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ABSTRACT -

A technigue is presented for repairing degraded steam generator tubes in
pressurized water reactor Nuclear Steam Sucolv Svstems (NSSS). The *echniaue
described alleviates the need for plugging steam generator tubes which have
decome corroded or are otherwise considered %o have lost structural
capability. The technicue consists of installing a thermally treated Incone!
690 sleeve which spant the section of original steam generator tube which
requires resair, and welding the sleeve %0 *he tube near each end ¥ the
sleeve, :

This report details analyses and testing performed to verify the adeauacy of
repair sleeves for installation in 2 nuclear steam generator tube. These
vcr1f1c3t1ons show tube sleeving to be an accaptable repair tachnique.
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1.0 INTRODUCT ION
L1 PURPQSE

The purpose of this report is to provide information sufficient
to support a technical specification change allowing
installation of steam generator repair sleeves in the Prairie
Island plants. Although a Targe scale sleeving operation in the
. Prairie Island steam generators is not anticipated, supgors far
) reactor cperation with up to two thousand sleeved tubes in sach

steam generator is provided. This repor+t demonstrates that
reactor operation with sleeves installed in the steam generator
tubes will not increas2 the probability or consequence of an

' accident previously evaluatad. Also it will not create the
possibility ¢t a new or different kind of accident and will not -
reduce the ex :ting margin of safety,

Combustion Enginbering (C-E) provides a leak tight sleeve which is
welded to the steam generator tube near each end of the sleeve., The
sleeve spans the degraded area of the parent steam generator in the
tube sheet region, The steam generator tube with the welded sleeve
fnstalled meets the structural requirements of tubes wnich are not
degraded. Qesign criteria for welded sleeves were preparsd %o
ensure that all design and licensing requirements are considered.
ten: fve analyses and testing ‘ave been performed to demonstrate
] that *he design criteria are met.

The effect of sleeve installation on steam generator heat removal

. capability and system flow rate are discussed in this repors. Heat
removal capability and system flow rate are consicered for installa-
tion of up to two thousand sleeves in each steam generator.

JAfter sleeves are installed and fhspected, a dase'ine examination is
' performed usin? eddy current (E7) technigues. The ET examination
' . Serves as baseline to determine if there is sleeve deqradation in
’ Tate= operating years. The ET examination and criteria for plugging
sleeved generator tubes 1f there is unacceptadle degradation are
described in this repore.

Plugs will be installed ¢f sleve installation fs not success®y! or
i¥ there is unacceptable degracation of sleeves or sleeved steam
generator tubes. Anaiyses and testing ire described wnich camone
strate that the welded plug design which is provided Sy Cef s leax
tight and will meet structural requirements during norma’ and
postulated accident conditions.

SACKGROUND

L]

—
-

The operation of Pressurizec Water Feactor /%R steam generazors
has in some instances, resultad in localized corrosive 2ttack on the
inside (primary side) or cutside (secondary side) of the steam
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generator tubing., This corrosive attack resylts in a2 reduction in
steam generator tube wall thickness, Steam generator tubing has
been designed with considerable margin between the actual wall
thickness and the wall thickness required to meet structural
requirements., Thus {t has noi been necessary to take carrective
action unless structural limits are being aporoached.

Historically, the corrective action taken where steam generator tube

« wall degradation has deen severe has been to install plugs at the
inlet and outlet of the steam generator tude when the reduction in
wall thickness reached a calculatad value referred %o as a plugging
criteria, Eddy current (ET) examination has been used to measure
steam generator tubing degradation and the tube plugging criteria
accounts for ET peasurement uncertainty,

Installation of steam generator tube plugs removes the heat transfer
surface of the plugged tube from service and leads %0 a reduction in
the primary ccolant flew rate available for core cooling, 'nstallae-
tion of welded steam generator sleeves does not significantl, affect
the heat transfer removal capability of the tube deing sleeved and 2
large number of sleeves can de installed without significantly
affecting primary flow rate,
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2.0

SUMMARY AMD CONCLUSIONS

The sleeve design, matarials, and joints wers designed to the
applicabie ASME Boiler and Pressure Vesse! Code. An extensive
analysis and test program was undertaken t0 prove the adequacy of
the welded sleeve. This program determined the effect of normal
operating and postulated accident conditions an the sleeve-tube
assembly, as well as the adequacy of the assemdly to perform its
fntended function, Qesign criteria were estadblished prior %2
performing the analysis and test program which, if met, would prave
that the welded sieeve is an acceptanle repair technique. Zased
upon the results of the analytical and test program described in
this report the welded sleeve fulfills its intended function as a
Teak tight structural member and meets or exceeds a!l tha
estabiished design criteria. '

No detrimenta]l effects on the sleeve-tube assemdly are predicted to
result from reactor system flow, coolant chemistries, or *hermal and
pressure conditions, Structural analyses of the sleeve-tybe
assemdbly have established its integrity under normal and accident
conditions., The structural analyses have been perfarmed an
thirty-six inch long sleeves but twenty-four inch long sleeves will
d1s0 be fnstalled in Prairie Island. DOfscussion of why the analyses
of thirty-six inch long sleeves are conservative for shorter sleeves
is given in Section 8.1.

Mechanical testing has been performed to support the analyses and
ASME code stress allcwables have been used. Corrosion testing of
typical sleeve-tube assemdlies have been completed and ruveal no
evidence of sleeve or tube corrosion considered detriments! under
anticipated service conditions.

Welding development has been performed on clean subing and dirsy
tubing witich has been taken from pot boiler tests and simulate
‘operation in a steam generator. C-E successfully installed eighteen
welded sleeves in a sleeve installation demonstration in Ringhals-2

© steam generators in May, 1984, The sleeve installation

demonstration and a demonstration showing that welded sleeves can de
successfully inspected using visual examination ar yltrasonic
testing (UT) techniques are descridbed in this repore,

\J
Yelced nlugs nave deen developed “or slaeved steam jeneratar tupes
fn the event that sTeeve installation fs not success®y!. No cetr+.
mental effects resulted “rom sudjecting 2lugesleeve-tuce 2ssemo’‘es
to pressure conditions or mechanical tests. Structura! analyses 2f
the installed plugs have demonstrated their intagrity under %he
norma! operating conditions or sccident sonditicns.

In conclusion, staam generator tube resa‘r 5y f‘nstallation 3f velded
sleeves s established as an acceptadle method, Resatr of slaeved
steam generator tubes using welded 2'ugs s aiso estadblisned 315 an
acceptadble method.
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3.0

ACCEPTANCE CRITERIA

The objectives of installing sleeves in steam gemerator fubes are
twofold, The sleeve must maintain structural integrity of the steam
generator tube during normal, and postulated accident conditions.
Additionally, the sleeve must prevent leakage in the event of a
through hole in the wall of the steam generator tuce. Numeraous
tests and analysaes were performed to demonstrate *he capability of
the sleeves to perform these functions under normal aperating and
postulated service conditions, Design and operating conditions for
the Prairie [sland steam generators are defined as:

Primary Side: 590°F (hot side) 2238 psig (oooratfng)
§50°F (design) 2435 psig (design
Secondary Side: 547°F 73§ psig (operating)

600°F (design) ' 1085 psig (design)

Table 3«1 provides a summary of the criteria sstablished for
sleeving in ordep %o demonstrata the acceptability of the sleeving
techniques. Justification for each of the criterion is provided.
Results indicating the minimum level with which the sleeves sur-
passed the criteria are taculated. The section of this report
describing tests or analyses which veri®y the characteristics “or a
particular criterion is referenced in the table.

Plugs are installed in the sleeved steam generator tubes when %he
tubes cannot be successfully repaired with sleeves, The objective
of the plugging is to prevent leakage between the primary and
secondary sides of the steam generator during normal and postulated
accident conditions. ’

Table 3-2 provides a summary of the criteria for welded plugs., The
format in Table 3-2 is the same as Table 3-1.
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4.0 DESIGN DESCRIPTI® -~ OF SLEEVES, PLUGS AND INSTALLATION EQUIPMENT
4.1 SLEEVE DESIGN OESCRIPTION

The sleeve is shown in Figure 4-1, The sleeve is 36 inches in
length and has a nominal cutside diameter of 3. Sleeve
wall thickness is| The sleeve material is thermally
treated Inconel 630.

As shown in Figure 4.1 the slgeve is chamfered at the upger end %o
prevent hang-up with equipment wnich ig used to install or inspect
the sleeve (or steam generator tute). ?

.

)

The outside diameter of the sleeve was selected to provide a gener-
ous clegrance between the sleeve and steam generator tube
SO that the sleeve slides freely through the tube during

instalTation. There were two considerations in selecting the s'eave
thickness: first, the sleeve has sufficient thickness so that the
steam generator tube with the sleeve bridging the corroded saction
of the tube meet: the structural requirements of the undamaged steam

erator tube (without benefit from the tube). Second, there is a
drge margin in thickness over what fs required structurally to
allow for sieeve eddy current measursment uncertainty. The inside
diameter of the sleeve is large enough sc that the flow rate and
heat transfer capability of the steam generator tube are not signif-
fecantly affected by sleeve installation. .

4,2 SLEEVE MATERIAL SELECTION

The tubing from which the sleeves. are fabricated s orocured 5o ASME
‘8ofler and Pressure Vessel Code Case N<20. In addition 2 therma)
treatment of 740°C s also specified in order to fmpirt greatesr

- corrosion resistance and lower the residual stress level in the
tube.

The primary selection criterion for %he sleeve material was %3
corrosion resistance in primary and “3ult secancary PWR environe
ments. Specific resistance %0 pure water ind caustic (tress carvoe
sion cracking were consicersd,

C-%'s justification for selection af this material is based an *he
following information:

4,2.1 Genera! Corrogion and Corwasion Prsduct lelease 3ates
Information cublisned by INCQ (Reference .| indicates tha* *=he

corrosfon product release rate of Alloy 430 is superior to Alloy 500
in Both high temperature ammoniated and borated waters. The

8.1
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4.2.2

4,2.3

-

corrosion rate of Alloy 600 is significantly higher, especially in
borated waters, with the concurrent formation of thicker oxides.
The latter is a potential concern during thermal transients which
could initiate crud bursts. .

Stress Corrosion Crackine Resistance

Alloy 600 in a variety of thermal treatments axhibiss kncwn
susceptibility to intergranular stress corrosion cracking (IGSCC) in
high temperature pure water splutions. Oeaerated Soric acid at high
temperature is relatively undisassociated and thus the
resistance-susceptibility of Alloy 800 to IGSCC is comparabie.
Recent investigations (Reference 2) have shown that pure water 1GSCC
resistance of Alloy 600 can be improved via controlled
thermal-mechanical processing. ;

Laboratory testing on Alloy 630 (References 1 and 1) tubing show it
to be fmmune to high temperature deaerated pure 4,0 IGSCC in a
variety of thermal-mechanical conditicns. Apparently resistance to
stress corrosion cracking (SCC) in Alloy 830 is the result of a
compositional improvement rather than a specific microstructure thus
making it more attractive for a welded ;leeve design,

Tests in pure water environments with oxygen present at elevatad
temperatures resulted in IGSCC of 304 stainless steel, Allov 500,
and Alloy 800 within a stressad crevice region (Reference 1). Allay
630 in a variety of metallurgical conditions exnibited complets
immunity to SCC in this test program with exposure times of 48
weeks, For comparison, the former materials exhibited evidence of
IGSCC corrosion after two weeks exposure. .

Coordinated Phosphate Chemistry

An extensive laboratory test program utilizing high temperature pot
*and mode! doiler facilities was performed by C-Z in the early
1970's, The results of thesa heat transfer tests indicated that
phosphate chemicals concentrated in areas of steam dlanketing and
produced thinning of the Alloy 500 heat transfer tubing, This
phencmena was ocbserved over 3 wide range of sodium to phosphate
ratios with and without feedtrain corrasion praduct additions., The
corrosion product fn all cases consisted of 2 green nickel-rich
phosphate comoound containing Tesser amounts of iron and caramiym,
In this orogram Alloy 300 and 304 stainless steel subing were also
te.ted and determined %0 De more resistant 2 onospnate wastage, A
general correlation Detween corrosion rate and the nickel content of
the transfer tube alloy was observea,

Although the corrasion resistance of Alloy 830 fn coordinated
phosphate solutions nas not been extensively tastad at (<2, dasad on
the observed correlation detween corrssion rata and nicke!

concentrations, its performance should be detter than Alloy £0C,

i-2
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4.2.4 Faulted Phesphate Chemistry Control

If condenser leakage occurs it is possible 2o altar the sadium %o
phosphate ratio of the conrdinated phosphate solution such that
Caustic conditions result in the boiler water. Under these
conditions, caustic induced SCC may occur. While none of the
presently usea heat transfer tubing alloys are totally resistant %o
this form of corrosion attack, mill annealed Alloy 6390 shows
equivalent resistance to.mill annealed Allay 600 in concentrated
solutions (Reference 3). Thermally treated Alloy 530 exhibited

) notable improvement in this $tress corrasion tect as compared with
mill annealed Alloy 630 and a slight improvement as compared with .
thermally treated Alloy 600.

Similarly, acid forming impurities species introduced as the result

of condenser leakage may concentrate in' low flow regions to

2ggressive levels. Chlorides have been shown to readily produce SCC

of austenitic stainless steels and irun base allows, e.q. Alloy 800 =
under these conditions. Immunity to chloride induced SCC was 2

primary criteria for the switch to nickel-base (Alloy 600) tubing

for nuclear steam generating units, Laboratory tests indicate that

Alloy €90 also exhibits immunity to chloride induced SCC probably

due to its intermediate nickel concentrations (2eferencs 1).

Recent information obtained via cocperative test programs with the
Electric Power Research Institute has identified acid sulfur species
as aggressive impurities leading to acceleratad corrosion of Alloy
. 600 steam generator tubing. The modes of attack observed with

different sulfur species and concentrations consist of wastage,
intergranular attack (1GA) and IGSCC. The latter producad primary

‘ to secondary leakage of Alloy 600 tubing representative of all
commercial heat treatments, i.e. mil] annealed, sensitized,
thermally treated. The environment consisted of volatile chemistry
control faulted with acidified (M S0,) fresh water impurities.

' ‘Alloy 630 (mill annealed) tubing gxposed to this environment for
, longer test periods did not exhibit through-wall [3SCC.

L SLEEVE-TUBE ASSEMBLY

The installed sleeve is shown in Figqure 4-2. Since the sleeve is 26
inches long, the upper end of 'the sleeve is about 15 inches above
the top of the tubesheet and-about 31 inches below the first tube
support plate. [




4.5

\

/

The weld and welding operators have been qualified for making upper
and lower weids and the weld qualification documents are given in
Appendix A. Since the upoer weld is repaired by making a second
weld which is centered two inches below the first weld and is made
using the same welding parameters, a gualification document for
repair is not required.

PLUG DESIGN DESCRIPTION

WELDED PLUG ASSEMBLY

4-4

/
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The weld and welid operator qualification document for installing
plugs in sleeved steam generator tubes is given in Aopendix A.

SLEEVE INSTALLATION EQUIPMENT

The eguipment used for remote installation of sleeves in a steam
generator is made up of the following basic systems. These systems
are:

1. Remote Controlled Manipulatsr

\ /7
8. Nondestructive Zxamination Equipment

"These systems, when used together, allow installation of the sleaves
without entering the steam generatcr. In this way, personnel
exposyre to radiation is held to a minimum.

Remote Controlled Manigulator

The remote controlled manipulator se¥ves as 3 *ranspors venicla far
fnsgection or repair equipment inside 3 steam generatar arimary
head,

The manipulator consists of two major comoonents; the manioulatsr
leg and manipulator arm. The manipulator leg ‘s installed batween
the tube sheet and hotiom of the primary head and osrovides axial
movement of the arm, The manipulator arm is divided inta *he head
arm, probe arm and a swivel arm, gach arm ‘s moved indegendent’v
with eleciric motors with encader position contral, The swive! irm
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allows motion for tool alignment in both square pitch and triangular
pitch tube arrays. Computer contrel of the manipulator 21lows the
operator to move sleeving toels from outside the manway and
accurataly position them against the tube sheet. :

|
|
|
4.5.2 Manigulator Elevator
p \
|
; |
] ' ‘
1
\ /
4,6.3 Tube 3rushing-{leaning £auioment
\
/
N \ /
P 4,6.4 Tube S‘ze Rolling fauioment :
' \
' .
: /
4,6.5 Sleeve Installation Zquioment
/

PR

La8
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4.6.6

"607

/

\

,

Sleeve Expansion Eguicment

Sleeve Weldi ng Ecuicment

1.7
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4.6.8

4.7

4.7.2

[ N e,

Nondestructive Examination

Three types of nondestructive examination equipment are used during
the sleeving procass. They are as follows: eddy current testirj
(ET) equipment, ultrasonic testing (UT) equipment and visua!

equipment.

A dual cross wound probe and Sobbin srobe using the multifrequency
eddy current method will be used %0 do0 2 base | ine inspection of the
installed sleeve for future reference. The ET Fixturs with conduit
s used on the manipulator arm to position the prote. Eddy current
testing using a bobbin probe may also be used %o determine the
inside diameter of the tube %o be sleeved and the slesve expansion
siza.

Ultrasonic testing using an immersion technique with demineralized
water as a couplant is used to inspect the upper tudbe to sleeve
weld. A one-quartar inch diameter focusing transducar is positioned
in the weld area by the elevator and is rotated with an alectric
motor to scan the weld. The pulse echo tester nas “he ability to
interface with an on line data reduction computer to aroduce a
display/hardcopy during radial and axial scanning.

Visual inspection of the upcer and lower tube %o slaeve weld is
accomplished with the use of a borescope mounted on the manipulator
arm. ‘

PLUG INSTALLATION EQUIPMENT

The equipment used for remote installation of plugs in a sleeve
steam gemerator tube is made up of the follcwing systems:

L. Remote Controlled Manigulator

7

)

-

8. Nondestructive Ixamination Sauipment 4

Remcte Contral Manipulator

See Section 4.6.1 for a description of the 2emots Contrsl
Manipulator.

Sleeve Size 2lling Zauioments
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'[

4.7.3 Plug Installation Squioment
: )
] . ' ’
4.7.4 Plug Welding Equioment '
f \
1
. \ )
4.7.5 Nondestructive Examination
’ Visual inspection of the plug weld is accomplished with the use of a
boroscope mounted on the manipulator arm,
4.8 ALARA CONSIDERATIONS .
M .
: The steam generator repair operation fs designed to minimize
- personnel expasure during installation of sleeves or plugs. The
4 manipulator is installed from the manway without entering the steam
generator. [t is operated remotely from a control station cutside
the containment building. The positioning accuracy of the
manipulator fs such that it cap be remotely positicned without
having %o fnstall templates ip the steam generator,
i 1
. . /
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4.3

Air, water and electrical supply lines for the tocling are designed
and maintained so that they do not become entangled during
operation. This minimizes personne! exposure outsice the steam
generator. Except for the welding power sourca and programmer all
equipment is operated from outsice the containment. The power
source and programmer {s stationed about a hundred feet from the
steam generator in a low radiation area.

In summary, the steam generator operation is designed to minimize
personnel exposure and is in full compliance with ALARA standards.

REFERENCES TO SECTION 4.0

(1) Sedricks, Ay J., Schultz, J. W., and Cordovi, M. A., "Inconel
Alloy 630 « A New Corrosion Resistant Matarial", Japan Society
of Corrasion Engineering, 28, 2 (1979).

(2) Airey, G. P., "Optimization of Metallurgical Variables %2
{mprove the Stress Corrosion Resistance of Inconel 800",
%1octr1c Power Research Institute Reseirch Program RPL708-1

1982).

(3) Airey, G. P,, Vaia, A, R., and Aspden, R. G., "A Stress Corro-
ston Cracking Evaluation of Inccnel 630 for Steam Generator
Tubing Applications”, Nuclear Technology, 33, (Novemper, 1281)
436.
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5.1.1

1
L

2

—_—

SLEEVE EXAMINATION PROGIAM

ULTRASONIC INSPECTION
Summarv and Conclusions

An ultrasonic examination fs used ta confirm fusian of the sleeve %o
the tube after welding. JThis E’st consists of introducing a sound
wave with . frequency of fnto the welded region. This sound

wav/e is rotated 260 %?qrefj arcund the tube, the fixture is then
' 1

raisec ipproximately nches and scanned again, A minimum of
three sc.ns are performed and if one or more of these scans show
fusion for the whole 360 degrees, the wald is considered acceptabla,
The beam that is used is capable of easily detecting at_ fnch
diameter flat botiomed hole, ‘

.

Ultrasenic Evaluation

Ultrasonic techniques are amployed %o confirm tne presence of
sleeve-tube weld fusion. The avaluations were made of [ncanel §30
alloy sleeves with neminal gdimensions ofth s]‘ncn qutside

diameter, and minimy fnch wall, The [nconel 500 allgy steam
generator tubes are 0.875 fnch outside 2fameter X 0,080 fneh wall,
Wela position is sonraxfmato'y\_ ‘nches from the 200 9% **e
sleave,

Ultrasonic energy ltf ]fs emitied from a transducer through a
contained water column in *he vicinity of the weld. After passing
into the sleeve at its entry point, the sound 22ntinues to trave!

1
E..
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§.1.3

until it arrfves at a separation in material ‘or %0 the ocposite side
of the material, The transducer is cesigned so that when traveling
thiough the total thickness of sleeve, weld and tube, the energy fis
focused at the sleeve oufer diameter wall, with 2 spot size of
approximately %I

When sound entars the sleeve some of the sound energy is reflected
at the sleeve [.0. and the reflection is referred to as the
interface signal. The transmitted sound passes through 2 weld with
proper fusion and is scmetimes, but not always reflecced back to the
transmitter from the tube backwall; i.e., the tube 0.0. Should ne
fusion exist at a given point, the sound energy will be reflected at
the sleeve backwall, f.e. the sleave 0.0. A weld area is considered
to have oroper fusion where an interface signal exists without the
presence of sleeve dackwall reflection, ,A gcod weld is shown in
Figure 5-1 where the tube backwall signal is also present. No
fusfon is shown in Figure 5«2 where the display in the cathode ray
tube (CRT) shows the fnterface signal followed by a sleeve backwall
sfgnal, Sometimps when there is lack of fusion the intarface signal
fs followed by multiple sleeve backwall signals.

The weld examination begins when the transducer is insarted inta the
sleeve/tube assembly %0 a position such that the transducer ‘s
aligned with the weld. The transducer is then rotatad 360 deqgrees
-at this elevation and the degree of fusion is determined by
observing the ultrasonic instrument's CRT, or by other readouts.
Additional scans at other elevations can te performed %o svaluate
the complate weld area,

[n this manner, the weld integrity can be assyred and lack of

fusion, with an area equivalent %0 a diameter flat dottom

hole or a slot with a width of can raliadly be detected,

In actual test specimens, a lack of fusTen had been
reifably detected as shown in Figure 9.2, ~ ' .

ngs gagfomgnt

Test equipment for welded sleeve inspection consists of the
following comocnents: .

(
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$.1.4  Defect Samoles '

Qualification of the ultrasonic inspection system was made through a
variety of pedigree defect samples, as well as welds with good
fusion across the entire area, Weld samples are :;pica! of

conditions to be present in the steam generator., The calidbration
samples are described as follows:

\ /
5.1.% . +*ailed Resylt g

" The computer cutput for each calibration sample s included in this

* report. The information contained on =ach chars consists of the
y *o1lowing:

1. Rotation (degr.es). This {s the angular position of the
transducer measyred in cegrees.’ The zers degree soint for the
transducer s araitrarily selected, locked into placu and s
consistent for al! “ollewing scans, This enables
circumferential location of any lack of fusieon area indicates
on the print out,

2. Elevation (inches or cantimeters)., The elevation or vertical
position of the transducer within the sleeve is given in Both
inches and centimeters. This infarmation enables aporaximation
af the weld height and location of any Tack of “ysion ireas,
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used, the following analysis {s of“ered: \
/ .

3. Scan limits. The upper and lower scan 13m1ts for the weld are
shown By the unprinted section of the scan limit figure,

4. Data on the too of each chart relates to ‘nformation concerning
the inspected tube, steam generater and time, as well as weld
signal amplitude threshold values for recording. There ire two
sleeve-tube areas that can be monitored by electronic gating
circuits. One gate measures the level of the signal from the
tube outer surface and the other gate monitors the sleeve-tube
interface. A tube outer.surface signal above the thrasholc
value and/or no sleeve signal above the threshold value can
indicate fusion.

Gate 1, the tube backwall monitor, s pesitioned so that its
10!41?9 edge aligns with the leading edge of the tube backwa!l
signal,

Gate 2, the sleeve backwall monitor, is positioned so its
leading edge follows the interface signal and terminates hefore
the tube backwall sigral,

The computer software allows versatility with regard to
monitoring the weld fntegrity by selection of the gates to be
used, as well as the setting of the threshold limits, The
normal fnspection is performed by monitoring only the
sleeve-tube signal (Gate 2) without regard to the tube backwall
signals (Gate 1).

In reviewing the computer readouts for the two calibration samples

[t can be seen that each of the artificial #laws used for *hese
qualification axaminations can be detected, while he geod “usion
dreas of the weld presented no indicated areas of lack of fusiaon.

ED0Y CURRENT [NSPECTION

The objective of this examination is %2 astad’ish baseline data on
the primary pressure Boundary of the sleeve-tube assemdiy, The
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5.2.2

I

§.2.3

examination was developced to detect 40 percent ASME sized flaws in
the parent tube and/or sleeve in any region of he sleeve-tudbe
assembly with a single pass of an eddy current cail,

Summarv and Conclusions

An eddy current test has been qualified for the inspection of
installed welded sieeves to detect flaws in the pressure boundary.
Eddy currents circulating: in the sleeve and steam gemerator tube are
interrupted by the presence of flaws {n the matarial with a
resultant change in test coil’ impedance. This impedance change is
processed and displayed on the test instrument %2 indicats the
presance of a flaw, '

The pressure boundary s considered to bg the sleeve uc to and
fncluding the upper weld joint and the steam generatar tube above
the weld. Consaguently, there are three distinct regions relative
to the inspection methods: 1) The sleeve below the weld, 2) the
steam generator pube behind the top section of the sleeve (above the
weld) and 3) the steam generator tube above the sleeve.

Using specialized probes and multifrequency eddy current techniques,
it has been demonstrated that a

is degectable anywhere in the sleeve or jube,
including the weld region.

The test results are recorded on
magnetic tape and strip chdrt recordings. Other than the probes,
the inspection equipment is the same as used for a conventional eddy
current tast of steam gemerator tubing., Additional laborataory
testing of accelerated corrcsion samples has shown that this method
can detect [GSCC in the parent tube.

Multi-Fraquency Eddy Cyrrent fcuipment Recuirsments

The equipment required to perfaorm this examination include the
following: \

fact s

A variety of simulatad defect samplas were “apricateq %0 ragresent
di¥ferent sossidle flaw Tocations in the sleeve or steam ganeritar
tube, The basis for the qualification was %o Zemonstrate
detectabiiity of ‘tr

§-8
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Jat any Tocation in the pressure doundary. Several
samples were required to simulate the potential signal inter‘erenca
:ro: the sleeve end, sleeve bulge and weld, The samole matrix
ncluded: -

r N\

= nqpr

¥ 4
-

I mules-frequency eday
current techniques are emoloyed to further anhanrce the sigmal %o
nofse ratio. A total of four separate test freguencies and “wo

§-8
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§.3
§.3.1

§.3.2

.

a1x1n? channels are emoloyed simultanecusly. 3y compining the
signals from two frequencies, the residual roisa signals “rem she
bulge, etc., can be virtuallv eliminated. For this sarticular
appliication, a combinaticn : J

is
used to inspect the sleeve. In Figures 5-11 through 5-15, the gddy
current test signals for varfous qualification samples are shown,
both the single and multi-frequency results are shown, however, in
general, thelE will be used as the basis of
analysis, . '

The Tow frequency required to sxamine the steam generator tube
througn the sleeve and the total wall thickness of the sleeve-tube
assemdiy result in insufficient phase shift of the defect signals
from the steam generator tube defect calibration standard %o allow
evaluation of steam generator tube wall dogradat1on indications by
relating signal phase angle to the depth of penetration.
Consequently, detaction is possible, but accurate sizing generally
fs not possible.:

penetration and origin by plotting the phase angle of

data to grapns rQ1at1n? signal phase angle to deoth of penetration.

The smallest sleeve wall degradation demonstrated 3 be detectable

with this examination technique was a s q!cE
fffrcm the 0.0. of the

Sleeve wall degradation indications can be evaluated E?r depth of

-

sleeve,
VISUAL INSPECTION )
S an n¢lusion

Visual examinations are performed on the upper and lower slesve %o
tube weids to determine their integrity and aczeptanca. The welds
‘are examined using a fiber optic or doroscope examination system,
The lighting 1s suppiied either as an integral part of the visual

© examination system or as 3 supplemental system. EZach examination is

recorded on video tape for ocptional later viewing and to provide a
permanent record of each weld's condition.

The inspections are perfarmed ¢o 2s5c®riain the mechanical and
structural condition of each weld, Critical conditions wnich sre
checked fnclude weld width and completeness ind tme apsance of
visibly noticeable indications such as cracks, pits, dlow "oles,
durn through, etc.

Lower !!19 gv!1gatfgn

The Tower weld of the sleeve-tube assemely ‘s ‘nspectsd J8ng 2
doroscoce examination system. The doroscope 15 20s*tioned uncer the
Tower weld and the T'gnt1nq fs adjusted %0 odbtain the optimal
viewing conditions. Rotating the boroscape arsund the we'ld and

tilting it wnen necessary, provides complats coverage af the
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503.‘

examination area. A videotape recording is nade of the entire
examinations,

Prior to the inspectien, the system's accuracy 1s ascartained by
observing a 1/32" black line on an 18% neutral gray card placed on
the surface to be examined or a location similar *3 the inspection
area. Proper use of this system provices image resolution an the
order of 0.001 inch, .

Weld acceptance is based on the absence of any cracks or other
visible imperfections wnich would 2e detrimental %o the integrity of
the weid. Ouring the examination, an 3rea containing a noticable
indication is inspected more closely. This is done Sy varying the
light intensity, distance from tne lens o the fnaication, and/or
the angle used during the viewing. '

r Weld Sxamination

A visual examination is made of *he upper sleeve to tube weld using
2 boroscope inspection system. This system utilizes a P1qht-4n?lc
lens and a tool wrich can deliver the lens up %0 the weld as wel! as
to provide 360° rotational capabilitias,

To perform the inspection, the cptics system is inserted into the
sleeve/tube assembly such that the lens is located at the yoper
weld, After checking for visual clarity and aajustinghthc lighting
t0 reduce unwanted glare, the lans fs rotated 260°. The lens may
then te raised or lowered and the process repeated to ansure
complete weid coverage. The entire examination {s video-taped for a
permanent f!corﬂ.

Prior to the inspection, the system's adequacy is checked dy
observing a 1/32" black Tine on an 18% neutral gray czard placed in a

,locatfon similar to the area %o be inspected. Additionally, o

obtain an aspect for size and to check the in-tudbe Tiqht?n?, 2
welded sleeve-type sample with a ,02C" diameter througn hole i3
placed aver %he lens,

The weld acceptance fs-based on the absenca of cricks ar other
visible imperfections which would be detrimental %o the integrity of
the weld., Oetrimental imperfections' include 3low holes, Surn
througn, weld mismaten, ate. . Juring the examination, any arsa wnich
containg noticable imperfectiors s examinea more closely oy varying
the light intensity and/or the positicn of the lens wish respecs %o
the indicatian.

T { nt

‘

The test equipment necessary %3 visually fnsgect the uorer ind lawer

sleeve to tube welds consists of the “ollewing:

§-3
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1. Bcroscope visual examination system with an 1nt|?r!1 Tighting
system, lenses and a delivery and rotational too! for
fnspecting the upper and Tower walds,

2. 18% neutral gray card with a 1/32" black line.

3. Welded sleeve-tube sample with a .020 inch diameter through
drilied hole.

4, Video camera and recording ecuioment.

Qefect Standards

Various methods are used %o dete/nine systam adequacy and to aid in

determining weld acceptapility. .

i $¥!tll adequacy, including Tight ng intensity and camera system
clarity, is verifiad by resolving a 1/32" black line onam 18% -~
neutral gray card.

2. Size aspect for upoer weld ‘nspections is obtained by v1tN1H? ]
-o}dtd sleeve-tube sample wnich has a ,020 inch through drilied
hole.

3. Sleeve-tube upoer and lcwer welds were made with Soth

acceptadble welds and intentional weld malformities. These
welds were photograghed and are used as atds o examiner.

o
.
w0



UT TRACE SHOWING ACCZPTABLE
WELD
FIGURE 5-l

The interface
signal (lef:) and tube dack
vall signal are shownm,

UT TRACE SHOWING WELD WITH
LACK OF FUSION

FICURE 5-1

Lack of fuasion is iadicated
by sultiple sleeva backwall

signals fsllowing the incar~
‘ face signal,

: .
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8.2
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SLESVE-TUBE CORROSION TEST PROGAAM

C-¢ has conducted a number of Sencn and aytoclave tasts o svaluate
the corrosion resictance of the weidea sleeve ioint. Of particular
intarest is the effect of tne mechanical expansion/weld residual
stresses and the conditicn of the weld and weid neat affectad zone.
Various tests have or are presantly being conducted under
acceleratad canditions ta, 2ssess the sleeve-tube icint serformancs
under potential nominal and fault eavironmental canditions. 4n
outline of thesa tests is shown in Tadle 6-1.[

SUMMARY AND CONCLUSIONS

f ] <

TEST OESCRIPTION AND RESULTS
Modified Hyav Tests
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MECHANICAL TESTS OF SL

(3]
o

MED AND PLUGGED STEAM GENEAATOR TUSES

SUMMARY AND CONCLUSICNS

Mechanical tests were performed on MOCKUD sta2am generator tubes
containing slesves and plugs o provide qualified test data describ-

ing the bdasic oroparties nf the completad assemblies, [

A

B

The welded plugs have sufficient load capacity to perform their
function during normal and postulated acciden: conditions. The
axial load required to lcosen the plug from the sleeve-tube assemply
is approximately four times greater than the design lcad.

CONDITIONS TESTED

J »
WELDED SLEZVE TEST PARAMETERS AND RESULTS
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Axial Pyil Tests
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8.0 STRUCTURAL ANALYSIS

o7 this analysis =
e siasve-type assamplv

it is the surcosa
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Appendix 3.
requirements ara met.

SUMMARY AND CONCLUSIONS
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8.1. Qesiagn Sizing
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Cecenzing on the degrae 37 sube/sucpore leck-uo, axial loacs in
e gieeve da not ex:e&cr ahen cansidering i%e “iverinle
results from che cyclic Teading s@ses|

_Jfatigua preniems ars nes anticipacad.

In Secticn 8.2, a2 czmparisen is Tade Setween caiculated failyrs mecas
and tast data discussed in Sec=ien 7.0 of this resers, The igreement
betwean calculacse and 23T Cats was goed.  Saferty factars wers 8-
tarmined for hypethacica! sige braak icoicants, and 2 minimum fac=ar
of safaty erL Jwas detarmined. The nowmal ocerations facear 3¢
sataty wasi _]basad n e full sower restraines <herma) exzansicn
Teading. Mysfcut act she lowaer slesve/tune stus icine is =ea

cH1tical cansideration (sae See=<an 3.4.5).

The axial sleeve Tgads calculatad in Sacticn 3.4 ire ysad as
Seundary csnditicns and zma casis for assumotions usea in e

Section 3.5 and 8.7 fatigue evaluacicns.

An NRC Regulatora Guide 1,121 evaluation was serarmed in Sac=tan

8.2 3 detarmine a sleeved tute alugeing 1imis. AL Jalicwazle
degracation limit was detarmined. This is sossials 3eCusa tne Asq.
Guida specifically usas nermal ocerating zarimezars, such is cperating
di #ferential pressure, racther SIan tubesheat dasign differential
prassure,

Considarations of SUsSC20tIdTity Lo flow incucae vitration was dis-
cussed im Sacticn 3.3, 3asad on Ce2 exgerienca ind tast data, it aas
detarminad that 1 sleeved tute is ng nore fuscaptisie I3 vidraticn

han a normal tute. "
Fatigue of doth the upoer ind Tewer joines was z2snsiceres in Secticn
3.5. The gecmetry was snown =3 mees 21] ASME Code allowanla sorees
intansities inciyaing iceal srimary and ringe of sremary 2iys saesnc-
ary stress. A tabulation o7 she resylss is presentaa fn Taple 3.1,
The maximum lecal srimary strass intansity was/ Jks1 aersss the
leeye at tha Jower weld J01nT, as compared with zn@ illowasls af
tsi. The maximum range 3¢ srimary 2lus secsmdary sersss was
£s1 acrass the sleeve it 38 lgwer igint, near sne weisd, 2%
comoared with the aiicwacle ¢f)  Jksi, The Taximum fatigue usags
faczor was{0.4971¢ sha same lscazien. This n4gn ysage “ac=ar sas
due in JarT =3 cansiszanslv cSnEervative is3umstions maca in che

calgulazign, : N
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A sleeved tube plug was successfully
casa it shouid aver de needed
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LOAGINGS CONSIDERED

In this secticn a3 number of sotantial failure zcdes ire sxamined =2
detsrmine the relative safst: margins for salectaq avents., Failure
Toads are calcuiacad Sased an minimum dimensions and comoarsd wizh
mechanical tasting resuits from Seesion 7.3. 2oth caicylatad and
measurad lcads are comoared with the maximum gestylated loaags.
Upcer Tybe Wald 241'ayz Lsad

T

Assuming the zarent tube is 2ot 4
required 3 shear the upper tube we
requirad £9 pull the axpanded slesv
ansarvatively naglecsad,

savered, the minimum load
d is ;ai:ula:ac. The farca
through the unexpanded use is
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A AT
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Anas ik
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In the event of 2 main staam line nraax (MSL3) aczident =h
sacondary pressure would drop curing a shors time inzarval., The
primary sressure would risa Sriefly tnen “sllow the dreg in
ecancary gressure. [t will be conservativaly issumag snas #ul)
Brimary gressure remaing wnen ine sacancary srassurs ~eacnes lers,

‘Postulating 3 main sceam line Sreak (MSL3) accident, She maximum
available lcad would Se:

A

el

Lowar Scup Ye'd Susmout Lzaa

Assuming the sarent tute {3 <3tally saverse, she min‘rum sac
FeCUIreq 3 rupture the lswer stub sxald is sdicuiazed. [+ g
‘nteresting 2 ngt2 3t fie cmce Secmesry, S2gaq 3In <he zass

3 . . S ARy
FESUITS, tne weig did noy fad n 2ure snear,
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The weid 1ip seaemad 23 “rall gver” as
such that the weid failez primari]

Weid ires = weld throac -

is1. Therefors, 3 pre ushcut” load on =he slaave mi
caleyliated:

From Refarencas 3.1 an ne minfmum tansila sorengs=h s
18

‘
ass of primary coolant aczidens (LJCA) during hot
ons (0% power), the maximum available loig would be:

-
[

Postulating 3
standdy condi

%
'

7
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Wald Fatiaue

Since the facsars of safaty are quite high far lcadings cue 33

primary strass, she mechanism of greatest intarast ‘s she “atigue

failure mode due to variaoie axiai icaging of tne sleeve during

ncrmal gperaticn. ” :
{n Secifon 3.5, fatigue avaluaticns of sota =he Jocer ind ower
welds, wnich join the sleeve =2 the tube will se mace, It is firss
necessary t3 detarmine the ef“ects, wnich suge leck-up wizain z7e
tubesnaet and tube supoert platas “ave on <ne axial loags in tne
Slesve during narmal coerasion. This subject is 3cdressad in
Section 3.4,

RESULATORY GUISE 1.1Z1 SVALUATION FOR ALLONASLZ SLEEVE 4

OESRACATION .

2.6, 1.121 (%efsrenca 3.2) reouires as 3 79némyum

(ar sleeva) wall thickness e 23sT3siisneq i3 sreves
FEMOVING 1 tule from sarvica. Sor zartial wnryewa)
Squrce, he ~squirements ®3'1 ints two sasagories,

dperiticn safaty marging, amd [5) comsiceraicns o

costulatee 2ige rugture acsicents,




Norma! Oceration

Lt

a7aty Mareing

it s the zemeral intant of Shese raquiremencs 3 maintain che same
factars of safaty in evaluating cegriced tuces as shosa wnien sers
contained in the original canstruction cade, ASME 3giler ing
Pressure VYessal Cade, Section [II (Refarsncs 8.1},

For Inconel Alloy 600 and 530 tube or slesve matarial th
controiling safety margin is:

“Tubes with pare thry-wall cricks, wastage, or combinations of thesa
should have a facior of safety against “ailure 3y fursting under
normal gperating conditions ¢F not less “han 3 at any tude
lecation®,
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EFFECT OF SLEEVING ON OPE3ATION

An analysis was performed to determine tne affac. of inszalling
welded slesves in the steam generators. [t was assumed Zhat *wo
thousard sleeves would be installed in sach st2am wenerator, Since
it is net known how many 36" long and how many 24" long slesves
will be installed; it was conservatively assumed that all sleesves
were 36" long. Using the-pump cnaractaristic curve znd the systam
resistance curve, the flow rats change was determined for increasad
flow resistance associated with jnstailing the sleeves. The changs
in total flow rate was only iand should not have a significant
effect on reactor operaticn, :




APPENDIX A TO REPO
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FOR TUBE SLEEVE AND PLUGGING
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APPENDIY A

A.1 SLEEVE WELDING ANO SLESVE WELCER (UALIFICATION

Sieeve welding is qualified using an 3poroved test procedure (Referancas 1),
Plug welding in cleeved tubes is qualified using an approved rest arocadure
{Reference 2}, The sleeving tast procedurs is im compliance with apoiicah’e
sections of the ASME Code even though it does not directly apply %0 sisaves,
and the plugging procadura is in compiiance with Section %I of the latest
edition of the ASME Cocde. Sleeve and plug weldars are qualified using test
records'in accordance with applicable sections of the Code.

The tast procedures specify the requirements for nerforming the welds, the
conditions (or changes) which require requalification, *he method for
examining the welded tsst assemblies and the requirsments for qualifying the"
welding cperators. Sleevetand plug welding are qualified by performing six
consecutive weids of each type which meet specified dasign reguirements.
Welders are cualified by performing two consecutive successful weids of each
type,
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