4.12 STEAM GENERATOR TUBE SURVEILLANCE
Bases continued

plants have demonstrated the capability to reliably detect wastage type
defects that have penetrated 20% of the original 0.050-inch wall
thickness (Reference 2).

Plugging or sleeving is not required for tubes meeting the F* criteria.

The F* distance will be controlled by a combination of eddy current
inspection and/or process control. For a new additional roll expansion,
the requirement will be at least 1.2 inches of new hard roll. This is
controlled by the length of the rollers (1.25 inch effective length).
The distance from the original roll transition zone is also controlled
by the process in that the lower end of the new roll expansion is
located one inch above the original roll expansion. In the case of the
new roll, eddy current examination will confirm there are no indications
in the new roll region and that there is a new roll region with well
defined upper and lower expansion transitions.

When eddy current examination, alone, must determirie the F* distance,
such as in the existing hard roll region, or when multiple leigths of
additional hard rolls have been added, the eddy current uncertainty is
qualified by testing against known standards. That value is expected to
be 0.18 inches. Therefore, the F* distance measured by eddy current
(sum of 1.07 and 0.18) will be conservatively set at 1.3 inches.

When more than one Alternate Repair Criteria are used, the summation of
leakage from all tubes left in service by all repair criteria must be
less than the allowable leakage for the most limiting of those Alternate
Repair Criteria.

Whenever the results of any steam generator tubing in-service inspection
fall into Category C-3, these resu'.s will be promptly reported to the
Commission prior to resumption of plant operation  Such cases will be
considered by the Commission on a case-by-case basis and may result in

a requirement for analysis, laboratory examinations, tests, additional
eddy-current inspection, and revision of the Technical Specifications,
if necessary.

Degraded steam generator tubes may be repaired by the installation of
sleeves which span the section of degraded steam generator tubing. A
steam generator tube with a sleeve installed meets the structural
requirements of tubes which are not degraded.

The following sleeve designs have been found acceptable by the NRC

Staff:

a Westinghouse Mechanical Sleeves (WCAP 10757)

b. Westinghouse Brazed Sleeves (WCAP-10820)

€., Combustion Engineering Leak Tight Sleeves (CEN-294-P, for sleeves
installed prior to January 1, 1997)

d. Combustion Engineering Leak Tight Sleeves (CEN-629-P, for sleeves

installed after January 1, 1997)
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ABSTRACT

A technique is presented for repairing degraded steam generator tubes in pressurized water
reactor Nuclear Steam Supply Systems (NSSS). The technique described alleviates the need
for plugging steam generator tubes which have become corroded or are otherwise considered
to have lost structural capability. The technique consists of installing a thermally treated Alloy
690 sleeve which spans the section or sections of the original steam generator tube which
requires repair. The sleeve is welded to the tube near each end of the sleeve for repairs at the
tube support plates or welded at the upper end and lower end or welded at the upper end and
hard rolled at the lower end for repairs to the steam generator tube in the tube sheet region.

This report details analyses and testing performed to verify the adequacy of repair sleeves for
installation in a 7/8 inch O.D. nuclear steam generator tube. These verifications show tube
sleeving to be an acceptable repair technique.
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INTRODUCTION

PURPOSE

The purpose of this report is to provide information sufficient to support a technical
specification change allowing installation of repair sleeves in Westinghouse designed Series
44 and 51 steam generators This report demonstrates that reactor operation with sleeves
installed in the steam generator tubes will not increase the probability or consequence of a
postulated accident condition previously evaluated Also it will not create the possibility of
a new or different kind of accident and will not reduce the existing margin of safety.

ABB Combustion Engineering (ABB-CE) provides three types of leak tight sleeves for
repair of 7/8 inch O.D. stear generator tubes with partial depth rolled tubesheet joints or
full depth rolled or expanded !1ibesheet joints The first two types span the parent steam
generator tube within the tubesheet. One type of tubesheet sleeve is welded to the tube
near both the upper and lower end of the sleeve The second type of tubesheet sleeve is
welded near the upper end and hard rolled into the tube within the steam generator
tubesheet A variation on these designs involves the use of a pre-curved sleeve to install a
tubesheet sleeve at the periphery of the tube bundle The steam generator tube with the
instalied sleeve meet« the structural requirements of tubes which are not degraded

The third type of sleeve spans degraded areas of the steam generator tube at a tube support
or in a free span section of tube  This leak tight sleeve is welded to the steam generator
tube near each end of the sleeve The steam generator tube with the installed welded sleeve
meets the structural requirements of tubes which are not degraded

Design criteria for all types of sleeves were prepared to ensure that all design and licensing
requirements are considered Extensive analyses and testing have been performed on the
sleeve and sleeve to tube joints to demonstrate that the design criter.a are met

The effect of sleeve installation on steam generator heat removal capability and system flow
rate are discussed in this report. Heat removal capability and system flow rate was
considered for installation of one to three sleeves in a steam generator tube

Plugs will be installed if sleeve installation is not successtul or if there is unacceptable

degradation of a sieeve or sleeved steam generator tube Welced sleeve plugs or standard
steam generator tube plugs may be used to take a sleeved tube cut of service

1-1



1.2

1.3

BACKGROUND

The operation of Pressurized Water Reactor (PWR) steam generators has in some
instances, resulted in localized corrosive attack on the inside (primary side) or outside
(secondary side) of the steam generator tubing. This corrosive attack results in a
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 it has not been necessary to
take corrective action unless structural limits were being approached.

Historically, the corrective action taken when steam generator tube wall degradation has
been severe has been to install plugs at the inlet and outlet of the steam generator tube
when the reduction in wal' thickness reached a calculated value referred to 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 measurement
uncertainty.

Installation of steam generator tube plugs removes the heat transfer surface of the
plugged tube from service and leads to a reduction in the primary coolant flow rate
available for core cooling. Installation of welded and/or welded and hard rolled steam
generator sleeves does not significantly affect the heat transfer removal capability of the
tube being sleeved and a large number of sleeves can be installed without significantly
affecting primary flow rate

ACRONYMS

Table 1-1 (along with Table 5-1) contains a list of the acronyms used throughout this
report.



TABLE 1-1

ACRONYMS USED IN REPOKT

+ POINT: + Point ™

ATS: Above Tube Sheet

EFPH: Effective Full Power Hours
EPPY: Effective Full Power Years
ET: Eddy Current Testing

ETZ: Expansion/Roll Transition Zone
EW: Edge Weld

FDTS: Full Depth Tubesheet
LOF: Lack of Fusion

PWHT: Post Weld Heat Treatment
TS: Tube Support

UT: Ultrasonic Testing

VT: Visual Testing

WTS: Welded Tubesheet



2.

SUMMARY AND CONCLUSIONS

The sleeve dimensions, materials and joints were designed to the applicable ASME
Boiler and Pressure Vessel Code. An extensive analysis and test program was
undertaken to prove the adequacy of both the welded and welded-hard rolled sleeve.
This program determined the effect of normal operating and postulated acciden:
conditions on the sleeve-tube assembly, as well as the adequacy of the assembly to
perform its intended function. The proposed sleeving provides for a substitution in kind
for a portion of a steam generator tube. The proposed change has no significant effect
on the configuration of the plant, and the change does not affect the way in which the
plant is operated. Design criteria were established prior to performing the analysis and
test program which, if met, would prove that these sleeve types are an acceptable repair
technique. These criteria conformed to the stress limits and margins of safety of Section
11 of the ASME B&PV Code. The safety factors of 3 for normal operating conditions
and 1.5 for accident conditions were applied. Based upon the results of the analytical
and test programs described in this report these sleeve types fulfill their intended
function as leak tight structural members and meet or exceed all the established design
criteria.

Evaluation of the sleeved tubes indicates no detrimental effects on the sleeve-tube
assembiy resulting from reactor system flow, coolant chemistries, or thermal and
pressure conditions. Structural analyses of the sleeve-tube assembly, using the
demonstrated margins of safety, have established its integrity under normal and accident
conditions. The structural analyses have been performed for sleeves which span the tube
to a maximum length of [ ] inches, sleeves which span a tube support or free span
length of tube with a length of [ ] inches and a combination of the sleeve types. The
structural analyses performed are applicable to shorter tubesheet and tube cupport
sleeves. The analyses for the different sleeve types and lengths are given in Section 8.

Mechanical testing using ASME code stress allowables has been performed to support
the analyses. Corrosion tests of typical sleeve-tube assemblies have been completed and
reveal no evidence of sleeve or tube corrosion considered detrimental under anticipated
service conditions.

Based upon the testing and analyses performed, the proposed sleeves do not result in a
significant increase in the probability of occurrence or consequence of an accident
previously evaluated, create the possibility for a new or different kind of accident, or
result in a significant reduction in a margin of safety.

Welding development has been performed on clean tubing, dirty tubing which has been
taken from pot boiler tests and contaminated tubing taken from a number of steam
generators. ABB-CE installed their first welded sleeves in a demonstration program at




Ringhals Unit 2 in May 1984. ABB-CE's sleeving history is shown in Table 2-1. The
success rate for all installed sleeves is 98%. Since 1985, no sleeve which has been

accepted based on NDE has been removed from service due to service induced
degradation.

If a steam generator tube which has been sleeved is found to require plugging to remove
it from service a standard steam generator tube plug or a welded sleeve plug can be
installed. An analysis is performed for the welded sleeve plug. No discussion or
evaluation of the standard tube plug is provided as part of this document.

In conclusion, steam generator tube repair by installation of uny of the three types of
sleeves described herein is established as an acceptable method.



PLANT
KRSKO

Byron 1
Prairie Island 1
ANO 2

Zion 1

Zion 2
KRSKO 1

Ginna
Zion 2
Ptairie Island 1

Ginna

Zion |
Kewaunee

Ringhals 3
Ginna

Zion 2
Prairie 'land 1
Z‘ |

Ginna

Prairie Island 1

TABLE 2-1

INSTALLATIONS OF ABB-CENO WELDED SLEFVF

INSTALLED
DATE QUANTITY TYPE*
6/96 273 TS
188 ETZ
4/96 3527 ETZ
2/96 253  WTS
10/95 711 ETZ
10/95 911 WTS
1/95 162 WTS
6/93 1) ETZ
14 TS
4/93 51 WTS
12/92 172 WTS
11/92 158 WTS
4/92 175 WTS
63  Curved WTS
4/92 126 WTS
3/92 16  Curved WTS
7/91 46 ETZ
22 TS
4/90 192 WTS
48  Curved WTS
4/90 82 WTS
1/90 63 WTS
9/89 445 WTS
4/89 395 WTS
i07  Curved WTS
9/88 74 WTS



TABLE 2-1 (cont.)

INSTALLATIONS OF ABB-CENO WELDED SLEEVE

PLANT DATE
Ringhals 2 5/87
Prairie Island 1 4/87
Ginna 2/87
Zion 1 10/86
Ringhals 2 5/86
Ginna 2/86
Ringhals 2 5/85
Ringhals 2 5/84

* Straight sleeves unless otherwise noted

INSTALLED
QUANTITY TYPE
571  WTS
27 WTS
105 WTS
128 WTS
599  WTS
36 WTS
59 WTS
18 WTS
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ACCEPTANCE CRITERIA

The objectives of installing sleeves in steam generator tubes are twofold. The sleeve
must maintain structural integrity of the steam generator tube during normal operating
and postulated accident conditions. Additionally, the sleeve must prevent leakage in the
event of a through-wall defect in the steam generator tube. Numerous tests and analyses
were performed 1o demonstrate the capability of the sleeves to perform these functions
under normal operating and postulated accident conditions. Design and operating
conditions used to bound the applicable steam generators are defined as:

Primary Side: 594°F (operating) 2235 psig (operating)

(Hot Side) 650°F (design) 2500 psig (design)

Secondary Side: 506°F (100% load) 690* psig (100% load)
550°F (design) 1085 psig (design)

Table 3-1 provides a summary of the criteria established for sleeving in order to
demonstrate the acceptability of the sleeving technigues. Justification for each of the
criterion is provided. Results indicating the minimum level with which the sleeves sur-
passed the criteria are tabulated. The section of this report describing tests or analyses
which verify the characteristics for a particular criterion is referenced in the table.

* This value was conservatively chosen due to potential decrease in secondary side
pressure.



TABLE 3-1

REPAIR SLEEVING CRITERIA
Criterion Justification Results Section
Sleeve is leak tight Leakage between 4.0
prin.ary and secondary
side 1s prevented when
steam generator tube is
breached.
Sleeve-tube assembly Sleeve tube assembly 8.0
functional integrity must meets applicable ASME
be maintained for normal  Code requirements.
operating and accident
conditions.
Axial load cycle 200 Bounds thermal cycle 7.3
pounds to 1700 pounds loading from normal
for 1000 cycles, 200 operating and transient
pounds to 2550 pounds cycling.
for 1000 cycles without
weld failure
Pressurization of annulus  Prevention of sleeve 7.3
between sleeve and tube failure for through wall
does not collapse sleeve at  defect in tube wall.
1500 psig.
Pressurize sleeve to 4800  Factor of safety of three 8.3
psig without bursting. (3) for normal operating
(1600 psig delta pressure)  conditions.
Exposure of sleeve-tube Sleeve-tube assembly 6.0
sleeve assembly to required to function
various primary and under coolant
secondary chemistries chemistries
without loss of functional
integrity.
Non-destructive Periodic examination of 5.0
examination of tube and tubes and sleeves
sleeve to levels of required to verify
detectability required to structural adequacy
show structural adequacy
Welded sleeve installation  Sleeve repair should not 10.0

does not significantly

affect system flow rate or
heat transfer capability of

the steam generator.

reduce power removal
capability of reactor or
steam generator below
rated value.

3~2
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DESIGN DESTRIPTION OF SLEEVES AND INSTALLATION EQUIPMENT
SLEEVE DESIGN DESCRIPTION

There are three (3) types of sleeves which may be installed in various combinations within
a steam generator tube. These sleeves are shown in Figures 4-1, and 4-2. Each sleeve
type has a nominal ocutside diameter of | ] inches and a nominal wall thickness of

[ ] inches. The sleeve material is thermally treated Alloy 690G. Each of the sleeve
types includes a chamfer at both ends to prevent hang-up of equipment used 1o install the
sleeve and to facilitate the inspection of the steam generator tube and sleeve.

The first type of sleeve, shown in Figure 4-1A, spans the expansion transition zone and
the full length of the tube within the tubesheet. This Full Depth Tubesheet (FDTS) sleeve
with a welded lower joint is up to | ] inches long and chamfered at the upper end to
prevent hang-up with equipment which is used to install or inspect the sleeve (or steam
generator tube). |

]

The second type of sleeve, shown in Figure 4-1B, also spans the full length of the tube
within the tubesheet. This Full Depth Tubesheet (FDTS) sleeve with a rolled lower joint
isupto | ] inches long and includes |

A variation of these sleeves, the | ] sleeve is shown in Figure 4-1C.

This sleeve is preformed to a radius of curvature of approximately [ ] inches over the
majority of its length as part of the manufacturing process. This curvature allows the
sieeve to be installed in peripheral tube locations where the primary head to tubesheet
clearance would not permit the installation of a straight DTS sleeve. |

]

The fourth type of sleeve, shown in Figure 4-2, spans a tube support. This Tube Support
(TS) sleeve is [ ] inches in length. The sleeve spans a tube support elevation or can be
use. on a free span section of the tube. One or two TS sleeves may be used in a tube and
may be used in a tube containing a FDTS sleeve.

SLEEVE MATERIAL SELECTION
The thermally treated Alloy 690 tubing, from which the sleeves are fabricated, is procured

to the requirements of the ASME Boiler and Pressure Vessel Code, Sec ion II SB-163,
Code Case N-20. Additional requirements are applied including a limit on Carbon conte
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of 0.015 - 0.025% and a minimum annealing temperature of 1940°F (1060°C). The
thermal treatment is specified at 1300°F (704°C) to impart greater corrosion resistance in
potential faulted secondary side environments. The enhanced corrosion resistance is
achieved in the thermal treatment by insuring the presence of grain boundary carbides and
by reducing the residual stress level in the tubing.

During sleeve fabrication for a peripheral sleeve, an intermediate stress relief anneal is
employed to reduce residual stresses induced during forming of the sleeve to the curved
shape. This stress relief anneal is carried out at 1300°F for two hours. Upon stress
relieving, the sleeve is ready for insertion and welding.

The mechanical properties of the sleeve material, particularly in the weld areas, are not
affected by the forming or stress relieving since the top and bottom portions of the
sleeve are not curved or restraightened. A four inch length at the top and two inch
length at the bottom of the sleeve remains undisturbed with respect to bending and
constitutes “as received” wbing stock. The minor exception to this statement is the
additional two hours at 1300°F the ends are exposed to in sleeve stress relieving of the
formed or curved configuration. This constitutes a time extension of the thermal
treatment time employed at the tube mill which can be viewed as a positive exposure.
Sleeve expansion, flaring and welding takes place in sleeve ends that have not been
curved and with tooling and processes duplicating those used for straight sleeve
installation.

The principal selection criterion for the sleeve material was its resistance to stress
corrosion cracking (SCC) in primary and caustic faulted secondary PWR environments.
ABB-CE's justification for selection of this material and condition is based on the data
contained in Reference 4.7.1.

SLEEVE-TUBE ASSEMBLY

The installed sleeves are shown in Figures 4-3A, 4-3B, and 4-4. The depth tubesheet
(FDTS) sleeves span the tube in the expanded region, the creviced tubesheet region
(where applicable), and the lower portion of the tube just above the secondary face of the
tubesheet. If defects exist at a tube support as well as within the tubesheet, a FDTS sleeve
and a Tube Support (TS) sleeve may be used.

The welded FDTS sleeve, shown in Figure 4-3A, is ! ] inches in length or shorter. The
bottom of the [ Jinch sleeve is flush with the bottom of the steam generator tube and
extends approximately [ )inches above the secondary face. |



The lower end of the sleeve is tapered prior to welding. The taper serves to provide tight
contact with the tube for welding.

A weld is made at the upper end of the sleeve to join it to the steam gene:rator tube.
Upper weld penetration into the steam generator tube is limited to less than 100% of the
wall thickness with a minimum average weld height of 0.020 inches at the sleeve-tube
interface. The upper sleeve to steam generator tube weld is centered approximately 1-1/2
inches below the end of the sleeve. If this upper weld is defective, it can be repaired by
gas tungsten arc remelting of the original weld using the same welding procedure
parameters as were employed for the original weld. The lower weld is a full penetration
edge weld at the end of the sleeve and tube. If the lower weld is defective, it can also be
repair we'ded.

The weided and rolled FDTS sleeve is also [ ] in length or shorter. The bottom of
this sleeve is flush with the tube end for partial depth rolled tubesheet joints. The bottom
of this sleeve is located approximately at the tubesheet neutral axis for full depth rolled or
expanded tubesheet joints. The upper end of this [ ] inch FDTS sleeve is located | ]
inches above the tube sheet upper face. |

]

The weld process, repair weld process and welding operators have been qualified for
making upper and lower welds. The weld qualification documents are given in Appendix
A,

The lower end of the welded and rolled FDTS sleeve is rolled into the tube within the
tubesheet. The roll is controlled to provide a leak tight structural joint. A roll which does
not meet the roll acceptance criteria can be repaired by rerolling at the same location.

The TS sleeve shown in Figure 4-4 is [ ] inches in length. It is approximately centered at
a tube support plate. |

]

Weld penetration into the steam generator tube is limited to less than 100% of the wall
thickness and the minimum average we_  height is 0.020 inches at the sleeve to tube
interface. The upper and lower welds are centered approximately 1 1/4 inches from the
ends of the sleeve. If the weld is defective it can be repaired by gas tungsten arc remelting
of the original weld using the same welding procedure parameters employed for the
original weld.

When it is considered to be of benefit (typically for units with 3/4™ O.D. steam generator
tubes that are operating at temperatures above 600°F), a post weld heat treatment of the




sleeve weld will be added to the sleeve installation process. After the sleeve has been
welded into the tube, the weld joint is heated in the range of [

] As described in Reference 4.7.5, this time and temperature combination is
sufficient to reduce the level of residual stress in Alloy 600 while minimizing defrimental
effects such as grain growth or sensitization. This treatment is similar to that utilized in
some operating units to heat treat the tight radius U-bends.

Based on plant specific operating conditions (temperatures, pressures, chemistry, etc) and
steam generator tube degradation history, post weld heat treatment may not be of any
significant benefit. Five nca-post weld heat treated sleeves installed at Ringhals I1
(Westinghouse 51 series steam generator) in 1985 and 1986 were removed in January
1990 and extensively examined. These sleeves (and the parent tubiiig at the sleeve/tube
joint) which had accumulated up to 22,000 Effective Full Power Hours (EFPH) of service,
showed no field service degradation.

Qualification of the sleev welding process is in accordance with the procedure described in
Appendix A.

44 PLUGGING OF A DEFECTIVE SLEEVED TUBE
If a sleeve or sleeved tube is found to have an unrepairable defect, the tube can be taken
out of service with welded sleeve plugs or standard steam generator tube plugs installed at
both ends of the tube using approved methods. The Regulatory Guide 1.121 analysis for
the sleeve is included in Section 8.3.

4.5 SLEEVE INSTALLATION PROCESS AND EQUIPMENT

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

1.Remote Controlled Manipulator
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These systems, when used together, allow installation of the sleeves without personnel
entering the steam generator. In this way, personnel exposure to radiation is held to a
minimum.

The tooling and methods described in the following sections represent the present
technology for leak tight sleeve installation. As technological advances are made in sleeve
installation, the new tooling and/or processes may be utilized after they have been
laboratory-verified to provide improved sleeve installation methods.

Remote Controlled Manipulator

The remote controlled manipulater (Figure 4-5) serves as a transport vehicle for inspection
or repair equipment inside a steam generator primary head.

The manipulator consists of two major components; the manipulator leg and manipulator
arm. The manipulator leg is installed between the tube sheet and bottom of the primary
head and provides axial (vertical) movement of the arm. The manipulator arm is divided
into the head arm, probe arm and a swivel arm. Each arm is moved independently with
encoder position controlled electric motors. The swivel arm allows motion for tool
alignment in both square pitch and triangular pitch tube arrays. Computer control of the
manipulator allows the operator to move sleeving tools from outside the manway and
accurately position them against the tube sheet.

Tool Delivery Equi

The purpose of the tovl delivery equipment is to support and vertically position the various
tools required for the sleeving operation and to provide controlled rotation to some of the
wols. Two different delivery systems may be used for the tool delivery. |

]

The probe driver is a modified Zetec probe pusher or equivalent unit located outside the
manway of the stearn generator. A flexible conduit extending from the probe driver to an
adaptor on the manipulator arm provides the guide path for the tools. The guide path
adaptor is attached to the end of the manipulator arm by a dovetail fitting and manual lock.
The drive wheels of the probe driver deliver the tools to the required elevations within the
tube. Where positioning is critical, a hardstop attached to the tool shaft locates the tool
relative to the steam generator tube end.
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The tocl delivery system for controlled tool rotation consists of two major components;
[ ], Figure 4-6. The tool mounting plate is
attached to the end of the manipulator arm by a dovetail fitting and manual lock. One or
two sets of pneumatically operated fingers are used to draw-up and lock the tool
mounting plate to the tube sheet. Proper alignment of the tool mounting plate to the tube
sheet is assured through the actuation of three switches against the tube sheet. A spring
loaded, air pressure release, quick change mount is provided on the face of the tool
mounting platform for quick mounting of the probe pusher or the rolling tool elevator.

The probe pusher attaches to the tool mounting platform with the quick change mount.
The probe pusher includes two double sets of drive wheels and two idler wheels. The
drive wheels are powered by electric motors to insert and remove the various sleeving
tools and the sleeve into the steam generator tube. Vertical positioning of the tools is
accomplished by hardstops and/or verified by visual means. Controlled rotation of the
weld and non-destructive examination (NDE) tools is provided by an electric motor which
rotates the probe pusher relative to the tool mounting platform.

4.5.3 Tube Brushing-Cleaning Equipment

4.5.4 Tube Rolling Equipment

455 Sleeve Expansion Equipment




4.5.6 Sleeve Welding Equipment
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457 Nondestructive Examination

Three types of nondestrctive examination equipment are used during the sl=eving
process. They are as follows: eddy current test (ET) equipment, ultrasonic test (UT)
equipment (Figure 4-11) and visual test (VT) equipment (Figure 4-12).

The ET inspection will be performed using the most recently developed eddy current
probes and techniques for sleeving inspection. The eddy current probe presently being
used is the new advanced +point rotating probe. Future probe designs may be used after
suitable qualification demonstration has been performed. The ET fixture, with conduit, is
used on the manipulator arm to position the probe.

Ultrasonic testing using an immersion technique with demineralized water as a couplant is
used to inspect the tube to sleeve weld. A one-quarter inch diameter focusing transducer

is positioned in the weld area and rotated by the probe pusher to scan the weld. A digital
imaging system is used to acquire and store the inspection data.

Visual inspection of the steam generator tube to sleeve weld is accomplished with the use
of a boroscope or micro camera system delivered and rotated by the probe pusher.
Inspection data is stored on video tape.

Post-Weld Heat Treatment EQuipment

Sleeve Rolline/Taperine Equi

The sleeve rolling equipment is used to expand the FDTS sleeve (with rolled lower joint)
into contact with the steam generator tube within the tubesheet, forming a strong leak
tight joint. The sleeve tapering equipment is used to provide tight contact with the steam
generator tube within the tubesheet for welding the FDTS sleeve (with welded lower
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joint). The rolling tool is mounted on the manipulator and positioned within the tube by a
hard stop on the roll tool shaft seating against the tube sheet. The rolling tool includes a
dovetail attachment for quick mounting on the manipulator. The rolling tool mounted on
the manipulator, | ] may be used in the central tubesheet region while a curved
elevator | ] is used for the periphery. Although the curved elevator is used
specifically for the periphery, it may be used at any 1ube location.

The rolling equipment consists of the air motor, tube expander, torque read-out, strip
chart recorder and i torque calibration unit. The torque read-out and settings of the
rolling tool are verified on the torque calibration unit prior to rolling of the sleeves. The
rolling tool is located by a hardstop on the tool shaft. The hardstop positions the upper
end of the tube expander within the portion of the sleeve which was hydraulically
expanded during sleeve installation. The approximately 1-1/4 inch long roll is located at
the nickel and metal oxide bands on the lower end of the FDTS sleeve. The sleeve is
expanded to a torque which has been demonstrated by testing to provide a leak tight joint.
A record of the rolling tool torque is made for further evaluation of the rolling process
on the individual sleeves. A rolled joint which fails to meet the acceptance criteria may
be rerolled.

Perinheral Sieeve Installation Equi

The tooling for installation of peripheral sleeves utilizes the proven technology of the
tooling used for installation of straight Full Depth Tubesheet sleeves.

In addition to the equipment listed in 4.5, the installation of peripheral sleeves employs a
sleeve straightening tool (Figure 4-16). The straightening tool consists of multiple rolls
which straighten and deliver the sleeve into the tube. The curved sleeve, located on the
installation expansion tool , is installed with the straightening tool until the stops on the
installation tool limit insertion. The expansion is formed in the area of the upper weld
which acts to hold the sleeve for subsequent operations.

In designing this sleeve particular attention was paid to minimizing the residual stresses in
the straightened section of the sleeve. This involved specific requirements for the radius
of curvature, fabrication process including heat treatment, and the design of the
installation tooling. These processes produce a sleeve with post installation residual stress
in the straightened portion of no more than | ].

Once the sleeve is straightened and installed in the steam generator tube the remaining
operations are identical to those for the other FDTS sleeves.

ALARA CONSIDERATIONS

The steam generator repair operation is designed to minimize personnel exposure during
installation of sleeves. The manipulator is installed from the manway without entering the
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steam generator. It is operated remotely from a control station outside the containment
building. The positioning accuracy of the manipulator is such that it can be remotely
positioned without having to install templates in the steam generator.

The tool delivery equipment is designed so that the dovetail fitting quickly attaches to the
manipulator. The probe pusher is designed to quickly engage the individual sleeving
tools. The tools are simple in design and all sleeving operations are performed remotely
using tools held by the manipulator. Each tool can be changed at the manway in 10-15
seconds. A tool operation is performed on several sleeves rather than performing each
tool operation on the same sleeve before proceeding to the next sleeve. This reduces the
number of tool changes which are required. Spare tools are provided so that tool repair at
the manway is not required. If tool repair is necessary, the tool is removed and sleeve
operation continues using a spare tool. The tool may or may not be repaired during the
outage but repair is performed in an area which does not have significant radiation.

Air, water and electrical supply lines for the tooling are designed and maintained so that
they do not become entangled during operation. This minimizes personnel exposure
outside the steam generator All equipment is operated from outside the containment. The
welding power source and programmer is stationed about a hundred feet from the steam
generator in a low radiation area.

Lead lined manway shield doors, both primary side and secondary (ventilation) side, are
also employed to reduce radiation exposure.
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