated as proprietary by

Westinghouse according to agreements with the owner.

There are sound policy reasons behind the Westinghouse system which include the

following:

(a)

The use of such information by Westinghouse gives Westinghouse a
competitive advantage over its competitors. It is, therefore, withheld from

disclosure to protect the Westinghouse competitive position.




(i)

(iv)

(v)

1852C-SRG-4: 112008

-4- CAW-95-906

(bj It is information which is marketable in many ways. The extent to which
such information is available to competitors diminishes the Westinghouse
ability to sell products and services involving the use of the information.

(¢) Use by our competitor would pu’ Mestinghouse at a competitive disadvantage
by reducing his expenditure of resources at our expense.

d) Each component of proprietary information pertinent to a particular
competitive advantage is potentially as valuable as the total competitive
advantage. If competitors acquire components of proprietary information, any
one component may be the key to the entire puzzle, thereby depriving
Westinghouse of a competitive advantage.

(e) Unrestricted disclosure would jeopardize the position of prominence of
Westinghouse in the world market, and thereby give 4 market advantage to the

competition of those countries.

(f) The Westinghouse capacity to invest corporate assets in research and
development depends upon the success in obtaining and maintaining a

competitive advantage.

The information is being transmitted to the Commission in confidence and, under the
provisions of 10CFR Section 2.790, it is to be received in confidence by the

Commission.

The information sought to be protected is not available in public sources or available
information has not been previously employed in the same original manner or method
to the best of our knowledge and belief.

The proprietary information sought to be withheld in this submittal is that which is
appropriately marked in "RV Closure Head Penetration Tube ID Weld Overlay
Repair”, WCAP-13998 Rev. 1 (Proprietary), November, 1995 for North Anna Power
Station Units 1 and 2, being transmitted by the Virginia Power Company letter and
Application for Withholding Proprietary Information from Public Disciosure, to the
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Document Control Desk, Attention Mr. William T. Russell. The proprietary
information as submitted for use by Virginia Power Company for North Anna Power
Station Units 1 and 2 is expected to be applicable in other licensee submittals in
response to certain NRC requirements for potential reactor vessel head penetration

repairs.
This information is part of that which will enable Westinghouse to:

(a) Provide data supporting the acceptability of repairing reactor vessel head
penetrations utilizing the "embedded flaw" technique.

(b) Define the concept and benefits of the reactor vessel head penetration
"embedded flaw" weld repair approach.

(c) Assist the customer to obtain NRC approval.
Further this information has substantial commercial value as Jollows:

(a) Westinghouse plans to sell the use of similar information to its customers for

purposes of meeting NRC requirements for licensing documentation.

(b) Westinghouse can sell support and defense of the technology to its customers

in the licensing process.

Public disclosure of this proprietary information is likely to cause substantial harm to
the competitive position of Westinghouse because it would enhance the ability of
competitors to provide similar methodologies and licensing defense services for
commercial power reactors without commensurate expenses. Also, public disclosure
of the information would enable others to use the information to meet NRC
requirements for licensing documentation without purchasing the right to use the

information.
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6- CAW-95-906

The development of the technology described in part by the information is the result
of applying the results of many years of experience in an intensive Westinghouse
effort and the expenditure of a considerable sum of money.

In order for competitors of Westinghouse to duplicate this information, similar
technical programs would have to be performed and a significant .aanpower effort,
having the requisite talent and experience, would have to be expended for developing
testing and analytical methods and performing tests.

Further the deponent sayeth not.



Copyright Notice

The reports transmitted herewith each bear a Westinghouse copyright notice. The NRC is permitted
to make the number of copies of the information contained in these reports which are necessary for its
internal use in connection with generic and plant-specific reviews and approvals as well as the
issuance, denial, amendment, transfer, renewal, modification, suspension, revocation, or violation of
a license, permit, order, or regulation subject to the requirements of 10 CFR 2.790 regarding
restrictions on public disclosure to the extent such information has been identified as proprietary by
Westinghouse, copyright protection not withstanding. With respect to the non-proprietary versions of
these reports, the NRC is permitted to make the number of copies beyond those necessary for its
internal use which are necessary in order to have one copy available for public viewing in the
appropriate docket files in the public document room in Washington, DC and in local public
document rooms as may be required by NRC regulations if the number of copies submitted is
insufficient for this purpose. Copies made by the NRC must include the c¢opyright nouce in all
instances and the proprietary notice if the original was identified as prop ietary.

CAWSOO/NSRLASNSL



Proprietary Information Notice

Transmitted herewith is a proprietary document furnished to the NRC in connection with requests for
generic and/or plant-specific review and approval.

In order to conform to the requirements of 10 CFR 2.790 of the Commission’s regulations concerning
the protection of proprietary information so submitted to the NRC, the information which is
proprietary in the proprietary versions is contained within brackets, and where the proprietary
information has been deleted in the non-proprietary versions, only the brackets remain (the
information that was contained within the brackets in the proprietary versions having been deleted).
The justification for claiming the information so designated as proprietary is indicated in both versions
by means of lower case letters (a) through (f) contained within parentheses located as a superscript
immediately following the brackets enclosing each item of information being identified as proprietary
or in the margin opposite such information. These lower case letters refer to the types of information
Westinghouse customarily holds in confidence identified in Sections (4)(ii)(a) through (4)(ii)(f) of the
affidavit accompanying this transmittal pursuant to 10 CFR 2.790(b)(1).

CAWROS/NSRLASL



Westinghouse Energy Systems
Electric Corporation

Mr. R. W. Calder

Supervisor - Materials Engineering
Virginia Power

Innsbrook Technical Center

5000 Dominion Boulevard

Glen Allen, VA 23060

VIRGINI? POWER

VRA-95~-121

November 20, 1995

Ref:
Ref:
Ref:
Ref:
Ref:

NORTH ANNA POWER ETATION UNITS 1 AND 2

EMBEDDED FLAW REPAIR

Dear Mr. Calder:

RMO7~1599
RM06~-1602
RM30571

BEI' 14411
VRA-95-122

See the eight (8) page attachment which provides a diecussion,
summary and conclusions for the reactor vessel head penetration

embedded flaw repair.

1f you have any qguestions or require anything further, please

call me at (412) 374-3370.
Very truly yours,
WEBTINGHOUSE ELECTRIC CORPORATION

C D b for,

D. R. Beynon, Jr., Project Manager
Chesapeake/Pittsburgh Area
Operating Plant Programs

Attachment



ATTACHMENT TO WESTINGHOUSE LETTER VRA-95-121
A. Background

Inspections have shown the presence of cracking in reactor vessel
head penetration tubes in a number of pressurized water reactors.
The cause of this cracking has been attributed to primary water
stress corrosion cracking (PWSCC). Several methods are available
for performing repairs to the penetration tubes should cracking
be significant enough to warrant repairs. These methods include
excavation of the penetration tube to remove shalluw flaws and,
for deeper flaws, excavation and weld repair. With respect to
excavation and weld repair, two methods are available. These
methods would be to 1) completely remove the crack by excavation
followed by a full or partial weld buildup, and 2) partial
removal of the flaw by excavation followed by a weld overlay
("embedded flaw" repair).

B. Introduction
1. Weld Build-up Repair Technigue

Beveral issues are associated with the case of complete removal
of the flaw followed by a weld buildup that have an undesirable
affect on site schedule, personnel exposure, and component
adequacy for continued operation. These are discussed in the
following paragraphs.

a. Thermal S8leeve Removal

Due to the spacial constraints associated with the
design of the vessel penetration and thermal sleeve,
thermal sleeve removal is necessary to completely
remove a flaw that is deeper than 0.25 inches for those
penetrations which contain thermal sleeves. Removal of
the thermal sleeve can be achieved by two methods.

The first method removes a portion of the thermal
sleeve through the bottom of the penetration. To
accomplish this, first the thermal sleeve is cut at an
elevation above the crack in the penetration. However,
the distortion and ovality of the penetration produced
by the original attachment weld may not permit removal
of the thermal sleeve. The thermal sleeve contains an
alignment collar that has a small clearance to the
penetration ID and may not pass through the bottom end
without cutting the thermal sleeve into segments.
Following this cutting and removal, the repair is made
to the penetration and the thermal sleeve subsequently
reinstalled. This reinstallation requires remote
welding of the thermal sleeve followed by inspection to
verify an acceptable weld as well as correct alignment.

1 o0f 8



ATTACHMENT TO WESTINGHOUSE LETTER VRA-95-121

Although the technique for cutting and rewelding of the
thermal sleeves has been developed in Europe,
additional development and qualification of this
process by Westinghouse would be reguired prior to its
use at North Anna.

For those penetrations with ovality and distortion that
will not permit thermal sleeve removal through the
bottom end, the second method is to remove the thermal
sleeve through the top of the penetration. This method
requires remcval of the CRDM rod travel housing by
cutting the :ancpy seal weld and threading the rod
travel housizg out of the CRDM latch housing, cutting
the thermal sleeve above the thermal sleeve guide, and
removal of the remaining thermal sleeve out of the top
of the penetration. Fellowing the repair, it is
necessary to reinstall the thermal sleeve through the
top of the penetration, threading the guide to the
bottom of the thermal sleeve and welding it to the
thermal sleeve, reinstalling the rod travel housing and
reveld the canopy seal weld.

Both of these methods involve a significant amount of
remote machining/welding and radiation exposure
associated with the removal and installation of the
thermal sleeve.

Penetration Residual Stress/Inspection Following Repair

One method for application of the weld buildup is to
completely fill the excavation and restore the ID of
the penetration. While this method provides a surface
that can be readily inspected following repair, it will
require the application of a significant amount of weld
material which results in a significant increase in
penetration residual stress which could adversely
affact the susceptibility of the penetration to PWSBCC.
An alternate method for repair is to apply a smaller
amount of weld material and thereby minimize the amount
of additional penetration residual stress and
deformation. However, this method has the drawback of
not restoring the penetration ID and would result in a
much more difficult surface for post repair inspection
by UT (manual method only currently developed) and Eddy
Current (development of method is regquired).

While both of these repair techniques are in accordance

with the ASME Code, the embedded flaw repair technique
avoids the above mentioned drawbacks.

2 of 8



ATTACHMENT TO WESTINGHOUSE LETTER VRA-95-121

2. Embedded Flaw Repair

The embedded flawv repair technique involves an excavation at the
inside surface of the penetration. This excavation would be
sufficient to remove the portion of the crack which is exposed to
the reactor coolant at the inside surface of the penetration.

The depth of the excavation, 0.125 inch or smaller, would be set
such that following application of a weld overlay, the remaining
portion of the flaw will qualify as a subsurface flaw according
to the rules of ASME Section XI paragraph IWA 3310 (b). The
depth of the excavation is controlled by utilizing "hard stops"
which are incorporated into the tooling to limit travel of the
EDM electrode. Following excavation and prior to welding, a dye
penetrant test will be performed to verify that the excavation
has covered the full length of the flaw. The weld is applied and
examined with dye penetrant, eddy current and ultrasonics to
verify an acceptable weld. This approach eliminates exposure of
the flaw to the reactor coolant environment, which stops further
flaw growth due to PWSCC. See the attached figure entitled "Head
Penetration Embedded Flaw Repair" for a schematic of the proposed
repair configuration.

3. North Anna Proposed Embedded Flaw Repair

The North Anna 1 and 2 reactor vessel head penetrations are
typical of those in Westinghouse designed plants. These
penetrations are nominally 4.0 inch OD with a 2.75 inch ID.
Installed into the majority of the North Anna Unit 1 head
penetrations are thermal sleeves. While these thermal sleeves
are generally similar to the standard Westinghouse design, they
have a continuous collar located approximately at the elevation
of the high side¢ of the penetration attachment weld (see attached
figure entitled “Standard Thermal Sleeve Guides'"). This collar
is machined such that there is a very small clearance between the
collar and the head penetration inside diameter to align the
thermal sleeve to the penetrations. This close clearance makes
removal of the thermal sleeve through the bottom of the
penetration uncertain. The potential for interference between
the collar and the lower portion of the penetration due to the
ovalization of the penetration resulting from the original
welding of the penetration into the head is the concern. To
eliminate the necessity for thermal sleeve removal, an excavation
and weld overlay repair of the penetration is performed through a
“window" which will be cut into the thermal sleeve. A local weld
overlay (as opposed to 360° coverage) over the cracked area will
be used to minimize penetraticn deformation and residual
stresses. This repair process will be equally useful for
unsleeved penetrations, but it has particular advantages for

3 0of 8



ATTACHMENT TO WESTINGHOUSE LETTER VRA-95~-121

sleeved geometries. Although this repair technique is considered
to be practical for axial flaws with a depth up to through wall,
it is currently being considered only for flaws which have a
depth of up to 75% of the wall thickness. If application of this
technique is considered for axial flaws greater than 75% wall
thickness or for circumferential flaws, a separate submittal to
the NRC will be required. The flaw extent will determine the
extent of the repair, and the flaw depth will determine the
thickness of the repair weld. The penetration tube is
sufficiently stiff, and constrained by the vessel head, so the
integrity of the tube will be maintained by the weld overlay
regardless of the extent of the flaw. When the repair process is
complete (... ID surface of the penetration has been restored and

is readily re-inspected.

The "“embedded flaw" repair methodology has been developed using
technology which has been demonstrated in WCAP 13998 (attached),
entitled "RV Closure Head Penetraticn Tube ID Weld Overlay
Repair". Although this report contains a number of approaches to
penetration tube repair, only some of these are used in the

embe ‘ed flaw repair technique. 8Section C, below, will highlight
the oy portions of the report that are used as the technical
bas.is for the proposed repair.

c. Bummary of key relevant topics of WCAP 13998

The technical basis for the embedded flaw repair methodology is
developed as shown in report WCAP 13998. The following
paragraphs provide a summary of the key relevant topics of the
report.

The report contains all the elements of a repair design package,
and an outline of the package is contained in Chapter 2. The
potential repairs were performed on a full scale mockup of a head
penetration along with several mock penetration tubes. The
preparation of these mockups is described in Chapter 4.

The welding process uses Alloy 52 filler metal, to maximize the
corrosion resistance of the weld. The development of the welding
process and its gqualification are shown in Chapter S5, which also
contains pictorial examples of overlay welds performed over flaws
machined into the penetration using electrical discharge
machining (EDM). Test results showed no cracks in the weld or
cracking of the surrounding area. The welding specification is
contained in Appendix A.

A range of weld overlay thicknesses were investigated. It was
found that the thickest overlays produced measurable deformation
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