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



(1

@

3)

4)

-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.



1852C-8RG-6: 112095

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
of the tubes, as shown in Chapter 6. Smaller deformations occur
with a smaller amount of weld metal thickness. One of the
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henefits of the embedded flaw overlay is that with a smaller
amount of weld deposit the Jeformation is minimized.

To verify the adequacy of the weld repair process, a series of
residual stress measurements were also perforn d on excavated and
repaired tubes, and these results are discussed in Chapter 7. As
expected, the residual stresses are increased as more weld metal
is deposited. The residual stresses produced by local weld
overiays were comparable to the unrepaired configuration for
excavation and weld deposit up to 0.25 inches in depth. The
measured residual stresses also compare favorably to those of a
three~-dimensional finite element analysis for residual stress.
These comparisons are shown in Chapter 7, Figures 7.4~1 through
7.4~4.

To complete the weld repair design package, a generic safety
evaluation according to 10CFR50.59 was performed, and was
provided as a separate document from the WCAP.

D. Comparison of the embedded flaw approach and WCAP 13988

To produce an embedded flaw configuration, a weld overlay
thickness of 0.090 to 0.125 inch is needed. The embedded flaw
repair will apply the weld in an axial direction. The welding
process which was utilized in the WCAP applied the weld in a
circumferential direction relative to the longitudinal axis of
the penetration.

It is judged that welding axially in this range of thicknesses
will maintain the penetration ID surface residual stresses
comparable to the unrepaired tube. This judgement is based on
the results listed in the WCAP that showed this comparable
condition for weld thickness up to 0.25 inch.

Further, the residual stress measurement results and their
favorable comparison tc previous analyses (refer to Chapter 7
Figures 7.4-1 through 7.4~-4 of WCAP 13%98) is sufficient to
provide confidence that the penetration stresses after weld
repair have been fully described such that additicnal testing for
corrosion behavior is not necessary.

In the early days of the Westinghouse program to evaluate small
amounts zinc additives to the RCS coolant, measurements were
taken of the electrode potentials of the various primary side
materials. No difference was found between them, including €00
and 690 materials. This is in agreement with the investigations
by othere in the high temperature electrochemistry area. At high
temperatures the potentials of all of these alloys tend towards
the potential of the hydrogen electrode; i.e., there are no
differences to promote any galvanic coupling effects.
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In addition, Westinghouse has many years experience in laboratory
tests and field exposures with alloys 600 and 690 intimately
connected either mechanically or by welding in steam generator
applications. Exposures of approximately 15 years on hybrid
expansion joints have not produced any evidence of galvanic
coupling. 8leeving and plugging exposures have not revealed any
evidence of galvanic interaction over years (5 at least) of
operation.

E. Flaw Acceptability

Although the flaw characterization rules of Section XI paragraph
IWA 1300 are being used to establish sufficient weld overlay
thickness to classify the repaired flaw configuration as
subsurface, determinations about flaw acceptability will be based
on the NEI/NUMARC guidelines. These guidelines were accepted in
& Bafety Evaluation Report issued to Wisconsin Electric Power Co.
on March 9, 1994 (Docket No. 50~226), and in a previous Safety
Evaluation Report issued November 19, 1993 to W. Raison of

NEI /NUMARC.

F. Summary and Conclusions

The embedded flaw approach has been developed as a variation on
the repair technigues documented in WCAP 13998. The technique is
versatile, in that it can be applied to the penetration tubes
with or without thermal sleeves, and does not require the removal
of the thermal sleeve.

There are a number of advantages to the technique. It results in
a permanent repair that seals the flaw from the water
environment, and thus stops PWSCC. There is no other mechanism
of growth for cracks in these tubes because fatigue fluctuations
are very small. The small thickness of the weld minimizes
deformation of the tube, as well as residual stresses in the
surrounding region.
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Standard Thermal Sleeve Guides
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SUSJECT: ACCEPTANCE CRITERIA FOR CONTROL ROD DRIVE MECHANISN PENETRATION
INSPECTIONS AT POINT BEACK MUCLEAR PLANT, UNIT 1

On July 30, 1993, the Nuclear t and Resources Council (NUMARC)

submitted proposed acceptince critaria for flaws detected during contrel red

drive mechanism (CRON) nutntm mnmm to the KRC otn" for review and

concurrence. These proposed nna'mu criteria were based on axtensive

safaty mmmm «mmn Bibeock & Wilcox Cwmers Group (BAWOR),

Combustion m neering Owners (cm). end the West:. g ouse Dwners nnp
‘ proposed acceptance criteria separated § eritaris for

axiel flaws ml for circusferentia) ﬂm by lmﬂu sbove or below the

J-@roove weld on the cml'rnm-ctm). The sl axfal flews was to
mu through-wall axial Tow the J-@roove weld axiel

aws 75 percent through-wall ef any | et or sbove the J-lmn T AR
mu criteris conform to the Américan Seciety of Mechanical ASHE)
ucma.n criterfa for Mews in piping. Therefors, the staff u f then
acceptable,

The MUMARC propesa) fer circumferential flews was through-wall and 76 nr-.ut
around the circusference belew the J-Groove wald, and 7§ percent through-wall
and BO percent around the cimnfm t shove the J-Groove weld, sod

on““ ‘ﬂ in:oﬂ:m su.:md |ru1m that c‘lm.ﬂru'nm vy
not inftiate sarious consequences ¢
circumferential flaws, J'.":h

.ccntd the preposed critoria for
¢ircumferentinl M mff has further stated t.:a t sccaptance criterie

fo would not be spproved and that
cm flows would be miuu":o chge-by-cise m::‘?

h Jmln ll l”‘. uhittd supplementa) safety asssssments
Thase Tementa) umruu provided s
: c’ "u umum namununlﬂ{audm
cire tia 15 amd 3. The Ringhals
e'ln-nm -n utM to fabrication Mawe end wers not
related to nm stress armm eracking (PWSCC). The Bugey 3

cim.fom u o mmw st the externa) surface of the CROM penetration
J-Groove wald, and propagated at an angle 30° from horizedtal. All
m uum groups :uhmd assassments that included finite element
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mlym that indicated that short, circumferential crecks are msﬂm
a1though thess faws would not be w to propagate through-wall 1 due to
compressive stresses below the flgws.

Iual u m nvmu g ”mw Temanta) wﬂnﬁm. the staff
’

Dessible in the ChOK O e Divars saaiyase preseet
e In ‘
gl i, ok il BECP h ener rl,
ey bosn in eperation, s shallew circumferential flaw 10 percent of the
circumforence of the ration eould exfst. Therefors, the staff has
concluded that ¢f erentia] flows whose Tength, hcldiu' nsmatod erack
groth during mmmtmmh does not excead 10 parcent of the
circuaferencs { hewsll, and are in 2 Tecation
mtmm‘ m{u‘&nrm nm .:n i smm diameter flaws), are
a .. aws woul ] mor
“‘umm consistent with the nmmﬂn approach cf 420 of ASME

You will not be required to obtain NRC mmﬂ ta cmim operation 1f short
circumfarential fMaws sre ummod. be requirad ta report
to the NRC the Tecation, lemgth, and umnuiuunmuwemrnm
!‘utmoi during the 1 fon, depths of the Maws are not
ztmim. you By fssume that m depth s one half cf the Tength of the

Any Maws found during the inspections that are not resulting from PWSCC _
should be evaluated 1% & mamnner consistent with the approuch for fMaw

eviluation 1n ASME Section XI using the assumptions 1n tha pmmu acceptan
criteris submitted by MUMARC to on July 1983, Cxasples of thess ﬂm
would be short, shallow fabrication defects or nmﬂctuﬂu' defects 1n
Tocations not predicted hy the finits m-m strass analysrs. Should y

chooss to disposition flaws (which excead ASNE Sectien (I criteria) I.v
anslysis, the staff will require that your evalustions be reviewed and
n"nnd prior to unit startup.

have an stions arding this 1ssue, pleass contact pe at
ﬁ'm—xm’.’ - e e

Sincerely,

/4¢_~

Allen €. Hensen,

mim Dirsctorate Il-!

Division of Reacter Prajects m‘xm
Of?1ce of Muciear Rssctor
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Divector of she Tachnical Division
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weshington, 0.C. 20008-3706

Ocar Mr, Rasin:

The attached safety avaluation was prepared by the Materials and Chemical
Engineering Branch, Divisien of En!tmriu. 0ffice of Nuclear Reactor
Ruguistion, on the NUMARC submitta of Juna 16, 1993, ;«mm? the Alloy 600
Contro! Rod Drive Mechanise (CROM) /Contro’ [lement Drive Machanisa (CEDM)
vessur ized water reactor vesse| head penetration cracking issue. This
subeitte] addressed strass analyses, crack growth amalyses, leakage
sssussuents, ané wastage assessments for potential cracking of the inside
dtameler of CRDM/CEDM mozzles. Basod on the overseas inspection findings and
the revisw of your amalyses, the staff has coacluded that thers is no
{mawdiate safety concern fer cracking of the CRIM/CEDM penetrations. This
finding is predicated on the performance of tha visual inspection activities
requasted In Gemeric Letter 88-08, Also, lgﬂ‘.nl nondestructive examinations
ars scheduled to commence in the Spring of 1994 to confirm your safety
analyses for oach PV owners growp.

Your submittals for each PR type did wet addvess the 3 flaw that was
oriontod approximately 30° of( the vertical axis mor & € rcunferential, J-
groove flaw discovered at Ri 1s. Prolisinary information supplied to the
stuff by Swadish asuthorities indicates that the flaw may be
associated with 3 fabrication defect. We are convinuing to work with the
Swedish authorities to confirw this, From the intorwation available to us
today, neither of these flaws would poso « threat to the integrity of the CROM
pewstrations. It is owr undorstanding that yuu are also reviewing these flaws
and you will provide your assessment as te their siywiticance and origin. NRC
will fssue o supylementa) safely evaluation after reviewing your suppiesenta)
assessoant

The staff agrees that there are no unfeviewed tatety questions associated with
CRIZ./CEDM psnatration cracking. The staff agrees that the flaw predictions
hased upon penetration stress analyses are in qualitative agreement with
inspaction findings. MWowaver, the stress analyse: de mot sddress stresses
from possible uni‘nuiu of CROM tration tuhes during fabrication.
These stresses, if crr. could result in circumfermntial flow orientations.
The staff requests that row 8lse addreis this issec n your su.glmn\
assessment. Based upon information received from overseas regylatory
suthorities, your analyses, and staff reviews, the staff believes that
catastrophic fatlure of 2 penatration i3 extresely unlikely. Rather, & flaw
would Jeak befors it reached the critical flaw size and wuyld be detected
during periodic swrvei)lance walkdowns for boric acid leakage pursuant to
Generic Latter 88-08. MHowever, the staff recommends thut you comnsider
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either inspections
leskege detection is tnstalled in
alse addrass the 1ssue of enhanced

assessment .
The NRC staff

acceptance criteria to be used
CROM/CEDM inspactions. The staff

detection by visually examining the reactor vessel head unti)
have boen completed showing absence of cracking or on-line
the head area. The staff reguests that you
Teakage detection in your supplemental

has reviewed your July 30, 1983 submittal, which proposed flaw
in dispositioning any flaws found during
finds the proposed flaw acceptance criteria

acceptable for axisl cracks because the criteria confora to the Amsrican

Society of Mechanical Enginsers
determined that flaws that are
direction) should be treated as
and (f) of yowr

(ASHE) Section XI criteria. The ataff
primerily axfal (lass tuan 48° fres the axial
axial crecks as indicated in Figure 1(b), (d),

July 30, 1993 Tetter. Flaws more than 45° from the axial

direction should be treatad as circumferential faws. However, based upon

information submitted to date and
circumferentia) flaws, the staff doas not agres with your
for circuaferential
leave in service without repair,

case basis.

Enclosure:
As Stated

EMCH RF
JDavis
POR

the more serious safety consequences of
gr»oud criteria
Circumferential flows which a 1icensee propoies to

aws .
should be reviewsd by the staff on a case-by-

Sincerely,

Originel sigrad by

¥illiam 7. Russall, Associate Director
for Inspection & Techaical Assessment
office of Huclear Reactor Regulation
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Primary water stress corresion cracking (PWSCC of Alloy 600 was
1dentified as an emerging issue by the MRL staff to the HRC Commission
folluwing @ 1969 leakage from an Alley 600 ssurizer hsater sleeve
panatration at Calvert C11ffs Unit I, & tionm ineering designed
pressurized water reactor (PUR). Several instences of PWSCC of Alloy
600 pressurizer instrumeat nezzles had been reported to the NRC between
the time period of 1986 to the present oa domestic and fmln‘
pressurized water reactors (PWR;. The 1icenses at Arkansas lear
Operations, Unit 1, & Babceck & ¥Wilcox ( dasigned PWR, reported a
Teaking pressurizer instrument nozzie in 1980, after 16 years of
operation. Westinghouse PWR's do not use Alloy 600 for penetrations or
nozzles in the pressurizers.

Acardh\z.u the inforsation provided to the staff by MUMARC at a publ i<
woett 1d on July §, 1983, & Yesk was discoversd in an Alloy 600
control rod drive mschaniss (CROM) adaptor tube panstration during a
hydrostatic test at the Bugey J plant in France in 1991 after 12 years
of cperation. A visual exasinstion of the CROM adaptor tube penetration
indicated the presonce of axial Maws 1n the inside dismeter (I10) of the
CRDM adaptor tube penetration. The remaining 66 CRDM tor t
penetrations were eramined ot Supay 3 and 2 sdditions) C adaptor tube
penetrations contained axial cracks on the 10 of the CRIN adaptor tube

trations. An examinatiea of 24 CRON adaptor tube penatrations at
% 4 revealed axial ID cracks in § CROM adaptor tubs penetrations.

alaptor tube rations have been examined at 37 nuclear power
plants in France, , Switzeriand, Japan, and Belgium and 59 of the
1,850 penetrations have revesied short, uhi crack indicatious.

The primary sefety concern asseciated with stress corresion cracking in
Alley 600 fm CRDM penstrations is the petestial for circuaferential
cracks. Extensive circumferential cracking could lead to the ejection
of » CROM resulting in an unisolable rupture in the prisery coolant
system. As indicated sbove, the 1umtlo» to date have identified

axia] cracks. Howsver, tws other inspection findings are of
rniulw faterest. First, the CROM pesstration that leaked during
ydrestatic “’“3«" Bugay-3 war removad aad examined metallurgically
during Decomber 1992. A secondary crack that wes 0.120 inches long and
0.090 inches deep at about 30 s to the axial direction was
observed on this CRON, Second, in early in 1983, & J-groove weld at the
Ringhals plant in Swaden was discovered to contain a circumfersntisl
crack. Preliginary indications are that this flaw 15 a fabrication
defect. Additions] work is in 'n'nu by the staff at the Swedish
Nuclear Power Inspectorate to confirm this.

The Westinghouse CROM adaptor tube penetrations are similar in design to
the Europsan PWR's and use Alloy 600 for the penetrations. The KRC
staff met with the WOE on Janvary 7, 1992 to discuss the experience at
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the Bugey 3 plant and the reiationship of ths Freach desiga of the CROM
adaptor tubs penetrations to the design of domastic Westinghouse plants,
The MO8 informed the MRC staff thit a progras had been initiaved in
1991 to: (1) daterwine the reot cause of the CROM penstration

ng; (2) amalyze the stress distritutions in the CRON penetrations
of a typical demestic plant; (3) compars the design and operational
charactaristics of demestic and Freach plants to determine the
11kslihood for cracking; snd (4) identify the need for additioma)
efforts. The MRC staff also met with the Combustion Enginearing Owners
cwmwwummmmq ) to discuss
the CROM

w tube penetrations. The Huclsar t and
:::uma c:.eﬂ ( ) coordinated the PRt Ounars’ Group efforts on
‘ ‘N“ . .

On June 16, 1993, NUMARC submitted safety assessments to the NRC from
WOG, CEOG, and BAWOE for review by the NRC staff. These safety
assessments present stress anaiyses, crack growth analyses, leakage
analyses, and wastage assassment. for flaws inftiating on the 1D of CROM
adaptor tube penstrations. WRC requested additional information on the
safoty assessmsnts by letter dated Septamber 2, 1993, NUMARC submitted
the response to NAC on Septesber 22, 1993. The safety assessments
submitted to the WRC did not address the secondary flaw observed at the

y-3 plant that wes oriented approximately 30° frem the lomumnal
axis of the penstration nor the apparent fabrication fiaw at

Ringhals plant. Neither of these flows s threat te the integrity
of the c&l penatrations. mu committed to submit &

However
safety assessment relevant to this type of cruun!; After this safety
:u::‘uut has been reviewed by WRC, a supplesent this SER will be
ssued.

The ¥OG submitted the, "Alley 600 Reactor Vesse) Head Adaptor Tube
Safety Evaluation,” th on June 16, 1993. The safety
svaluation addvesses the following elements:

1. A summary of the stress analysis focusing on the type (orientation)
of cracking that say be expected in the Alloy 600 material, and the
stresses necessary for flaw propagation;

2. A susmary of the flaw propagation analysis along with the background
of the flaw prediction methed;

3. An assessment of the WOG plants with respect to tration flaw
indication cata from plant inspections at Ringhals, Beznau, and
various Elsctricite de France plants, in whi the kay parameters
for cracking ere comparsd to plants;
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4, A lul? assesssent summarizing leak rate vs., flaw size, and
postulating lesks for WOG plants for which leakage considerations

say spply; and,

5. A Tuul heood wastoge assessment including the process that Teads to
wastage and an estimate of the allowable wastage.

REGULATORY BASIS AND DETERMINATION OF UMREYIEWED SAFETY QUESTIONS

The ¥OG prepared safety sviiuation addresses the potential for cracking
and the ramifications of such cracking of the reacter vessel head
sdaptor tubes at Westinghouse desi HSSS plants. The WOG compared
the results of this safety evaluation to the criteria in the Title 10,
Code of Federa) Regulations, Section 50.58 (10 CFR 50.58). The W06
concluded that an unreviewsd safety question did not exist. Its
evalustion considersd the following:

1. Comtinued plant ation will not Increase the probability of an
sccident previcusly evaluated in the FSAR. -

2. The consequences of an accident :miuﬂy evaluated in the FSAR are
not increased dus to continued plant operation.

3. Continued plant operation will met create the possibiiity of an
sccident which 13 different than any already evaluated in the FSAR.

4. Continued plant operation will not increase the probability of »
ma)function of equipment important to safety.

§. Continved plant onnt‘ha will not increase the consequances of 2
mfrﬁiu of equipsent important te safety previously evaluated in

6. Continued plant operation will not crests the possibility of a
malfunction of equinment importaat to safety ¢'"ferest than any
alroady evalusted in the FSAR.

7. The sveluation for the effects of continued plant operation with
potentially cracked reactor vessel head adapters has takes into
account the applicable tochnical specifications.

A1l ' 4 1
NREVIPRED SAFETY OUESTIONS

The staff s that no unreviewsd safety question exists, provided
only axtal flaws are found. Those axial flawm would be expected to be
short, and they would most probably lesk noticesbly prior to the flaw
s1ze reaching unstable dimsnsions. The existence of any unexpected
leaks would not sdversely effect plant operation, or accident/transient
response. Mo significant equipment degradation would be axpected.
Details of the staff’s evaluation that led to the above conclusions 1s
discussed in the following sections.



2.1.3 PEMETBALION STRESS AMMLYSLS

The HOB conducted an elastic-plast'c. finits elament enalysis of a &-
Toop W6 plant vessel head penctraiions. The MOE concluded that the 4-
loop WOG plant 13 beunding since prier snalyses showad thit the
operating and residusl stresses are higher on & 4-loop plant then on 2
or 3-1oop plants on the outerwost penetrations. Three penetration
locations were sodeled, the center location, the outerwost location, and
the location next to the ovtermest lecation. The stress history was
simelated by using a Toad sequence of the therns) lead from the first
welding pass, the thermal load from the second wald pass, the
fabrication shop cold test, the fleld cold hydrotest, and the
stesdy state operstiome Toading. ;

The highest stressas are found 1n the zone around the weld and are the
highest in the penetration farthest from the center of the vessal
(peripheral penetrations). The highest stresses on that traticn are
on the side of the penetration nesrest to the center of vessel
(centerside) and on the side of the penstration farthest from the conter
of the vessal (hiliside). Also, the stresses are the highast below the
weld and decrsase significantly above the weld. The ratie of pesk hoop
stress to axial stress at the same Jucation at the outermost

trations was cbouwt 1.4 compared to & velue of sbout 1.6 estimated

sed on the degres of ovaling measured on actua) penetrations.

ratie of hoop stress to axial stress was sbout the same for cemter
penetrations as for periphers] penstrations (1.8 for center penstrations
cospared to 1.4 for peripheral penctrations); heweve -, the sagnitude of
the stressas et the peripheral penstritions was higher. The analysis
indicates that axial flaws would be mare 1ikely than circumferential
flaws, Maws are more 1ikely below the weld than sbove the weld, and
that axial flaws would appear st locations in the penstration. where
they have been found in service.

2.1.4 STAFF EVALUATION OF THE PENETRATION STRESS AMALYSLS

The staff is in with the results of the WOG stress snalysis
thet predicts that the cracking will be nately axial, These
results are 1n 11tative sgresment with field inspection findings.
Howaver, (he did not atidress the effects of possible strafghtening
of the CRON pesetretion tubes during fabricatien. Such straighteni
atfens could significantly alter the residual stress flelds within
tration tubes. Results of inspections to date have not
1 {f1ed any problems directly related to this process; however, the
staff reguests that MUMARC addrass this tsswe for 21l three owners

groups’ plants.

2.1.5 CRACK GROVTH ANALYSLS: FLAN TOLERANCE

The W06 crack analysis wis 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 principal
stress will be orfented at a slight sngle to the heop stress and flaws
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would be urcul to be perperuicular to the waximum principy) stress.
Howsver, all of the fiaws found in service with twoe exceptions have been
axially located. Hemce, the WOG used the hoop stress as an
mm{rﬂu of the peximum principal stress. The outer- sost
penetration for a 4-locp Westinghouse plant was selected for analysis
since this location experiences the highest stresses. The highest
stress was located along the inner sce just below the center side of
the weld. The calculated hoop stress through the wall of the
penatration was used for Maw growth calcvlations. The flaw growth data
were obtained from steasm generator fiald experience snd laboratery data.

Based on the stress flelds that exist in the CROM penstrations, any flaw
rowth that occurs 1s expected to be predominately axisl n nature.
yrthermors, the growth of any fMaws inclined from the vertical weuld be

1imited in length due to the nature of the existing strasses. These

conclusions are consistent with the inspection results described sbove.

Accordingly, there is ne significant ruatul for fatlure of 2

penatration by ejection of the CROM sleeve. With regard te axial

cracking, WOG has concluded that the critical flaw length for an axial
flaw for Allov 600 1s sufficieatly long that leakage would occur and be

detected during surveillance walkdowns as reguived by 6L 88-085.

Tharsfore, the comsequences of cracking in the tration slesve are

limited te the affects of Jeakage s discussed Tow.

The Mo analysis showed that under the mest savers conditions of
mstallurgical microstructure, pesk hoop strass, and opersting

t sture, 1t would take about five ysars for a flaw to grow through
wall. Under the sams conditions, it would take an additional 10 years
for & through-wall flaw to grow 1 4 inches above the wold on the lower
Ri11s1de of the outermost head penetrations (Figurs 3.2-2) and about the
same time to grow two inches above the J-groove waid on the center side
of the ocutersost pesstrations (Figure 3.2-3). The flaw growth analysis
indicates that through wall flaws would uuoﬂun{.crmt before
growing a mexisum of twe inches above the weld. Thsse flaws would be
constrained within the hoad and could net significantly open thus
Timiting the amount of Teakasge that could eccur.

STAFF EYALUATION OF THE CRACK GROWTH ANALYSLS

The MOS stated thet the crack growth analysis 1s 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
dats bound the results of the inspections. Crack growth rates are
difficult to determing precisely; however the assumed growth rates
compars well with inspection data aulhhio to date ard the large
marging that exisi in the anaiyses will account for any possibly higher
rowth rates. Thers are largs margins of safety in the analyses and the
RDM penstrations are coastructed of inherently tough material with a
eritical flaw size of approximataly 13 inches in the free span above the
reactor vessal shell. refore, the staff concludes that catastrophic
failure of a panetration 1s extremaly unlikely because s faw would be
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detected during boric acid leakage survei)lance walkdowns before it
resched the critical fMaw size.

ASSESSMENT OF MR PLANTS

The MOG compared the Pinghals and Beznau plants to the domsstic
Inuuruu plants and developed & mede! for the relative

susceptibility to PUSCC. The WOG considersd residual ard cperating
stresses i penstrations, the anviroament, material condition,
operating tempsrature, end ti-cf-onuuu at temperature, and
pressure. Based on this evaivation, the WOG has evaluated domestic WOG
MRS with nl:d to their degree of susceptibility. Based on what WOG
considers to be conservative sssumptions, the R 18 plants envelo

45 domastic plants. None of these plants are axpaciad to have any flaws
other than some short, shallow, axia] flaws, Nine soditional WO plants
are not enveloped by the Ringhals plants. Based on the stresses,
oparating ratures, hours of operation, and the flaw growth curves
provided in W06 safety assessment, the WOG does not expect any CROM
penetration axial flaws to reach a length n excess of 1 inch before
sbout the middle of 1995,

STAFE EVALUATION OF THE MOG ASSESSMEMT

The susceptibility mode) developed by the WOG considers the ropriate
paremeters affect? 163CC and should provide a reasonable r ‘1 of
plant suscaptibilities. In sddition, this evaluatien indicates that it
1s unlikely thet U.S. plants should exhibit any cracking significantly
worse than that found in Eurepean plants.

LEKW
The Teak rates wers calculated based on the ass fon that the Jeak
rate will be contrelled by the flow rats th flaw in the head

panstration or by the flow through the penetratios annulus, whichever i3
smaller. WOR estimates the maximus leak rate would be 0.7 gpm for 2 2
inch 1 flaw and a» annular clearance of 0.003 inches. Leakege above
1.0 gpa 15 detectable in domestic WOG plants according to WOR. Growth
of an axial flaw outside of the ::.n contained within the reactor head
will result 1o oakags greater t 1.0 gpm prior ta reaching the
critics] faw size. The WOE stzted that an axial Mlav would rematin
stable for growth wp to 13 inches above the resctor vessel head.

2.1.00  SIAPES EVALUATION OF THE WOR LEAK BATE CALCULATIONS

The staff agrees with the WOG assumptions about leakage and concludes,
that based on existing leakage sonitoring requirements, there is
reasonable assurance that Jeakage in excess of the 1.0 ? technical
specification 111t would be detected prier te iny unstable extension of

the MNaw.
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2.1.11  BEACTOR VESSEL HEAD WASTAGE ASSESSNENTS

This section assesses the potenti ! wastage of the reactor vessel head
G of primary coolant through the CRON penetrations. This
assesssent 15 based on wastage data from previous Westingheuse
exporimants and from the resuits of & panetration mockup test conducted
by the Combustion Engineering Owmers Group (CEDE).

This snalysis assumed that coslant escaping from the rtntuﬂ would
flash to steam 1saving boric acid crystals behind. assumed that
crystals would accumulets on the vesse! head but would cause pinimal
corrosion while the reacter was operating. The hesd tesperature would
be sbout BOO'F «m‘ operation and sign ficant wastage of tha reactor
head by the boric acid crystals would mot be expected. Dry boric acid
crystals do not cCause corresion. Wastage would enly occur during
outsges when the hoad temperature 15 below 212°F.

The CEOS provided a1l of the Pl owners s with the resuits of
pressurizer penetration sacCkup test reseits. The W06 exsmingtion of the
CEO6 mockup test results showsd that the maximus penetretion rate st the
despest pit was 2.13 inches/ysar while the sversge penatration rate was
0.0835 | /yeer. The maxisue tots) matal loss rate or wastase ve) ume
was 1.7 in"/yeer, ulmwund-mnwrn‘mm e

l:tt the annulus. The WG considered the saximum wastage would be 6.4

{n' of vesse! head saterial. The assumptions sade wers that any leakasge
over 1.0 can be detacted s oaly leak rates betwoen 0.0 and 1.0 gpm
wers considered. The MG analyzed the situation using finite olement
analyses for a 2 loop, 3 Youp, and 4 leop resctor vosse! head where 2
1.0 gp@ lesk want undetected for 6 years and concluded that the ASME
code minimus wall thickness {rement would be satisfied and that the
strasses remain within the code allowable stresses.

2.1.12 WMM

The assusption used in the W05 corrosien Assesssent are based on
experimental data and should provide a reasonsble estinate of potential

wastage of the reacter vesss .
would be significant tise between initisting a leak and experiencing
wastage that would reduce the structurs] integrity mergins of the

of time imvolved, there is reasonable assurance that Jeakage, manifestad
by the W\ldu of moderate amounts of beric acid crystals would be
detected during & surveillance walkdown {n accordance with Gl 88-0%

3.0 GEOR SAFETY EALUATION

The CEOS uux.unutin {s sssentially the same as the WOt safety
evaluation. CEDG plants rus at & slightly higher tamperature than
the Europesn plants that have experienced cracking, have greater
nil1side angles, and have been in eperatien ) than many of the
European plants. The CEDG indicated that all of these factors would



3.1

4.0

‘.l

{ncraase the probability of cracking for the CEOG plants. Mowever, the
CEOG plants have significantly ess wald metal in the J-groove welds and
the stated that this would significantly reduce the residus)
welding-induced stresses and would reduce the probabiiity of MeCC.
CEOG concluded that any PWSCC that formad would be short, axial flaws.

The CEDG states that they can detact a 0.12 gpm Yeak in the prisary
coolant system, CEOE alse states that the boric acid accusu ation as a
result of 8 0.12 gom leak would not result in wall thinning below the
code allowables 1R less than 8.0 years red to 6 years for WOG
plants and that surve!llance walkdowns wou d detect beric acid crystals
Tong before the 8.8 ymars.

SIAFF_EALUATION OF THE CEOR SAFETY EYALUATION

The staff has concluded that the potential for PWSLC of CROM/CEDM for
CE0G plants does not create an immodiate safety i1ssue as long as the
surveillance walkdowns required by 6L 88-0% continue and corrective
action 13 instituted when leaks are discoversd. The CEOG analyses
indicating that the stresses would favor development of axial rather
than circumfersntial cracks and that significant time would be required
to reduce the wall thickness of the vesse] head to balow the ASHE code
allowables demomstrates that an immediate safety concarn doss not exist.

BANOS SAFETY ENALUATION

The BSMOG safety evaluation was essentially the seme as the WO6 wnd CEOG
safety evalustions. The B4M06 snalysis imdicates that BANOE plaits have
essentially the same susceptibility te PWSCL s the Europssn rlants
based on operating temperature, residua) stresses, and ational 1ife.
The BAMOG predicts shert, axfal flaws on the phersl locations based
on the results of finita element analyses. BAEOG sstimates that it
would take 10 ysers froa the time & flaw iInftistes on the inside
diamater of a CRON penstratics wnti] » Yeak appears. Onmce 2 1sak
starts, BAOG concluded thet 1t would take (] rs before erough
corrosion would eccwr to reduce the wal) thic s of the resctor vessel
hesd to below ASHE code wikimums, and thet this smount of leakege would
bs detscted during serveillance we ) kdowns .

STAFF EYALUATION OF THE BAMOR SAFETY EVALUATION

The staff has comcluded thet the potential for PUSCC of CROM for BAWOG
plants does mot créite an fsmediate safety issue as long as the
syrveiilance walkdowns required continue and as long as any leskige is
corrected. Tha BAMOS analyses, indicating that the stresses would favor
developaent of axial rather than circuaferential cracks snd that
significant time would u‘wﬂm to reduce the wall thickness of the
code allowablas, demonstrates that an



5.0 PROPOSED FLAM ACCEPTANCE CRITERLA

On July 30, 1993, MAMARC submitted the propesed flaw acceptance criteria
for flawe iumhu during inservice inspection of reactor vesse! upper
head penetrations to the for review. These criteria were developed
by utility technical staffs and the demestic PWR vendors. R,

proposes that axfs) laws fttad tum‘n-m below the J-groove
weld and 75 pevcent m...ﬁ'-:-ﬂ':m-mua. There i3 no 1imit on

the length of the flaws., MMARC prepeses that circumfersntial flaws
through-wall and 75 percant around penatration be allowsd below the
J-groove weld end that circunfereatia) flaws above the weld could be 75
percent .arough-wall and S0 sround the pemetration. Proximity
rules found fn ASHE Section XI, Hrn [WA 3400-1 are proposed for
determining the effective length of suitiple flaws in one Tocation.
KUMARC preposes that the flmws be characterized by leagth and preferably
depth. WUMARC that 1f only the length is characterized, that
the depth be assumad to be one nalf of the length based on inspection
findings to sete.

5.1 MWW

The staff finds the proposed flaw scceptance criteris acceptabie for
axia]l flaws because the criteria confors to the American Society of
Mechanical Engimsers (ASME) Section II criteris. The assumption that
flaw depth is one hal mnnlmmﬂumap cannot be
detarained will 1imit the Maw Jength to 1.5 times the thickness of the
penetration slseve. However, it 15 axpected that reasemable sttempts
will be made to determine Maw s, Flaws found {nservice
inspection (ISI) that are prisari { axial (Tess than 43° from the axia)
direction) will be treated &s axial flaws &s indicated in Fm- l‘b).
(d), and (lx of MUMARC’S July 30, 1993 letter. Flaes wore 48
the axial direction are cons idersd to be circusferential fliaws. Based
upon information submitted to date and "% more serious safety
conseguences of circunferantial Maws, the staff has concluded that
criteris for circusferential flaws should not be pre-approved.
Detection of such flaws would be comtrary to inspection resulis to date
and 10 the conclusion of the Owners Groups evaluations. The
curcumstances asseciatad with sach & Maw would have to be well
understesd. Thevefors, any circunferential faws found through ISI,
which & 1icensee prepeses to leave in service without repair, will be
reviewsd 02 & cass-by-case basis by the staff.

6.0 LEAKAGE MONITORING

WUMARC | throu‘h the owners groups’ reports, determined that any leakage
would be detected prior to any unstable extension of
axtal flaws. Alse, luun st 1ess than | gpe would be detectable over
1d buildup as noted Mu.nriuic surveillance
walkdowns. Although WUMARC has sroposed, and staff agrees, that low
leve) leakage will not cause & §1 1ficant safety issue to result, the
staff determined that WUMARC should cont ider met for detecting
saaller leaks to provids d\ofnu—h-«ou to account for amy potential

NV 22 'S8 s
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uncertainty 1a its analyses. The reported leak rate at Bugey 3 was

gom and was detected vsi acoustic menitoring technigues
during the perforsance of & hydrostatic test. The staff does not think
that is necessary to detact & 0.003 gpe leak, but does think that
permitting leaksge Just below 1.0 r a3 currently proposed say be
undesirsble. Leakage of this magn tuds would produce sigaificant
deposits (thousands of pounds/year) of boric acid on the reactor vesse)
hesd. Furthar, most facilities’ technical spacifications state that ne
‘num boundary leakage is permitted. The staff notas that small
otks resulting from flaws which progressed t -wall just prior to 2
refusiing outage would be difficult to detect while the therms |
fnsulation s installed. Although rusning for ae additional cycle with
that undetectad Yesk would not rasult 1n a significant safety issus, the
NUMARC should consider proposing & sethod for detecting leeks that are
significantly less than 1.0 gpm, such as the installation of on-line

monitoring equipment.

CORCLUSIONS

Basad on review of the MUMARC submittal and the overseas inspection
rasults, the staff concludes that the CROM/CEDR cru:uu‘ at the resctor
vessel heads 15 not & significant safety {ssus at this time as ) as
the surveillance walkdowns {n accordance with Gl 8806 continue.

staff agress with the NMARC ‘s determination that there are RO
unreviewsd safety questions associated with stress corrosion cracking of
CROM penetrations. Howsver, Rew information and events may require i
reassessaent of the safety significance, Furthersore, thers is a need
to verify the conclusions of MBARC's safety eveluations.

Therefore, nondestructive examinations should be performed to ensure
there 13 no unexpected cracking in demestic PMRs. These examinations do
not have to be conducted | e cm‘.slnco only short, shallow, axtal
faws are 11kely to be present in the CROM penetrations. The industry
has comaitted to conduct faspactions at three units in 1994, They are:

}l; Point Beach imit 1 in the Spring of 1994,
b) D.C. Coak Unit 2 in the third quarter of 199,

(c) Oconse Unit 2 in Septesber 1994.

As the surveillance walkdowns proposed by WUMARC are not intended for
dcucuu‘ saall Teaks, it is conceivabie that some affected PWRs could
potentially operste with small undetected leakige st CROM/CEOM
trations. In this regard, the staff balieves it is prudent for
te consider the implementation of an enhanced lcakage detection
method for datecting sma)l leaks during plant oporation.

The staff found MUMARC'S f1aw acceptance criteria scceptable for exial
flavs but NRC review and spproval of the disposition of any
circunferential flaws will be required.

Technical Contacts: Robert A. Hermann (mg 504-2768
¥illiam M. Koo (301) 504-2706
James A. Davis (301) 504-2713












WESTINGHOUSE NON-PROPRIETARY CLASS 3

WCAP-14519

RV Closure Head Penetration Tube
ID Weld Overlay Repair

A Westinghouse Owners Group Program Report

WESTINGHOUSE ELECTRIC CORPORATION
Nuclear Technology Division
P.O. Box 355
Pittsburgh, Pennsylvania 15230

© 1995 Westinghouse Electric Corporation
All Rights Reserved

m 2506w . wpf: 1b-111095



TABLE OF CONTENTS

Section

Table of Contents
List of Illustrations
List of Tables
Executive Summary

1.0 Introduction

20 Program Description
2.1 Objectives
2.2 Weld Repair Program Outline

3.0 Approach for Development of Penetration Tube Weld Repair and
Overlay Designs
31 Local Weld Repair
32 360° Weld Overlay
33 General Program Goal

40 Penetration Tube Sample & Reactor Vessel Head/Penetration
Tube Mock-Up Fabrication
4.1 Preparation of Penetration Tube Samples
4.2 Fabrication of Reactor Vessel Closure Head/
Penetration Tube Mock-Up

50 Weld Process Specification
5.1 Selection of Welding Equipment
52 Qualification of the Welding Parameters
53 Welding of Penetration Tube Samples
54 Welding Reactor Vessel Closure Head/Penetration
Tube Mock-Up

6.0  Evaluation of Welded Penetration Tube Sampies
6.1 Discussion of Diametral Measurements

7.0  Residual Stress Measurements on Reactor Vessel Head/

Penetration Tube Mock-Up

71 Approach to Residual Stress Measurement

7.2 Hole Drilling Method
7.2.1 Installation of Strain Gage Rosettes
7.22 Drilling Holes

7.3 Test Results

74  Comparison of Test Results to Analysis

m\2506w wpf: 1b-111095 i



TABLE OF CONTENTS (Continued)

8.0 Discussion of Post Weld Surface Treatment 8-1
8.1 General Discussion of Shot Peening 8-1
8.2 Shot Peen Parameters 8-2
8.3 Conclusions Regarding Post Weld Surface Treatment 8-3

9.0  Discussion of Weld Overlay Repairs 9-1
9.1 Penetration Tube Repair Parameters 9-1

9.1.1 Excavation Depths and Weld Thickness 9-1

9.1.2  Repair Geometry 9-2

9.1.3  Weld Surface Finish 9-3

9.14  ASME Code Approach to Weld Repair 94

9.1.5  Post-Weld Inspection Requirements 94

9.2 Conclusions 9.5

10,0 References 10-1
Appendix A Welding Process Specification A-1
Appendix B Weld Repair Drawing B-1
Appendix C  Data Package for the Penetration Mock-Up & C-1

Penetration Mock-Up Sketches

Appendix D Penetration Tube Dimensional Data D-1

m:\2506w wpf:1b-111095 ii



Figure
Figure 3.0-1

Figure 4.1-1

Figure 4.1-2

Figure 5.1-1
Figure 5.1-2
Figure 5.2-1

Figure 5.3-1

Figure §.3-2

Figure 5.3-3

Figure 5.4-1

Figure 6.1-1

Figure 6.1-2

Figure 6.1-3

Figure 6.1-4

Figure 6.1-5

Figure 6.1-6

Figure 6.1-7

LIST OF ILLUSTRATIONS

Title
Feactor Vessel Closure Head to Penetration Tube Geometry
Excavation Geometry for the 10 Inch Penetration Tube Sample

Full Size Mock-up Skeich Depicting "J" Preparation Excavation
Geometry

Weld Head Used for Weld Repair Program
Weld Power Supply/Controller Used for Weld Repair Program
Joint Geometry for Qualification Samples

Penetration Tube Sample No. 8 Cross-Section Showing Weld Repair
Over a Circumferential EDM Notch

Penetration Tube Sample No. 8 Cross-Section Showing Weld Repair
Over the Longitudinai EDM Notches

Penetration Tube Sample No. 7 Cross-Section Showing Weld Repair Over the
Circumferential (Bottom) and Longitudinal (Top) EDM Notches

Photograph Depicting Weld Tooling Set-Up In Fuil Size Penetration
Tube Mock-Up

|

Deformation in Penetration Tube Sample #1 |
Angle 90°

Deformation in Penetration Tube Sample #2 |
Angle 360°

s

c.e
i

Deformation in Penetration Tube Sample #3 [
Angle 90°

Deformation in Penctration Tube Sample #4 |
Angle 360°

]l.C £ ,

]&C-G’

Deformation in Penetration Tube Sample #5 |
Angle 45°

Deformation in Penetration Tube Sample #6 |
Angle 9%0°

Deformation in Penetration Tube Sample #7 [
Angie 90°

II,C.C'

]a.c € !

m:\2506w. wpf: 1b-111095 iii

3.4

43

5-5

5-6

5-7

6-3

6-4

6-5

6-8

6-9



Figure
Figure 6.1-8

Figure 7.1-1

Figure 7.2-1

Figure 7.2-2

Figure 7.2-3

Figure 7.2-4
Figure 7.2-5
Figure 7.3-1
Figure 7.3-2

Figure 7.3-3

Figure 7.3-4

Figure 7.4-]

Figure 7.4-2

Figure 7.4-3

Figure 7.4-4

LIST OF ILLUSTRATIONS (Continued)

Title

Deformation in Penetration Tube Sample #8 | e’

Angle 360°

Overall Dimensions of Head Penetration Model and Air Abrasive Drill

Positioning Fixture

Location Map of Residual Stress Measurements for Step 1 - The
As-Received Condition

Location Map of Residual Stress Measurements for Step 2 - After
Machining Weld Repair Areas

Location Map of Residual Stress Measurements for Step 3 - Afier
Welding Repair Areas

Test Setup for Residual Stress Measurements

Adjusting Hole Drilling Fixture

Hole Drilling Rosette Strain Gage Data

Relationship of Principal Stress Directions to Rosette Gages

Residual Stress Versus Distance From End of Tube for Step 1 at
180° Location

Residual Stress Versus Distance From End of Tube for Step 1 at
0° Location

Residual Hoop Stress As-Measured Compared to Analytical Estimates
of Hoop Stress for Center Side of Penetration

Residual Hoop Stress As-Measured Compared to Analytical Estimates
of Hoop Stress for Hill Side of Penetration

Residual Axial Stress As-Measured Compared to Analytical Estimates
of Hoop Stress for Center Side of Penetration

Residual Axial Stress As-Measured Compared to Analytical Estimates
of Hoop Stress for Hill Side of Penetration

2506w wpf: 1b-111095 iv

6-10

7-6

7-8

79

7-10

7-11

7-12

7-14

7-15

7-16

7-17

7-18

7-19

7-20

7-21



Table
Table 5.3-1
Table 7.2-1

Table 7.3-1

m:\ 2506w . wpf: 1b- 111095

LIST OF TABLES

Title Page
TEST MATRIX FOR | )*“¢ PENETRATION TUBE SAMPLES 5-8
ROSETTE LOCATIONS ON THE ID OF THE TUBE 7-7
RESIDUAL STRESS MEASUREMENTS IN REACTOR VESSEL 7-13

HEAD/PENETRATION TUBE MOCK-UP



REVISION RECORD

11-10-95 Proprietary information marked in preparation of Class 3
Report No. 14519 D. Boyle

m:\2506w wpf:1b-111095 vi



EXECUTIVE SUMMARY

A technical approach to address the issue of primary water stress corrosion cracking (PWSCC) on the
ID surface of reactor vessel closure head penetration tubes has been outlined by the Westinghouse
Owners Group (WOG). In addition, the WOG has supported NUMARC at the industry level in taking
a proactive role in iceolution of this issue. In structuring an approach the WOG has supported root
cause evaluations, investigated how WOG plants are impacted, submitted a generic safety evaluation,
developed plant inspection criteria, and solicited volunteers to perform plant inspections. Also, via the
weld overlay program authorization (MUHP-5017), the subject of this report, the WOG is providing
generic guidelines applicable for penetration tube repair and potentially a2 methodology to mitigate
PWSCC in the penetration tube ID.

This part of the program provides a weid design package which can be applied to repair reactor vessel
closure head penetration tube ID initiated PWSCC. The weld design package provides the criteria for
the repair of the penetration tube ID either through the application a local weld repair or via the
application of a 360° weld overlay. The local weld repair process is targeied at restoring the minimum
required design thickness of the penetration tube wall. The 360° weld overlay is intended to provide a
remedial measure to mitigate PWSCC in the Alloy 600 penetration tube ID by eliminating exposure of
the highly stressed regions of the tube wall to the primary water environment.

If an individual utility decides to perform volumetric inspections of vessel head penetrations
indications could possibly be encountered which would require disposition in order to permit plant
start-up. Indications detected via penetration tube volumetric inspections need not necessarily
immediately be repaired. Each penetration tube indication needs to be evaluated against the
established industry acceptance criteria. Dependent on indication position, depth, and orientation it is
quite possible no immediate corrective action is required. In fact no corrective measure may be
required for the remaining design life of the plant. If however corrective action is required the first
course of action would require removal of the defect by excavation. Excavation by itself is an
acceptable corrective measure as long as the minimum required design thickness of the penetration
tube wall is not violated, approximately 0.3 inch. If the minimum required design thickness is violated
the integrity of the penetration tube wall needs to be re-established, i.e. via the local weld repair.
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In support of the weld repair processes the following has been investigated; 1) Excavation geometries
and various depths as related 1o flaw geometry, 2) Limitation of the weld repair with respect to crack
length, 3) The definition of welding process parameters, 4) The definition of allowable weld filler
metals, 5) Weld surface finish, 6) Requirements relative to the surface profile of the penetration
inside diameter, 7) Industry suggested parameters for shot peening, and 8) Weld inspection
requirements. Shot peening was examined as a post weld surface treatment to mitigate the residual
stresses induced by welding. In addition to support the repair process, Westinghouse performed a
generic 50.59 Safety Evaluation such that a utility could license such a repair on an as needed basis.
The definition of the above items along with the safety evaluation provides a comprehensive package
such that the utilities can independent!y implement and or contract such services, i.e. local weld repair

or 360° weld overlay.

Conclusions of the program are:

. An acceptable weld overlay process has been developed and qualified to Section IX of the
ASME Code.

. The weldit ¢ process specification developed as a resuit of the gualification is applicable for
both loca! weld repairs and 360° weld overlays in the reactor vessel closure head penetration

tube: .

. Multiple repair geometries exist, each repair required should be individually specified. An
individual utility needs to specify repair requirements based on the technical merits and
economic impacts of each repair situaion.

-~  An excavation only repair is suggested up to a depth of [ i
~ It is suggested that if excavation to a depth of | %€ does not remove the entire
defect, excavation should continue until the defect is removed or until | 1*“€ inch of

the penetration tube wall remains.

= A weld overlay repair needs to restore the minimum required penetration tube wall design
thickness.
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. Repair welding provides an overall increase in the surface principle stresses in the penetration
tube. Dependent on weld thickness and circumferential extent the principle stresses will vary.
These residual principle stresses for any of the geometries considered are comparable in
magnitude 1o the residual plus operating stresses estimated via the elastic/plastic analysis for the
outermost penetration tubes.

. Areas of the penetration tube adjacent to the weld may be more susceptible to PWSCC than the
alloy 600 base material not impacted by the welding process. However the susceptibility of
adjacent material quickly dissipates due 1o the drop off of residual stresses as you move away
from the weld.

. The extent t which a utility wishes to pursue post weld surface treatment(s), such as shot
peening needs to be an individual utility decision based on the ¢ “hnical merits and economic
impacts. The Westinghouse owner’s group may consider such a program in the future.

. The final geometry and surface finish of the repaired area needs to be such to facilitate baseline
and potential future volumetric inspections.

. Weld design depths, geometry, location, and circumferential extent can be varied in an atternpt
to minimize the impacts of the associated welding residual stresses. These variations are
outlined on the associated design drawings provided in Appendix B. The WCAP report which
follows is intended to provide the in depth information required to understand these impacts.
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1.0 INTRODUCTION

Previously, leakage has been reported from an Alloy 600 reactor vessel closure head penetration tube
in a French plant during hy jro testing at elevated pressure. Subsequent inspections of the leaking
penetration indicate the presence of axial cracks on the inside diameter of the penetration tube. Cracks
extend above and below the penetration tube to reactor vessel head attachment weld. The leakage has
been determined to result from an axially oriented through-wall crack in the penetration tube wall.

"he cause of the axially oriented cracks has been attributed to primary water stress corrosion crecking
(PWSCC), driven by both steady state operating and residual stress. The residual stresses have been
attributed 1o the ovality in the penetration tube which is a direct result of bending introduced in the
penetration tube due 1o the offset geometry of the attachment weld. Reported data from inspections of
head penetrations at additional plants (Both French plants and plants of Westinghouse design) has
established the presence of axially oriented cracking in additional penetrations.

The plants of Westinghouse design with reported reactor vessel head penetration ube inside diameter
PWSCC are | J*€ A review of available inspection data would
indicate that flaws have been detected in approximately 2% to 3% of the penetrations inspected. A
review of the reported inspection results also indicates that the majority of flaws were detected in
penetration tubes located at the periphery of the reactor vessel closure head. This finding is consistent
with estimate that residual stresses are greatest in {he peripheral penetrations because the offset in the
(or angle of) attachment weld is greatest at these locations.

Reactor vessel closure head penetrations on all Westinghouse supplied plants are of similcr
construction as that of the French plants and Westinghouse designed plants that have experienced
cracking. Thus, based on the character of the cracking and the known potential of the Alloy 600
material for susceptibility to PWSCC this phenomenon may be possible on all Westinghouse plants.

Currently the WOG has undertaken an extensive program to examine and manage the phenomena of
PWSCC initiated from the inside diameter of the reactor vessel Alloy 600 penetration tubes. The
WOG's position has been that U.S. industry should take a proactive but logical approach to addressing
the issue. Thus the WOG has initiated various project authorizations, outlined below, which are
intended to address the various aspects of this issue such that the issue can be technically and
economically managed to a successful resolution.
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. Understand the cause and extent of cracking experienced by the French in their plants. From
this phase of the work the WOG concluded that the issue could impact selected US plants,
however the extent and/or time frame could not be immediately quantified.

. Assess the safety impacts of the issue. Detailed engineering analyses were conducted to
understand the extent and safety impacts of cracking. A generic safety evaluation was
performed and presented to the NRC. The conclusions were that the issue does not represent an
immediate safety issue. The significance of cracking is that it can result in leakage which could
result in wastage of the carbon steel vessel head. The WOG estimated wastage corrosion rates
based on analysis performed by Westinghouse and experimental data provided by the
Combustion Engineering Owners Group. The conclusion was that wastage could alter the
reactor vessel head however the ASME Code Allowable stresses would be maintained for a

minimum of 6 years.

. The experimental data used to estimate crack propagation for the thick-walled Alloy 600
penetration tubes, which was used in the flaw tolerance evaliation portion of the safety
evaluation, was based on thin-walled Alloy 600 ‘abing. The WOG chose to investigate crack
propagation rates in thick-walled Alloy 600 tubing to verify that the crack propagation model
for thin-walled tubing was valid for use. Thus the WOG initiated a crack propagation testing
program (o investigate this phenomenon. This work is scheduled to be completed in the fourth
quarter of 1994,

. The WOG had the opportunity to confirm the mechanism of cracking in the penetration tubes.
The | ]*“€ plant, a Westinghouse supplied plant, has also experienced cracking
and has undertaken a program to investigate the cracking. As part of the Ringhals program
boat samples were removed from the ID of a penetration which has experienced cracking. The
WOG was offered the opportunity to perform a failure evaluation on one of these boat samples.
Westinghouse performed this work under authorization | J*“€_ This work further
confirmed the French findings that the cause of cracking was PWSCC,

. The WOG has authorized a report outlining a Flaw Evaluation Procedure which is intended to
identify the techniques required to estimate the propagation of any flaws detected by an
inspection.
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. The WOG has supported an industry initiative coordinared by NUMARC to develop acceptance
criteria for flaws detected along the inside diameter of reactor vessel closure head penetration
tubes, These acceptance standards have been provided as the standard for acceptance of any
flaws detected during an in-plant inspection. Adaitionally, EPRI has applied these acceptance
standards in developing a qualification program and standards for utilities to use in the
qualification of vendors offering inspecticn services.

. The WOG has also solicited utility volunteers to perform pilot volumetric inspections of their
reactor vessel closure head penetrations. The WOG intends to evaluate inspection results and
assess the impact on the pilot and other W plants.

Through these programs the WOG has attempted to determine causc, address the saiety significance of
this issue, develop inspection and acceptance criteria, provide a mechanism to qualify vendors offering
inspection services such that interpretation of results across the industry is consistent, and make
available pilot inspection resuits such that the future actions/requirements with respect to this issue
relative to the U.S. nuclear industry can be formulated. Lastly, the WOG authorized a program to
develop a weld repair methodology for penetrations which have experienced cracking. The following
document outlines the program and reports on th results of the weld repair program.
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20 PROGRAM DESCRIPTION

2.1  Objectives

The objective of the program was te provide a weld desiga package which can be applied to repair
reactor vessel closure head penetration tube ID initiated PWSCC. The weld design study has
investigated repair of partial through-wall and full through-wall cracks. The objective was to
investigate a local weld repair process and a 360° weld overlay process as part of the weld design
package. In addition to the weld repair process, information regarding excavation geometries and post
weld surface treatment was investigated. Excavation serves two purposes; 1) It provides access for
application of the weld, and 2) It serves to remove any existing defects. For the purposes of this
project suthorization the post weld surface treatment investigated was shot peening. The objective of a
post weld surface treatment such as shot peening is to negate/mitigate residual stresses induced by
welding.

In support of the weld repair processes Westinghouse investigated: 1) Excavation geometries and
various depths as related to flaw geometry, 2) Limitation of the weld repair with respect to crack
length, 3) The definition of welding process parameters, 4) The definition of allowable weld filler
metals, 5) Identification of the weld surface finish, 6) Requirements relative to the surface profile of
the penetration inside diameter, 7) Industry suggested parameters for shot peening, and 8) Weld
inspection requirements. The definition of these items provides a comprehensive definition of the
process such that the utilities can independently implement such a repair.

In support of the repair process, Westinghouse performed a generic 50.59 Safety Evaluation such that
a utility cculd license such a repair on an as needed basis. Also, this program provided engineering
justification of the process through the preparation of a full size penetration mock-up to provide
engineering data to enable evaluation of effects on penetration residual stress and deformation due to
the weld overlay. The change in stress was measured using a Hole Driliing Strain Gage Method in
accordance with ASTM E837. Mock-up testing was also used to investigate the extent of weld
shrinkage associated with the weld overlay process and the extent that the weld overlay process
impacts the shrink fit between the penetration tube and reactor vessel head.
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2.2  Weld Repair Program Outline

The development of a weld repair design packege was structured to investigate specific weld process

parameters and provide engineering justification for the various associated technical issues. In order to

investigate the weld process parameters and technical issues several major program tasks were defined

Each of these tasks along with a brief description follows

Task 1 Development of Weld Overlay Repair Process Specification

The Westinghouse weld repair process specification defines: A weld thickness of
l |*“€ 1o | |*“€ inches, defines critical welding process parameters, defines
allowable weld filler metals |

1" and identifies weld surface finish requirements and inspection requirements

Also, shot peening as a post weld surface treatment available for mitigation of post weld
residual stresses will be discussed. The documentation also defines target shot peening
process parameters. Target shot peen process parameters were provided as a result of
recommendations solicited from a commercial shot peen vendor and work performed by

Westinghouse, independent of this program authorization

Define Penetration Excavation Geometry

A drawing is supplied to compliment the penetration repair process to define such items
as: the excavation geometry and depths for both an excavation only repair and excavation
followed by a weld repair, the required (D profile of the penetration ID after the
application of the weld overlay, and any limitations with respect to positioning the weld

overlay relative to projected stress profiles in the penetrations

In addressing excavation of the penetrat'on two aspects were addressed: 1) It was
imperative that the structural adequacy of the penetration was not compromisec, this was
investigated via a review of available ASME code stress reports on the reactor vessel

closure head, and 2) The excavation geometry was defined such that adequate
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penetration material was removed such that, application of the weld does not restrict the

flow area in the penetration or thermal sleeve movement is not impacted

Provide Evaluation of Applying Weld Overlay Over Existing Cracks:

The effect of applying weld material over existing partiai through-wall and full through-
wall cracks was investigated. The applicable ASME Code paragraphs were investigated
which discuss leaving cracks in (he pressure boundary were reviewed. Also EDM notches
were placed in mock-ups to assess impacts on the welding process

Penetration Mock-up Tests

A tull size penetration mock-up was fabricated. The mock-up was fabricated using an

alloy 600 penetration tube welded in a plate of low alloy carbon steel using the partial

"J"-groove geometry for the attachment weld. The mock penetration tube was skewed to
the surface of the plate to simulate the weld offset of actual penetration tube assembled in
the reactor vessel closure head. The mock-up was used to investigate the application of
weld matenial in a similar geometry to the penetration tube, and to quantify the addition of

any residual stresses on the ID adjacent to the weld repair

Several mock penetration tubes were also fabricated to investigate the application of
vanous weld thicknesses and geometries. The various weld thicknesses were evaluated fo

cladding integrity via a cross-section taken through the weld thickness
Generic Safety Evaluation
A generic 50.59 safety evaluation was performed to aid WOG members in implementing a
weld overlay repair at their specific plant sites. The Safety Evaluation is provided as a
stand alone document

In completing the above tasks the stated goal was to identify engineering justification and appropriate

specifications for implementation of a local weld repair and a 360° weld overlay. Both weld repairs

involve an appropriate amount of excavation from the penetration inside diameter followed by
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application of filler metal in the excavated area. In the case of the local weld repair the repair is
targeted at restoring the minimum required penetration tube wall to maintain the pressure boundary
For the 360° weld overlay the intent is to provide a remedial measure for mitigation of PWSCC. The
360° weld overlay would cover the entire inside surface of the penetration tube most susceptible to

PWSCC over some given length
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3.0

APPROACH FOR DEVELOPMENT OF PENETRATION TUBE WELD REPAIR AND
OVERLAY DESIGNS

In developing the weld application options for the reactor vessel closure head penetration tubes, two

basic designs were targeted; 1) A local weld repair process and 2) A 360° weld overlay process. The

local weld repair process is targeed to restore the minimum required design thickness of the

penetration tube wall. The svv  veld overlay repair is intended to provide a remedial measure to

mitigate PWSCC in the Alloy 600 penetration wbe ID. Refer to Figure 3.0-1 for an overview of the

reactor vessel closure head to penetration tube geometry

3l

Local Weld Repair

In designing a local weld repair several considerations were taken into account

The weld repair has to restore the minimum required design thickness. The governing design

requirement with respect to the penetration tube is design pressure. An examination of a typical

4-loop vessel head indicates that the required penetration tube thickness to meet design pressure

requirements is approximately 0.29 inch

Slots were examined in | |*““ Reference 6, as a potential repair for the reduction
of residual surface stresses in the penetration tube ID. The maximum slot depth examined was
| |**€ inch

The industry flaw acceptance criteria developed for penetration tubes identifies the depth of an
allowable flaw to be 75% of the tube wall thickness or | e B 1““€ inch

"l\(

Thus a weld overlay repe' ‘n a penetration excavated to a depth of | inch may be

required

In specifying the circu. ferential extent of the local weld repair designs, the stress analysis
results reported in WCAP-13525, Reference 5, were taken into account as well as the slot
widths examined in | |*“* Reference 6. For the purpose of the local weld repair
the intent was to position the toe of the weld in an area of the penetration tube ID having

relatively low hoop stresses. Thus circumferential extents of 45° and 90° were sclected, such
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that the toe of the weld could be approximately located on the 45° axis of the penetration tubes

where the hoop stresses were estimated to be low

Additionally, lengths of 4 and 6 inches were selected to investigate the variations which might

occur due to changing the overall weld length
Based on the above considerations local weld repair design geometries with varying weld thicknesses
of | |*“* inch, overall lengths of 4 to 6 inches, and having circumferential extents of

45° through 90° were considered for investigation

3.2 360° Weld Overlay

In performing a 360° weld overlay repair the two items taken into consideration were; 1) The weld

overlay depth should be thick enough to provide a boundary which prohibits exposure of the Alloy
600 base material to the primary water over the applied length of the repair, and 2) The depth should
be minimized such that any associated weld shrinkage minimizes the residual stress in the base
material and does not negatively impact the interference fit on the OD of the penetration tube between

the reactor vessel closure head and penetration tube

Based on the above a | |** inch weld thickness was judged as appropriate to mee: the above two

IAL\ ¢ ]d\ €

criteria. A thickness of | inch is approximately | weld passes. However, an overlay

1ace

need not be limited to | """ inch. Weld overlay thickness of |

[““€ inch were

investigated for lengths varying from 4 to 6 inches

The perceived advantages of the weld overlay are; 1) Application of the weld overlay can be a
contnuous process using a spiraling application, and 2) both ends of the weld overlay can be readily
positioned in lower stress regions of the penetration tube ID

3.3  General Program Goal

In order to evaluate the above defined design geometries a series of tests and measurements were

identified for investigation of a weld process which could be qualified to the ASME Section IX Code

requirements, Reference 2. Additionally, these test and measurements were used to assess technical

m: 2506w wpf:1b-111095




impacts such that the specification of weld repair would not negatively impact the penetration tube

geometry. These tests and measurements involved the fabrication of penetration tube samples and a

fuil size reactor vessel closure head/penetration tube mock-up as well as the investigation of
methodologies for performing weld overlay repairs. The following sections provide the details and

results of these investigations
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Figure 3.0-1 Reactor Vessel Closure Head to Pepetration Tube Geometry
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40 PENETRATION TUBE SAMPLE & REACTOR VESSEL HEAD/PENETRATION TUBE \
MOCK-UP FABRICATION

4.1  Preparation of Penetration Tube Samples

Figure 4.1-1 depicts the geometry of the grooves machined in the 10 inch penetration tube samples
The grooves were machined using electric discharge machining (EDM). As shown in Figure 4.1-1 the
tube wall was machined to the defined depth and made use of a [ ]*““ taper to blend the excavation

depth into the original tube inside diameter (2.75 inch). The [ ]*“* taper was applied both

’d c.c

circumferentially and axially. For the groove depths of | | inch and |

'.“i,\ ¢ ].l\ ¢

inch the |
laper resulted in an acceptable geometry. However, for those samples with a groove depth of

| |*“* inch the taper was reduced to a ratio of [ ]*“*. The taper was reduced because the

[ ]*“* taper was impractical from the standpoint that it extended two far around the penetration
Circumeience, reguiring too much weld filler metal to fill in the taper transition area. Afier

'd e
i

performing weld repair.: on the | taper geometry process time was still oo long and too much
weld filler metal was s.ill required, thus an alternative transition design was identified foi hlending
from the excavation d:pth to the inside surface of the penetration tube. The alternative transition is a

typical weld "J" preparation applied in the industry and is depicted in Figure 4.1-2
4.2  Fabrication of Reactor Vessel Closure Head/Penetration Tube Mock-Up

A full scale mock-up of the reactor vessel closure head and penetration tube was fabricated to depict
the most peripheral penetration in a 4-loop reactor vessel head, thus indicative of a penetration tube
with the greatest offset in the attachment weld, i.e. therefore the maximum residual stress. Fabrication
sketches of the mockup are provided in Appendix C, Fabrication Data Package for the Penetration
Mock-Up & Peretration Mock-Up Sketches. The fabrication data package includes as-built

dimensional data

To validate the applicability of the mock-up, measwements were taken of the penetration tube inside
diameter to measure the ovality which occurred as a result of performing the mock-up attachment
weld. As in the actual reactor vessel head geomeiry, 4 "J" groove weld prep was used for the

attachment weld between the penetration tube and low carbon steel plate. The maximum ovality
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(major diameter less minor diameter) which occurred in the mock-up was [ 1*“° mils (| i

inch) as compared to the maximum approximated ovality of [ )*“* mils (| |““* inch) estimated

i

from the lineai regression equation for ovality which was developed based on actual plant ovality

measurements, Reference 1
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50 WELD PROCESS SPECIFICATION

A welding process specification, which can be used for either the local repair or application of the
360° weld overlay in the reactor vessel closure head penetration tubes was generated and is attached in
Appendix A of this WCAP report. The welding process specification is written to provide guidance
for the qualification of welding procedures to be used for the performance of welding in Westinghouse
PWR reactor vessel closure head penetration tubes. The parameters recommended in the specification
were based on the welding operations performed for this feasibility study. Therefore, the parameters
were gualified for the intended applications to the extent as discussed in the following paragraphs.

5.1  Selection of Welding Equipment

An automated pulsed gas tungsten arc welding (GTAW) system designed and manufactured by The

[ 1*“* (power supply model 215, Figure 5.1-1, and model 94 ID cladding and
welding head, Figure 5.1-2), was selected for this program. The model 94 weld head is designed for
spiral cladding and groove welding inside diameters as small as 2 inches. The model 94 provides arc
rotation, axial(linear) travel, filler wire feed and arc voltage control (AVC) for arc gap control. The
combination of axial travel and arc rotation provides a spiralling effect directly applicable for use in a
360 degree weld metal overlay process.

To demonstrate the capabilities of the selected automated welding system and identify target welding
parameters a pipe ID weld overlay was performed on a 2 inch nickel base alloy pipe with inconel

82 filler metal. The current design of the model 94 weld head feeds a 0.030 inch diameter weld wire.
The filler metal of choice for this program, | J*“¢ was not available in 0.030 inch diameter
at the time of the demonstration. A 20 Ib. spool of 0.035 in. diam~ter | 1*<€ filler metal was
obtained and reduced to the required 0.030 inch diameter.

5.2  Qualification of the Welding Parameters

The intent of qualifying the parameters at the beginning of the program was to ensure that the starting

parameters were appropriate for use with the [ J*“* filler metal. The starting parameters
were based on the parameters used with the | J*“* filler metal during the demonstration of
the welding system. This approach was taken due to the limited supply of the | 1€ filler
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wire at the beginning of the program, and the long lead time required to reduce the diameter of the
available weld wire 10 0.030 inch. The weld wire situation prevented any practice welding 1o establish

lil‘\ N -

welding 1 arameters in advance with the |

Two alloy 600 pipe assemblies were welded using | J““* filler metal to qualify the
parameters to the ASME Section IX mechanical test requirements. Four 5-inch long pipe samples
were machined with 37.5° grooves as shown in Figure 5.2-1. The 37.5° groove was machined starting
from the ID of the pipe and finishing the groove at the OD of the pipe so that the groove could be
welded from the pipe 1D

Starting process parameters for welding the pipe assemblies with the [ ]*“* filler metal were those
process parameters used in the demonstration with | |*“€. The parameters were adjusted as
welding progressed. Some difficulties were experienced in welding the first assembly, during the
initial two layers burn-through and stuck wire in the weld puddle occurred. Once the parameters were
adjusted based on the difficulties, there was no problem with the subsequent layers of the first
assembly or the second assembly. Upon completion of welding the two pipe assemblies, mechanical
test coupons, i.e., tensile and bend (face and root) specimens, were machined from each assembly in

accordance with ASME Section IX requirements. All bend specimens were free of cracks with the

exception of the root bend specimen of the first assembly. The failure of the root bend was attributed

to the difficulties experienced as explained above

During welding of the qualification pipe assemblies it was observed that inconel 52 filler metal has a
very sluggish characteristic, even worse than | |*“€. This may be due to higher contents of
Cr, Fe and deoxidizers such as Al and Ti in | |*“* compared to | %€ The

{ |*“* filler metal mixed well with the alloy 600 penetration tube producing a relatively
smooth surface, as was observed in the first layers of the pipe assemblies. The subsequent layers,

however, started showing the sluggish characteristics which produced a relatively rough surface in

comparison

In general the surface condition of a weld is controlled by grinding or machining operations after
welding. However, considering the actual field applications of this process it was desirable to improve
the surface condition through weld process controls such that no grinding operation would be required

1a.c.¢e

after repair welding. As an attempt to improve the surface finish a | ]
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mixture of shielding gas was tried during the welding of the second pipe assembly. The

5 |*““* mixture gas was tried because it was readily available for a similar application on a
nickel base alloy. The change in the shielding gas did not improve the surface finish of the as-welded
condition. Thus the shielding gas was changed back to | |4“€ gas. Welding process
parameters were adjusted during welding of the subsequent test tube samples to maximize the quality

of the final surface finish
5.3  Welding of Penetration Tube Samples
Table 5.3-1 shows the matrix of the eight | |*“¢ penetration tube samples and their respective

geometries. Repair welding of the tube samples started with sample number 4, which had a

360 degree groove of | |*“* inches deep. Although the welding system was capable of welding

the groove in one spiral operation the operation was stopped every one (1) inch or so t0 maintain the

interpass temperature below | |*“* maximum. The | |*“* interpass temperature was
selected becavse this is typical industry practice for minimizing distortion in stainless and nickel base
alloys. Those samples with a partial groove, | |*“€, required a similar interpass
temperature control. It should be pointed out that the samples with a partial groove took a much
longer time to weld due to the setup required for every pass. Each weld pass was performed
circumferentially for this program. The necessity of a setup for every pass could impose some

difficulties on actual field applications for repair welding and special attention should be given in

development of field tooling to minimize this impact

As explained in the previous section during welding of the | |*“€ tube samples the parameters
were adjusted to improve the weld surface finish, such that the surface smoothness could be
maximized. Although surface finish appeared to be adequate, more improvement would appear to be
possible. Welding of additional samples for further adjustment of parameters would be beneficial as
well as investigating the use of other shielding gases. Another possible shielding gas would be a

'd LN &

helium/argon mixture. Other options, such as a combination of | [*““with [ ]*“* and/or

|““€ on the last layer should be considered
As indicated in the Table 5.3-1 tube sample number 7 and 8 included EDM notches in the repair area

This was to study repair welding over | |*“€. Figures 5.3-1

through 5.3-3 depict the cross sections of repair welds over the EDM notches. The notches were
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approximately [ ]*“* inches deep and | 1% inch wide. The metallography samples of the
notches showed no cracks or indications generated in the surrounding area due to the welding.

Considering [

]l.c K

£4 Welding Reactor Vessel Closure Head/Penetration Tube Mock-Up

Two EDM grooves, Figure 4.1-2, were machined in the penetration mockup to simulate weld repairs
in the plant. It was learned from the | ¢ penetration tube samples that a 360° groove would
be much easier to weld repair as opposed to the partial groove with the welding system available.
Thus, partial grooves were selected for the mockup to investigate the potential difficulties which might
be experienced in a field application. The [  1*“® inch groove depth was selected for the partial
grooves as the most probable thickness of weld overlay to be used in a field application.

Repair welding the excavation areas in the mockup were performed very much the same as in the
penetration tbe samples. Since the mockup, Figure 5.4-1, had more mass to transfer the heat duriiig
welding it was not necessary to stop the welding operation as often as in the [ ]*“* inch penetration
tube samples, to meet the [ %€ interpass temperature requirement. It is estimated that the
interpass temperature control may not be a concern with the field application due to the mass of the
penetration tube and surrounding reactor vessel closure head.
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Figure 5.1-1 Weld Head Used for Weld Repair Program
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ARC MACHINES, INC.

Figure 5.1-2 Weld Power Supply/Controller Used for Weld Repair Program i
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Figure 5.2-1 Joint Geometry for Qualification Samples
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Table 5.3-1
TEST MATRIX FOR | ]““* PENETRATION TUBE SAMPLES

a.c.e
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o Figure 5.3-1  Penetration Tube Sample No. § Cross-Section Showing Weld Repair -

[ P

2506w wpf: 1b-111095 5-9



ace

"™ Figure 53.2  Penetration Tube Sample No. 8 Cross-Section Showing [ R
Juce
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Figure §.3-3  Penetration Tube Sample No. 7 Cross-Section |

™.
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Figure 54-1 Photograph Depicting Weld Tooling Set-Up In Full Size Penetration
Tube Meock-Up
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60 EVALUATION OF WELDED PENETRATION TUBE SAMPLES

The penetration tube samples were used to evaluate the feasibility of welding within the 2.75 inch
diameter of the penetration tube and to evaluate the impacts of the various selected geometries. As
defined in Table 5.3-1, eight penetration tube samples were selected to explore the various weld repair
geometries. The overall weld length, ¢ rcumferential extent and depth were varied.

6.1  Discussion of Diametral Measurements

To evaluate the penetration tube samples each sample had pre and post weld dimensional data taken.
The measurements were taken across both the inside and outside diameter in 0.5 inch increments over
the entire length. The outside diameter measurements were used as the primary mechanism for
comparison as opposed (o inside diameter measurements in order 1o avoid variations resulting from the
weld surface finish and the weld applied thickness. Figures 6.1-1 through 6.1-8 provide plots of the
dimensional data. The dimensional data as-measured pre and post welding is provided in Appendix D,
Penetration Tube Dimensional Data.

The penetration tubes were scribed to retain the orientation of the axis, i.e. 0°, 45°, 90°, and 135°.
The outside diameter measurements taken across each of these axis were very consistent and on the
average were 4.000 +/- 0.001 inch. The pre-weld diametral measurements were averaged and plotied
as a single line on Figures 6.1-1 through 6.1-8. Post weld measurements were taken across the same
axis and are plotted individually on each of their respective figures.

Based upon a review of Figures 6.1-1 through 6.1-8 the following observations were made:

. Regardless of the weld length (4 or 6 inches) the diametral dimensions are impacted over a
é length approximately 1 inch greater than the weld repair length. Recall the weld repair lengths
do not include the taper length which is also filled with weld material. This would indicate that
an approximately 0.5 inch transition zone exists from the end of the repair depth where weld
shrinkage impacts the diametral measurements. This transition zone appears to independent of

weld depth or taper length.
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. A 360° weld repair results in deformation across each axis. The deformation is approximately
uniform for each axis, Refer 1o Figures 6.1-2, 6.1-4, and 6.1-8,

. The deformation associated with a 90° weld repair also impacts each axis, particularly those
axis 45° from the weld centerline (i.e. primary axis). The 45° axis experiences deformation
approximately 30% to 40% of the primary axis. The axis 90° from the primary axis appears to
be the ieast impacted. See Figure 6.1-3 and 6.1-5.

. In all penetration tube samples the deformation, resulting from weld shrinkage, appeared to
result in a decrease of the outside diameter except over a very few number of local positions,

See Figures 6.1-1, 6.1-5, and 6.1-7,

. On the average the deformations resulting from the various weld depths are:

Weld Depth Average Deformation Maximum Deformation
(inch) (inch) (inch)
[ o | jhee [ i
[ e [ e [ puatd
[ ]&C.e l ]M.C [ ]l.C.c
These deformations are based on the measurements taken in the | |*“* penetration tube samples.

It is judged that deformation in the actual plant penetration tubes would be less because of the
available mass to dissipate the welding heat input.
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740  RESIDUAL STRESS MEASUREMENTS ON REACTOR VESSEL HEAD/
PENETRATION TUBE MOCK-UP

7.1  Approach to Residual Stress Measurement

To determine the residual stresses buildup from welding the reactor vessel closure head and
penetration tube full scale mock-up fabricated for this program was used. The fabrication of the
mockup was described in a previous section of this report. The hole drilling method of residual stress
measurement was used for these measurements. A sketch of the head penetration model and test
fixture is shown in Figure 7.1-1. All of the residual stress measurements were made on the ID of

the tube.

The residual stress measurement program was divided into three steps:

]l.C.C

7.2 Hole Drilling Method

This method involves mounting a three strain gage rosette at the location the measurement is required.
A sma ! hole is drilled at the center of the rosette and the relier ad strain is measured by the three
gages o1 the rosette. The relieved strain and elastic constants of the material and constants for the
rosette are used to calculate the residual stress. The rosette constants are obtained by calibration,
either by the rosette manufacturer, or using the ASTM standard practices. The rosettes used were
procured from Micro Measurements, gage mode! | 1€, This is a
special three element 45° rosette in a circular pattern. The hole drilling method measures a near
surface residual stress and is described in ASTM standard E-837-92. Stress is assumed to be uniform,
or at worst, varying uniformly through the thickness of the object measured. For a uniform stress field
the accuracy is estimated within [ %,
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7.2.1  Installation of Strain Gage Rosettes

Rosette locations for each step are shown in Figures 7.2-1, 7.2-2, and 7.2-3. These figures depict
maps of the inside surface of the penetration tube and show the angular position and distance from the
inside end of the penetration tube. The rosette locations are aiso tabulated in Table 7.2-1. Rosettes
were oriented with the number one gage in the axial direction of the tube.

The ID surface of the tube was prepared for installation of the strain gages by first cleaning with a
chlorothen degreaser. The surface over which the strain gage rosettes were installed was dusted with
micro sand blasters to give a mat finish for better adhesion of the strain gages. For mounting strain
gage rosettes in the EDM machined areas, in Step 2, the surface was first smoothed |

1*“€_ The welds in the weld repair area, in step 3, were ground to a flat surface suitable for
strain gage installation, | ]*“€ adhesive was used to bond the gages.

7.2.2 Drilling Holes

The setup for the residual stress measurements on the model is shown in Figures 7.2-4 and 7.2-5. Air
abrasive machining was used to machine the holes. A special fixture (shown in Figure 7.1-1) was
made to position the drill to target the center of the rosette. The rosettes are masked before drilling to
protect them from the abrasive. Strain readings are taken before and after drilling. Hole depth is

determined by air pressure, abrasive size, nozzle diameter and time. |
]I.C.C

7.3 Test Results

The principal stresses and directions were calculated using the relieved strains and equations in

ASTM E 837, |
1*“€ The relieved strains were corrected for transverse sensitivity and gage factor

variations. These factors are provided by the strain gage manufacturer (see Figure 7.3-1). The
equations for the calculation of residual stresses are:
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a.c.e

The equation for calculating the angle C from gage 1 of the rosette to the nearer principal stress is:

ace

The relationship of principal stress directions to the rosette is shown in Figure 7.3-2.

The results of the residual stress measurements are given in Table 7.3-1. Residual stress versus
distance from the end of the tube is shown in Figures 7.3-3 and 7.3-4.

7.4 Comparison of Test Results to Analysis

Elastic/Plastic analysis of the reactor vessel closure head/penetration tube geometry has been
performed and documented in WCAP-13525, Reference 5, also several repair geometries have been
analyzed and documented in | ]*“*€, Reference 6. The elastic/plastic analysis are of
particular interest for comparison with residual stress measurements taken in the reactor vessel closure
head/penetration tube mock-up, because the measurements serve to validate both the analysis and
measurements. Aiso, the repair geometries examined local grooves (i.e. slots) as measures to reduce
penetration tube residual stresses.
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While the hole drilling technique is a fairly accurate means for the measurement of residual stresses it
should be noted that the measured values represent an average stress over the depth of the hole,

[ J**inch in this case. Thus the measured stress value is slightly below the actual surface stress
on the order of magnitude of 10%. The finite element analysis provides a calculation of the surface
stress. Figures 7.4-1 through 7.4-4 provide plots of the penetration tube residual stress as calculated
after welding (as-opposed to the residual + operating stress) as compared with the measured stress
values. Figures 7.4-1 and 7.4-2 plot hoop stresses while Figures 7.4-3 and 7.4-4 provide plots of the
axial stresses. Also, the plots distinguish between the penetration tube center side (180° orientation on
Figures 7.2-1, 7.2-2, and 7.2-3) and hill side (0°/360° orientation). The plots depict in general the
same trends (peaks and vaileys) between the measurements and the finite element calculations, also
fairly good quantitative agreement exists, particularly for the hoop stress values.

Several other observations/comparisons were drawn from the hole drilling residual stress measurements
and finite element calculations (It should be noted that the residual stress measurement locations in
Table 7.3-1 identified with the same numerical value are approximately positioned with the same
coordinates):

. The machining of the grooves generally appeared to lower stresses at the location measured.
Hoop stresses were decreased at locations 4a, 8a, 9a, 12a, 14a and increased only at
locations 3a. Axial stresses were decreased at locations 3a, 8a, 9a, 12a, 14 and increased only
at location 4a. This generally supports the conclusions made in the analyu.-al study of repair
configurations, Reference 6.

. Weld repair areas have fairly high residual stresses, the greatest measured value being a
principal stress of [ ]*“ ksi, see location 11b on Figure 7.2-3. Although fairly high this
value is comparable with the calculated surface stresses.

. Tensile stresses adjacent to the weld as indicated are fairly high but dissipate rather quickly, see

locations 11b and 16b on Figure 7.2-3.  Adjacent to the weld the axial/hoop stresses are
[ 1*“*€ ksi respectively, but drop 1o | J““€ ksi less that 1 inch away.
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The penetration tube stresses approaching the 45° axis are expected by analysis 10 be low
approaching compression. A review of these stresses after welding, see location 12B and 14b,
in fact have compressive axial stresses of | 1€ and [ J*“* ksi with low hoop stresses
of{ 1“*and[ ]*°° ksi.

Axial and hoop stresses in the alloy 690 weld repair are higher than their corresponding values
before welding, hoop stresses increasing by approximately [ ]*“° ksi with the largest increase
being in the axial stress components [ €€ ksi to | ]%* ksi and | 1€ ksi to

[ J*“€ ksi, see locations 3/3b and 9/9b.

A review of measured principal stress in the penetration tube weld region prior to and . fter
welding indicate an overall increase in surface stresses.

Although the individue! measured stress components (axial and hoop) prior to and after welding
indicate an overall increase in surface stresses the after welding values are comparable to
calculated values. Again, Figures 7.4.1 through 7.4.4 provide the calculated and measured
stress component values prior to welding.
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Figure 7.1-1 Overall Dimensions of Head Penetration Model G
and Air Abrasive Drill Positioning Fixture
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Table 7.2-1
ROSETTE LOCATIONS ON THE ID OF THE TUBE
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- Figure 7.2-1 Location Map of Residual Stress Measurements -
for Step 1 | Pe
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Figure 7.2-2  Location Map of Residual Stress Measurements ol
for Step 2 |  maa
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Figure 7.2-3  Location Map of Residual Stress Measurements -
for Step 3 [ |
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Figere 7.2.5  Adjusting Hole Drilling Fixture
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Figure 7.2-5 Adjusting Hole Drilling Fixture



Table 7.3-1
RESIDUAL STRESS MEASUREMENTS IN REACTOR VESSEL HEAD/
PENETRATION TUBE MOCK-UP -
ace
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- Figure 7.3-2  Relationship of Principal Stress Directions e
to Rosette Gages
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Figure 7.3-3  Residual Stress Versus Distance From End of Tube -
for Step 1 at 180° Location
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Figure 7.3-4 Residual Stress Versus Distance From End of Tube
for Step 1 at 0° Location
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8.0 DISCUSSION OF POST WELD SURFACE TREATMENT
Post weld surface treatment of welds is typically performed to serve one or all of the following
functions:

1) Improve the surface finish such that an acceptable surface is provided for performing post-weld
inspections and/cr future penetration tube inspections.

2) Provide an »~~eptable geometry such that the function of the component is not negatively
impacted. I we case of the penetration tube inside diameter, the inside diameter can not be
reduced such that it impacts the thermal sleeve or reduces the flow path in the penetration tube
ID to thrrmal sleeve OD annulus |

)l.C.c_

3) Mitigate the residual stresses in the weld metal and adjacent base material which occur as &
result of the welding process.

In developing process requirements for welding, regardless if it is to be used as a mitigative measure
for PWSCC (360° overlay) or a repair to restore the penetration tube pressure boundary (local repair),
items (1) and (2) above are intended 10 be addressed via process controls. The post weld surface
firish, item 1, and the post weld geometry, item 2, are intended to be controlled via weld process and
inspections requirements. In order to address item 3 the WOG requested via the program authorization
that shot peening be examined as the remedial measure for the mitigation of residual stresses induced
by welding.

8.1  General Discussion of Shot Peening

Shot peening is a cold working process in which the surface of the material is bombarded with small
spherical media called shot. Each piece of shot striking the material acts as a tiny peening hammer,
imparting to the surface a small indentation or dimple. In order for the dimple to be created, the
surface fibers of the material must be yielded. The cold working process results in the application of
beneficial compressive stresses being applied at or just below the material surface. Compressive
stresses are beneficial in increasing resistance to fatigue failures and stress corrosion cracking.
Benefits obtained due to cold working include hardening, intergrannular corrosion resistance and
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surface texturing. Westinghouse has investigated shot peening as a mitigative technique for
application to the Alloy 600 penetration tube to increase the materials margin apainst primary water
stress corrosion cracking (PWSCC).

The maximum value of the residual compressive stress is often calicd » 2 magnitude of the residual
stress induced. Variations in the shot peening process have little effect on the magnitude of the
compressive stress induced as long as the shot used is at least as hard as or harder than the material
being peened. The magnitude of the compressive stress is primarily a function of the base material
mechanical properties. As a general rule the maggitude of compressive siress induced has a value of
at least one half the yield strength to a maximum of approximately 60% of the ultimate tensile
strength. For the minimum allowable mechanical properties listed for alloy 600 SB-166 & 167 this

]I.C.C.

relates 1o a compressive stress range of |

The energy of the shot is a function of the media size, material, hardness, velocity and impingement
angle. In order to specify, measure and calibrate peening energy a method utilizing SAE1070 spring
steel specimens, called Almen strips, was developed. There are three standard Almen scales currently
in use, each based on a different Almen strip thickness. The three scales are the "N", "A", and "C"
scale in increasing order of intensity. The depth of the compressive layer is proportional to the Almen
intensity. It should be noted that the magnitude of the compressive stress induced is independent of
the compressive layer depth. Peening depth needs to be examined from two aspects; 1) The greater
the depth the larger the impact on surface or subsurface material imperfections, and 2) The stress
distribution through the component has to be baianced, thus for the case of the penetration tube wall
an increase of compressive stress on the ID results in an increase in tensile stress on the OD.

The maximum benefit of shot peening is realized when the surface is uniformly peened to a saturation
energy level. Saturation is defined as the earliest point where doubling the exposure time produces no
more than a 10% increase in Almen intensity.

8.2  Shot Peen Parameters

Westinghouse performed a feasibility study to investigated shot peening for the reactor vessel closure
head penetration geometry. The two primary objectives of the feasihility were:
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. Show that tensile stresses on the inside diameter of the test chamber (penetration tube mock-up)
before shot peening were | el

]u.c.c.

. Confirm that shot peening reduces these inside diameter tensile stresses to |

The intent of these two objectives were to produce stresses in the penetration tube above the estimated
threshold to PWSCC such that the penetration tube test chambers wer susceptible to PWSCC. The
shot peen process investigated did successfully reduce the susceptibility of the test chamber sample
material 1o stress corrosion cracking in a series of laboratory tests.

Through the specification of process control parameters an Almen intensities of | 1*€ on the
"N" scale were developed in the test chambers resulting in a compression layer depth of approximately
[ €. It was estimated that the magnitude of compressive stress
induced was | |*¢€, approximately [ |*““ of the ultimate tensile strength of the

material used in the test,

Subsequent discussions with commercial shot peen vendors have indicated that it should be feasible to
develop Almen intensities of approximately 8 on the "C" scale resulting in approximate compressive
depth layers of | "¢, Although the Almen intensity scales can not be directly
related the approximate relationship between the two scales is: N = 0.1C or 19N = C.

8.3  Conclusions Regarding Post Weld Surface Treatment

A properly controlled shot peening process should a reliable remedial measure for the mitigation of
residual tensile stresses associated with a weld overlay repair. It appears feasible that a shot peen
process can be developed which would apply a compressive stress to the surface of the base material
on the order of [ ]*““ ksi or greater dependent on the base material properties to a depth |

1%“€. Such a process should increase the margin against PWSCC in the
alloy 600 base material both in the heat affected zone adjacent to the weld and generally throughout
the penetration tube ID.

Much investigation has been given to the development of approaches to provide margin against
cracking in the weld toe profile. One common methodology is to grind the weld toe profile such that
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the geometric discontinuitics are removed from this area. This practice could also prove beneficial to
the penetration tube ID, either performed by itself or in combination with shot peening. The extent to
which a utility wishes to pursue post weld surface treatment needs to be an individual utility decision
based on the technical merits and economic impacts. Clearly all post weld surface treatments add
margin to weld life, each having its individual implementation costs and radiological impacts.

m 2506w wpt: 1b-111095 g4




90 DISCUSSION OF WELD OVERLAY REPAIRS

9.1  Penetration Tube Repair Parameters

Generally, prior to the implementation of a weld overlay repair, any detected flaws will be evaluated
against the industry acceptance standard using flaw evaluation techniques to determine if the flaws can
be accepted as-is or need to be repaired. If repair is required or the utility chooses to implement a
repair, the next appropriate repair would be the removal of the defect. If it is either determined by
volumetric inspection or during the course of defect removal that the minimum required penetration
tube wall thickness is violated a repair of that penetration location would be required. As investigated
via this WCAP report a weld overlay repair is viable option for that repair.

9.1.1  Excavation Depths and Weld Thickness

As defined, the minimum required penetration tube wall thickness is approximately 0.3 inch.
Excavation depths which leave a remaining wall ligament of less than the required design thickness,
~0.3 inch, would require a build up of the penetration tube wal!. Additionally, another factor should be
consider in specifying excavation depths. Excavation of the penetration tube wall and subsequent
repair welding could result in a heat affected zone in the reactor vessel ciosure head base material. To
avoid having to perform a post weld heat treatment of the weld repaired area and adjacent reactor
vessel closure head base material it is suggested that some minimum ligament be maintained in the
penetration twbe wall. |

%€ It is judged
that this thickness could be directly applied for use in repair of the penetration tube wall. Thus during
excavation it is suggested that a minimum penetration tube w2'l thickness (ligament) of | e
inch be maintained. Based on the above discussion the following criteria are suggested for repair of
reactor vessel closure head penetration tubes:

. Any defects detected in the penetration tube wall surface should first be repaired by excavation.

No additional repair is required if the excavation depth does not violate the minimum required
design basis thickness, approximately 0.3 inch.
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If excavation to a depth of | J*“* inch does not remove th: entire defect, excavation should
continue until the defect is removed or until | J** inch of the penetration tube wall

remains.

A weld repair 1o restore the minimum required design thickness needs 1o take into consideration
the remaining acceptable penetration tube wall thickness such that the acceptable tube wall after
repair welding is 0.3 inch or greater. For example;

If the flaw were through wall, no remaining acceptable penetration tube wall thickness would
exist and the minimum required weld overlay thickness would be 0.3 inch.

Conversely, If the remaining acceptable tube wall thickness were | J*“* inch, the minimum
required weld overlay thickness would be | ]*“* inch, such that the total thickness was 0.3
inch.

9.1.2 Repair Geometry

As reported welding does provide an overall increase in the surface principle stresses of the
penetration tube. These residual stresses are comparable in magnitude to the maximum residual plus
operating stresses estimated via the elastic/plastic analysis for the outermost penetration tubes. It is
difficult to quantify the impacts this increase in stress would have on the susceptibility of the alloy
600 base material to PWSCC. However, it would seem appropriate to estimate that the areas of the
penetration tube adjacent to the weld would be more susceptible to PWSCC than the alloy 600 base
material not impacted by the welding process. Of course, the alloy 690 weld filler metal should not be
susceptible to PWSCC as compared with the base material.

As discussed previously, the toe of the weld could potentially be positioned, by design, in areas of the
penetration tube estimated to initially have relatively low stresses by comparison. The intent being
Mmeincteaseinstressduetoweldingwillusul(inﬁnalmesscsoflowermagnitudcﬂmnifmeme
of the weld were positioned in a high stress region initially.

These considerations directly impact the selection of weld repair circumferential extent.
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As investigated in this WCAP, if it is desirable to locate the toe of the weld outside the comparably
high stress zones in the penetration tube ID, the circumferential extent of the weld should be selected
such that it falls along the | ).%“% Or as discussed in Section 8.0, post weld
surface treatment(s) could be used as a means to possibly mitigate the residual stresses induced by
welding.

The specific ‘ocal weld repair geometry a utility wishes to pursue ieeds to be an individual utility
decision based on the technical merits and economic impacts. Westinghouse drawing | j e
attached in Appendix B, depicts the various weld repair geometry requirements and suggestec repair
profiles.

Drawing | % also depicts the geometries associated with a 360° weld overlay. As stated
earlier a 360° weld overlay repair was investigated to offer a remedial repair which could generally be
implemented to mitigate PWSCC in the highly susceptible region of the penetration tube ID.

9.13  Weld Surface Finish

The surface finish achieved in the application of a local weld repair or 360° weld overlay in the
reactor vessel closure head penetration tubes is important from two aspects; 1) An acceptable weld
surface finish is desirable to permit inspection of the weld and penetration tube base material, and

2) The smoother the weld surface finish the less susceptible the weld filler metal is to the initiation of
surface cracks.

The intent as discussed in development of the weld process parameters was to refine the parameters
such that the best possible surface finish could be achieved. The goal was to achieve a surface finish
that would permit the volumetric inspection (ECT and/or UT) of the weld filler metal and base metal
without having to rework the weld surface finish by some post weld machining operation. While
rework of the surface is permissible the intent was to avoid the time and cost associated with rework
of the surface. A realistic target surface finish judged to be achievable via the weld process and yet
permissible for volumetric inspection was [ 1.%¢ " in the development work performed
al 1*“* was achieved over limited lengths of applied weld, but over the full 6
inch length weld applied in the penetration tube samples the | J*“* surface finish was
not maintained.
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It is suggested that the final check/qualification of the applied welding process should be verification
that the final weld geometry/surface finish could be volumetrically inspected, using ECT as a
minimum.

9.14 ASME Code Approach to Weld Repair

Repair welding is intended to be performed to the guidelines established in Section X1 of the ASME
Code. However, Section X1 does not specifically define guidelines for what depth of flaws must be
repaired in the reactor vessel closure head penetration tube ID. In applying weld repair to re-establish
the minimum required design thickness of the penetration tube wall no code ambiguities seem 10 exist
for the case where the defects have been totally removed. |

]l.C.C

a.c.e

9.1.5 Post Weld Inspection Requirements
ASME Code Section X1 Subsection IWA-4500 outlines the guidelines for inspections of repair welds

made to pressure boundary components. The code requires that a baseline volumetric inspection be
performed of the weld repair for future reference, this is also consistent with the general guidelines
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outlined for repair welds made to base metal by the component fabricator, ASME Section I1I
Subsection NB-4130.

9.2 Conclusions

In summary the following conclusions are made:
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APPENDIX A

WELDING PROCESS SPECIFICATION
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REPAIR WELDING OF REACTOR VESSEL CLOSURE HEAD PENETRATIONS

]l.L‘.c

SAFETY REQUIREMENTS: Personnel responsible for welaing application shall have a safety and
industrial hygiene program for handling hazardous materials and arc
welding equipment (ANSI B7.1, Z43 and Z49.1)

1.0 SCOPE

1.2 This process specification is applicable to the Safety related ASME Code items. The
applicable code issue and/or other requirements will be specified in the equipment
specification or procurement document.

13 This process specification is intended as a guide for the qualification of welding
procedures and for the performance of welding on Westinghouse Nuclear Steam
Supply System Components. Any exceptions to or deviations from the requirements
of this specification must be documented in writing and submitted to WNTD
(Westinghouse Nuclear Technology Division), Materials and Engineering Mechanics,
at the time the welding procedure is submitted for approval.

20 REFERENCE DOCUMENTS

24 ASME Boiler and Pressure Vessel Code Section IX "Welding and Brazing
Qualifications”.

2.2 ASME Code Case 2142,
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24 Additional documents that may be referenced in design specification, drawings and/or

procurement documents,
30 MATERIALS
31 Base Materials

3.1.1  Nickel-Chromium-Iron Alloy base material in the solution annealed condition,
ASME Section IX classification P-43.

32 Filler Materigls
ace
33 Elecuode
o 7] ace
b - J
34 Shielding Gas
34.1 The shielding gas shall be welding grade [ g
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40  PROCEDURE REQUIREMENTS
41 Qualification

All weld procedure specifications and welding personnel shall be qualified to the
requirements of Section XI of the ASME Code. Exceptions to this requirement will
only be permitted by written approval of W NTD, prior to any welding being
performed on components.

42  Equipment

= ] ace

L

43 Joint Geometry & Preparation

431 Weld joint geometry shall be in accordance with the drawing number
[ *“¢ attached in Appendix C.

432 The joint geometry shall be prepared by | et

b ace
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45  Welding Position

All welding shall be done in the horizontal (2G) position where possible.

4.6
ace
47  Fostweld Heat Treatment
Postweld Heat Treatment (PWHT) is not required, nor permitted, unless specified in
design specification, design drawings or other contractual documents.
48  Technigue
4.8.1 Filler metal diameter shall be suitable for the base material thickness and weld
joint configuration used in the component. | *“* diameter is required
for the parameters in table 1.
ac.e

482  Deposition Method

4.8.2.1 All welds must be deposited with stringer beads.
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49 Tooling & Fixturing

49.1 Discretion shall be used in the selection of material for tooling and fixturing
for parts being welded such that there will be no detrimental effects to the
weldment due to contamination as a result of heating, rubbing, smearing or
excessive clamping pressure.

a,c.e

5.1 Fabricators Quality System, Quality Release Requirements, Data Packages, and
witness and notification points, when required, shall be as specified in the procurement
documents.

5.1.1 Weld procedures shall be submitted to W NTD, or its designee, for review and
approval. Any deviation from the requirements of this specification shall be
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resolved by W NTD, Materials and Engineering Mechanics, as specified in
Paragraph 1.3 of this specification.

5.1.2  All nondestructive examination procedures shall be submitted to W NTD, or
its designee, for review and approval. Any procedure requirements not in
compliance with Code or procurement document requirements shall be
resolved by W NTD, as specified in paragraph 1.3 of this specification.

. 52 All welding inspections shall be in accordance with applicable code requirements
and/or design specifications and drawings.
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Tabie 1
MACHINE WELDING PARAMETERS

Function
Timne--

a.ce
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APPENDIX B

WELD REPAIR DRAWING
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APPENDIX C
DATA PACKAGE FOR THE PENETRATION MOCK-UP

&
PENETRATION MOCK-UP SKETCHES

All of this section is proprietary ***

This Appendix C, pages C-] thru C-31, contains detail dimensional data on the penetration mock-up
test piece and material certifications that apply to the components within the mock-ups. Also
contained are proprietary Westinghouse sub vendor information.
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APPENDIX D

PENETPATION TUBE DIMENSIONAL DATA

All of this section is proprietary *"<#

This Appendix D, pages D-1 thru D-33, contains detail diametrical measurement data on the
penetration mock-up tube samples before and after weld repair.  Also contained are proprietary
Westinghouse sub vendor information
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