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ABSTRACT

This report provides the technical basis for licensing the use of the Westinghouse Laser Welded Sleeve
(LWS) technigue to return an 11/16 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 an elevated
tubesheet sleeve. It addresses a tubesheet sleeve for We. inghouse Model F steam generators which utilize
11716 inch outside diameter tubes.

The Westinghouse LWS technique has been licensed previously for use within 7/8 inch and 3/4 inch
diameter steam generator tubing, has been installed and is in operation. This document covers installation
in 11716 inch tubes which are installed in the tubesheet by a hydraulic expansion process. That technology
base and the technology base for the hybrid expansion joint (HEJ) technique for sleeving are utilized
herein, with the described evaluations to form the technical basis for the LWS technique for 11/16 inch
diameter tubing.
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L0 INTRODUCTION

Under Plant Technical Specification requirements steam generator (SG) tubes are periodically 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
compliance with the Technical Specification Criteria. Tube sleeving is 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 is 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
installation process for use in 11/16 inch diameter tubing. One sleeve type is addressed, a tubesheet
sieeve. This sleeve type extends over approximately one-third of the tube length within the tubesheet, is
joined to the tube approximately 15 inches above the tubesheet bottom and is referred to as the elevated
tubesheet sleeve (ETS). This type of sleeve allows large radial coverage of the bundle, ie., installation
close to the bundle periphery. The ETS is appropriate for all plants with SG tubes which have degradation
at the top of the tubesheet, and/or within a distance of several inches above and below the top of the
tubesheet.

This technical basis for laser welded sleeves is applicable to Westinghouse Model F steam generators;
these SGs utilize 11/16 inch OD tubing.

1.1 Report Applicability

Each Model F SG tube bundle contains U-shaped tubes that are Alloy 600 and Lizve a nominal CD of
11716 inch and a nominal wall thickness of 0.040 inch. The SGs of one plant (Callaway) have botk mill
annealed (MA) and thermally treated (TT) tubes. The Model F SGs of all other plants have only TT
tubes.

Data are presented to support the application of one tubesheet sleeve design. The sleeve characteristics
include:

* 12 inch long ETS

* upper weld joint with post weld heat treatment

* lower joint with hard roll
The sleeves described herein have been designed and analyzed to meet the service requirements of the
Model F SGs through the use of conservative and enveloping thermal boundary conditions and structural

loadings. Previous testing of sleeve lower mechamcal joints of sleeves for 3/4 inch OD tubes has been
utilized. It has been determined that the results of these tests are applicable to the lower mechanical joints

WPF2210-1 49/032296 -1



of sleeves for the 11/16 inch OD tubes in this report, provided that confirmatory leak tightness tests at
room temperature are performed. The technical approach for licensing the remaining two parts of this
design in advance of completion of the qualification work, i.e., the weld process qualification
n .ort/procedure specification and the lower joint qualification, is discussed in Sections 2.3.1 and 4.3,
respectively.

Similarly, previous testing of upper laser welds and of the lower mechanical joints of sleeves for 7/8 inch
OD tubes has beer. performed. The results of that program are also applicable to the corresponding joints
of the sleeves for the 11/16 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 laser weld
of this sleeve.

The structural analysis and mechanical performance of the sleeves are based on installation in the hot leg
of the steam generator. [

]C
1.2 Sleeving Tube Access Boundary

Tubes to be sleeved will be selected by radial location, tooling access (due to channelhead geometric
constraints), sleeve length, and eddy current analysis of the extent 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 to the constant development of tooling, designs and processes, essentially 100 per cent coverage
of the tubesheet map is expected.

WPF2210-1 494022996 1-
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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, i.e., the strength and pressure retaining capabilities of the original tube. The design of the
sleeve and sleeve weld is predicated on the design rules of Section II1, 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 to tubesheet joint variations and
runout/concentricity vanations.

The elevated tubesheet sleeve (ETS) is illustrated in Figure 2-1. It is applicable to wne steam generators
in which the tubes were installed in the tubesheet by the hydraulic expansion process, as is the case for
Model F SGs. The ETS upper joint is identical to other free span joints, i.e., the upper joint of the full
length tubesheet sleeve (FLTS) and the tube support sieeve (TSS). The ETS lower joint is fabricated by
the same Hybrid Expansion Joint (HEJ) process which is 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 had
an interference fit with the hole when it was expanded in the factory. Preparatory roll expansion of the
tube over at least the approximately two inch axial length of the roll expansion of the sleeve joint will be
performed, if needed, 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 is limited to this application and is not
designed to address degradation in the remainder of the tube within the tubeshee:.

The lower sleeve-to-tube joint is approximately 15 inches above the tube end. The FLTS and TSS joints
are discussed because previous sleeves in 3/4 and 7/8 inch tubes have been of these types and that
expenence is applicable to ETS installation in Model F SGs.

2.2 Sleeving of Previously Plugged Tubes

Previously plugged tubes must meet the same requirements as sleeving candidates for 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 deplugging 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

WPF2210-2:49/03299 2.1



a,c.e

Figure 2-1

Tubesheet Elevated Laser Welded Sleeve
Installed Configuration

WPF2210-2 49/032296
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caused the tube to be plugged in the first place. The deplugging process is designed to leave the tube-to-
tupesheet 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.

2.3 Sleeve Design Documentation

The sleeves are designed and analyzed according to the 1989 edition of Section III 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 meet
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.

2.3.1 Weld Qualification Program

All of the laser welding processes have been qualified, used in the field and have produced structures
whicli are now operating, for | ]*““ sleeves for 7/8 inch OD tubes and for [ 1*“¢ sleeves
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") was qualified per the guidelines of the ASME Code.
The laser welding processes used to install [ ]*“* nominal OD sleeves in the 3/4 inch nominal
OD tubes of the FSGs was also 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 joinis because of a change in two of the essential variables, in excess of limits as defined in
ASME Code Section XI, IWB-4313.1. The welding processes for Model F SGs 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

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-expansion zones. The sleeve and tube materials 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

WPF2210-2:49/032296 2-3



Item

Sleeve design

Sleeve Material

Sleeve Joint

WPF2210-2:49/032296

Table 2-1

ASME Code Rules and Regulatory Requirements

Applicable Criteria
Section [II

Operating Requirements
Reg. Guide 1.83

Reg. Guide 1.121
Section 11

Section III

Code Case N-20-3

10CFR100

Technical Specifications

Section IX

Code Case N-395/Section 1X/
Section X1

Requirement

NB-3000 Design
Analysis Conditions

SG Tubing Inspectability
Plugging Limit

Maternial 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
Variables, procedure
qualification record,
sleeving procedure
specification, certified
design report, etc.



develop the weld process

The documentation specified by ASME Section XI (sleeving codes - '89 Addenda) may be provided at

any reasonable time before the actual sleeving job. This weld qualification documentation is typically

submitted to the customer no later than the date of submission of the field procedures
2.3.2 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




3.0 ANALYTICAL VERIFICATION

This sectic= sport provides the analytical justification for the laser welded sleeves. Section 3.1
deals with « ~tural justification, Section 3.2 considers the effect of tubesheet rotations on sleeve
contact pressures, Section 3.3 provides the thermal/hydraulic justification, and Section 3.4 addresses flow
induced vibration concerns for laser welded sleeving.

3.1 Structural Analysis

Section 3.1 summanzes the structural analysis of laser welded elevated tubesheet sleeves foi 11/16 inch
diameter tubes for use in plants with Model F steam generators. The loading conditions considered in the
analysis represent an umbrella set of conditions, based on the applicable design specifications,
References 3-1, 3-2, and 3-3. The analysis includes development of the finite element models, a heat
transfer analysis to obtain thermal stresses, 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 thickness requirements for the sleeve. Finally, the structural
analysis calculates the effect of tubesheet rotations on the changes in contact pressure between the sleeve,
tube, and tubesheet at the roll expanded section.

3.1.1 Component Description - Elevated Tubesheet Sleeve

The installed elevated tubesheet sleeve is illustrated in Figure 2-1. [

]“.G

The lower tube/sleeve interface, inside the tubesheet, consists of a section [

]I.C
At the upper end, the sleeve consists of a section that [

I** Figure 3-1 shows a schematic of the
sleeve to tube interfaces and the various [ J*

3.1.2 Summary of Material Properties

Reference 3-1 specifies the material of construction for the 11/16 inch tubes in Model F steam generators
to be nickel based Alloy 600 in a thermally treated (TT) condition, which meets the 40 ksi minimum yield
strength requirements of Reference 3-5. The sleeve matenal is also a nickel based alloy, thermally treated
Alloy 690, which meets the strength requirements of Reference 3-4. Summaries of the applicable
mechanical, thermal, and strength properties for the tube and sleeve matenals, assumed in this evaluation,

WPF2210-3.49/032196 3-1



a,c.e

Figure 3-1
Schematic of Laser Welded Elevated Tubesheet Sleeve Configuration.
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are provided in Tables 3-1 and 3-2, for Alloy %00 and 690, respectively. The weld is evaluated at the
lower strength properties of Alloy 600 in Tabl 3-1. Note that the Alloy 600 tube strength data, used in
the evaluation and listed in Table 3-1, are for a minimum ambient yield strength of 35 ksi, which is lower
than the 40 ksi specified for Alloy 600 in Reference 3-5. One Model F plant contains both mill annealed
(MA) and thermal treated Alloy 600 tubes. For the MA tubes of that plant, Callaway, the structural

evaluation applies directly; for the TT tubes of that plant and all other plants, the structural evaluation is
conservative.

The fatigue curves used in the analysis of the sleeve, tube, and laser weld are the ASME Code fatigue
design curves for nickel-chromium-iron (Alloys 600 and 690) given in Figures 1-9.2.1 and 1-9.2.2 of
Appendix I of Reference 3-4.

The sleeve evaluation also includes the influence of the tubesheet, channe! head. and cylinder shell which
are constructed of SA-508 Class 2a, SA-216 WCC, and SA-533 Grade A Class 2 steels, respectively. A
summary of the applicable properties for these materials is provided in Tables 3-3 to 3-5.

3.1.3 Applicable Criteria

The applicable criteria for evaluating the sleeves is defined in the ASME Code, Section III,
Subsection NB, 1989 Edition, Reference 3-4. The welded section, between the Alloy 690 sleeve and the
Alloy 600 tube, is included in the analysis and is conservatively evaluated to the ASME Code criteria as
a structural weld assuming the smaller strength properties of Alloy 600. In establishing minimum wall
requirements for plugging limits, the ASME Code minimum values for the material properties are used.
A summary of the applicable stress and fatigue limits for the sleeve and tube is given in Tables 3-6
through 3-9. Again, these limits are conservative for the TT tubes and respective welds. The limits apply
directly for the MA tubes and respective welds.

3.1.4 Loading Conditions Considered

The loadings considered in the structural analysis represent an umbrella set of conditions as defined in
References 3-1, 3-2, and 3-3. 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 specified relevant transients for Model F steam
generators in a standard four-loop plant for a 40 year fatigue design life. The applicable temperatures and
pressures are based on the specified design transients for the primary reactor coolant and secondary steam
side of the steam generators given in References 3-1, 3-2, and 3-3. The uprated, V-5 fuel, 15% plugging
parameters, specified in Reference 3-3, are conservatively assumed. Umbrella pressure loads for Design,
Faulted, Emergency and Test conditions are summarized in Table 3-11.

WPF2210 3:49/03219¢6 3.3



Table 3-1
Summary of Material Properties
Alloy 600 Tube Material

TEMPERATURE (°F)

PROPERTY 70 200 300 400 500 600 700
Young's Modulus 31.00 30.20 29.90 29.50 29.00 28.70 28.20
(psi x 1.0E06)
Coefficient of Thermal 6.90 7.20 7.40 7.87 7.70 7.82 7.94
Expansion

(in/in/°F x 1.0E-06)

Density 7.94 7.92 790 7.89 7.87 7.85 7.83
(Ib-sec’/in* x 1.0E-04)

Thermal Conductivity 201 2.11 2.22 2.34 2.45 2.57 2.68
(Btu/sec-in-°F x 1.0E-04)
Specific Heat 412 426 439 449 45.6 47.0 479

(Btu-in/lb-sec*-°F)

STRENGTH PROPERTIES
(ks1)

23.30 23.30
28.80 27.90
80.00 80.00
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Table 3-2
Summary of Material Properties
Sleeve Material
Thermally Treated Alloy 690

TEMPERATURE (°F)

| saraRREY 70 | 200 | 300 | 400 | s00 | 600 00 |
| Young's Modulus 3030 | 2970 | 2920 | 2880 | 2830 | 2780 | 2730
(psi x 1.0E06)

| Coefficient of Thermal 7276 | 785 | 793 | 802 | 809 8.16 8.25

| Expansion

(n/in/°F x 1.0E-06)

| Density 7.62 7.59 7.56 7.56 7.54 7.51 7.51
(Ib-sec’/in* x 1.0E-04)

1

l Thermal Conductivity 1.62 1.76 1.9 2.04 2.18 231 2.45
i (Btwsec-in-°F x 1.0E-04)
|
|

Specific Heat 41.7 432 44 8 459 4.1 479 490
(Btu-in/lb-sec’-°F)

I 1

STRENGTH PROPERTIES |
(ksi) |

Sm

Sy

‘ Su
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Table 3-3
Summary of Material Properties
Tubesheet Material
SA-508 Class 2a

TEMPERATURE (°F)

PROPERTY 300 400

Young's Modulus
(psi x 1.0E06)

Coefficient of Thermal 6.50 6.67 6.87 7.07 7.25 7.42 7.59
Expansion
(n/in/°F x 1.0E-06)

Density 7.32 73 1.29 1.27 7.26 7.24 7.22
iIb-sec’in® x 1.0E-04)

Thermal Conductivity 5.49 5.56 5.53 5.46 5.35 5.19 502
(Btw/sec-in-°F x 1.0E-04)

Specific Heat 419 445 46 .8 48 8 50.8 528 55.1
{Btu-in/lb-sec’-°F)
Table 3-4

Summary of Material Properties
Channel Head Material
SA-216 Grade WCC

TEMPERATURE (°F)

400 500

PROPERTY

Young's Modulus 29.50
(pst x 1.0E06)

Coefficient of Thermal

Expansion
(in/in/°F x 1.0E-06)

Density

(Ib-sec’/in* x 1.0E-04)
s
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Table 3-5
Summary of Material Properties
Cylinder Shell Material
SA-533 Grade A Class 2

TEMPERATURE (°F)

PROPERTY

Young's Modulus
(psi x 1.0E06)

Coefficient of Thermal 7.06 7.25 743 7.58 7.70 7.23 7.94
Expansion
(in/in/°F x 1.0E-06)

Density 7.32 7.3 7.29 7.27 7.26 7.24 7.22
(Ib-sec*in* x 1.0E-04)
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Table 3-6
Criteria for Primary Stress Intensity Evaluation
Sleeve - Alloy 690

CONDITION CRITERIA LIMIT (KSI)
DESIGN P,<S, P, < 26.60
P,+P, <158, P, +P, <3990
FAULTED P, 578 P, < 56.00
P+ P, <105 S, P, + P, < 84.00
TEST P,<09S, P, < 36.00
P,+P,<1358, P, + P, < 54.00
EMERGENCY P,s§, P, <40.00
P+P,<158S, P, + P, < 60.00
ALL P, +P,+P,; <4058, P, +P, +P, £ 106 4
CONDITIONS

Notes: P, (i=1,2,3) = Principal stresses.
Some of the allowables are temperature dependent and may vary from the values shown.

Table 3.7
Criteria for Primary Stress Intensity Evaluation
Tube - Alloy 600
CONDITION CRITERIA LIMIT (KSI)
R e T

DESIGN PSS P, <2330

P+P,s158, P, + P, <3495
FAULTED P.S.78, P, <560

P+P, 21058, P, +P, < 8388
TEST P.509§, P, < 31.50

P,+P, <1358, P, + P, <47.25
EMERGENCY r.ss P, <3500

P,+P,s158S, P,+P; 5525
ALL P, +P,+ P, 408, P, +P, +P, £ 93.20

CONDITIONS

Notes: P, (i=1,2.3) = Principal stresses.
Some of the allowables are temperature dependent and may vary from the values shown.
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Table 3-8
Criteria for Primary Plus Secondary Stress
Intensity Evaluation
Sleeve - Alloy 690

CONDITION CRITERIA LIMIT (KSI)
R R R R e e e e e B i i S .

NORMAL, UPSET, P,+P,+Q<3S.* P,+P,+Q<798

and TEST

NORMAL, UPSET, Cumulative Fatigue Usage 1.0

and TEST

* Limit applies to the range of primary plus secondary stress intensity.

Table 3-9
Criteria for Primary Plus Secondary Stress
Intensity Evaluation
Tube - Alloy 600

CONDITION CRITERIA LIMIT (KSI)
A e e e e e e . e S e R, A A i
NORMAL, UPSET, P+P,+Qs38* P,+P +Q<699
and TEST
NORMAL, UPSET, Cumulative Fatigue Usage 1.0
and TEST

* Limit applies to the range of primary plus secondary stress intensity .
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Table 3-10
Summary of Transient Events

CLASSIFICATION CONDITION OCCURRENCES
R T e s o e S S e e e e e
ac e
Normal
Upset
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Table 3-10 (continued)
Summary of Transient Events

CLASSIFICATION CONDITION OCCURRENCES
m
a.ce
Upset
Test

WPF2210-3:49/032196 3-11



Table 3-11
Umbrella Pressure Loads for
Design, Faulted, and Test Conditions

PRESSURE LOAD, PSIG

CONDITIONS PRIMARY SECONDARY
“
b.c
Design F -
Design Pnmary

Design Secondary

Primary to Secondary Boundary
Secondary to Primary Boundary

Faulted "
Reactor Coolant Pipe Break

Feedline Break

Steam line Break

RC Pump Locked Rotor
Control Rod Ejection

Test
Primary Side Hydrostatic Test

Secondary Side Hydrostatic Test
Tube Leak Test A

Tube Leak Test B

Tube Leak Test C

Tube Leak Test D

Primary Side Leak Test
Secondary Side Leak Test

Emergency

Small LOCA

Small SL8

Complete Loss of Flow

NOTE: (1) The Safe Shutdown Earthquake (SSE) results in negligible stresses in the sieeve, tube, and weld
compared to the pressure stresses for the listed faulted events.
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3.1.5 Analysis Methodology

The analysis of the laser welded elevated sleeve designs utilizes both conventional and finite element
analysis techniques. Several finite element models are used for the analysis. The main axisymmetric
model of the sleeve and tube spans the full length of the sleeve plus the distance above the sleeve to the
flow distribution baffle (FDB). The tubesheet ligament simulation in this model incorporates the stiffness

ofal 1*“ in the tubesheet.
The analysis considers both |

1'*  Since the tube can be either fixed or free at the FDB, both
possibilities are considered. Consideration of the tube as fixed at the FDB is judged to be very
conservative for a Model F SG with stainless steel support plates and brooched holes.  Therefore, four
independent combinations of tube status (intact or severed) and boundary condition (B.C.) constraints at
the FDB (fixed or fr<e) are considered in the evaluation as follows:

Combo 1: Tube Status: INTACT B.C. @ FDB: FIXED,
Combo 2: Tube Status: INTACT B.C. @ FDB: FREE,
Combo 3: Tube Status: SEVERED B.C. @ FDB: FIXED,
Combo 4. Tube Status: SEVERED B.C. @ FDB: FREE.

An end cap axial load 1s applied for pressure cases wken the boundary condition at the FDB is free. For
thermal cases, when the boundary condition at the FDB is fixed, the sleeved tube is conservatively
assumed to be adjacent to a stay rod and the axia' interactions with the stay rods and spacer pipes are
included in the sleeved tube model.

In addition to the axisymmetric sleeved tube model discussed above, a separate axisymmetric global model
of the tubesheet, channel head, and lower cylinder shell was developed and used to calculate tubesheet
rotations under combined pressure and temperature loadings. The resulting maximum tubesheet rotations
were then applied to a beam model of the tube and sleeve spanning from inside the tubesheet to the FDB.
These models were used to assess the tubesheet rotational effect on the stresses in the sleeve, tube, and
weld, as discussed in Section 3.1.7. (See Section 3.2 for more details on the tubesheet, channel head,
lower cylinder shell model.)

In all cases, the tolerances used in simulating the sleeve and tube geometry are such that |

]** Based on previous laser welded joints, the nominal width
(interfacial axial extent) of the laser weld joining the tube and sleeve 1s expected to be about

[ ]** However, qualification tests for the weld process are expected 1o show that the welds may
be as small as | 1** Thus, in performing this analysis, a weld width of | I* was
considered. Therefore, the stress and fatigue results reported later in Sections 3.1.8 and 3.1.9, respectively,
are for the limiting weld geometry of | * In width.

WPF2210-3 49/32996 3-13



3.1.6 Heat Transfer Analysis

Based on previcu: dwrmal analyses of sleeved tubes, relatively large heat transfer coefficients on both the
primary and secondary sides of the sleeve and tube are expected [

]a.c
These high external surface heat transfer rates, when coupled with thin walls and the relatively high
thermal conductivity of the metal compared to the thermal impedance of the gaps between the tube and
sleeve, would suggest that, in the limit, the metal walls of the tube <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>