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November 13, 1995

CAW-95-899
Documesn Control Desk
U.S. Nuclear Regulatory Commission
Washington, DC 20555
Attention: Mr. William T. Russell, Director
APPLICATION FOR WITHHOLDING PROPRIETARY
INFORMATION FROM PUBLIC DISCLOSURE
Subject: WCAP-13698, Revision 2, "Laser Welded Sleeves for 3/4 inch Diameter Tube, Feedring-type

and Westinghouse Preheater Steam Generators”, Revision 2, April 1995 (Proprietary).

WCAP-14469, "Specific Application of Laser Welded Sleeves to the Calvert Cliffs Power
Plant Steam Generators”, November 1995 (Proprietary).

Dear Mr. Russell:

The proprietary information for which withholding is being requested in the above-referenced reports is
further identified in Affidavit CAW-95-899 signed by the owner of the proprietary information, Westinghouse
Electric Corporation. The 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 Baltimore Gas and Electric
Company.

Correspondence with respect to the proprietary aspects of the application for withholding or the Westinghouse
affidavit should reference this letter, CAW-95-899, and should be addressed to the undersigned.

Very truly yours,

Cﬂf«%{k '
N. J. Liparulo, Manager

RRL/bbp Nuclear Safety Regulatory & Licensing Activities
Attachment

ec: Kevin Bohrer/NRC(12HS)
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COMMONWEALTH OF PENNSYLVANIA:
88
COUNTY OF ALLEGHENY:
Before me, the undersigned authority, personally appeared Henry A. Sepp, 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:

Ly O pf

Henry A. Sepp, Manager

Regulatory and Licensing Initiatives
Sworn to and subscribed
before me this _\( 2&\ day
of NOweonDea 1995

(\L J;‘M! Eﬁll(iﬂﬂ‘ 00N

Notary Public
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I am Manager, Regulatory and Licensing Initiatives, in the Nuclear Technology Division, of
the Westinghouse Electric Corporation and as such, | 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

withholding accompanying this Affidavit.

I have personal knowledge 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.

Parsuant to the provisions of paragraph (b)(4) of Section 2 790 of the Commission’s
regulations, the following is furnished for consideration by the Commission in determining

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

(i The information sought to be withheld trom 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 rational 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:

FRACRRE-2 1 10ws
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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, methad, 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 or improve
his competitive position in the design, manutacture, 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.

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

following:

(a)

(b)

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,

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.
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(c) Use by our competitor would put Westinghouse at a competitive disadvantage

by reducing his expenditure of resources at our expense.

) Each component of proprietary information pertinent to » 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 a 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 beliet.

The proprietary information sought to be withheld in this submittal is that which is
appropriately marked in "Laser Welded Sleeves for 3/4 Inch Diameter Tube,
Feedring-Type and Westinghouse Preheater Steam Generators,” WCAP-13698 Rev. 2
(Proprietary), April 1995 and "Specific Application of Laser Welded Sleeves to the
Calvert Cliffs Power Plant Steam Generators”, WCAP-14469 (Proprietary),
November 1995 being transmitted by Baltimoie Gas and Electric Company letter and
Application for Withholding Proprietary Information fiom Public Disclosure, to the

Document Control Desk, Attention Mr. William T. Russell. The proprietary
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informatic n as submitted for use by Baltimore Gas and Electric Company for the

Calver. Cliffs Nuclear Power Plant is expected to be applicable in other licensee

s.omittals in response to certain NRC requirements for justification of the use of laser

welded sleeving in steam generator tubes.

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

(a)

(b)

()

(d)

(e)

Provide documentation of the methods for laser welded sleeving of steam

generator tubes.

Establish applicable testing methods.

Establish the use of fiber optics in laser welded sleeving applications.

Establish applicable codes and standards which are to be applied to the

process.

Assist the customer to obtain NRC approval.

Further this information has substantial commercial value as follows:

(&)

(b)

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

purposes of meeting NRC requirements for licensing documentation.

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

in the licensing process.

Public disclosure of this proprietary informatior * likely 1o cause substantial harm to

the competitive position of Westinghouse because it would enhance the ability of

competitors to provide similar sleeving services 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
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requirements for licensing documentation without purchasing the right to use the

information,

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 manpower 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.
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WESTVINGHOUSE PROPRIETARY REPORT
WCAP-135698, REVISION 2;
“LASER WELDED {LEEVES FOR 3/4 INCH DIAMETER TUBE FEEDRING-TYPE
AND WESTINGHOUSE PREHEATER STEAM GENERATORY,

GENERIC SLEEVING REPORT,” APRIL 1995

Baltimore Gas & Electric Company
Docket Nos. 50-317 and 50-318
November 30, 1995
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November 30, 1995




AEFIDAVIT PURSUANT

I, 1. C. Rickard, depose and say that | am the Director, Operations Licensing, of
Combustion Engineering, Inc., duly autho.ized to make this affidavit, and have reviewed
or caused to have reviewed the information which is identified as proprietary and
referenced in the paragraph immediately below. | am submitting this affidavit in
conforriance with the provisions of 10 CFR 2.790 of the Commission's regulations and in
conjunction with the application of Baltimore Gas & Electric Company fcr withholding this
information.

The information for which proprietary treatment is sought is containea in the following
document:

CEN-626-P, Rev. 00, “Baltimore Gas and Electric Calvert Cliffs Station Units 1 and
2 Steam Generator Tube Repair Using Leak Tight Sleeves, FINAL REPORT",
September 1995

This document has been appropriately designated as proprietary.

| have personal knowledge of the criteria and procedures utilized by Combustion
Engineering 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 Commission in determining
whether the information sought to be withheld from public disclosure, included in the
above referenced document, should be withheld.
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The information sought to be withheld from public disclosure, is owned and
has been held in confidence by Combustion Engineering. It consists of
design, development and qualification information for steam generator tube
welded sleeves.

The information consists of test data or other similar data concerning a
process, method or component, the application of which results in
substantial competitive advantage tc Combustion Engineering.

Ti:= information is of a type customarily held in confidence by Combustion
Engineering and not customarily disclosed to the public. Combustion
Engineering has a rational 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 details of the aforementioned system were provided to
the Nuclear Regulatory Commission via letter DP-537 from F. M. Stern to
Frank Schroeder dated December 2, 1974. This system was applied in
determining that the subject document herein is proprietary.

The information is being transmitted to the Commission in confidence under
the provisions of 10 CFR 2.790 with the understanding that it is to be
received in confidence by the Commission.

The information, to the best of my knowledge and belief, is not available in
public sources, and any disclosure to third parties has been made pursuant
to regulatory provisions or proprietary agreements which provide for
maintenance of the information in confidence.

Public disclosure of the information is likely to cause substantial harm to the
competitive position of Combustion Engineering because:

a A similar product is manufactured and sold by major
pressurized water reactor competitors of Combustion

Engineering.
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Development of this information by Combustion Engineering
required millions of dollars and thousands of manhours of
effort. A competitor would have to undergo similar expense in
generating equivalent information.

In order to acquire such information, a competitor would also
require considerable time and inconvenience to design,
develop and qualify steam generator tube welded sleeves.
The information consists of design, development and
qualification information for steam generator tube welded
sleeves, the application of which provides a competitive
economic advantage. The availability of such information to
competitors would enable them to modify their product to
better compete with Combustion Engineering, take marketing
or other actions to improve their product's position or impair
the position of Combustion Engineering's product, and avoid
developing similar data and analyses in support of their
processes, methods or apparatus.

In pricing Combustion Engineering's products and services,
significant research, development, engineering, analytical,
manufacturing, licensing, quality assurance and other costs
and expenses must be included. The ability of Combustion
Engineering's competitors to utilize such information without
similar expenditure of resources may enable them to sell at
prices reflecting significantly lower costs.

Use of the information by competitors in the international
marketplace would increase their ability to market nuclear
steam supply systems by reducing the costs associated with
their technology development. In addition, disclosure would
have an adverse economic impact on Combustion
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Engineering's potential for obtaining or maintaining foreign
licensees.

Further the deponent sayeth not. /‘D
A
I. C-Rickard, Director

Operations Licensing

Sworn to before me

tis 4% dayof Qelohe . 1905

/

Notary Public

My commission expires: LZS_!/? 9
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PROPRIETARY ABB COMBUSTION ENGINEERING
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UNITS 1 AND 2 STEAM GENERATOR TUBE REPAIR
USING LEAK TIGHT SLEEVES,”

SEPTEMBER 1995

Baltimore Gas & Electric Company
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ABSTRACT

This report provides the technical basis for licensing the use of the Westinghouse Laser Welded Sleeve
(LWS) technique to return a 3/4 inch diameter tube with indications of degradation to an operable
condition. This report summarizes the generic design, structural, thermal-hydraulic, materials and
inspection analyses and corrosion and mechanical tests, as well as installation processes of two distinct
types of sleeves. It addresses a tubesheet sleeve and a tube support sleeve for Combustion Engineering
feedring-type steam generators and for Westinghouse Models D3, D4, D5, E1 and E2 preheater-type steam
generators, all of which utilize 3/4 inch outside diameter tubes.

The Westinghouse LWS technigue has been licensed previously for use within 7/8 inch diameter steam
generator tubing, has been installed and is in operation. It has also been licensed for use in a domestic
plant with 3/4 inch tubing. It is in use in this configuration in a non-domestic plant with 3/4 inch tubing.
This revision adds installation in 3/4 inch tubes which were installed in the tubesheet by explosive and
hydraulic expansion processes. That technology base and the technology base for the hybnd expansion
joint (HEJ) technique for sleeving are utilized herein with the described evaluations to form the technical
basis for the LWS technique for 3/4 inch diameter tubing.

*Denotes change

WPF1 738 49/040695 1
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1O INTRODUCTION

Under Plant Technical Specification requirements steam generator (SG) tubes are penodically inspected
for degradation using non-destructive examination techniques. If established inspection criteria are
exceeded, the tube must be removed from service by plugging or the tube must be brought back into
comyphance with the Technical Specification Criteria. Tube sleeving 1s one technique used to return the
tube to an operable condition. Tube sleeving is a process in which a smaller diameter tube or sleeve is
positioned to span the area of degradation. It 1s subsequently secured to the tube, forming a new pressure

boundary and structural element in the area between the attachment points

This report presents the technical bases developed to support licensing of the laser welded sleeve

irstallation process for use in 3/4" diameter tubing. Two distinct types of sleeves are addressed, a
tubesheet sleeve and a tube support sleeve. Each of these sleeve types has several installation option:
which can be applied. There are two types of tubesheet sleeves. The first one extends the full length of
the tube within the tubesheet, is joined to the tube in the vicinity of the tubesheet bottom and is referred
to as the full length tubesheet sleeve (FLTS). The other type extends over approximately one-third of the
tube length within the tubesheet, 1s joined to the tube approximately 14 inches above the tubesheet bottomn
and 1s referred (o as the elevated tubesheet sleeve (ETS). The latter type of sleeve allows much greater
radial coverage of the bundle, 1.e., installation closer to the bundle periphery, than the FLTS. The FLTS
1s appropniate for all plants which have degradation at the top of the tubesheet, and/or within the tubeshe:t
above the lower joint since the lower joint is formed at the bottom of the tubesheet. Depending on the
length of the FLTS and elevation of the lowest baffle/support in the bundle, this sleeve may also address
degradation above the tubesheet top. The ETS is appropriate for ail plants with SG tubes which have
degradation at the top of the tubesheet, and/or within a distance of several inches below the top of the
tubesheet. Depending on the length of the ETS and elevation of the lowest baffle/support in the bundle,
this sleeve may also address degradation above the tubesheet top. The tube support sleeve (TSS) may be
installed to bndge degradation located at tube support locations or in the free span section of the tube

The types of tube supports include flow distribution baffles, drilled plates and grids (ak.a., “eggcrates”)

This technical basis for laser welded sleeves is applicable to Combustion Engineering feedring-type
steam generators, (FSGs) and Westinghouse Model D3, D4, D5, El and E2 steam generators of the

preheater-type design (PSGs), all of which utilize 3/4 inch OD tubing
1.1 Report Applicability

Each FSG tbe bundle contains both U-tubes and modified U-tubes. The modified U-tubes are designed
such that the bends at the bundle top have horizontal extent. All of the FSG heat transfer tubes are
Alloy 600 and have a nominal OD of 3/4 inch ana a ..ominal wall thickness of 0.048 inch. The PSGs
are U-tube heat exchangers with Alloy 600 heat transfer tubes which have a 3/4 inch nominal outside
diameter (OD) and 0.043 inch nominal wall thickness. The Model D3/4, E1 and initial E2 steam
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generators have mill annealed tubes; the Model DS and later E2 steam generators have thermally treated
tubes.

Data are presented to support the application of two sieeve designs; tubesheet and tube support. Moreover,
with each design, several utility selectable application options are provided. The sleeve length and options
are:

Tube support sleeve
e 610 12 inches long (15 inches long for the grid supports of the FSGs)

+ welding with post weld heat treatment (without post weld heat treatment is an option for shorer term
operation).

Tubesheet sleeve
» 27 inches 1o 36 inches long FLTS | |* (Variations apply for some
models)

* 12 to 30 inches long ETS

» upper weld joint with post weld heat treatment (without post weld heat treatment is an option for
shorter term operation).

* lower joint with seal weld (without seal weld is an option)

The sieeves described herein have been designed and analyzed to meet the service requirements of the
FSGs and the PSGs through the use of conservative and enveloping thermal boundary conditions and
structural loadings. Previous testing of sleeve lower mechanical joints of sleeves for 3/4 inch OD and 7/8
inch OD tubes has been utilized. It has been determined that the results of these tests are applicable to
the lower mechanical joints of sleeves for the 3/4 inch OD tubes in his report, provided that confirmatory
leak tightness tests at room temperature are performed. (The mechanical lower joint is discussed because
the laser weld for this location is optional; the mechanical joint is required.)

Similarly, previous testing of upper and lower laser welds of sleeves for 7/8 inch OD tubes has been
performed. The results of that program are also applicable to the corresponding joints of the sleeves for
3/4 inch OD tubes in this report. The test data for the laser welded sleeves for 7/8 inch OD tubes are
provided here as bases in addition to the analytical bases for the upper and lower laser welds of this
sleeve.

The structurai analysis and mech | performance of the sleeves are based on installation in the hot leg
of the steam generator. |
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1.2 Sleeving Boundary

Tubes 1 be sleeved will be selected by radial location, tooling access (due to channelhead geometric
constraints), sleeve length, and eddy current analysis of the exient and location of the degradation

The boundary is determined by the amount of clearance below a given tube, as well as tooling and robot
delivery system constraints. At the time of application, the exact sleeving boundary will be developed
Owing 1o the constant development of tooling, designs and processes, essentially 100 per cent coverage
of the tubzsheet map, for tubesheet and tube support sleeves, is expected
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2.0 SLEEVE DESCRIPTION AND DESIGN
2.1 Sleeve Design Description

Tube sleeves can effectively restore a degraded tube to a condition consistent with the design
requirements, 1.¢., the strength and pressure retaining capabilities of the tube. The design of the sleeve
and sieeve weld is | dicated on the design rules of Section III, Subsection NB, of the American Society
of Mechanical Engineers Boiler & Pressure Vessel Code (ASME Code). Also, the sleeve design addresses
dimensional constraints imposed by the tube inside diameter and installation tooling. These constraints
include variations in tube wall thickness, tube ovality, tube inside diameter, tube to tubesheet joint

variations and runout/concentricity varnations
2.1.1 Tubesheet Sleeve

2.1.1.1 Full-Length Tubesheet Sleeve

I'he reference design of the full-length tubesheet sleeve, as installed, is illustrated in Figure 2-1. At the

upper end, the sleeve configuration consists of a section which 1s hydraulically expanded. The hydraulic

expansion of the upper joint brings the sleeve into contact with the parent tube to achieve the proper fitup

geometry for welding. Following the hydraulic expansion, an autogenous weld is made between the sleeve
and the tube using the laser welding process. This joint configuration is known as a laser welded joint
(LLWJ) and in this case, it occurs in the free span, 1.e., above the tubesheet

The FLTS extends from the tubesheet primary face to the free span, i.e., above the tubesheet top. The
tube degradation may be anywhere between the upper and lower joints. In the process of sleeve length
optimization and allowing for axial tolerance in locating degradation by eddy current inspection, the
gudeline 1s that the welds and rewelds are to be positioned a |

]d!"

The upper joint is desizned to provide |

At the lower end, the sleeve configuration consists of a section which is |
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2.1.1.2 Elevated Tubesheet Sleeve

The ETS is illustrated in Figure 2-2. It is applicable to the steam generators in which the tubes were
instailed iu the tubesheet by the roll expansion process. These include the |

[**  The ETS design is also applicable to steam generators in which the tubes were installed in the
tubesheet by explosive or hydraulic expansion, based on confirmatory qualification of the ETS lower joint
process for the respective tube joint design. The ETS upper joint is identical to other free span joints, i.¢.,
the upper joint of the FLTS and the tube support sleeve. The ETS lower joint is fabricated by the same
types of processes which are used to fabricate the FLTS lower joints, i.e., hydraulic expansion and roll

expansion. The preferred approach to design of the lower joint is direct fabrication on the tube with no
preparatory roll expansion. However, in case the tube in the location of the ETS lower joint requires
preparation before sleeving such as "truing" or making an interference fit with the tubesheet hole surface,
it may be locally roll expanded. It is expected that, although essentially no crevice exists between the tube
outside surface and the tubesheet hole surface, the tube may not have Fad an interference fit with the hole
when it was expanded in the factory. Preparatory roll expansion of the tube over at least the two inch
axial length of the roll expansion of the sleeve joint is expected to provide adequate axial anchorage of
the tube and sleeve at the lower joint. The ETS is similar to the FLTS in that it is designed to address
tube degradation in the tube free span and in the vicinity of the tubesheet top. However, unlike the FLTS,
it 1s limited to these applications and is not designed to address degradation in the remainder of the tube
within the tubeshcet
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The sleeve material, thermally treated Alloy 690, was selected to provide additional resistance to stress

corrosion cracking.
2.1.3 Sleeving of Previously Plugged Tubes

Previously plugged tubes must meet the same requiremer ; as sleeving candidates as never-plugged, active

tubes. An example of this requirement is that the minimum distance, as measured along the tube axis

between degradation and the location of the sleeve welds, is the same in both cases. Another example
is that the tube deolugging process performed by Westinghouse as part of the sleeving process is designed
to leave the tube in a condition to be returned to service unsleeved, excluding the degradation which
caused the tube to be plugged in the first place. The deplugging process is designed to leave the tube-to-
tubx “heet weld and tube portion adjacent to the weld in a condition to perform the pressure boundary

function without any added integrity from the sleeve-to-tube lower joint
2.2 Sleeve Design Documentation

The sleeves are designed and analyzed according to the 1989 edition of Section IIl of the American
Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, as well as applicable United
States Nuclear Regulatory Commission (USNRC) Regulatory Guides. (As of the date of this report, the
1989 edition is the latest edition approved by the NRC.) The associated materials and processes also nv
the rules of the ASME Boiler and Pressure Vessel Code. Specific documents applicable to this program
are listed in Table 2-1. The sleeving codes, i.e., IWB-4300, first approved in the Section XI Div. 1, 1989
Addenda, dated March 1990 are used in this evaluation as guidelines

2.2.1 Weld Qualification Program

All of the laser welding processes have been qualified, used in the field and have produced structures
which are now operating, for | ]*“* sleeves for 7/8 inch OD tubes and for | |*** inch sleeves
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for FSGs. The laser welding processes used to install | |*“* nominal OD sleeves in 7/8 inch
nominal OD tubes, (ak.a., the "7/8 inch sleeves"”) and the PSG sleeves were qualified per the guidelines
of the ASME Code. The laser welding processes to be used to install | |*““ nominal OD sleeves
in the 3/4 inch nominal OD tubes of the FSGs are being qualified per the guidelines of the ASME Code
These requirements specify the generation of a procedure qualification record and welding procedure
specification. The processes for the larger-diameter sleeve/tube joints required requalification for the
smaller-diameter sleeve/tube joints. This is due to a change in two of the essential vanables, in excess
of limits as defined in ASME Code Section X1, IWB-4313.1. Therefore, the welding processes for PSGs

were gqualified separately and the welding processes for FSGs are being qualified separately
Specific welding processes are generated for

Sleeve weld joints made outside of the tubesheet

Sleeve weld joints made outside of the tubesheet with thermal treatment
Repair or rewelding of sleeve joints

Sleeve weld joints made within the tubesheet

Representative field processes are used to assemble the specimens to provide similitude between the
specimens and the actual installed welds. The laser welded joints are representative in length and
diametral expansion of the hydraulic-and-roll-expansion zones. The sieeve and tube matenals are

consistent with the materials and dimensional conditions representative of the field application. Essential

welding variables, defined in ASME Code Section IX, Code Case N-395 and Section XI, IWB-4300 are

used to deveiop the weld process. |

]d‘ e

The documentation specified by ASME Section X1 (sleeving codes - '89 Addenda) may be provided at
any reasonable time before the actual sleeving job. This weld qualification documentation s typically

submitted to the customer no later than the date of submission of the field procedures
2.2.2 Weld Qualification Acceptance Criteria
For the qualification of the process, the acceptance criteria specify that the welds shall be free of cracks

and lack of fusion and meet design requirements for weld throat and minimum leakage path. The welds

shall meet the liquid penetrant test requirements of NB-3530
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Table 2-1

ASME CODE RULES AND REGULATORY REQUIREMENTS

Item

Sleeve design

Sleeve Material

Sleeve Joint

WPF1147A-2: 10052692

Applicable Criteria

Section [11

Operating Requirements

Reg. Guide 1.83

Reg. Guide 1.121

Section Il

Section 111

Code Case N-20-3

10CFR100

Technical Specifications

Section IX

Code Case N-395/Section IX/

Section Xl

Reguirement

NB-3000 Design

Analysis Conditions

SG Tubing Inspectability

Plugging Limit

Material Composition

NB-2000, Identification,
Tests and Examinations

Mechanical Properties

Predicted Steam Line
Break Leak Rate

Operating Primary-to-
Secondary Leak Rate

Weld Qualification

Laser Welding Essential
Vanables, procedure
qualification record,
sleeving procedure
specification, certified
design report, et




Figure 2-1

Tubesheet Full-Length Laser Welded Sleeve
Installed Configuration
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Figure 2-2

Tubesheet Elevated Laser Welded Sleeve
Instalied Configuration
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Figure 2-3

Tube Support Laser Welded Sleeve
Installed Configuration
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3.0 ANALYTICAL VERIFICATION

This section of the report provides the analytical justification for the laser welded sleeves. Section 3.1
deals with the structural justification, Section 3.2 provides the thermal/hydraulic justification, and
Section 3.3 addresses flow induced vibration concerns for laser welded sleeving

3.1 Structural Analysis

Section 3.1 summarizes the structural analysis of laser welded sleeves for feedring and preheater steam
generators with 3/4 inch tbes in Combustion Engineering (CE) and Westinghouse plants, respectively
The analysis has been performed by modifying the results of the previously completed laser velded
sleeving evaluation for Westinghouse steam generators with 7/8 inch tubes (Reference 1), accounting for
any necessary changes in geometry and loads. It should be noted that the loading conditions considered
in the analysis represent an umbrella set of conditions based on the applicable design specifications, and
are defined in Reference 2. The analysis includes development of the finite element models, a heat
transfer and thermal stress evaluation, a primary stress intensity evaluation, a primary plus secondary stress
range evaluation, and a fatigue evaluation for mechanical and thermal conditions. Calculations are also
performed to establish minimum wall requirements for the sleeve. Finally, the analysis addresses a
number of special considerations as they affect the adequacy of the sleeve designs

3.1.1 Component Description
3.1.1.1 Tubesheet Sleeve

The design of the full length tubesheet sleeve, as installed, is illustrated in Figure 2-1. |

]d.( ¢

At the lower tube/sleeve interface, the sleeve configuration consists of a section |

Al the upper end of the sleeve, the sleeve consists of a section that |

|*¢ A schematic of the tube / sleeve
interfaces and the various | |*“ is provided in Figure 3-1
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3.1.1.2 Elevated Tubesheet Sleeve

The installed elevated tubesheet sleeve is illustrated in Figure 2-2. |

]u:

At the lower tube/sleeve interface of roll expanded tube joints, the sleeve configuration consists of a

section |

]*  The sleeve configuration for explosively expanded or
hydraulically expanded tube joints, based on confirmatory qualifications, is the same as that of the
configuration for roll expanded tubes.
Al the upper end of the sleeve, the sleeve consists of a section that |

1** A schematic of the tube / sleeve
interfaces and the various [ 1*“ is provided in Figure 3-1.

3.1.1.3 Tube Support Sleeve

The installed configuration of the tube support sleeve is shown in Figure 2-3. The sleeve is nominally
6 to 12 inches (15 inches for the grid support) long, and is |

]u
3.1.2 Summary of Material Properties

The material of construction for the tubing in Westinghouse and CE steam generators with 3/4 nch tubes
1s @ nickel base alloy, Alloy 600 in either a mill annealed (MA) or thermally treated (TT) condition. The
sleeve matenial is also a nickel base alloy, thermally treated Alloy 690. Summaries of the applicable
mechanical, thermal, and strength properties for the tube and sleeve materials are provided in Tables 3-1
and 3-2, respectively. The sleeve evaluation also includes the response of the tubesheet, which is
constructed of SA-508, Class 2 Carbon steel for both Westinghouse and CE units. A summary of the
applicable properties for the tubeshcet material is provided in Table 3-3. Thermal properties for air and
water, used in performing the heat transfer analysis, are provided in Tables 3-4 and 3-5, respectively. The
fatigue curve used in the analysis of the laser welds corresponds to the code curve for austenitic and
nickel-chromium-iron (Inconel).

WPF1738-3 49/040695
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3.1.3 Applicable Criteria

The applicable critenia for evaluating the sleeves is defined in the ASME Code, Section III,
Subsection NB, 1989 Edition, Reference 5. The lower joint in the tubesheet sleeve may contain a seal
weld. The seal weld is included and evaluated to the ASME Code criteria as a structural weld. (This is
the conservative configuration). In establishing minimum wall requirements for plugging limits, ASME
Code minimum values for the material properties are used. A suminary of the applicable stress and
fatigue limits for the sleeve and tube is given in Tables 3-6 through 3-9.

3.1.4 Loading Conditions Considered

The loadings considered in the analysis represent an umbrella set of conditions and are defined in
Reference 1. The analysis considers a full duty cycle of events that includes design, normal, upset,
faulted, emergency and test conditions. A summary of the applicable transient conditions is provided in
Table 3-10. This duty cycle considers all relevant transients for both FSGs and PSGs with 3/4 inch tubes.
The applicable temperatures and pressures are based on the design specifications for the steam generators.
Umbrella pressure loads for Design, Faulted, Emergency and Test conditions are summarized in
Table 3-11.

3.1.5 Analysis Methodology

A detailed evaluation of |

o
]M.C
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The analysis has also investigated the potential effects of the various |

)MJ
Since the size of the wbes and slecves |
]u.c.e

The analysis of the laser welded sleeve designs utilizes both conventional and finite element analysis
techniques. Several finite element models are used for the analysis (Reference 1). For the tubesheet
sleeve analysis, |

1*¢ Typically, the tubesheet sleeve model

incorporates a | 1* in
the tubesheet. The analysis considers both |

]I»C

All PSGs and FSGs are full-depth expanded in the tubesheet. However in spite of the actual
configuration, the limiting geometry, judged to be a partial (tubesheet) depth expansion at the bottom of
the tubesheet, ** is considered in this analysis. The tolerances used in developing the sleeve models are
such that |

1* The results
for the upper joint for the tubesheet sleeve are concluded to conservatively apply to the tube support plate
sleeve. This is based on the temperature and pressure loads for the tubesheet sleeve for all transient
conditions being greater than or equal to those for the tube support sleeve.

The nominal width (interfacial axial extent) of the laser weld joining the tube and sleeve for all joints is
[ 1*¢ However, gualification tests for the weld process are expected to show that the welds may
be as small as | 1* Thus, in performing this analysis, a weld width of | 1*¢ was
considered. Therefore, the stress and fatigue results reported later in the report are for the limiting weld
geometry, or the | 1*€ width.
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3.1.5.1 Sleeve/Tube Size Considerations

As indicated earlier, results from the previously completed evaiuation of sleeving for 7/8 inch tubes
{Reference 1) are to be used to form a basis to demonstrate acceptability of sleeving for 3/4 inch steam
generator tubes. |

]l.C £

Since the de.'ens of the |

,a.c ®

These factors were developed by |

]l.C
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These modified stresses were then used in the subsequent ASME code evaluation to demonstrate
accepiability of the sleeve design for both Westinghouse and CE model steam generators with 3/4 inch
tubes.

3.1.5.2 Tubesheet Rotation Effects

Loads are imposed on the sleeve as a result of tubesheet rotatior under pressure and temperature
conditions. Reference 1 established the tubesheet rotations for five reference loading conditions for
Westinghouse Series 44 and 51 steam generators. The five reference loading conditions consisted of |
J*€. The |
1*€ loadings. The |

1*€.  This section establishes the applicability of the tubesheet rotation loadings
determined in Reference 2 to the laser welded sleeves for the PSGs as well as for the FSGs.

Differences among the geometries of the Westinghouse steam generators are given in the top pan of
Table 3-13. Plate bending equations may be used to compare the stresses in the perforated part of the
tubesheet for the different geometries. As is shown in the bottom part of Table 3-13, the bending stresses

produced by pressure are |

]va.C

The geometry of the FSGs is markedly different from the Westinghouse steam generators, since the
diameter of FSG tubesheets are lasger with a central stay between the channelhead and tubesheet.
Accordingly, a finite element analysis was performed for the FSG to determine the tubesheet rotations
produced by the five reference pressure and temperature conditions. Figure 3-5 shows the finite element
model of the channel head, stay, tubesheet, and lower shell. The boundary conditions and deformed

geometry for the |

]*“¢ Thus the resuits
obtained for the Series 5! sieam generator sieeves in Reference 1 are conservative when applied to the
FSGs.
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As was described in Reference 1, |

3.1.53 Thermal 1ransient Comparisons

Since the size of the tubes and sleeves are not identical for the Series 51 SG (7/8 inch) and the PSGs and
FSGs (3/4 inch), a potential exists that the |

]&C#

The| ) wransients used in the Reference 1 evaluation were applied to the Series 51 SG, and stresses
were calculated for the times selected in the Reference 1 analysis. Axial stresses and stress intensities
were tabulated at the weld and the inside and outside surfaces adjacent to the weld. These stresses are
given in Table 3-15 for each of the transients. The WECEVAL LC#¥ in the last column of Table 3-15
refers to the load condition number of the thermal transient stresses used in the Reference | fatigue
analysis.

Thermal boundary conditions [

J*€. These transients were applied to the
appropriate finite element model (PSG or FSG sleeve/tube geometry), and stresses calculated at selected
times comparable 1o those selected in the Reference 1 evaluation.

As for the Series 51 model, |

,‘.CJ
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3.1.6 Heat Transfer Analysis

A deta'led heat transfer analysis [

]l&.c

The first step in calculating the stresses induced in the sleeves as a result of the thermal transients is to
perform a heat transfer analysis to establish the temperature distribution for the sleeve, tube, and wbesheet.
Based on a review of the transient descriptions, [  ]*© enveloping transients were selected for evaluation
in the previous 7/8 inch tube sleeve analysis (Reference 1). They include the following events:

i Jac

]l.C

In performing the heat transfer analysis for the enveloping transients, |

1*¢ A sketch of the model boundary conditions for the heat transfer
analysis are shown in Figure 3-9.

In order 1o determine the appropriate boundary conditions for the heat transfer analysis, [
]l.C

l
e
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3.1.7 Tubesheet/Channelhead/Shell Evaluation

A detailed tubesheet/channelhead/shell evaluation for 7/8 inch tube sleeves was performed in Reference 1.
This previously completed analysis has determined that |

3.1.8 Stress Analysis

In performing the stress evaluation for the sieeve models, |

a.c

i Sketches of the model
boundary conditions for the primary side pressure cases are chown in Figures 3-10 through 3-13. Sketches
of the model boundary conditivus for the secondary side pressure cases are shown in Figures 3-14 through
3-17. It should be noted for both sets of loads that the end cap load on the tube is not included, but is

considered in a separate load case

The analysis considers |

'-LL

The effects of |

Finally, |

The total stress distribution in the sleeve-to-tube assembly is determined by combining the

calculated stresses as follows
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Ppg (0) unit primary pressure / 1000
Pggc (0) unit secondary pressure / 1000

(o) thermal transient stress
P 5 xiai (0) unit axial load / 1000

Y 4% 4 8

Note that the 7/8 inch tube sleeve evaluation has determined that |
]l.c
3.1.9 ASME Code Evaluation
The ASME Code evaluation was performed using a Westinghouse proprietary computer code. The
evaluation was performed for specific analysis sections (ASN’s) through the finite element model. The

ASN'’s evaluated to determine the acceptability of the sleeve design are shown in Figure 3-4 for the upper
LWl |

]A.C

The umbrella loads for the primary stress intensity evaluation have been given previously in Table 3-11.
The largest magnitudes of the |

lu.c

The results for maximum range of stress intensity and fatigue are summarized in Table 3-18 for the tube
being |

]l,t
The analysis resuits show the ASME Code limits to be sativiied.

In evaluating seismic stresses, |

]I.C d
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3.1.10 Minimum Required Sleeve Wall Thickness

In establishing the safe limiting condition of a sleeve in terms of its remaining wall thickness, the effects
of loadings during both the normal operation and the postulated accident conditions must be evaluated.
The applicable stress criteria are in terms of allowables for the primary membrane and
membrane-plus-bending stress intensities. Hence, only the primary loads (loads necessary for equilibrium)
need be considered.

For computing .., the pressure stress equation NB-3324.1 of the Code is used. That is,

AP, x R,

o = ~T03® < F)
.Fu itk T
Separate calculations are performed for the Model D, Model E, and Feedring steam generators.

Normal/Upset Operation Loads

The limiting stresses during normal and upset operating conditions are the primary membrane stresses due
to the primary-to-secondary pressure differential AP, across the tube wall. The limits on primary stress,
Py, for a primary-to-secondary pressure differential AP, are as follows:

Normal: P, < §/3
Upset: Py, < S,

Accident Condition L oadings

LOCA + SSE
The dominant loading for LOCA and SSE loads occurs |

]u
FLB/SLB + SSE:
The maximum primary-to-secondary pressure different:al occurs during a postulated feedline break (FLB)
accident. Again, | J*¢ the SSE bending stresses are small. Thus, the

governing stresses for the minimum wall thickness requirement are the pre<surc membrane stresses. For

WPF1147A-3: 10052893



the FLB + SSE transient, the applicable pressure loads are |
1*€ The applicable criteria for faulted loads is:

P, < lesser of 0.7 S, 0r 24 S

A summary of the resulting minimum required wall thicknesses are given in Table 3-19. Also provided
in Table 3-19 is a summary of the ‘imiting minimum wall requirement for each model steam generator
considering all of the loading conditions.

3.1.11 Determination of Plugging Limits

The minimum acceptable wall thickness and other recommended practices in Regulatory Guide 1.121 are
used 1o determine a plugging limit for the sleeve. The Regulatory Guide was writien to provide guidance
for the determination of a plugging limit for steam generator tubes undergoing localized tube wall loss
and can be conservatively applied to sieeves. Tubes with sleeves which are determined to have indications
of degradation of the sleeve in excess of the plugging limit, would have 1o be repaired or removed from
service.

As recommended in paragraph C.2.b. of the Regulatory Guide, an additional thickness degradation
allowance must be added to the minimum acceptable tube wall thickness to establish the operational sleeve
thickness acceptable for continued service. Paragraph C.3.f. of the Regulatory Guide specifies that the
basis used in setting the operational degradation allowance include the method and data used in predicting
the continuing degradation and consideration of NDE measurement errors and other significant eddy
current testing parameters. An NDE measurement uncertainty value of [ 1*€ of the sleeve wall
thickness is applied for us¢ in the determination of the operational sleeve thickness acceptable for
continued service and thus determination of the plugging limit.

Paragraph C.3.f of the Regulatory Guide specifies that the bases used in setting the operational degradation
analysis include the method and data used in predicting the continuing degradation. To develop a value
for continuing degradation, sleeve experience must be reviewed. To date, no degradation has been
detected on Westinghouse designed mechanical joint sleeves and no sleeved tube has been removed from
service due to degradation of any portion of the sieeve. This result can be attributed to the changes in
the sleeve material relative 1o the tube and the lower heat flux 4ue to the double wall in the sleeved
region. Sieeves installed with the laser weld joint are expected to experience the same performance. As
a conservative measure, the conventional practice of applying a value of | 1*€ of the sleeve wall,
applied as an allowance for continued degradation, is used in this evaluation.

In summary, the operational sleeve thickness acceptable for continued service includes the minimum
acceptable sleeve wall thickness, and the combined allowance for NDE uncertainty and operational
degradation | 1. A summary of the resulting plugging limits as determined by Regulatory
Guide 1.121 recommendations are given in Table 3-20

WPF1147A-3. 10052893
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3.1.12 Application of Plugging Limits

Sleeves which have eddy current indications of degrodation in excess of the plugging limits must be
repaired or plugged. Those portions of the sleeve for which indications of wall degradation must be
evaluated are summarized as follows:

L)) [

2) [

3) | e

4) [

5) |
o<

3.1.13 An: ysis Conclusions
Based on the results of this analysis, the design of the laser welded tubesheet sleeve and the tube support

plate sleeve are concluded to meet the requirements of the ASME Code. The applicable plugging limit
for the sleeves is 38 per cent of the nominal wall thickness.
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Tabie 3-1

Summary of Material Properties
Alloy 600 Tube Material

Young's Modulus
psi x 1.OEO6
Coefficient of Thermal
Expansion
in/in/’F x 1.0E-06

Density
Ib-sec/in® x 1.0E04

Thermal Conductivity
Buw/sec-in-°F x 1.0E<4

Specific Heat
Btu-in/ib-sec?-°F

| STKENGTH PROPERTIES |
| (ksi)
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Table 3-2
Summary of Material Properties
Sleeve Mater<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>