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LU INTRODUCTION

Under Plant Technical Specification requirements steam generator tubes are periodically inspected for
degradanon using non-destructive examination techniques. If established inspection criteria are exceeded,
the tube must be removed from service by plugging or the tube must otherwise be brought back int
compliance with the Technical Specification Criteria. Tube sieev.ng is one technique used to return the
tube to an operable condition. Tube sleeving is a process in which a smalier diameter tube or sleeve is
positioned to span the area of degradation. It is subsequentiy secured to the tube, forming a new pressure
houndary and structural element in the area between the attachment points,

Thus document was prepared to summarize the technical information developed to support licensing of the
luser weided sieeve installation process.

Thus report addresses two distinct types of sleeves - a tubesheet sleeve and a suppornt plate sieeve. Each
of these sleeve types has several instal'ation options which can be applied. The tubesheet sleeve is
appropriate for all plants which have degradation at the top of the tubesheet, since the lower joint is
formed at the bottom of the tubesheet. The support plate sieeve may be installed to bridge degradation
located at tube support plate locations or in the free span section of the tube.

Installation and inspection options will be selected in advance of performing the field campaign. This
determination will be made based on degradation history, current degradation rates, utility steam generaor
maintenance strategy, schedule, and cost. Thus, the application can be optimized to utility needs hy
applying the proper combination of ‘modular’ sleeve-tube joint options.

1.1 Report Applicability

This report is applicable to Westinghouse Series 51 steam generators installed at Duquesne Light
Company's Beaver Valley Units | and 2. These steam generators are U-tube heat exchangers with mill
annealed Alloy 600 heat ransfer tubes which have a 0.875 inch nominal outside diameter (OD) and 0.050
inch nominal wall thickness.

Data is presented to support the application of two sleeve designs: tubesheet and tube support plate.
Moreover, with each design, several utility-selectable application options are provided. The sleeve size
and opuons are:

Tube support plate sleeve.
¢ |2-inch long
o welding with post weld heat treatment
¢ welding without post weld heat treatment

WPOHS0- | [ 0B 2752
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Figure |-1|

inch Support Plate Sleeve Coverage

Example 13-

a Series 51 Steam Generator







2.1.2 Tube Support Plate Sleeve

The support plate sleeve is shown in Figure 2-2. Each end of the sleeve has a hydraulic expansion region
within which the weld is placed. The weld configuration is the same for both upper and lower joints and
is the s iue as the upper weid in the tubesheet sleeves. |

]D(l

l&.:.l
The sleeve material, thermally treated Alloy 690, was selected to provide additional resistance 10 stress

corrosion cracking.

2.2 Sleeve Design Documentation

The sieeves are designed and analyzed according to the 1986 adition of Section II1 of the American
Society of Mechanical Engineers (ASME) Boiler and Pressure Vessel Code, as well as applicable United
States Muclear Regulatory Commission (USNRC) Regulatory Guides. 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,

2.2.1 Weld Qualification Program

The laser welding process used to install | 1** nominal OD sleeves into 0.875 inch nominal OD
tubes was qualified per the guidelines of the ASME Code which specify the generation of a procedure

qualification record and welding procedure specification.

W4 0.2 V082452



Specific welding processes were/will be generated for:

- Sleeve weld joints made outside of the tubesheet

- Sleeve weld joints made outside of the tube<heet with thermal reatment
- Repair of rewelding of sleeve joints

- Sleeve weld joints made within .2 tubesheet

These processes address the weld joints necessary for installation of any of the two types of sleeves
discussed earlier,

To provide similitude between the specimens and the actual installed welds, representative field processes
are used to assemble the specimens. The laser welded joints are representative in length and diametral
expansion of the hydraulic expansion zone. The sieeve and tube materials are consistent with the materials
and dimensional conditions representative of the field application. Essential welding variables, defined
from ASME Code Case N-395, are used to develop the weld process. |

ll.M
2.2.2 Weld Qualification Acceptance Criteria
For the qualification of the process the »~elds shall be free of ciacks and lack of fusion and meet design

requirements for weld throat and minimum leakage path. The welds shall meet the liquid penetrant
requirements of NB-3530,

WPOMS0-2. | 082662 23
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Figure 2-1
Tubesheet Laser Welded
Sleeve Installed Configuration
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Support Plate Laser Welded
Sleeve Installed Configuration

2-6

P ———






L12 Summary of Material Properties

The matenial of constructon for the wbing in Westnghouse designed Series €1 steam generators is a
mokel base alloy, Alloy 600 in the mill annealed (MA) condit' 0. The sleeve material is @lso a nickel
hase alloy, thermally weated Alloy 690 Summmaries of the applicable mechanical, thermal, and strength
properues fof the tube and sleeve materials are provided in Tables 3.1, and 3-2, respectively. The sleeve
eviuaton also includes the response of the tubesheet, which is constructed of SA-S0K. Class 2 Carbon
steel A summary of the applicable properties for the tubesheet material is provided in Table 3.3
Thermal properties for wr and water, used in performing the heat wansfer analysis, are provided in
Tubles 34 and A5,

L1 Applicable Criteria

The applicable criteria for evaluating the sleeves is set forth in the ASME Code, Section 111, Subsection
NB, 1986 Edivon, Reference (%), Although the lower joint in the tubesheet sleeve {s classified as a seal
weld, it is also evaluated to the ASME Code criteria. In establishing minimum wall requirements for
plugging limits, Regulatory Guide 1121, Reference (6), is used. A summary of the applicable stress and
fatigue limits for the sleeve and tube are summarized in Tables 3.6 through 3.9

314 Loading Conditions Considered
The analysis considers a full duty cycle of events that includes, design, normal, upset, faulted, and test
conditions, |

*“ A summary of the applicable wransient

conditions is provided in Table 3-10. Umbrella pressure loads for Design, Faulied and Test conditions
are summanized in Table 3-11,

LLE Analysis Methodology

The analysis of the laser welded sleeve designs utilizes boih conventional and finite element analysis
lechniques.  Several finite element models are used for the analysis. For the tubesheet sleeve analysis,
|

I** Typically, the tubesheet sleeve model incorporates
4 “unit cell” of the tubesheet, based on an effective radial area surrounding the tube in the tubesheet.

For Series §1 steam generators the type and exient |

|* is evaluated. The ‘olerances used in developing
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3.2




et S

T IEESVERERESS mum TSy oS i

B e e - — R —. -

the sleeve models are such that |

The lower laser welded joint (LW fr~ he tubesheet sleeve is |

The analysis also considers both |

'lt

In addition 10 the sleeve models, a separate model of the tubesheet, channel head, and lower shell was
developed and used to calculate tubesheet rotations under combined pressure and temperature loadings.
Resulting loads imposed on the sleeve as a result of the tubesheet rotations are applied to the sieeve model
in the form of radial pressures on the model outer boundary. A plot of the tubesheet, channel head, and
shell model is shown in Figure 3.2,

L 1.6 Heat Transfer Analysis

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 tubesheet.
Based on a review of the transient descriptions, eight transients were selected for evaluation. They include

the following events:

ac
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The plant heatup/cooldown, plant loading/unloading and steady state fluctuation events are evaluated us
pseudo-steady state conditions.

In performing the heat transfer analysis, |

A skewh of the mode! boundary conditions for the heat transfer analysis are shown in
Figure 3.3

In order to determine the appropriate houndary conditions for the heat transfer analysis, |

L1L7 Tubesheet/Channel Head/Shell Evaluation

As discussed above, loads are imposed on the sleeve as a result of tubesheet rotations under
primary-to-secondary pressure drops. For this evaluation, tubesheet rotations are established for two
reference loading condiuons, a primary and secondary applied pressure, and subsequently scaled to actual
transient conditions. The boundary conditions and subsequent deformed geometry for the primary pressure
load case are shown in Figures 3-4 and 3-5, respectively.

Once the stress solutions for the reference load cases are obtained, |

r(
318 Stress Analysis

In performing the stress evaluation for the sleeve models, [

|** The gap opening is simulated by decoupling
nodes above and below the weld location for distances ranging from | ¢ Sketches
of the model boundary conditions for the primary side reference pressure cases are shown in Figures 3-6

WSSO 3. 1082792
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through 3-9. Sketches of the model houndary conditions for the secondary side reference pressure cases
are shown in Figures 3-10 through 3-13

The analvsis considers |

!l <
~ - 8
- -
The effects of |
]l.‘
Finally, {

'u

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

stresses as follows:
b,

-
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1.1.9 ASME Code Evaluation

The ASME Code evaluation is periormed using @ Westinghouse proprietary computer code The
evaluauon is performed for specific "analysis secuons” (ASNs) through the finite element model, The
ASNs evaluated to determine the acceptability of the sieeve design are shown in Figure 3-14 for the lower
LWJ and in Figure 3-15 for the upper LWJ.

The umbrella loads for the primary stress intensity evaluation have been given previously in Tabie 3-11
The largest magnitudes of the ratio “Calculated Stress Intensity/Allowable Stress Intensity are | P
for primary membrane stress intensity, and | J** for primary membrane plus bending stress intensity,
respectively. For the algebraic sum of principal stresses, the limiting ratio of “Calculated Stress Intensity/
Allowable Stress Intensity” is | [* The analysis results show that the primary stress intensities for
the laser welded sleeved tube assembly are within the allowable ASME Code limits. A summary of the
limiting stress conditions is provided in Table 3-12

Primary plus secondary stresses in the assembly are |
|** Based on the

cleeve design criteria, the fatigue analysis considers a design objective of 40 years for the sleeved tube
assemblies. Because of possible opening of the interface between the sleeve and the tube along the
hydraulic expansion regions, the maximum fatigue strength reduction factor of |

I* The results of maximum range Of
stress intensity and fatigue evaluations are summanzed in Tables 3-13 through 3-15.

3.1.10 Minimum Required Sleeve Thickness

The hew: transfer area of steam generators in a PWR nuclear steam supply system (NSSS) comprises over
S0 percent of the total primary system pressure boundary. The steam generator tubing, therefore,
represents a primary barrier against the release of radioactivity to the environment. For this reason,
conservative design criteria have been established for the maintenance of tube structural integrity under
the postulated design-basis accident condition loadings in accordance with Section II1 of the ASME Boiler

and Pressure Vessel Code.

Over a period of time under the influence of the operating loads and environment in the steam generator,
some tubes may become degraded in local areas. To determine the condition of the tubing, in-service
inspection using eddy-current (EC) techniques is performeJd in accordance with the guidelines of US NRC
Regulatory Guide 1 83, Reference (7). Partially-degraded tubes with net wall thicknesses greater than the
minimum acceptable tube wall thickness are satisfactory for continued service, provided that leak before
hreak is established, and that the minimum required tube wall thickness is adjusted to take into account
possible uncenainties in the EC inspection, and an operational allowance for continued tube degradation
until the ncxt scheduled inspection.

WPO450-3: 1082792
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The US NRC Regulatory Guide 1,121, Reference (6). describes an acceptable method for establishing the
limiting safe condiilons of tube degradation in the steam generators beyond which tubes found defective
hy the established in-service inspection should be removed from service. The amount of degradation
recorded by EC tesung is customaniy expressed as a percentage of the design nominal tube wall thickness.
and the acceptahle degradation is referred to as the tube plugging margin.

Briefiy, the regulatory guideline consists of verifying that, (1) in the ¢ 2 of tube thinning or wall loss,
or for parual through-wall cracks. the remaining tube wall can still meet applicable stress limits during
normal and accident loading conditons, and (2) in the case of tube cracking. the leak-before-break criteria
is sausfied. Confirmadon of leak-hefore-break assures that the maximum permissible crack length o
protect against burst under accident loadings is greater than the crack length that would result in leakage
at the Technical Specification limit during normal operation.

The allowable tube plugging margin, in accordance with Regulatory Guide 1.121. is obtained by
incorporaung into the minimum required thickness, a growth allowance for continued operation until the
next scheduled inspection and also an allowance for eddy current measurement uncertainty.

Since Regulatory Guide 1.121 constitutes an operating criterion, it is permissible to derive the allowable
stress limits based on expected lower bound material properties, as opposed to the Code minimum values.
Expected strength properues are obtaned from statistical analyses of tensile test data of actual production
tubing. Lower bound statistical tolerance limits, LTL, for yield and ultimate strength values are computed
in »ccordance with the accepted industry practice such that there is a |

J*“ than LTY. values. The applicable values for the
sieeve analysis are a yieid strength of | |** and an uitimate strength of | |**, as taken from
Reference (8).

In es ablishing 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 «iiteria 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.

Considerations of the secondary and peak stresses from operating transients are relevant from the
viewpoint of fatigue and related implications of the occurrence of through-wall cracking, if any. The
implications and consequences of cracking, however, are accounted for in the leak-before-break
requirement. in the unlikely event of unacceptably reduced design margin due to the increased secondary
and peak suesses in the localized degraded tube regions, the tube integrity would be safeguarded against
any adverse consequences through leak-before-break.

Tie minimum required sleeve wall thickness, t.., to sustain normal and accident condition loads is

calculated [

WPOMS0-3. V082792
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]* For computing t,,. the pressure stress equation NB-3324.1 of the
Code 1s used. That is,

AP, x R,
- =
T TR = 0.5 (P =B,

3.1.10.1 Normal/Zpset 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. During normal operation at
100% full power, the primary side pressure, P, is |

]l:
The limits on primary stress, P, for a primary-to-secondary pressure differental AP, are as follows:

Normal: P, < §/3 = 30.33 ksi
Upset: P, < Sy = 37.00 ksi

Using the pressure stress equation, the resulting values for (,,, are |
]A.?

3.1.10.2 Accident Condition Loadings

LOCA + SSE
The dominant loading for LOCA and SSE loads occurs at the top tube support plate in the form of
bending stresses in the tubes. At TSP intersections below the top TSP, LOCA loads drop off dramatically.

Since the sleeve is located at the |

L

FLB + SSE:
The maximum primary-to-secondary pressure differential occurs during a postulated feedline break (FLB)
accident. Again, | [** the SSE bending stresses are small. Thus, the

governing stresses for the minimum wall thickness requirement are the pressure membrane stresses. For
the FLB + SLB transient, the applicable pressure loads are [
]** The applicable criteria for faulted loads is:
P, < lesserof 0.7 S, 0r 24 §,
S, = I*

WPO450-3: 1082792
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Using the pressure stress equation, the resulting value for {,,, is | *

In summary, considering all of the applied loadings. the mimmum required sle:ve wall thickness is
caleulated io be | ** remaining wall for nominal operaung cond tions.

31.1.10.3 Burst Strength Requirements

In addition to the limits on allowable stresses discussed previously, the following requisements on the burst
strength of degraded tubes (sleeves) are also 10 be sausfied:

(1) Margin to burst under normal AP
(2) Verification of leak-before-break

3.1.10.3.1 Margin to Burst Under Normal Operating AP,

For tube burst margin. the factor of safety (FS) may be determined on the basis of stress as the ratio of
the ultimate strength (S,) and the tube stress (S) due to the normal operating AP,. The FS based on stress
meets the US NRC requirement. The margin calculated is analogous to the establishment of allowable
stress intensity as one-third of the ultimate strength of the material.

With g, = | ¥ S is calculated:
a.c

™ B
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mechanical joint sleeves and no sleeved tube has been removed from service due o degradauon of any
partion of the sleeve.  This result can be atributed (o the changes in the sleeve material relatve 10 the
tube and the lower heat flux due © the double wall in the sleeved region. Sleeves installed with the laser
weld joint are expected to expenence the same performance.

As @ vonservative measure, the conventional practice of applying a value of 10% of the sleeve wall 4s an
allowance for contnued degradation is used in this analysis.

In summary, the operational tuhe thickness acceptable for continued service includes the minimum
acceptable tube wall thuckness | [** the combined allowance for eddy current
uncertwnty and operational degradauon | | These terms total to | J** resulting in a plugging
limit as determined by Regulwory Guide | 121 recommendations of | 1** 0i the sleeve wall thickness

The plugging limit for the tube, applicabie as defined helow . is as specified in the Techmical Specifications
for the non-sleeved portons of the tube, currently 40% of the tube wall thickness.

L 112 Application of Plugging Limits

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

i
r -
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ﬁ
L3 Structural Analysis of Weld Widths of | e
The unalysis results thus tar are for sleeves with interfacial weld widths of | [** for the upper
and hower LWI's. Sleeves with interfacial weld widths of | [* indh have also been
andlyzed and are reponed in this subsecuon, The finite element model used (o evaluite the | i

weld widths was tesised 10 gocommadate the new weld widths, The case of hydraulically expanded upper
LW and hydrauhically expanded and roll expanded into the tube lower LW is considered. The change
in the weld widths does not affect the results of the limiting Cross secuons for the | 1" weld
Theretore, only resuits fof the maximum range of stress intensity and fatigue evaluatons are tabulated
The pressure. axial force and selected thermal stress runs are re-computed with the revised finite element
models. The thermal stress runs re-computed are those giving the largest contributions (o maximum range
of stres< intensity  The results of maximum range of stress intensity and fatigue evaluations are presented
in Tables 316 and 317, 1 1« demonstrated that the laser welded sleeves with interfaciul sleeve/tube weld
widths of | [ satisty the requirements of the ASME Code, Secuon 1 Noie
that these results are also applicable 10 the ube suppont plate sleeves

L 114 Special Considerations
LLI14.1 Flow Slot Hourglassing

Along the tube-lane, the tube suppor plate has several long rectangular Now slots that have the potential
to deform into an "hourglass” shape with significant denung. The effect of flow-slot hourglassing Is 1o
move the tubes adjacent to the flow slot laterally towards the tube lane fromn their initial positions
introduving added hending stresses in the tubes. The maximum hending stress occurs in the innermost
row of tubes in the center of the flow slots. The added hending stress has a negligible effect of the
sleeves since the hending stress 18 4 mean stress ar. the analysis accounts for maximum mean stress
eftects through use of the ASME Code fatgue curves,

L1142 Tube Vibration Analysis
An unalysis has been performed 1o predict modal naturdl frequencies and related dynamuc bending siresses

mributed o Now-induced vibration of sleeved tubes. The purpose of the analysis is 10 calculate the
natural frequencies, amplitude of vibration, and bending stress of a sleeved tube. |

’LI
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LLI43 Sludge Height Thermal Effects

In general. with at least | I of sludge. the tubesheet is isothermal at the bulk temperature of the
pritnary fluid  The net eftect of the sludge is 10 reduce tube/tubesheet thermal stress effects.

LA Ffect of Tubesheet/Support Plate Interaction

As a result of tubesheet bow under pressure lowds, the tuhes protruding trom the top of the tubesheet rotate
from verncal, This rotation results in added hending sresses in the sleeved tube assembly.  Analysis
fesults show these stresses do not significantly affect the fatigue usage results,

L LS Anaulysis Conclusions

Based on the results of this analysis. the design of the laser welded tibesheet sleeve and the tube support
plate sleeve are concluded to meet the tequirements of the ASME Code. The applicable plugging Limit
for the sleeve s | I an the utal wall thickness. The plugging limit for the tube is vurrently 0%

ol the tube wall thickness, ax specified in the Technical Specificauons for the non-sleeved portions of the
tuhe
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TABLF 3.

SUMMARY OF MATERIAL PROPERTIES
TUBE MATERIAL
MILL ANNEALED ALLOY 600

e B e et SR esceny
TEMPERATURE ('F)

PROPERTY M) K 4% Sixl N

Young s Modalus KRNI 30.20 2990 29.50 2900 2870 2820
psi & LUEDS
Coefficient of Thermal f.90 7.20 7.40 157 1.70 7R2 794

Expaaision
i/ F x | OF 4

Densaty 794 1493 7.90 TR9 187 788 783
Ih-sec /i’ & ) OEAM b
Thermal Conductivity 20 bt | o i 4 i ™ | o | 257 268

Bu/secan-"F x | DEAM

Specific Heat 412 426 419 449 456 470 479
Btu-in/Ih-sec™-“F

STRENGTH PROPERTIES
(KSh

2330
32.70
X000

Sm
Sy

WP SO OR2KG2









TABLE 34

SUMMARY OF MATERIAL PROPERTIES
AlIR

TEMPERATURE ('F) H
ED

PROPERTY

Density 511

Ih-sec/in® x 1LOEOX

Thermal Conductivity 3.56 4.03 447 491 3.38 578 6.20
Buwsec-in-'F x | OE-07

Specific Heat 927 9.3l Y3x 946 9.55 Y .66 9,78

Btu-m/1h-sec-"F x | .OE+0]

TABLE 3-3

SUMMARY OF MATERIAL PROPERTIES
WATER

TEMPERATURE (*F) i

PROPERTY A0

Density
ih-sec*/in* x 1.0E-0S

Thermal Conducuvity 46 9.07 914 889 X.24 6y 442
Biuw/sec-in-"F x 1.0E-06

Specific Heat 382
Btu-in1b-sec’-°F x 1.0E+02

WRMSO- Y i 0R2892
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TABLE .6

CRITERIA FOR PRIMARY STRESS INTENSITY EVALUATION

CONDITION

DESIGN

FAULTED

TEST

ALL
CONDITIONS

SLEEVE - ALLOY 690

Py £ 3,
PR+P <138,

P,g.75
P+ P.< 1L.O5S S,

P, <09S,
P +P, <1358,

P, +P.+P. 408,

Note: P (i=1,2.3) = Pnncipal stresses

TABLE 3.7

CRITERIA

p’. < 26.60
P+ P < 3590

LIMIT (KSh

P, < 56.00
P o+ P, <8400

P. < 36.00
P, + P, < $4.00

P, +P, +P, < 1064

CRITERIA FOR PRIMARY STRESS INTENSITY EVALUATION

CONDITION CRITERIA
DESIGN .5,

P+P<lS5S,
FAULTED Fo2.75,

P+P <c105S,
TEST P, <098,

PP 135 5,
ALL P +P.+ P, <408,
CONDITIONS

TUBE - ALLOY 600

Note: P (i=1,2,3) = Principal stresses

WPO4S0- 3 TvOR2RY2
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LIMIT (KSh
e e

P, < 23.30
P, + P, < 3495

P, £ 56.0
P, + P, < 8388

P, < 31.50
P, + P, <4725

P, +P, +P, < 93.20




TABLE 3-8

CRITERIA FOR PRIMARY PLUS SECONDARY STRESS
INTENSITY EVALUATION
SLEEVE - ALLOY 690

CONDITION CRITERIA LIMIT (KSD

NORMAL., UPSET. P+P.+Q<c3S,.* P +F +Qg798

and TEST
NORMAL, UPSET. Cumulatuve Fatigue Usage 1.0 ‘
and TEST |

* . Range of Pnmary + Secondary Stress Imensity ‘
\
|
|

TABLE 3.9 ‘

CRITERIA FOR PRIMARY PLUS SECONDARY STRESS |
INTENSITY EVALUATION |
TUBE - ALLOY 600

CONDITION CRITERIA LIMIT (KSI)
P ———————— e

NORMAL, UPSET, P+P+Q<clS.? P+P, +Q<ct99

and TEST

NORMAL, UPSET, Cumulative Fatigue Usage 1.0

and TEST

* . Range of Primary + Secondary Suess Intensity

WPOS0-3 w08, 893




TABLE 3-10

SUMMARY OF NORMAL OPERATING TRANSIENT EVENTS

CLASSIFICATION  CONDITION CYCLES

e 5
Normal acg.e

Upset

Faulted

Test

WPO450- 31082692
321



TABLE 3-11

UMBRELLA PRESSURE LOADS FOR
DESIGN, FAULTED, AND TEST CONDITIONS

CONDITIONS

PRESSURE LOAD, PSIG

PRIMARY

SECONDARY

P S RS S S e E a— e

Design
Design Primary
Design Secondary

Faulted
Reacror Coolant Pipe Break

Feedline Break
Steam line Break
Loss of Secondary Pressure

Test

Primary Side Hydrostatic Test
Secondary Side Hydrostatic Test
Tube Leak Test

Primary Side Leak Teat
Secondary Side Leak Test

WP SO-1. 1 /082692
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'ABLE 3-12

SUMMARY OF MAXIMUM PRIMARY STRESS INTENSITY
FULL LENGTH TUBESHEET LASER WELDED SLEEVI

Sleeve/Tube Weld Width




TABLE 3-13

MAXIMUM RANGE OF STRESS INTENSITY AND FATIGUE
FULL LENGTH TUBESHEET LASER WELDED SLEEVE

Sleeve/Tube Weld Width of | ™

Upper LW]: Hydraulically Expanded
Lower LWJ: Hydraulically Expanded

Calculated Allowable  Calculated
Component S.L (KSD S.I (KSI)  Allowable
M
Suaighi ) ac B ac

Sectons Sleeve ] 79.80 W
Upper LWI: Sleeve 79.80
Tube 69.90
Weld 69.90
Lower LW} Sleeve 79.80
Tube 69.90

Weld L J 69.90 ! _J

Cumulative Fatigue Usage Factor
[ <10

WPO450-3: /082692
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TABLE 314

MAXIMUM RANGE OF STRESS INTENSITY AND FATIGUE
FULL LENGTH TUBESHEET LASER WELDED SLEEVE

Sleeve/Tube Weld Width of |

]I.(

Upper LW]: Hydraulically Expanded
Lower LW]J: Hydraulically Expanded and Hard
Rolled into Tube

Calculated
S1 (KSh

Allowable
S (KShH

Calculated
Allowable

Straight
Secuons

Upper LW

Lower LW):

WP SO- 3 I vOR 2852

Sleeve

Sleeve
Tube
Weid

Sleeve
Tube
Weld

Cumulative Fatigue Usage Factor

l

76 .80

79 K0
69 .90
69,90
79 R0

69.90
69,90

<10

a.0
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TABLE 316

MAXIMUM RANGE OF STRESS INTENSITY AND FATIGUE
FULL LENGTH TUBESHEET LASER WELDED SLEEVE

Sleeve/Tube Weld Width of | r

Upper LWI: Hydraulically Expanded
Lower LW]J: Hydraulically Expanded

Calvulated Allowahle  Caleulated
Component S.L (KSh SL(KSD  Aliowahle
Straught A ag
- - -
Secuons Sleeve [ 79.80
Upper LWI Sleeve 79.80
Tube 69.90
Weld H9.90
Lower LWJ Sleeve 79.80
Tube 69.90
Weld | J 69.90 i ]

Cumulative Fatigue Usage Factor
[ l“ -<. l.O

WPOLS0- 1 | v082862



TABLE 3-17

MAXIMUM RANGE OF STRESS INTENSITY AND FATIGUE
FULL LENGTH TUBESHEET LASER WELDED SLEEVE

Sleeve/Tube Weld Width of | I

Upper LWJ: Hydraulically Exranded
Lower LW]: Hydraulically Expanded

Calculated Allowable  Ca'culated
Component S.1 (KSD S (KSDH  Allowable
Suaight a.c ¥ ac

Sections Sleeve [ ) 79 .80
Upper LW Sleeve 7980
Tube 69,90
Weld 69.90
Lower LWJ: Sleeve 79.80
Tube 69.90

Weld L A 69.90 ! J

Cumulative Fatigue Usage Factor
| <10

"Thermal bending stresses removed per NB-3228.5 (a)

WPO4S0-1. 1 /082692




Figure 3-.

Schematic of Tubesheet Sleeve Configuration
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Figure 3-2

Channeihead/Tubesheet/Shell Model

3-30
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Figure 3-3

Thermal/Hydraulic Boundary Conditions
Tubesheet Sleeve Analysis

WP S0 08 1492



Figure 3-4

Channelhead/Tubesheet/Shell Model
Primary Pressure Boundary Coonditions

WPROSSO-1 (081492
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Figure 3.5

Channelhead/Tubesheet/Shell Model
Distorted Geometry Primary Pressure Loading

WPO4S0-1 (08 1492
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Figure 3-6

Boundary Coodition for Unit Primary Pressure
Intact Tube: Puy > Pyge

WP SO |08 1492
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Figure 3-7

Boundary Condition for Unit Primary Pressure
Intact Tube: Py < Pyge

W50 1 [ OB 1 497
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Figure 3-8

Boundary Condition for Unit Primary Pressure
Severed Tube: Ppg > Pyge

WPOM50- ) |08 1492
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Figure 3-9

Boundary Condition for Uait Primary Pressure
Severed Tube: Py < Pgge
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Figure 3-10

Boundary Condition for Unit Secondary Pressure
Intact Tube: Py > Pgge

WPOSS0- 1 [ 08 1 493
3-38

b e R L



ac.e

=l R

|
i
i
|
\

WPOSSO- 3 OB 1492

Figure 3-11

Boundary Condition for Unit Secondary Pressure
ll!ll(‘t Tul!: Pm < P"c

3-36
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Figure 3-12

Boundary Condition for Unit Secondary Pressure
Severed Tube: Py > Py
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Figure 3-13

Boundary Condition for Unit Secondary Pressure
Severed Tube: Puy « Py
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Figure 3-14

ASN Locatice - Lewer LW]
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Figure 3-15

ASN Locatios - Upper LW]
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Figure 3-16

rison Between Predicted and Measured Leak Rates
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Figure 3-17

Leak Rate Versus Crack Length

Series 51 Sleeves
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Figure 3-18

Burst Pressure Versus Crack Length
Comparison of Test Results

WPO430-) 1082192
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Figure 3-19

Burst Pressure Versus Crack Length
Series 51 Sleeve

WPOM! 3 [VOB2192
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7. USNRC Regulatory Guide 1.83, Rev. [, "In-Service Inspection of Pressurized Water Reactor Steam
Generator Tubes, July 1975,

X WCAP-12522. "Inconel Alloy 600 Tubing - Material Burst and Strength Properties.” J. A Begley, J.
L Houtman, 1/90

1.2 Thermal/Hydraulic Analysis
121 Sufety Analyses and Design Transients

The emergency core cooling system (ECCS) performance analysis being performed for Series 44 and 51
steam generator plants supports operation at up to 20 per cent equivalent steam generator tube plugging
(SGTP) in each steam generator. (Refer to Ref. 1.) For the evaluation of acceptable number of sleeves,
a uniform plugging level of 20% is considered. This analysis and the corresp ding non-LOCA evaluation
are considered applicable for the steam generator sleeving program with a combination of plugging and
sleeving flow restriction equal to or less than the restriction due to the acceptable plugging level. In
addition, in support of the steam generator sleeving program, Westinghouse has done an evaluation of
selected LOCA and non-LOCA transients to verify that use of sieeves resulting in a plugging equivalency
of up o 20 percent in the most plugged steam generator will not have an adverse affect on the
thermal-hydraulic performane of the plant. For the accidents as evaluated, the effect of a combination
of plugging and sleeving up to the limits of the existing analysis would not result in any design or
regulatory limit being exceeded.

The wems listed below were evaluated for a sleeving and plugging combination equivalent to the existing
luhe piugging limits and the results indicated no adverse effects:

Lurge Break LOCA

Small Break LOCA

LOCA Hydraulic Forcing Functions

Post-LOCA horon requirements

Tume 10 switch over the ECCS to hot leg recirculation

The steam generator tube rupture (SGTR) accident is analyzed to ensure that the offsite doses remain
helow [OCFRI00 limits. The primary parameters atfectiag the conclusion are the extent of fuel failure
assumed for the accident, the amount of primary to secondary break flow through the ruptured tube, and
the muass released to the atmosphere from the ruptured steam generator. The amount of fuel failure
assumed for the FSAR SGTR analysis is 1% which is assumed to be independent of the transient
conditions. The primary to secondary break flow and the mass released to the atmosphere are primarily
dependent upon the RCS and secondary thermal hydraulic parameters.

WPEG. Y [0S 2892
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The hydraulic equivalency number can be computed for both normal operating conditions and off-normal
conditions such as a LOCA. For LOCA conditions, the equivalency number is established using flow rates
consistent with the reflood phase of a post-LOCA accident when peak clad temperatures exist.  The
equivalency number for normal operation is independent of the fuel in the reactor. In all cases, the
hydraulic equivalency number for normal operation is more limiting than for postlated LOCA conditons.

As a result of the flow reduction in a sleeved tube and the insulating effect of the double wall at the sleeve
location, the heat transter capability of a sleeved tube is less than that of an unsieeved tube. An evaluation
of the loss of heat transfer at normal operating conditions indicated that the percentage loss of heat transter
capahility due to sleeving is less than the percentage loss associated with the reduction in fluid flow. In
nther words, the heat transfer equivalency number is larger than the hydraulic equivalency number. Thus,
the hydraulic equivalency number is limiting.

The specitic LOCA conditions used to evaluate the effect of sleeving on the ECCS analysis occur during
4 portion of the postulated accident when the analysis predicts that the fluid in the secondary side of the
steam generator is warmer than the primary side fluid. For this situation. the reduction in heat transfer
capahility of sleeved tubes would have a beneficial reduction on the heat transferred from secondary to
primary fluids.

The goal of the hydrauiic equivalency number calculations described below is to generate conservative
results which enveiop the results for ail plants which have Series S| steam generators. As such. it was
necessary to consider the effect of a wide vanation in primary flow conditions for normal operation. Flow
rates for these parametric calculations ranged from |

9% It was determined
that the most limiting results (largest flow reduction and smallest hydraulic equivalency number for a
sleeved wbe) occur with | o

In addition to the effect of variations in the primary coolant conditions, the effect of differences in nominal
tuhe geometries was evaluated. For the S1 Series steam generators there are some differences in the tube
geometry in the tubesheet region, specifically. in the length of the expanded or rolled region. For some
plants. this zone is short (2-3 inches), while for others with a full-depth roll it extends throughout the full
thickness of the tubesheet (21-22 inches). Parametric calculations were completed to determine the
specific tube configuration which produces the most conservative result; this geometry was then used in
developing the final reported results.

Many combinations of tubesheet (hoth hot and cold legs) and tube support plate sleeves have been

considered in calculating the flow reduction and hydraulic equivalency. However, 10 ensure that the

WPOLS0- 3 [VINI892
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results are enveloping, only the longest sleeves were used in the calculations These included a 36-:n¢n
long tubesheet sleeve and a 12-inch long tuhe support plate sleeve. The 36-inch long vibesheet sleeve is
expected to he long enough to span the degraded areas in the tubesheet and places the upper joint ahove
the sludge pile in either the hoi or cold legs. The flow effects of this sleeve length bound a range of
possible tuhesheet sleeve lengths which could be specified for any future sleeving program (27 w0
36 inches)

The parametric calculations considered four configurations with regard to the location of sleeves:

1) No wuhesheet sleeves with vasious combinations of supporn plate
sleeves in both hot and cold legs.

2) No tuhe support plate slegves - only hot and/or cold leg

tubeshcet sleeves,

3) One tuhesheet sleeve (cold leg) with various combinations of

cold leg support plate sleeves, and

4) Both hot and c0ld leg tubesheet slegves with various

combinations of support plate sleeves,

Now wat the third configuration includes only cold leg tube suppon plate sleeves and no hot leg sleeves.
The reason for this selection is that, hecause of the effect of the variation in primary fluid temperature in
the two legs of the tube hundle. support plate and tuhesheet sleeves located in the cold leg produce slightly
more conservative results (greater flow reduction) compared to an identical number and placement of hot
leg sleeves. Similarly, slightly more conservative results are obtained when support plate sleeves are
located ar the higher plate locations. For these reasons, the results presented herein are generally limited
to only those particular sleeve locations which yield the more conservative results.

Tuble 3-1% presents a summary of the hydrauiic equivalency numbet, for the limiting combinations of
tubesheet and support plate sleeves in §1 Series steam generators. From Table 3-18, the hydraulic
equivalency number for a configuration with no tubesheet sleeve and four support plate sleeves is |

I"* and oceurs when the sieeves are positioned at the top four support plates in the cold leg (#3, #4,
#5 and #6). This means that about | ["* sle2ved tubes of the type specified would have the same net
flow reduction as a single plugged rube. Similarly, if sleeves wer: also installed in both hot and cold leg
tuhesheets, the equivalency number wou!d decrease 10 | ™ for a configuration with four support plate
sleeves (Set #21 for support plate locations #5 and #6 in hoth legs).

The information presented in Table 3-18 has also been used to construct Figure 3.20. This figure
graphically illustrates the enveloping hydraulic equivalency numbers for 51 Series steam generators hased
on normal operating conditions.

WPOMS0- 1 | OB2892
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Table }-1X

Generic Tube Sleeving Caleulations
Flow Reduction and Hydraulic Equivalency for Series §1 SGs
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Figure 320

Hydraulic Equivalency Number for
Series §1 Steam Generators
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If these calculations are repeated using more typical primary fluid conditions |
17" the esumated velocities are sigmificantly lower |
[*“* These more typical velocities are smaller than the inception velovities tor
fluid impacting. cavitation, or efosion-cortosion for Inconel tubing.  As & result, the potential for tube
degradation due to these mechanisms is low

124 Flow Effects Summary

The effects of sleeving on LOCA and non-LOCA transient analyses have been reviewed No adverse
result is indicated for sleeve and plug combinations up to an equivalent of the analyzed steam generator
level of up 10 20 per cent in cach steam generator, The ECCS performance analysis and the corresponding
non-LOCA evaluations are considered applicable for the steam generator sleeving program with a
combination of plugging and sleeving flow restricion equal 0 or less than the analyzed tube plugging
level Steam generator sleeve installation up 1o the equivalent of the analyzed plugging level would not
invalidate any non-LOCA safety analyses or the evaluation of design transients.

The results of evaluations show that any combination of sleeving and plugging may be utilized as long
as the effective analyzed plugging level using the hydraulic equivalency number for normal operation,
Is not exceeded.

Accordingly, using the assumptions stated in this Secton, sleeve installation up to the limit of the
equivalent plugging level using laser welded sieeves in the tubesheet and at the tube support plates will
not have an adverse effect on the normal operation, design transients, and postulated accident conditions.

325 References
I WCAP-12066 "Duguesne Light Co. Beaver Valley Power Station Units 1 and 2, 20 Percent Steam

Generator Tube Plugging Analysis Program Enginering & Licensing Report,” 1141, (Westinghouse
Proprietary Class 2)
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4.0 MECHANICAL TESTS

Mechanical tests are used to provide additional informaucn related o sleeve joint performance. Unit test
vells are used for mechamcal wesung. A unit test cell or specimen is one which is @ single sleeve joimt
and sufficient tube and sleeve length to bound transition effects. For tubesheet specimens, a collar is used
10 simulate the effect of the tubesheet. The wall thickness of the collar has been selected to simulate the
radial suffness of the steam generator 8 tubesheet

Mechanical testing was initally applied 1o Hybnd Expansion Joint sleeving since it was not possible to
snalyvucally describe the interaction between the sleeve and tube. While welded joinis can be modelled,
these tests have heen applied (o verify the analytical models used

4.1 Mechanical Test Conditions

Mechanical tesung is pnmanly concerned with leak resistance and joint strength.  During testing
specimens are subjected 10 cvchic thermal and mechanical loads, simulating plant transients. The
magnitude of these forces and \emperatures are Jetermined from plant normal operating and postulated
accident conditions. |

rﬁl

Other specimens are subjected 10 tensile and compressive loads to the point of mechanical failure, These
tests demonstrate that the required joimt strength exceeds the loading the sieeve joint would receive during
normal plant operations or accident conditons.

These conditions are summanized in Table 4-1, though specific test conditions (displayed in data tables)
may vary duc to evoluton of the testing process. Test parameters have also been maodified stighty over
time as more refined analysis of plant loading conditions are applied.

4.2 Acceptance Criteria

Leakage characteristics of the sleeve should be such that minimal (significantly less than the Technical
Spevification allowable) leakage through the sleeve joint is observed during normal operation. During
acvident conditions analyses which mode! steam release to the environment, expected leakage must be less
than the leak rates assumed in the analyses described in Section 15 of the Beaver Valley Power Station
FSAR. Table 4-2 shows the bounding Beaver Valley steam generator leak rate criteria. |

]l‘l
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Table 4.1

Mechanical Test Program Summary
ace

%
|

WPROSS0-3 ) Vo0 192



Table 42

Maximum Allowable Leak Rates for
Beaver Valley Steam Generators

Allowable Leak Rate

Most Allowable

Condidon All 5Cs Limiting SG Leak Rate per Sleeve®

. cde
Noarmal |
Operation 7

cde

Postulated I ]
Accident l
Condition L _j
(SLB)

* hased on installaton of 2000 sleeves for all SGs.

WPOASG-4 1W0R0 192
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While the laser weld joint is hermetic and exhihits no leakage. in practice the lower joint of a tubesheet
sleeve may be installed with or without a seal weld. In the case where a seal weld is not applied. the
leakage characteristics must be evaluated.

For tensile and compressive testng, loads exceeding | [ indicate acceptable joimt performance

4.3 Lower Sleeve Joint
The lower tubesheet sieeve joint is offered with and without a seal weld. Otherwise the joint construction
is identical with a hydraulic expansion and hard roll zone; the same fabrication parameters are used with

both joints

As discussed earlier, the joints are formed in unit cell collars, End caps are then installed on the collar
and sleeve (Figure 4-1) to permit the samples 10 be pressurized. The end caps are threaded o permit
tensile and compressive loading

431 Results 0" Testing: No Seal Weld

The test results for the Series S1 lower joint specimens are presented in Table 4.3, The specimens did
not lewk before or during fatigue loading. After simulating five years of normal operation due 10 |

1 All of the three
as-rolled specimens were leak-tght during the Extended Operating Period (EOP) test.

For the tests the following joint performance was noted:

Specimens MS-2: Iniual leak rates at all pressures and at normal operating pressure following thermal
cycling were |

'uu

Specimen MS-3: |

]o b

W SO-ANP: [bA090 192
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Figure 4-1

Tubesheet Sieeve Lower Joint Test Specimen

45




oW

b 4

BIOL a0 ] PONOY Sy KO SUNIEY i89]
oy oy

6106 L ANE Ustid




Specimen MS-7: |

Abce

4.3.2 Description of Additional Test Programs - HE] Lower Joint With Exceptional Conditions and
No Seal Weld

Additional test programs were performed to verify acceptable performance of the sleeve lower mechanical
joint 1o accommodate exceptional condiions which may exist in the steam generator tubes and anticipated
conditions which may be encountered during installation of sleeves.

These exceptional conditions in steam generator tube characteristics and sleeving operation process
parameters included:

» shorter lengths of roller expanded lower tube joints
¢ shorter lengths of rolier expanded lower sleeve joints

The specific exceptional tube conditions and changes to the sleeving process parameters tested in the first
program. are shown in Table 4-4.

Each process operation and sequence of operations employed in fabricating each test sample was consistent
with those specified for sleeves to be instalied by field procedures. In addition, the exceptional tube
conditions and changes to the sleeving process parameters described in Table 4-5 were included in the
assembly of tube and collar sub assemblies.

4.3.3 Results of Lower Joint Testing with Seal Weld

Nine specimens were fabricated in collars with laser seal welds added to the sleeve end at the elevation
of the tubesheet clad. They were then subjected to the fatigue, thermal cycling, compressive, and tensile
test as defined in Table 4-1. The results of this testing are summarized in Table 4-6. The resuits of this
test demonstrate acceptable tensile/compressive load capacity with no joint leakage.

4.4 Free Span Joint Mechanical Testing
Free span joints are representative of the tubesheet sieeve upper joint and both joints of the tube support

plate sleeves. This joint configuration, where there is no tubesheet backing the tube, is simulated using
a test specimen as shown in Figure 4-2.

WPO450-4: 1082192
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Figure 4.2

Free Span Laser Weld Joint Test Specimen
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Eleven free span weld specimens were fabricated using representative field parameters  Ali specimens were then
stress relie 410 account for the mechanical property effects resulung from thermal teatment.

440 Thermal Treatment of Specimens

All test specimens were given 4 stress relief heal treaument in the range of | [*** The temperature
woufce was o radiant heater installed inside the sleeve which was centered on the weld. The masimum temperature
attained by the tube wias measured by thermocouple attached to the tubes outer surface and summarized in

Tauble 4.7

442 Free . . Joint Test Results

The welds were subjected 1o leak tesung |
¢ No leakage was exhibited (Table 4-%). Some specimens were subjected to tensile and compressive

loading to failure; acceptable results were obtained

Two welds were metallurgically examined following fatigue tessing (1-552 and L-855). Based on this examination
l o

Several compressive specimens were examined following testing (L-540, L-543) and extubited notching or a high
degree of straining in the sleeve and tube ut the weld interface, However this notching effect was not present in
untested or 1atigue tested specimens. Since compiessive loading of the sleeve is not exparizncad in operation, this
effect will not have any impact on the siceve weld integrity.

| 443 Impact of Tube Fixity on Free Spun Weld Performance
Under certain conditions tubes may become locked to the support plate structure of the steam generator, normally

during operation at full temperature (approximately 600°F). Upon cool down, differ atial thermal expansion rates
hetween the sleeve and steam generator structure can impact tensile loads on . ube. |

ll.l‘

]M‘.
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Table 4.7
Free Span Joint Maximum Stress Relief Temperature

Specimen Number Maximum Temperature (°F)
r - e
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Specimen
Number

L-%36
L.-540
L-542
L-544
L-546
L-54%
L-$50
L-S51
L-$852

L-5§
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Table 4.8
Free Span Joint Leak Rate and Loading Data

Leak Rate after
15000 Fatigue
Initial Leak Rate Cycles @ 600°F
Room Temperature  Room Temperature  Compressive Tensile Load
1600 psi 1600 psi Loud (Ibs) (Ibs)
- o M6l
- :

Leak rate is in drops per minute

WPOAS0-4 |08 1292
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£0 STRESS CORROSION TESTING OF LASER WELDED SLEEVE JOINTS

The resistance of the laser welded sleeve joint 1o in-service corrosion is related 1o the resistance of the
Alloy 600 tubing to intergranular stress corrosion cracking (IGSCC). The sleeve material, Alloy 690 TT,
has been demonstrated to be highly resistant o 1GSCC under steam generator conditions (Reference 1),
Stresses in the tubing. either service imposed or residual. are 4 major factor determining the response of
the material in terms of IGSCC. Two sources of residual stresses in the laser welded sleeving proces® are
a) minor stresses related (o the hydraulic expansion duning sleeve placement and b) residual stresses that
oceur as the molten weld pool solidifies

This section summarizes results of a testing program to evaluate the Primary Water Stress Corrosion u
Cracking (PWSCC) resistance of luser welded upper sleeve joints used o install sleeves in degraded steam '
generator tubing. The testing was conducted under conditions wiich accelerate comosion in steam

generator materials that may be susceptible to stress cofrosion cracking in long term Steam generator

service. Some of the laser welding processes included in these corrosion tests are representative of the

weld parumeters used but were produced using a CO, laser. The CO, laser process has been used

previously in field sleeving applicauons

§.1 Corrosion Test Description

An accelerated cormosion test deveioped by Westinghouse is used as a means (0 evajuate the resistance
of steamn generator materials W degradation in steam generator primary water environments. The test
produces the same type of degradation through intergranular stress corrosion cracking that has been
observed in some mill annealed Alloy 600 steam generator tubing. The test has also been found to provide
the sasme relative ranking of material resistance 10 1GSCC that has been observed in service,

The accelerated test is conducted in an autoclave operating at 750°F (400°C) with steam at 3000 psig. The
steatn contains |

** The ID of the specimen is exposed to the 3000 psi doped steam while the OD sees
undoped steam at 1500 psi.

The configuration of the laser welded specimen used in this corrosion program is a free-span upper ot
as illustrated in Figure 5-1. The sleeve joints were fabricated using equipment and practices representative
of in field sieeving operations. The | J*“* test environment is introduced to the inside of the

sleeve and has access 0 the 1D of the sleeve and, on one side of the weld joint, 10 the OD of the sleeve,
the 1D of the tube and the weld. The other side of the weld joint and the outside of the tube are exposed
10 the 1500 psi steam environment. The 1500 psi differential across the tube wall simulates the active
loading that is present in operating steam generaiors. Lo this way it is possible 1o test the weld under stess
conditions representative of those in the generator,

WA S0 5 1082 (92
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Figure 5.1

Accelerated Corrosion Test Specimen for
Welded Joint Configuration
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Figure 5-2

Accelerated Corrosion Test Specimen for
Roll Transition Configuration
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Figure 5.3
IGSCC in Alloy 600 Tube of YAG Laser Welded

Sleeve Joint After 109 Hours in 750°F Steam
Accelerated Corrosion Test
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Figr re 54

Cumulative Percent Cracking for CO, Laser Welded Sleeves
in 750°F Accelerated Steam Corrosion Test




Figure 8.5

Cumulative Percent Cracking for CO, Laser Welded Sieeves
in 750°F Accelerated Steam Corrosion Test
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Table 3.1
Summary of Accelerated 750°F Steam Corrosion Test Results for YAG Laser Sleeve Welds
ace

-
-

CLW - Conducton Limited Weld
CMP - Conunuous Molten Pool
* ume to SCC is the ume of pressure drop in test, i.e., ume for through wall
crack to from,
**  Test terminated at 1000 bours. no through wall SCC.
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Cumulative Percent { dng for YAG Laser Welded Sleeves

in 750°F Accelerated Steam Corvosion Test
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23 Corrosion Resistance of Free-Span Laser Welded Joints - With Post Weld Heat Treatment

Since stress corrosion cracking is related to a large extent to residual stresses, a reduction in the residual
stress level will enhance the corrosion resistance of the welded joint. Duning the CO, laser weld program,
extensive development of a post weld heat treatment was performed. A local stress relief treatment |

1** was developed. The development program
determuned that | 1*“* would reduce the level of residual stresses
without significant microstructural changes.

The effectiveness of a stress relief is evident in Figure 5-4 where a | [*“ in the
time 1o cracking in heat treated welds over "as-fabricated” welds can be seen. The beneficial effect of
stress relief is also evident in the Nd'YAG laser welds (Figure 5-6) in both the conduction limited weld
(CL) and continuous molten pool (CMP) weld regimes. The test of the stress relieved CL joints |

I**. This
represents more than | J** in ume to cracking over that of the as-welded joint. The
corrosion tests of the stress relieved continuous molten pool welds were also terminated after | ™
hours with no indication of cracking.

The effect of the stress relief can also be seen in the cross secuon of the heat treated CL shown in

Figure 5-7. |
1** In additon there was

no evidence of the minor corrosion at the weld surface noted previously in the as-welded, corrosion test
sample.

2.4 Corrosion Resistance Evaluation of Lower Tubesheet Sleeve Laser Welded Joints

Accelerated steam testing was performed on specimens representative of the lower tubesheet sieeve joint.
These specimens were the same as those used for mechanical testing as illustrated in Figure 4-1, except
4 seal weld was added at the elevation of the tbe clad (Figure 2-1). For control purposes, tube roll
transition specimens were used as reference standards.

These specimens were subjected to the steam test described in Section 5.1 for a tme period of
| J** The results, tabulated in Table 5-2, demonstrate |

lll.:
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Figure 5.7
Minor IGSCC in Alioy 600 Tube of Stress Relieved YAG Laser

Welded Sieeve Jolnt after 1000 Hours in 750°F Steam Accelerated Corrosion Test
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2.5 Fffects of HEJ Sleeving on Tube<to-Tubesheet Weld

251 Lower HE] Joint

The effect of hard rolling the sleeve over the tube-to-tubesheet weld was examined in the sleeving ot
| (1,750 inch OD iuhes. Although the sleeve installation toll torque used in 4 0.750 inch OD tuhe is less than
4 X785 inch OD tuhe, the radial forees transmitied to the weld are comparable. Evaluation of the .750
inch tuhes showed no tearing of other degrading effects on the weld afier hard rolling. Therefore, no
significant effect on the tube-to-tubesheet weld is expected for the larger 0X78 inch OD tube
configuration

8,82 Lower Seal Weld

As may be the case tor flush or recessed welds, |

IA.I &
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2.6 Outside Diameter (OD) Surface Condition

Since the sleeving aperation is conducted from the primary side, no operations are conducted on the tubing
OD surface. In operational steam generators, the outside surfaces of the tubes can collect hoiler water
deposits and scales. These are typically oxides or minerals in the thermodynamically stahle form of the
constituent elements, magnetite being the most prominent deposit. At the temperatures of the tubing OD
during the sleeve weldings and thermal treatment, these compounds are typically stable and do aot
thermally decompose. All such compounds have molecular structures that are (oo large for diffusion into
the luttice of the Alloy 600 tubing. Reactions hetween these stable oxides and minerals and the alloying
elements of the Alloy 600 tubing are thermodynamically unfavorable. Consequently the presence of boiler
sludge/scae species on the OD surfaces of wbes that receive the temperatures associated with LWS is not
expected 10 produce deleterious tube-sludge/scale interacuons.

Three tests performed as a part of the development of a sleeve brazing technigue, also support the
preceding discussions. The first test involved a laboratory evaluation in which a braze cycle was applied
1o tubing in contact with simulated plant sludge. The braze cycle involved |

1**. Bend tests of longitudinal sections
removed from the brazed area showed no embrittiement as a result of the thermal cycle o¢ exposure 10
the sludge sumulant. A second test involved microprobe analyses of polished metaliographic cross
sections. Results indicated the presence of Fe, Ni, Cr, Cu and Zn on the tube OD surface, but no evidence
was found of diffusion into the tubing. A third test involved removal of a tube from an operating plant
which was brazed in the region of sludge. The pulled tube was analyzed for the presence of contaminants
on the OD surface and beneath the OD surface. The microprobe analysis detected Fe, P, Si, Cu, Ca and
Na on the tube OD, but there was no indication of diffusion into the tube.

In addition 1o the above tests, archive tubes from two plants were welded and a8 microanalytical
examination was made for contaminant ingress before and after welding. Before welding, |
.

A final test involved metallugraphic observations of three areas on a U-bend of Alloy 600 tubing which
was coated with sludge and heat treated in air |

ll.h

To summarize, several observations have been made for a variety of Alloy 600 samples heated t©
temperatures from | 1*¢ in the presence of typical secondary side chemical species.
No significant diffusion, cortosion, or embrittiement of the tubing has been found.

WPOAS0- 5 | 082687
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transmitted to the tube-to-tubesheet weld would be lower for a larger Model 44 and S1 tube than for the
above test configuration, no effect on the weld as a result of the light roll is expected.

6.1.2 Tube Cleaning (Optional)

The sleeving process includes cleaning the inside diameter area of tubes to be sleeved to prepare the tuhe
surface for the upper and lower joint formation by removing frangible oxides and foreign matenal.
Evaluation has demonstrated that this process does not remove any significant fraction of the tube wall
hase matenal

The interior surface of eact candidate tube will be cleaned by a |

* The hone brush is mounted on a flexible drive shaft that is driven by an pneumatic
motor and carries reactor grade deionized flushing water to the hone brush. The hone brush is driven to
a predetermined height in the tube that is greater than the sleeve length in order to adequately clean the
joint area. {

[** The Tube Cleaning End Effector mounts to a tool delivery robot and consists of a
guide tube sight glass and a flexible seal designed to surround the tube end and contain the spent flushing
water. A flexibie conduit is attached to the guide tube and connects to the tube cleaning unit on the steam
generator platform. The ~onduit acts as a closed loop system which serves to guide the drive shafthone
brush assembly through the guide tube to the candidate tube and also to carry the spent flushing water to
an air driven diaphragm pump which routes the water (o the radioactive waste drain.

Currently tube cleaning is required as part of the sleeve installation process. However, test programs are
planned to evaluate the necessity of thus process step. Should subsequent testing indicate acceptable weld
results without it (as judged by weld performance meeting the mechanical, leakage inspection criteria
defined in this document, honing may be dropped from the installation sequence. To implement welding
without honing, the weld would be requalified and a "no-hone” weld process specification prepared.

6.2 Sleeve Insertion and Expansion

When all the candidate tubes have been cleaned, the tube cleaning end effector will be removed from the
wol delivery robot and the Select and Locate End Effector (SALEE) will be installed. The SALEE
consists of two pneumatic camlocks, dual pneumatic gripper assemblies, a pneumatic translation cylinder,
a motorized drive assembly, and a sleeve delivery conduit.

The tool delivery robot draws the SALEE through the manway into the channel head. It then positions
the SALEE to receive a sleeve, tilting the tool such that the bottom of the tool points toward the manway
and the sleeve delivery conduit provides linear access. At this point, the platform worker pushes a
sleeve/mandrel assembly through the conduit until it is able to be gripped by the translating upper gripper.

WPO450-6 1/UB2 192



TUBE PREPARATION

SLEEVE INSERTION

TUBESHEET LOWER JOINT
FORMATION

WELD OPERATION

INSPECTION

STRESS RELIEF

INSPECTION
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Tabie 6-1

Sleeve Process Sequence Summary

6-3

3]

3)

4)

6)

7

8)

9

10)

1)

Light Mechanical Roll Tube Ends
(if necessary)

Clean Tube Inside Surface
(Optional)

Insert  Sleeve/Expansion  Mandrel
Assembly

Hydraulically Expand Sleeve Top and
Bottom Joints

Roll Expand Tubesheet Lower Sleeve
End

Weld Upper Tubesheet Sieeve Joints
( l&.i

Weld Upper and Lower Support Plate
Sleeve Joints

Visually Inspect Lower Tubesheet
Sleeve Weld (if performed)

Ultrasonically Inspect Sleeve Welds
(Free span welds only on a sample plan)

Post Weld Stress Relief Sieeve Welds
‘ lkt

.

Baseline Eddy Current Sleeves
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The tool delivery robot then moves the SALEE to the candidate wbe. Camlocks are then insented into
nearby fubes and pressurized o secure the SALEE to the tubesheet.

Insertion of the sleeve/mandrel assembly into the candidate tube is accomplished by a combination of
SALEE s translating gripper assembly and the motorized drive assembly which pushes the sleeve to the
desired axial elevation. For supporn plate sleeves, the support plate is found by using an eddy current coil
which is an integral pant of the expansion mandrel. The sleeve is positioned by using the grippers and
translating cylinder to pull the sleeve into position to bridge the support plate. For tubesheet sleeves, the
slezve is positioned by use of a positive stop on the delivery system.

At this point, the sleeve is hydraulically expanded. The bladder style hydraulic expansion mandrel is
connected to the high pressure fluid source, the Lightweight Expansion Unit (LEU). via high pressure
flexible stainless wbing. The Lightweight Expansion Unit is controlied by the Sleeve/Tube Expansion
Controller (S/TEC). a microprocessor controtled expansion box which is an expansion control system
previously proven in various sleeving programs. The S/TEC activates, monitors, and terminates the tube
expansion process when proper expansion has been achieved.

The one step process hydraulically expands both the fower and upper expansion zones simultaneously.
The computer controlled expansion system automatically applies the proper controlled pressure depending
upon the respective yield strengths and diametrical clearance between the tube and sieeve. The contact
forces hetween the sleeve and tube due to the initial hydraulic expansion are sufficient to keep the sleeve
from moving during subsequett operations. At the end of the cycle, the control computer provides an
indication to the operator that the expansion cycle has been properly completed.

When the expansion is complete, the mandrel is removed from the expanded sieeve by reversing the above
inscriion sequence. The SALEE is then repositioned to receive another sleeve/mandrel assembly.

6.3 Lower Joint Hard Roll (Tubesheet Sleeves)
Al the primary face of the tubesheet, the sleeve is joined to the tube by a mechanical hard roll (following

the hydraulic expansion) performed with a roll expander |
1“* The control of the mechanical expansion is maintained through |

]u.l

6.4 General Description of Laser Weld Operation

Welding of the upper rubesheet sieeve joint and the upper and lower tube suppori plate sleeves will be
accomplished by a specially developed laser beam transmission system and rotating weld head. This

WP SO-8 [VOBOYGY



N ¢

system employs 2 Nd'YAG laser energy source located in a trailer outside of containment. The energy of
the laser 1s delivered 1o the steam generator platform junction box through a fiber optic cable The fiber
OpuC contains an intrinsic safety wire which protects personnel in the case of damage to the fiber. The
weld head is connected to the platform junction box by a prealigned fiber opuic coupler. Each weld bead
contains the necessary oplics, fiber termination and tracking device to correctly focus the laser beam on
the interior of the sleeve.

The weld head/fiber optic assembly is precisely positioned within the hydraulic expansion region using
the SALEE (described earlier) and an eddy current coil located on the weld head. At the initiation of
welding operations, the shielding gas and laser beam are delivered (o the welding head. During the
welding process the head is rotated around the inside of the tube to produce the weld. A motor, gear uain,
and encoder provide the controlled rotary motion o deliver a 360 degree weld around the sleeve
circumference.

The welding parameters, qualified 1o the rules of the ASME code, are computer controlled at the weld
operators station. The essential vaniables per code case N-395 are monitored and documented for field
weld acceptance

6.4.1 Rewelding

Under some conditions, the initial attempt at making a laser weld may be interrupted before completion.
Also, the UT examinaiion of a completed initial weld may result in the weld being rejected. In these
cases, an addivonal weld, haviag the same nominal characteristics as the initial weld. will be made close
10 and either inboard or outboard of the initial weld. if a perforation of the sleeve i1s suspected in the
initial weld area, the repair weld will be located inboard of the initial weld. Otherwise, the repair weid
will be located outboard of the initial weid.

6.5 Inspection Plan
In order to verify the final sleeve installation, inspections will be performed on sleeved tbes to verify
installation and to establish a baseline for future eddy current examination of the sleeved tubes. Specific

NDE processes are discussed in Section 7.0.

If it is necessary to remove a sleeved tube from service as judged by an evaluation of & specific
sleeve/tube configuration, tooling and processes are available to plug the tube.

WPO450-6. | WORID2
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7.0 NDE INSPECTABILITY

The welding parameters are computer controlled at the weld operator's station. The essential variables.
per ASME Code Case N-395, are monitored and documented to produce repeatability of the weld process
In addition, two non-destructive examinaton (NDE) capabilities have been developed to evaluate the
efficacy of the sleeving process. One method is used to confirm that the laser welds meet critical process
dimensions and acceptable weld quality. The second method is then applied to establish the necessary
haseline data to facilitate subsequent routine in-service inspection capability.

7.! Inspection Plan Logic

The basic tubesheet sleeve inspection plan shall consist of:

A. Eddy Current Examination (Section 5.2) | I’
1. Demonstrate presence of upper and lower hydraulic expansions
2. Demonstrate lower roll joint presence
3, Determine location of upper weld
4 Record baseline of entire sleeved tube for future inspections

B. Ultrasonic Inspection (Section 5.1) | I* or alternate methods
{Section 7.4).

l. Demonstrate quality of upper weld
2.  Determine width of the upper weld

C. Visual Inspection | )*
|.  Exhibit presence and full circumference continuity of lower weld, if seal weld option selected
D Weld Process Control | I
|.  Demonstrate weld process parameters comply with qualified weld process specification
The basic tube support plate sleeve inspection of the sleeved tubes shall consist of:
A. Eddy Current Examination (Section 5.2) [ I*
Demonstrate presence of upper and lower hydraulic expansions

1
2. Determine location of upper weld and lower welds
3. Record baseline of entire sleeved tube for future inspections

WPOLS0-7: [ wDS0392
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Figure 7-1

Ultrasonic Inspection of Welded Sleeve Joint
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The transmutied wave propagates in the sleeve unul it reaches the outside surface of the sleeve. If weld
matenal is present, the wave continues (o propagate through the weld joint into the whe This wave then
reaches the outer wall (hack wall) of the wbe and is reflected to the wansducer. The resulting U'T
instrument display from g sound weld joint is a large signal from the sleeve-couplant interface, followed
by a back wall "echo” spaced by the time of travel in the sleeve-weld-tube assembly (T, If no weld
material 15 present. another pattern is observed with the large signal from the sleeve D followed by a
reflection from the sleeve OD (T, .). The spacing of these echoes depends upon the ume of travel in the
deeve wone  If there are xome void regions in the weld. a complex combination of these two signal
patterns will result. Thus. by observing the patterns in the reflected pulse, a quality can be assigned to
the weld joint

The condition of the surface at the entry point of the sound energy, as well as subsequent grain structure
of the weld fusion zone, determines the level of energy that reaches the back wall of & “fused” sleeve/tube

section.  To provide the required resolution and ability 10 maximize energy input (o the intertace
appropriately focused wansducers have been chosen. |

jes e

An automated system is used for digitizing and storing the UT wave torms |

r.( €
7.2.2 Ultrusonic Inspection Equipment and Tooling

The probe system is delivered by the Westinghouse ROSA zero entry system. The various subsystems
include the water couplant, UT, motor drives, electrical systems and data display/storage.

The probe motion is accomplished via rotary and axial drive modules which allow a range of speeds and
axial advance per 360° scan of the transducer head. The axial advance aliows for overlap providing a
high degree of overlapping coverage without sacrificing resolution or sensiuvity.

The controls and displays are designed for trailer mounting outside containment. The system also provides
for easy periodic calibration of the UT subsystem on the steam generator platform.

WPOMSO- 71 VIR0 2
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Figure 7-2

Typical Digitized UT Waveform
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The permanent record of the inspecton is a color pilot C-scan derived from the digitized and sto,ed A-
Scan waveforms. Figure 7-3 is an example of an acceptable laser weld C-scan. The UT instrument is
used with the gate modules synchronized to the front wall (sleeve 1.D)) signai. |

]I..‘i

7.2.3 Laser Weld Test Sample Results
The calibration standards consist of:

() Equipment setup standard--solid Alloy 690 thick-walled tube (wall thickness 0.1007)
(h) A sensitivity/resolution check “workmanship” standard, a typical laser welded sleeve/tube assemhly

The UT techniques were developed 1o assure that the flat bottom holes and notches of the setup standard
(described in Figure 7-4) were detectable and measurable. A hard copy color plot, Figure 7-5 shows the
C-scan of the setup standard. |

ltn‘

The “workmanship” standard was prepared using the typical weld process. The sample was inspected
hefore further processing was done. A set of two notches was introduced in the outside diameter across
the weld. These notches extended across the width of the weld. The notches simulate a "breach” or leak
path across the weld. |

ll.b,‘

A "notched workmanship standard” C-scan plot is shown in Figure 7-6. The equipment is set up using
the thick-walled tube standard to allow the operator ease in identifying and setting the UT instrument gates
and gain. The setup standard presents uniform signals and is repeatable for every A-scan,

7.2.4 Ultrasonic Inspection Summary

The UT laser weld inspection system can confirm that there is a metallurgical bond between the sleeve
and the tube. The system is used to determine any existence of leak path across the weld and a minimum
acveptable weld width for 360 degrees around the circumference.

7.3 Eddy Current Inspection

Upon conclusion of the sleeve installation process, a final eddy current inspection is performed on every
installed sleeve to provide interpretable baseline data on the sleeve and tube. This information is gathered
by an eddy current process which utilizes a double cross wound coil. The double crosswound coil is
designed to minimize the effects of geometry and weld zone changes that are 360° in nature, i.e.. upper
and lower hydraulic expansion transition areas, roll expansion transition areas, top of sleeve, the band of
good weld matenal, etc.
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Figure 7-3
C-Scan from UT Examination of an Acceptable Laser Weld
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Figure 7-4
UT Setup Standard
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Figure 7-§
C-Scan from UT Examination of Equipment Setup Standard
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Figure 76 2
(.Scan from UT Examination of Workmanship Sample of a
¥ lLaser Welded Sleeve with Two EDM Notches
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7.3.1 Eddy Current Inspection Principle of Operation

The eddy current inspection equipment. techniques, and results presented herein apply to the proposed
Westinghouse sleeving process. Eddy current inspections are routinely carried out on the steam generators
in accordance with the Plant’s Technical Specifications. The purpose of these inspections is to detect at
an early stage tube degradation that may have occurred during plant operation so that approprigte action
can be taken to minimize further degradation and reduce the potential for significant primary -to-secondary
leakage,

The standard inspection procedure involves the use of a bobbin eddy cumrent probe. with two
circumferentially wound coils which are displaced axially along the probe hody. The coils are connecied
in the so-called differenmtial mode: that is, the system reésponds only when there is a difterence in the
properties of the material surrounding the two coils. The coils are excited by using an eddy current
instrument that displays changes in the material surrounding the coils by measuring the electrical
impedance of the coils. Presently. this involves simultaneous excitations of the coils with several different
test frequencies.

The outnuts of the various frequencies are combined and recorded. The combined data yield an output
in which signals resulting from conditions that do not affect the integrity of the tube are reduced. By
reducing unwanted signals, improved inspectability of the tubing results (i.e, 2 higher signal-to-noise
ratio). Regions in the steam generator such as the tube suppor plate, tubesheet laser weld area and sleeve
transition zones are +xamples of areas where multifrequency processing has proven valuable in providing
improved inspectatu..ty.

After sleeve installation all sleeved tubes are subjected to an eddy current inspection which includes a
verification of correct sleeve installation for process control, degradation inspection and establishing a
hasehne for all subsequent inspection comparison.

There are a number of probe configurations that lend themselves to enhancing the inspection of the
sleeve/tube assembly 11 the regions of laser weld as well as configuration transitions. The crosswound
coil probe has been selected since it provides an advancement in the state-of-the-art over the conventional
hobhin coil probe, yet retains the simplicity ol the inspection procedure,

The inspection for degradation of the sieeve/tube assembly has typically been performed using crosswound
coil probes operated with multifrequency excitation. For the weld free straight length regions of the
sleeve/tube assembly, the inspection of the sleeve and tube is consistent with normal tubing inspections.
In sleeve/tube assembly joint regions, data evaluation becomes more complex. The results discussed helow
suggest the limits on the volume of degradation that can be detected in the vicinity of the laser weld and

geometry changes.

WO S0- TNP: 181 192
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7.13.2 Transition Region Eddy Current Inspection

The detection and quantification of degradation at the transition regions of the sleeve/tube assembly
depend upon the signal-to-noise ratio between the degradation response and the transition response. As
a general rule, lower frequencies tend to suppress the transitdon signal relative o the degradation signal
at the expense of the ability to quantify the degradation. Similarly, the inspection of the tube through the
sleeve requires the use of low frequencies to achieve detection with an associated loss in quantification,
Thus. the search for an optimum eddy current inspection represents a trade-off between detection and
quantification. With the crosswound coil type inspection, this optimization leads to 4 primary inspection

frequency for the sleeve on the order of | *°* and for the tube and transition regions on the order
“)f ! il . G.
Figure 7-7 shows a typical { |*“* calibration curve for the sleeve from which OD sleeve indications

can be assessed

For the tube/sleeve combination, the use of the crosswound probe, coupled with a multifrequency mixing
technique for further reduction of the remaining noise signals significantly reduces the interference from
all discontinuities (e.g., a diameter transition) which have 360-degree symmetry, providing improved
visibility for discrete discontinuities. As is shown in the accompanying figures, in the laboratory this
technique can detect OD tube wall penetrations with acceptable signal-to-noise ratios at the transitions
when the volume of metal removed is equivalent to the ASME calibration standard.

The response from the sleeve/tube assembly transitions with the crosswound coil is shown in Figures 7-8,
7.9 and 7-10 for the sieeve standards, tube standards and transitions, respectively. Detectability in
transitions is enhanced by the combination of the various frequencies. For the crosswound probe, two
frequency combinations are shown: the | ** combination provides the overall detection
capability while the | ** combination provides improved sensitivity for the sleeve and some
quantification capability for the tube. Figure 7-11 shows the phase/depth curve for the tube using this
combination. As examples of the detection capability at the transitions, Figures 7-12 and 7-13 show the
responses of a 20 percent OD penetration in the sleeve and 40 percent OD penetration in the tube,
respectively,

For the inspection of the region at the top end of the sleeve, the transition response signal-to-noise rato
is about a factor of four less sensitive than that of the expansions. Some additional inspectability has been
gained by tapering the wall thickness at the top end of the sleeve. This reduces the end-of-sleeve signal
hy a factor of approximately two. The crosswound coil, however, again significantly reduces the resporse
of the sieeve end. Figure 7-14 shows the response of various ASME tube calibration standards placed at
the end of the sleeve using the cross-wound coil and the | |*“* frequency combination. Note
that under these conditions, degradation at the top end of the sleeve/tube assembly can be detected.
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Figure 7.8
Eddy Current Signals from the ASTM Standard, Machined on the Sleeve O.D. of the
Sieeve/Tube Assembly Without Expansion (Cross Wound Coil Probe)
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Figure 79

Current Signals from the ASTM Standard Machined on the Tube O.D

SleeveyTube Assemibiy Without ¢ tpansion (Cross Wound Coll Probs




Figure 7-10

Fddy Current Signals from the Expansion [ ransition Region

{ the Sleeve/Tube Assembly (LCross Wound Coll Probe

-




Tigure 711

Eddy Current Calibration Curve for ASTM Tube Standard at |
and a Mix Using the Cross Wound Coll Probe
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Figure

gnal from a 20% Deep Hole, Half the Volume of ASTM Standard

n the Sleeve O.D. in the Expansion Transition Region of the

Slee ¢ Tube Assembly (Cross Wound Coll Probe




Figure 7.13

Eddy Current Signal from & 46% ASTM Standard, Machined on the Tube O.D. in the
Expansion Transition Region of the Sleeve/Tube Assembly (Cross Wound Coll Probe)
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¥ igure 7-14

ASTM Tube Standard at the End of the Nleeve L'sing

il Probe and Multifrequency Combination







Figure 7-15

Crosswound {50 kHz " Eddy Current
Baseline of Laser Weld
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Figure

Crosswound Mix Eddy Current Response
Haseline of Laser Weld




Figure 7

rosswound [50 kHz|™* Eddy Current Response After 40%

Flat Bottomed Hole was Placed in O.D. of Tube si

Center of Weld




Figure 7-18

Crosswound Mix Eddy Current Response After 40%
Flat Bottomed Hole was Placed in O.D. of Tube at
Center of Wek







7.42 Workmanship Samples

One technique to support the acceptance of indeterminate welds is to compare the UT signals obtained
from workmanship samples having surface roughness or local undercuts with the “indeterminate” UT
signals obtained in the field. This would show that the indeterminate finding was due to surface roughness
or local undercut and substantiate the case for accepting the weld.

7.43 Other Advanced Examination Techniques

As other advanced techniques become available and are proven suitable, Westinghouse may elect, with
utility concurrence, to alter its post-installation inspection program. |
]h

]b

In summary, Westinghouse proposes to apply uiternate inspection techniques with utility concurrence as
they become available. It is intending that thus licensing report not preclude the use of these inspections
as long as they can be demonstrated to provide the same degree or greater of inspection rigor as the initial
use methods identified in this report.

7.5 lnservice Inspection Plan for Sleeved Tubes

The need exists to perform periodic inspections of the supplemented pressure boundary. The inservice
inspection program wili consist of the following:

a. The sleeve will be eddy current inspected upon completion of installation to obtain a baseline
signature t0 which all subsequent inspections will be compared.

b.  Periodic inspections will be performed to monitor sleeve and tube wall conditions in accordance with
the inspection section of the individual plant Technical Specifications.

The inspecton of sleeves will necessitate the use of an eddy current probe that can pass through the slceve
ID. For the tube span between sleeves, this will result in a reduced fill factor. The possibility for tube
degradation in free span lengths is extremely small, as plant data have shown that this area is less
susceptible than other locations. Any tube indication in this region will require further inspection by
alternate techniques (i.e., surface riding probes) prior to acceptance of that indication. Otherwise the tube
shall be removcs from service by plugging. Any change in the eddy current signature of the sleeve and
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