NRC INSPECTION MANUAL EMCB

PART 9900: TECHNI CAL GUI DANCE

SGTUBE. TG
MECHANI CAL - STEAM GENERATOR PLUGS AND SLEEVI NG REPAI RS

A.  PURPGCSE

To provide inspection guidance to NRC resident inspectors, field
i nspectors or auditors who are assigned the responsibility of
reviewing licensee activities on plugging or sleeving repairs of
defective steam generator tubing. The review should include a
review of nmeasures to control the repair process and |icensee's
quality assurance activities to ensure that a quality repair is
achi eved.

B. DEFI NI TI ONS

St eam Generator Plugging Repair - a repair nethod of defective
st eam gener at or tubes that invol ves a pluggi ng of both ends of the
defective tube with Inconel 600 or Inconel 690 netallic plugs.
Pl uggi ng repairs may involve manual, autonmatic or kinetic wel ded
techniques which bond the plug to the tube, or nechanical
techni ques that permanently deformthe plug netal to naintain the
plugs in position. Plugs nay be either leak limting or | eak tight
by desi gn.

St eam Generator Sleeving Repair - a repair nethod of defective
st eamgenerat or tubes that involves insertion of an I nconel 600 or
690 sleeve into the steam generator tube such that the sleeve
covers the defect area. Sleeving repairs may involve wel ded or
brazed techni ques whi ch bond the sl eeve to the tube i nner di aneter
(I'D), or nmechanical techniques that result in plastic deformation
of the sleeve to maintain the sleeve in position. Sleeves may be
either leak limting or |eak tight by design.

C. BACKGROUND

On August 22, 1993, the Duke Power Conpany shut down the McCuire
Unit 1 reactor due to a 185 gpd primary to secondary leak in the
"C' steamgenerator (SG. A subsequent investigation revealed a
circunferential crack in a sleeved tube | ocated in the SG hot | eg.
Furt her exam nations of the sister SGs i ndicated that there were a
nunber of ot her weeping sleeves inthe SGhot | egs of the "A", "B",
and "D' SGs.
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On January 10, 1994, the Duke Power Conpany di scovered ei ght plugs
inside of the Oconee Unit 3 reactor internals. A visual
exam nation of the Cconee Unit 3 "B" SG indicated that 14 plugs
were mssing fromthe SG tubes in which they were installed. An
additional 14 plugs in the "B" SG were determned to have a
signi ficant anmount of boric acid deposits on their surfaces.
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D. DI SCUSSI ON

Plant specific Technical Specifications on steam generators
typically require, as a mninum that |icensees plug defective SG
tubes. These plant specific Technical Specifications, however,
normal | y DO NOT address the quality and process control aspects of
pl uggi ng repairs. However, sone editions of the ASME Code, Secti on
Xl, do contain requirenents for repairs of defective tubes by the
wel ded pl uggi ng techni ques. The 1980 Editi on of Section XI was t he
first edition to address these techni ques and provided criteria for
quality control of the welding and plugging activities enployed in
these techniques. Sone of the sub- articles that address these
wel ded pl uggi ng processes are delineated in Table 1.

Li censees are allowed to use sleeving as a nethod of repairing
defective tubes after the plant Techni cal Specifications have been
anended to i ncl ude sl eevi ng as an accept abl e net hod of tube repair.
Li censees shoul d submit an anmendnent request to NRRwhich refersto
the NSSS vendor's Topical Report on the sleeving nethod. These
Topi cal Reports, however, do not address quality and process
control aspects of sleeving repairs. Process controls of sleeving
repair nmethods were first addressed by ASME i n t he 1989 Addenda to
the 1989 Edition of Section XlI, and eventually in the 1992 Edition
of Section Xl.

| WA- 4420 i s the appropri ate subsubarticl e which addresses sl eevi ng
inthe 1992 Edition of Section XI. Table 1 gives the ASME Secti on
Xl subsubarticles or paragraphs which specifically address the
requirenments for sleeving repairs of tubes.

Attachnments 1-10 provi de sone i nsight on i nportant repair process
activities or aspects that need to be controlled in accordance with
the Criteria of Appendix Bto 10 CFR Part 50 and, if applicable,

wWith provisions in the ASME Code, Section XI. It is inportant to
note the foll ow ng concerning
Section Xl :

1. Only editions of Section Xl through the 1989 Edition and
addenda through the 1988 Addenda have been endorsed by the
NRC. The 1989 and 1990 Addenda to the 1989 Edition of
Section X, and the 1992 Edition of Section Xl have not been
endor sed by the NRC

2. Not all Section Xl editions address plugging or sleeving
repair nethods. The 1980 Edition was the first edition to
address repairs of SGtubing by plugging processes. The 1989
and 1990 Addenda to the 1989 Edition (not endorsed) and the
1992 Edition (not endorsed) were the first Editions of Section
XI to address repairs of SG tubing by sleeving processes.
Furthernore, Section Xl is silent wwth respect to addressing
repairs by nechani cal plugging processes.

3. The ASME rules Ilisted should not necessarily be
interpreted as NRC requirenents. The ASME rules
constitute NRC requirenments only if the specific repair
process i s addressed by one of the editions of Section Xl,
or if the licensee has commtted to use that specific

"ENDORSED" edition of Section Xl or has applied one of the
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| at er "ENDORSED" editions of Section Xl which specifically
addresses the repair technique.

Attachnment 1 discusses the relevant 10 CFR 50 Appendi x B criteria
to repairs of steam generator tubing. Attachnments 2 - 4 address
t he ASME Code, Section Xl rul es consi dered i nportant when defective
SG tubes are to be repaired using welded plugging techniques.
Attachnments 5 - 9 provide the applicable ASME Code, Section Xl
considers as inportant requirenments when sl eeving processes are
used to repair defective SG tubing.

Attachnment 10 addresses process activities that need to be
controlled, as required by 10 CFR 50 Appendi x B, when repairs to SG
t ubi ng are acconpl i shed by nechani cal, hydraulic or roll ed pl uggi ng
techniques. It should be noted that Attachnent 10 does not |i st
any ASME Code rules, since the ASME Code, Section Xl is silent in
regard to repairs of SG tubing by mechanical, hydraulic or rolled
pl uggi ng applications.

REFERENCES
Attachnment 1, Quality Assurance Contro

E
1
2. Attachnment 2, Code Rules for tube Plugging by Manual Wl ding
3 Attachnment 3, Tube Pluggi ng by Expl osive Wl ding

4

Attachnment 4, Tube or Tubesheet Hole Plugging by Fusion
Wl di ng

5. Attachment 5, Repairs of Defective Steam Generator Tubi ng by
Sl eevi ng, Ceneral Sl eeving Requirenents

6. Attachment 6, Repairs of Defective Steam Generator Tubing by
Sl eevi ng, Tube Sl eeving by Expl osive Wl di ng

7. Attachment 7, Repairs of Defective Steam Generator Tubi ng by
Sl eevi ng, Tube Sl eeving by Fusion Wl ding

8. Attachment 8, Repairs of Defective Steam Generator Tubing by
Sl eevi ng, Tube Sl eeving by Brazing

9. Attachment 9, Repairs of Defective Steam Generator Tubi ng by
Sl eevi ng, Tube Sl eeving by Expansion

10. Attachnment 10, Repair of Defective SG Tubing by Mechanica
Pl uggi ng Techni ques

END
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TABLE 1

Pl uggi ng and Sl eevi ng Techni ques Addressed in ASME Section Xl .

1980 1983 1986 1989 1992
Edition Edition Edition Edition Edition
Plug. Using @ | \B- 4440 | \B- 4440 | \B- 4440 | \B- 4240 @ | | WA-4413 @
Manual Wel di ng
Pl ug. Using | \B- 4450 | \B- 4420 | \B- 4420 | \B- 4220 | WA- 4411 @
Expl osi ve Wl d.
Pl ug. Using --- --- | \B- 4430 | \B- 4230 | WA- 4412 @
Fusi on Wl di ng | VB- 4230 ©
General Sl eeving --- --- --- | VB- 4310 @ | | WA-4421 @
Requi renent s
Tube Sl eeving by --- --- --- | VB- 4320 @ | | WA-4422 @
Expl osi ve Wl di ng
Tube Sl eeving by --- --- --- | VB- 4330 @ | | WA-4423 @
Fusi on Wl di ng
Tube Sl eeving by --- --- --- | VB- 4340 @ | | WA-4424 @
Brazi ng
Tube Sl eeving by --- --- --- | VB- 4350 @ | | WA-4425 @
Expansi on
(1) Applicable only to manual wel di ng techni ques of plugs wel ded to tubes of P-Nos.
8, 41, 42, 43, 44, & 45 material classifications, wthout post-weld heat
treat ment.
(2) Only covered by the Addenda to the 1989 Edition of Section X, not
Edition itself
(the 1989 and the 1990 Addenda to the 1989 Edition of Section Xl have not

endor sed) .

(3)
Section Xl

(5) Addressed by Subsubarticle 1WB-4230 in the 1988 Addenda to the 1986 Edition of

Section Xl
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Attachnent 1
QUALI TY ASSURANCE/ CONTROL

The qual ity assurance requirenments of 10 CFR 50, Appendi x B shal
be applied to all types of repairs to steam generator tubes
because they are repairs to the reactor cool ant pressure boundary.
The fol |l ow ng paragraphs give sone i nsight to sonme of the Criteria
in 10 CFR 50, Appendi x B applicable to activities being perforned
during plugging or sleeving repairs:

1. Criterion 111. DESI GN CONTROL: Requi res that |icensees
provide neasures which ensure that applicable regulatory
requirenments and design bases, as defined in 50.2 and
specified in the license application, for safety-rel ated
systens, structures and conponents (SS&C) are correctly
transl ated i nto specifications, drawi ngs, instructions, and/or
procedures. This criterion requires that the follow ng be
done to assure that proper design control is taken into
account when plugging or sleeving repairs are performed on
def ective steam generator tubing:

a. For repairs to SG tubing which involve sl eeving or wel ded
pl uggi ng repairs, verify that the design of the sl eeves or
plugs is consistent with the steam generator design as
specified in the FSAR

b. For repairs of SGtubing which involve nechani cal plugging
processes (including rolled plugging techniques), verify
that the plugging design exists and is delineated in a
control | ed, approved docunent.

c. Verify that the follow ng i nportant desi gn considerations
are included in the plugging design:

1) Plug (or sleeve), tube and tubesheet naterials are
conpati bl e wi th one anot her, and that for wel ded repair
processes that filler nmetal materials used in the
process are conpatible for the process involved.

2) Proper dinensional consideration is taken in account
Wi th respect to the design of plugs or sleeves.

3) For kinetically wel ded pl uggi ng or sl eevi ng processes,
that the process will create sufficient bondi ng bet ween
the plug or sleeve and the tube or tubesheet it is
wel ded to.

4) For nechani cal or roll ed pl uggi ng or sl eevi ng processes
that sufficient strain exists between the plug or
sl eeve and t he tube or tubesheet wall, so that the plug
or sleeve will remain in place, as intended, during
normal operational, transi ent and acci dent conditi ons.

2. Criterion V. |INSTRUCTIQN, PROCEDURES AND DRAW NGS: Requires
that activities affecting quality be prescri bed by docunent ed
instructions, procedures or drawi ngs of a type appropriate to
the circunstances of the activity involved, and that
performance of these activities be performed in accordance
with these instructions, procedures or drawings. NOTE: The
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i nstructions, procedures or drawi ngs shal |l incl ude appropriate

gquantitative or qualitative acceptance «criteria for

det er mi ni ng t hat repair activities falling under the scope
of this Appendix are satisfactorily
acconpl i shed.

3. Criterion VII. CONTROL OF PURCHASED MATERI AL, EQUI PMENT AND
SERVI CES:
Requi res t hat nmeasures be established to assure that purchased
material, equipnment and services conform with criteria in
approved procurenent docunments. The scope of this Criterion
i ncl udes requi renents for eval uati ng and sel ecti ng sour ces of
vendor products or services, ensuring that objective evidence
of quality is furnished by the vendor, inspecting vendor
products or services at the vendor source, and exan ning
vendor provided products or services at delivery.

NOTE: It is a requirenent that, should SG tube repairs be
contracted out to an outside organization, the |icensee be
responsi ble for providing adequate QA oversight of the
contractors activities, including any QA activities which may
be del egated over to the contractor by the licensee.

4. Criterion I X. CONTROL OF SPECI AL PROCESSES: Requi res t hat
nmeasur es be established to assure that speci al processes, such
as wel ding, heat treatnent, or non-destructive testing, are
controlled and acconplished by qualified personnel using
qual i fi ed procedures which incorporate the requirenents from
appl i cabl e codes, standards, specifications, criteriaor other
speci al requirenents. Inspectors or auditors should take the
follow ng things into account when revi ewi ng activities which
relate to special processes involved in the plugging or
sl eeving repairs:

a. Weld preheats, post-weld heat treatnents, stress relief
heat treatnments, or other heat treatnents are sufficiently
controlled to ensure that they are appropriate for the
mat erials i nvolved in the process, and applicabl e over the
entire range of yield strengths, tensile strengths or
other materials properties which may be allowed to vary
(for the material in question) by material specification.

As an exanpl e of inproper control of heat treatnents, the
NRC determ ned that stress relief heat treatnents used in
qualifying a Babcock and Wl cox rolled sleeving process
did not sufficiently bound the range of yield strengths
whi ch varied anong the SG tube materials (lInconel 600)
when this process was applied at the MGQ@iire Nuclear
Station.

b. Personnel using these processes are adequately trained and
qualified in these processes to perform them Thi s
i ncludes qualification and training of rolling operators
who enploy nechanical (rolled) plugging or sleeving
techni ques, and qualification of explosive welders who
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enpl oy kinetic explosion techniques to bond plugs or
sl eeves to tube or tubesheet surfaces.

Repair procedures which cover these processes (including
special nechanical or welded plugging or sleeving
processes) are qualified to achieve the repair product
desired. These procedures should include alisting of al
essential variables and non-essential variables used in
t hese processes, and acceptance criteriafor qualification
of procedures and personnel using these processes.

Qualification of personnel and procedures involved in
wel ded or nechani cal plugging or sleeving processes are
qualified on suitable nock-up test assenblies, to the
extent practical, which sinulate the conditions that wll
be experienced inthe field, and that personnel perform ng
t hese procedures performa sufficient nunber of acceptable
test plugs or sleeves.

Acceptance Criteriafor qualificationof repair procedures
and personnel performng the repair process should be
verified to be included in the repair procedures.

NOTE t hat ot her Appendix B criteria apply to pluggi ng or sl eeving
repairs of defective steam generator tubes; however, the four
criteria |isted above appear to be the Appendix B Criteria which
relate nost directly repair nethods covered by the Scope of this
docunent .

END
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Attachnent 2
CODE RULES FOR TUBE PLUGE NG BY MANUAL VELDI NG

1. Code rules for SteamGenerator Tube Pl uggi ng by Manual Wel di ng
Techni ques apply only when manual wel di ng techni ques are used
tojoin plugs to SG tubes of P-Nos. 8, 41, 42, 43, 44 and 45
material classifications with subjecting the weld netal to
post-wel d heat treatnents.

2. IWB-4441.1 in the 1980, 1983 and 1986 Editi ons of Section Xl

and
| WVB-4241 inthe 1989 Editionrequire that materials conformto
the requirenments of [|WA-4200. | WA-4200 requires that

materials shall conformto the requirenments of either the
original design specification or ASME Code Section |11
requirenents.

3. The ASME Codes, Section Xl rules are not silent in regard to
requirenents for cleaning of base netal prior to any weld
repairs.
| WB-4441.3 in the 1980, 1983 and 1986 Editions, and | WB-4243
in the
1989 Edition of Section Xl require renoval of the SG tube
surface oxide prior to plugging and wel di ng.

4. Wel der or Weld operator performance qualification shall be
done in accordance with the general requirenents of |WA-4300
and the requirenments of IVWB-4441.2 in the 1980, 1983 and 1986
Editions of Section X, or IWB-4242 in the 1989 Edition of
Section XI. I1WA-4300 requires qualification of welders in
accordance with the provisions of the ASME Code, Section I X
| WVB-4441. 2 and | WB-4242 both require that the wel der or weld
operator be tested (qualified) under simulated conditions
whenever physical conditions arise which interfere with the
wel ders ability to deposit a sound weld and restrict the
wel ders access to the production weld to | ess than 12 inches
(300 MM in any direction fromthe joint.

a. Welder requalificationis required whenever significantly
different accessibility conditions occur, or whenever any
of the essential variables stated in Section |IX of the
ASME Code (specific to the weld process used) are changed.

5. IWB-4441.3 in the 1980, 1983 and 1986 Editions of Section X,
and
| WVB- 4243 in the 1989 Edition require that the tube pluggi ng
operation be performed in accordance with an approved
procedure(s) which delineates, as a mninum the follow ng
requirenents:

a. tube plug material, dinmensions and material certification
requirenents,

b. preparation of the tube-to-tubesheet joint to be plugged,
i ncluding inspection requirenents for the joint and a
nmeans for renoval of surface oxide fromthe joint,
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10.

C. preparation (sizing) of the tube 1.D. prior to
installation, including inspection requirenents,

d. requirenents for inserting the pluginto position prior to
wel di ng,
i ncl udi ng i nspection requirenents,

e. the essential variables for the welding process as
delineated in Section IX

f. requirenments for non-destructive exam nation of the wel ds
foll owi ng conpletion of the welds.

| WB-4441.3 in the 1980, 1983 and 1986 Editions of Section X,
and

| WB-4243 in the 1989 Edition require that the tube plugging
procedures and wel ders shall be qualified on a m ni mumof five
consecutive acceptable wel ds deposited on the qualification
test assenbly, and perfornmed in accordance wth welding
procedures for the specific welding techniques involved.

| WB-4441.3 in the 1980, 1983 and 1986 Editions of Section X,
and

| WB-4243 in the 1989 Edition require that the qualification
nock-up assenbly sinmulate the access provisions and work
conditions for the SGtube to be plugged, including sinulating
the follow ng aspects of the tube invol ved:

tube size

t ube spaci ng,

t ube extension beyond the tubesheet,

tube proximty to the side walls as specified in |WB-
4441.2(b) in the 1980, 1983 & 1986 Editions, and |WB-
4243(b) in the 1989 Edition,

e. the requirenent that the tubesheet thickness of the nock-
up assenbly be as thick as that of the production
t ubesheet, except that it need not exceed a thickness of
2 inches (51 m).

| WB-4441.3 in the 1980, 1983 and 1986 Editions of Section X,
and

| WVB- 4243 in the 1989 Edition require a visual exam nation of
the plugging operation (VT-1, VI-2, VI-3, or VT-4) in
accordance with

| WA- 2210 or a surface exam nation (Magnetic Particle Examor
Liquid Penetrant Exan) 1in accordance with |WA-2220, as
appl i cabl e.

aoow

| WB-4441.3 in the 1980, 1983 and 1986 Editions of Section X,
and

| WVB-4243 in the 1989 Edition require that any repairs of the
wel ds associated with the plugs be done i n accordance with the
original tube plugging procedure; thermal cutting as a weld
repair mechanismis prohibited by these Paragraphs.

The Omer's and repair organization responsibilities shal
i ncl ude, anong ot her responsibilities, oversight of procedure
and wel der qualification aspects, and mai nt enance of records
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i ndi cating tube plugging |locations and retention aspects or
related quality docunentation.
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Attachnent 3

TUBE PLUGE NG BY EXPLOSI VE VELDI NG

1. Explosive wel dingtechniques are not specifically addressed in
Section | X of the ASME Code.

2. 1WB-4451 in the 1980 Edition, |WB-4421 in the 1983 and 1986
Editions, and IWB-4221 in the 1989 Edition of Section Xl
require that plugs install ed by expl osi ve wel di ng processes be
manuf actured or fabricated in accordance with the foll ow ng
requirenents:

a. materials usedin the fabrication of the plugs be produced
in conpliance with the requirenents of an SA or SB
Specification of the ASME Code, Section IIl or any other
mat erial specification permtted by Section X,

b. plugs be traceable toa mll test report (1980 Editions of
XI) or a certified material test report (1983, 1986, &
1989 Editions of XI) which indicates the material
properties and chem stry of the material used for the
expl osive plug fabrication.

3. There is aslight difference between the Ower responsibility
requirenments in the 1980 Edition of Section XI and the | ater
1983, 1986 and 1989 Editions of Section Xl.

Par agraph 1 WB-4452 in the 1980 Edition of Section Xl requires
that the Owmer or Contractor perform ng the expl osive wel d be
responsi bl e for the foll ow ng aspects of the pl uggi ng process:

a. overseeing all wel ding perforned by t he wel di ng operators,

b. establishing the procedures and conducting the tests which
are required by the 1\VB-4000 in order to qualify both the
wel di ng procedures used in the welding process and the
perfornmance of the weld operators who apply the expl osive
wel di ng techni que in accordance with these procedures,

c. maintaining the qualification records of their expl osive
procedures and their wel ding operators on a formsimlar
to the recomended Record of Wel ding Operator
Qualification Tests For Tube Wl ding by Explosives, as
shown in Appendix B to Section Xl, including the test
results of the qualification tests (1980 Edition only).

| WVB- 4455 in the 1980 Editi on of Sectionrequires the Omers to
mai ntain (as a mninmun) the foll ow ng records:

procedure utilized for the wel ding process,
wel di ng procedure qualifications,

wel di ng operator performance qualifications,
material certifications,

| ocati on of plugged tubes.

PaooTo
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In later Editions of Section XI, Paragraphs | WB-4421 (1983 &
1986 Editions) and | WB-4221 (1989 Edition) require that the
Owner be responsible for the foll ow ng actions:

a. maintaining the follow ng records:
1) procedure utilized for the welding process,
2) wel ding procedure qualifications,
3) welding operator perfornmance qualifications,
4) material certifications,
5) location of plugged tubes or hol es,
6) results of heat exchanger exam nations required by
Article 1 WB-4300,
7) specific tubes or holes plugged by each welding
oper at or,

b. that the records for the procedure and welder
qualification include the results of all tests required
under | WB-4422 (1983 & 1986 Editions) or |WB-4222 (1989
Edition), and that the qualifications be certified by the
repair organization

c. that Procedure Qualification Records include adescription
of all essential and non-essential variabl es as deli neated

in
| W\B-4422. 1(a) & (b) (1983 and 1986 Editi ons of Section Xl)
or

| VB- 4222. 1( a) & (b) (1989 Edition of Section Xl).

| WB- 4452 in the 1980 Edition, IWB-4421 in the 1983 and 1986
Editions, and [IWB-4221 for the 1989 Edition require the
followng of welding operators performng the explosive
wel di ng techni que:

a. qualification in accordance wth the appropriate
requirenments of Article |WB-4000,

b. weld operators apply the identification mark assi gned by
the Ower or Contractor on the expl osive plug or adjacent
to the tube being plugged follow ng the plugging repair.

| WB- 4453 in the 1980 Edition, IWB-4423 in the 1983 and 1986
Editions and [IWB-4223 in the 1989 Edition of Section Xl
require that the expl osi ve wel di ng procedure delineate all the
requirements of the repair cycle including the follow ng as a
m ni mum

safety requirenents,

tube plug material, dinensions, and certification
requirenents,

essential variables of the explosive welding process,
preparation of the plug,

detonation of the charge plug,

nondestructi ve exam nati ons.

oo

D QO

In addition, the 1983, 1986 and 1989 Editions of Section Xl
require that the wel ding procedure delineate the nmethod of
verifying that both ends of the sanme tube or tubesheet bore
hol e are to be pl ugged.
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6. 1WB-4453 in the 1980 Edition, |WB-4422 in the 1983 and 1986
Editions, and | W\B-4222.1 in the 1989 Edition of Section Xl al
require that the expl osive wel di ng procedure for plugging be
qualified as a new procedure, and be requalified whenever any
of the followng essential variables for the process are

changed:
a. change in the P-No. of any of the materials to be joined,
b. a 10% or nore decrease in the nom nal design tube wal

t hi ckness,

c. a change in the tubesheet hole pattern,

d. a decrease in the proximty of tw sinultaneously
detonat ed parts,

e. any increase in the nunber of plugs to be simnultaneously
det onat ed,

f. achange inthe detail controlling expl osive densities and
charge-to-mass rati os,

g. a change in the type of explosive,

h. a change of 10% or nore in the explosive charge nass,

i. a decrease of 15% or nore in the liganment of the
t ubesheet,

j. deletion of cleaning activities for the tube, plug, or
hol e contact surfaces, or a change in the cleanliness
requirenents (including renoval of surface oxide
requi renments) prior to explosive detonation

k. any change in the nom nal plug configuration,

I. a change of 10% or nore in the nomnal or average
cl earance, (standoff) between the tube or the hol e and t he

pl ug.

In addition, 1VWB-4422 in the 1983 and 1986 Edi ti ons, and | W\B-
4222.1 in the 1989 Edition of Section Xl list an additi onal
essential variable for the process:

a. a change of whether or not the tubes had been expanded
into contact with the tubesheet in the area where bondi ng
occurs.

Changes to t he non-essenti al vari abl es may be made wi t hout t he
necessity for requalification, provided the expl osi ve wel di ng
procedure is anmended to show these changes. Non-essenti al
vari abl es for the explosive welding process are as foll ows:

a. a change in the P-No. of tubesheet netal,

b. a change in the cladding netal on the tubesheet (such as
fromaustenitic stainless steel to a nickel -based all oy or
visa versa), where the explosive charge is installed
Wi thin one tube dianeter of the cladding netal

c. a change in the tube-to-tubesheet seal wel ding procedure
where the explosive charge is installed within one tube
di aneter of the tube- to-tubesheet seal weld.

7. 1\V\B-4453 in the 1980 Edition, |WB-4422 in the 1983 and 1986
Editions, and | W\B-4222.1 in the 1989 Edition of Section Xl al
require the following of Test Assenblies wused for
qualification of the explosive welding procedure:
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a. that the test assenbly sinulate the conditions to be used
in the production with respect to position, tube hole
pattern, and the essential variabl es used in the expl osive
wel di ng process,

b. that the test assenbly tubesheet thickness shall be as
t hi ck as the production tubesheet, with the exception that
it isn't required to be any nore that 1 inch greater than
the |l ength of the expl osive plug,

c. that the m ni mum nunmber of explosive welds required for
procedure qualification shall be ten welds nmade
consecuti vely.

In addition, 1WB-4422 in the 1983 and 1986 Editions, and | WB-
4222.1 in the 1989 Edition of Section Xl require that the test
assenbly shall also contain cladding or tube-to-tubesheet
wel ds, as applicabl e, whenever the expl osive charge is to be
pl aced | ess than one tube dianeter fromeither cladding or a
t ube-t o-tubesheet wel d.

| W\B-4453 in 1980 Edition, IWB-4422.1 in the 1983 & 1986
Editions, and IWB-4222.1 in the 1989 Edition of Section Xl
require the followng of test assenblies used for
qgqualification acceptance of the expl osive welding procedure.

a. Wien cladding or tube-to-tubesheet welds are required,

such cladding and tube-to-tubesheet welds shall be
exam ned by the liquid penetrant nethod and shall conply
W th t he acceptance st andards of ASME Section 1, Article
NB- 5000.

b. Each plug weld and tube-to-tubesheet weld (where
applicable) shall be sectioned longitudinally to reveal
four cross-sectional faces, 180 degrees apart (i.e. cut
the wel ded tubes in half longitudinally). After polishing
and etching the four faces, each expl osive weld joint area
shall be netallographically exam ned at X50 or greater
magni fication for the | ength of the explosive bond. The
bonding i s considered acceptable if there is a m ni mum of
five times the nom nal tube wall thickness of continuous
bond between t he plug and tube or tubesheet on each cross-
sectional face. Each tube-to-tubesheet weld shall be
consi dered acceptable if it is free from explosively
produced cracks, as determned visually wusing X0
magni fication

c. Suitable nmechanical tests may al so be used to add further
assurance that the bond length is adequate. Details of
any nechani cal tests perforned should al so be included in
the Procedure Qualification Report.

d. Liganent distortion caused by explosive welding is
unaccept abl e when the adj acent tube |.D. is reduced bel ow
the dianeter of the tube plug.

e. The explosive welding procedure shall be considered as
qualified if all ten of the required, consecutively mde
expl osive wel ds are found to be acceptabl e.

| WB-4453 in 1980 Edition, |1WB-4422.2 in the 1983 & 1986
Editi ons, and | WB-4222.2 in the 1989 Editi on of Section Xl al
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require the foll owi ng things for performance qualification of
t he expl osive wel d operators.

a. Tube pluggi ng shall be perfornmed by wel di ng operators who
have been qualified in accordance with the requirenents
listed in b., c., and d. directly bel ow

b. Welding operator shall prepare (if applicable), instal
and detonate consecutively a mninmm of five plugs in
conformance wi t h an expl osi ve pl ug wel di ng procedur e (WS,
Wel di ng Procedure Specification). Accept ance of these
plug welds qualifies the weld operator for welding with
all other explosive plug wel di ng procedures.

c. The five plug welds shall be exam ned in accordance with
the exam nation requirenments for exam nation of the test
assenbl i es. Al five welds nust neet these acceptance
standards for the performance qualification to be
accept ed.

d. Renewal of the weld operator's perfornmance qualification
is required when the operator has not used the process
within a period of six nonths or |onger, or when there is
a specific reason to question his ability to make quality
wel ds per the procedure. Renewal of performance
qualification shall be identical to the initial
qualification, except that only one tube plug explosive
wel d need be made.

10. Section XI Article 4000 requires that a final non-destructive
vi sual exam nati on be made of the plug in accordance with | WA-
2200, | ooking for proper installation and correct | ocation of
t he pl ugs.
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Attachnment 4
TUBE OR TUBESHEET HOLE PLUGGE NG BY FUSI ON VEELDI NG

The 1986 Addenda and the 1988 Addenda to the 1986 Edition of
Section XI and the 1989 Edition of Section XI were the only
endorsed editions to address these techniques. The techni ques
apply to manual or nmachi ne wel ding by the Gas Tungsten Arc Wl di ng
(GTAW or TIG or Gas Metal Arc Welding (GVAW processes. For
sinplicity, the references to Paragraphs or Subparagraphs in
provi sions below are taken from the 1988 Addenda to the 1986
Edition of Section Xl and the 1989 Edition of Section XI. The ASME
requirements in the 1986 Addenda to the 1986 Edition are
equivalent, with the exception that the governing Subsubarticle
starts with | WB-443X

1. IWB-4231 states that the followng material requirenents are
applicable to materials used i n SGtube pl uggi ng processes by
fusi on wel di ng.

a. Materials shall be in accordance with the requirenents of
an SA, SB or SFA Specification of the ASME Code, Section
1l or any other material specification permtted by

Section I11. Mat erial produced to a weld filler netal
chem stry shall neet the filler netal requirenents of NB-
2000.

b. Materials shall be traceable to a Certified Materi al Test
Report (CMIR).

2. |1WB-4232 states that the Wel d Procedure Specifications (WPSs)
and welders or welding operators shall be qualified in
accordance with the foll owi ng requirenents.

a. IWB-4232.1 requires the following things for Procedure
Qualification.

1) Welds shall be made using either GTAWor GVAW short -

circuiting arc GVAW is prohibited as being an

al | owabl e net hod of wel di ng.

2) The WPS shall |ist the essential variables of Section
Xl and the addi ti onal essential variabl es of Paragraph
| \B- 4232. 2.

3) WPS qualificationshall followtherequirenments of | WB-
4232. 3.

4) A separate qualification of the WS is required for any
change in the P-No. or A-No. of the plug, tube, sleeve
or cladding. Aseparate qualificationis alsorequired
when the material has no P-No. or A-No. If the plugis
welded to the «cladding, the cladding shall be
consi dered as the base material.

5) Any change to an essential variable requires re-
qualification of the WS, A WPS may require the
support of nore than one Procedure Qualification Record
(PQR); alternatively one PQR may support a nunber of
WPSs.
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b. IWB-4232.3 requires that the followng be listed as
addi ti onal Essenti al Vari abl es for Pr ocedur e
Qualification:

1) a change of nore than 1/16 of an inch in the extension

or recess of either:

a) the tube relative to the tubesheet, or

b) the plug relative to the material being joined
(tube sl eeve or tubesheet - See Figure | WB-4232. 1),

2) a 10% change in the plug thickness at the weld
| ocati on,

3) a 10%change in the nom nal wall thickness of the tube
or sleeve, where the plug is welded to the tube or
sl eeve,

4) a decrease of 10%or nore in the specified width of the
i ganment between the tube holes when the specified
width is less than 3/8 of an inch or three tines the
speci fied tube wall thickness, whichever is greater.

c. IWB-4232.3 states that the followng itens apply to the
Test Assenbly used in the procedure qualification process.

1) Procedure qualification shall be nade on a test
assenbly that sinmulates the tube hole pattern with the
essential variables of Section IX and [|WB-4232
(additional variables |isted above). The tubesheet in
the test assenbly shall be at least as thick as the
producti on tubesheet, but need not exceed two inches.

2) Five consecutive welds of the test assenbly shall be
exam ned by a liquid penetrant nmethod in accordance
with the requirenents of |WA-2200 and NB-5350 (ASME
Section Il11). These welds shall be cross sectioned
longitudinally through the center of each plug. The
t hi ckness of the assenbly may be reduced to facilitate
secti oni ng. One section of each plug shall be
pol i shed, etched with a suitable etchant, and visually
exam ned at X10 magnification. The weld throat and
m ni mum | eakage path shall not be | ess than required by
the Design Specification. The weld shall be free of
cracks and | ack of fusion. Porosity shall not reduce
the weld throat thickness below that required by the
m ni mum | eakage pat h.

d. 1WB-4232.4 states that the following itens are required
for Performance qualification of welders or weld
oper at or s.

1) Test assenbly shall be the sanme as that required for
procedure qualification except that the essential
vari abl e for performance qualification are as foll ows:
a) a change from one welding process to any other
wel ding process or conbi nati on  of wel di ng
processes,

b) for welders, a change in F-No.,

c) for welders, the addition of other welding
posi ti ons,
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d) the addition or deletion of preplaced netal

i nserts.
2) For welders and weld operators, five consecutive
acceptable welds shall be nmde and examned in

accordance with the requi renents of 1 \WB-4232.3 (listed
above). The performance qualification shall be nade in
accordance with a WPS that has been qualified in
accordance with |1 WB-4232. 3.

3) Welders and weld operators shall be tested under
conditions that sinulate the access conditions of the

weld area in the field. Such sinulated conditions
shal |l include radiation protection gear.

4) Retest shall be performed in accordance with Section | X
QW 320.

5) Renewal of qualificationis required when the wel der or
wel d oper at or has not perforned tube pl uggi ng using the
process for which he is qualified for 3 nonths or
| onger, or when there is a specific reason to question
his ability to nake quality wel d per the WPS. Renewal
of qualification shall be identical to the initial
qualification, except that only one tube weld is
required.

3. IWB-4233 requires that all welding shall be perforned be
performed in accordance with a witten procedure that
identifies the sequence of operations for the repair. The
procedure shall include the follow ng:

a. the WPS in accordance with | WB-4232,

b. the preparation of the heat exchanger tube or tubesheet
hol e to be plugged,

c. requirenents for inserting the tube into position for
wel di ng, including applicable inspection or exam nation
requirenents.

4. [WB-4234 requires a final VT-1 visual exam nati on of the heat
exchanger tube plugs and wel ds.

5. IWB-4235 requires the Owmer naintain the follow ng records:

a. WPS,

b. PR

c. performance qualification records,

d. CMIR

e. locations of plugged tubes or tubesheet hol es,
f. results of exam nations required by |WB-4320.

6. |1WB-4325 requires that the PQR and performance qualification
records include all tests required by |1WB-4320 and be
certified by the Omer or repair organi zation. The wel der or
wel d operat or performance qualificationrecord shall identify
the WPS that was used for qualification

END
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Attachnent 5

REPAI RS OF DEFECTI VE STEAM GENERATOR TUBI NG BY SLEEVI NG (1 WA-
4420)

Repairs of SG tubes by sl eeving processes were first addressed by
ASME in the 1989 and 1990 Addenda to the 1989 Edition of Section
Xl . The 1992 Edition of Section Xl also addresses sleeving
processes. | WA-4420 is the appropriate Subsubarticle which
addresses Heat Exchanger Tube Sleeving in the 1992 Edition of
Section XI. The correspondi ng ASME sl eeving requirenents in the
1989 and 1990 Addenda to Section Xl are found in Subarticle |WB-
4300.

| WA- 4421, as summari zed bel ow, i s the Paragraph in the 1992 Edition
of Section Xl which addresses the General ASME Sleeving
requi rements which are applicable to all sleeving repair nethods.
NOTE: Nei ther the 1989 or 1990 Addenda to the 1989 Edition of
Section X, nor the 1992 Edition of Section Xl, have been endorsed
by the NRC.

General Sl eeving Requirenents (IWA-4421)

1. The CGeneral Requirenents for steamgenerator tube sleeving are
found in | WA-4421.

2. IWA-4421.1 requires that repairs of SG tubes by sleeving
processes neet the general wel di ng requirenents of Subarticle
| WA- 4200, with the exception that the NPS 1 or | ess pipe size
exenption of 1 WA-4120, as i nvoked on t he | WA- 4200 rul es, shal
not apply in this case.

3. IWA-4421.2 requires that each sl eeving operati on be perforned
in accordance with a sleeving procedure specification (SPS)
whi ch delineates, as a mninmnum the follow ng:

a. sleeve and tube materials and di nensions,

b. requirenments for preparation of the tube inside surface
prior to insertion of the sleeve, including exam nation
requi renments and acceptance criteria,

c. requirenents for inserting the sleeve into position,
including examnation requirenments and acceptance
criteria,

d. the essential and non-essential variables of |WA-4421.3
and the wel ding or brazing process used,

e. required sleeve attachnent dinensions,

f. requirenents for final exam nation and acceptance
criteria,

g. the sequence of operations.

4. 1WA-4421.3.1 requires qualification of t he SPS and
requalification of the SPS whenever an essential variable for
t he sl eeving process i nvol ved i s changed. The SPS need not be
requalified for any changes to non-essential variables
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provided the SPS is anended to show the changes. The
foll owi ng essential variabl es apply to all sl eeving processes:

a. a change in the P-No. classification of any of the
mat eri al s bei ng j oi ned, including tube, sl eeve, tubesheet,
and cl adding materials. Materials not having a P-No.
classification require a separate qualification,

b. a change of 10% or nore in nom nal tube or sleeve design
wal | thickness in the area of the joint,

c. deletion of tube cleaning prior to sleeve insertion,

d. a change in sleeve attachnment |ocation from wthin the
t ubesheet to beyond the tubesheet or vice versa,

e. a change in the sl eeve attachnent |ocation fromw thin the

sl udge pile to beyond the sludge pile or vice versa,

f. the addition or deletion of postweld or postbraze heat
treat ment,

g. a change of nore than 10% in the nom nal tube or sleeve
di aneter.

Addi tional essential variables are listed for the specific
sl eevi ng processes addressed | at er i n Subpar agraphs | WA-4422,
| WA- 4423, | WA-4424, and | WA-4425 to Paragraph | WA-4420.

A change in the nethod of tube cleaning prior to sleeve
insertion is a conmon NON-essential variable to all sleeving
processes.

| WA-4421.3.2 requires that sleeve attachnment processes be
performed by welders, brazers, or equipnent operators
qualified to the foll ow ng requirenents.

a. Performance qualification shall be done wth the
appropriate provisions of Subarticle | WA-4400.

b. Manual performance qualification shall be perfornmed under
conditions simulating the restricted access of the
production joint.

c. Renewal of performance qualification is required when the
wel der, brazer, or equi pnent operator has not used the
process for nore than 6 nonths, or when there is any
reason to question his ability to nake quality attachnents
in accordance with the SPS. Renewal of qualifications
shall be identical to the initial qualification except
that only one sleeve attachnent shall be nade.

| WA-4421. 4 requires that if a conbi nation of processes is used
for sleeve installation, either at opposite ends of a single
sl eeve or as a sequence of processes in a single attachnent,

then | WA-4422, | WA-4423, | WA- 4424, or | WA-4425, as appl i cabl e,

apply to each process used. The SPS shall require that the
processes used during production sleeving shall be perforned
In the same sequence as used during qualification

| WA-4421.5 requires the Owmers to maintain the foll ow ng
records:

a. those required by IWA-6000,
b. those required by I WA-4900,
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c. the SPS,

d. procedure qualification for the attachnment process,

e. performance qualification for each welder, brazer, and
equi pnent oper at or,

f. locations of all sleeved tubes and sl eeves,

g. results of all required sl eeve exani nations.
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Attachnent 6

REPAI RS OF DEFECTI VE STEAM GENERATOR TUBI NG BY SLEEVI NG (1 WA-
4420)

Repairs of SG tubes by sl eeving processes were first addressed by
ASME in the 1989 Addenda to the 1989 Edition of Section Xl. The
1992 Edition of Section Xl al so addresses sl eeving processes. | WA-
4420 is the appropriate Subsubarticle which addresses Heat
Exchanger Tube Sleeving in the 1992 Edition of Section Xl. The
correspondi ng ASME sleeving requirenents in the 1989 and 1990
Addenda to Section Xl are found in Subarticle |IW-4300.

| WA- 4422, as summari zed bel ow, i s the Paragraph in the 1992 Edition
of

Section XI which addresses the requirenents for tube sleeving by
expl osi ve wel di ng techniques. NOTE: 1) Neither the 1989 or 1990
Addenda to the 1989 Edition of Section X, nor the 1992 Edition of
Section XI have been endorsed by the NRC. 2) The ASME r equi renents
of |1WA-4422 below are in addition to the General Sleeving
Requi renment s of | WA-4421.

TUBE SLEEVI NG BY EXPLOSI VE VELDI NG (I WA-4422)

1. In additionto the general sleeving requirenents of |WA-4421,
t ube sl eeving by expl osi ve wel di ng shall be addressed by the
provi si ons of
| WA-4422.1 (general requirenents for sleeving by explosive

wel di ng),
| WA- 4422. 2 (qualification requi renents), | WA- 4422. 3
(requirenments for explosive sleeving SPS), |WA-4422.4

(exam nation requirenents).

2. 1WA-4422.2.1 states that the follow ng additional essential
vari abl es appl y when qual i fyi ng expl osi ve sl eevi ng procedur es:

a. a decrease in the distance between the two closest
si mul t aneousl y det onat ed charges,

b. a decrease in the distance between the two closest
i ndi vidual Iy detonated char ges,

C. an increase in the nunber of sleeves to be simnultaneously
wel ded,

d. a change of 10% or nore in the explosive density or
charge-to-nmass rati o,

e. a change in the type of explosive,

f. a change of 10% or nore in the explosive charge nass,

g. for sleeve attachnment within the tubesheet, a decrease of
15% or nore in the tubesheet |iganent,

h. for sleeve attachnent within the tubesheet, a change from

a tube that i s expanded into contact with the tubesheet in
the area of the weld to a tube that is not expanded, or
Vi se ver sa,

i. any change in the sleeve design configuration

j. a change of 10% or nore in the nomnal or average
cl earance (stand-off) between the tube and sl eeve.
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NOTE: These additional essential variables areinadditionto
the General Sleeving essential variables of |WA-4421.

| WA-4422. 2.1 states that the followng are conmon non-
essential variables which apply to explosive sleeving
applicati ons:

a. a change in the P-No. of the tubesheet material when the
sl eeve in not joined to the tubesheet,

b. a change in the tubesheet cladding material when the
sleeve is not joined to the cladding and the expl osive
charge is installed not |ess than one tube dianeter from
t he cl addi ng,

c. achangeinthe tube-to-tubesheet joint configuration when
the expl osive charge is installed not |ess than one tube
di aneter fromthe tube-to-tubesheet seal weld.

3. IWA-4422.2.1 requires that the test assenbly with the
t ubesheet to be at | east as thick as the production tubesheet,
with the exception that the test assenbly need not be nore
than 1 inch greater than the | ength of the sl eeve attachnent.
| WA-4422. 2.1 also requires that the qualification test
assenbly shal | contai n cl addi ng or tube-to-tubesheet wel ds, as
applicable, whenever the explosive charge in the heat
exchanger is to be placed | ess than one tube dianeter from
cl addi ng or a tube-to-tubesheet weld.

4. IWA-4422.2.1 requires exam nations of the test assenbly be
done in accordance with the followng criteria.

a. Wienever cl adding or welds are required to be included in
the test assenbly, such cladding and tube-to-tubesheet
wel ds shal |l be exam ned by the |iqui d penetrant nethod and
shall conmply with the acceptance standards of NB-5350.

b. Each sl eeve and tube-to-tubesheet weld, when applicable,
shall be sectioned longitudinally. After polishing and
etching two faces of a single half-section, each expl osive
weld joint area shall be exam ned at 50X or greater
magni fication to determne the length of the explosive
bond. The bond shall be acceptable if the length of
conti nuous bond bet ween t he sl eeve and tube on each cross-
section face is at least five tines the nom nal tube wall
t hi ckness.

c. Each tube-to-tubesheet weld shall be exam ned at 10X or
greater magnification. The weld shall be acceptable if it
is free fromexpl osively produced cracks.

d. Liganent distortion caused by explosive welding is
unaccept abl e when the adjacent tube |I.D. is reduced bel ow
the diameter of the tube sleeve or mninmm dianeter
specified in the SPS, whichever is |ess. Li ganment
distortion shall not adversely affect the structural
integrity of the tubesheet assenbly.

e. The procedure shall be qualified if five consecutive
expl osive wel ds are found to be acceptabl e.
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5. 1WA-4422.2. 2 requires that all expl osive wel ding be perforned
by wel di ng operators who have been qualified in accordance
wth the foll ow ng requirenents.

a. The weld operator shall prepare, install, and weld a
m ni mumof five sleeve attachnments in conformance with an
SPS. Acceptance of five acceptabl e sl eeve wel ds qualifies
the weld operator for welding using any other qualified
SPS.

b. The five sl eeve wel ds shall be exam ned i n accordance wi th
and neet the acceptance standards of |WA-4422.2.1(e)
(exam nation requirenents for the test assenbly).

6. |IWA-4422. 3 requires that the SPS delineate the requirenents of
t he expl osi ve wel di ng process.

7. 1WA-4422.4 requires that the all explosively wel ded sl eeve
attachnents undergo a final examnation to confirmthat the
attachnment is in the correct |location and that it conforns to
t he Desi gn Specification.
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Attachnent 7

REPAI RS OF DEFECTI VE STEAM GENERATOR TUBI NG BY SLEEVI NG (1 WA-
4420)

Repairs of SG tubes by sl eeving processes were first addressed by
ASME in the 1989 Addenda to the 1989 Edition of Section Xl. The
1992 Edition of Section Xl al so addresses sl eeving processes. | WA-
4420 is the appropriate Paragraph which addresses Heat Exchanger
Tube Sleeving in the 1992 Edition of

Section XI. The correspondi ng ASME sl eeving requirenments in the
1989 and 1990 Addenda to Section Xl are found in the Subarticle
| \B- 4300.

| WA- 4423, as summari zed bel ow, i s the Paragraph in the 1992 Edition
of

Section XI which addresses the requirenents for tube sleeving by
fusi on wel di ng. NOTE: 1) Neither the 1989 or 1990 Addenda to t he
1989 Edition of Section Xl have been endorsed by the NRC. 2) The
requirements of I1WA-4423 are in addition to the General Sleeving
Requi renment s of | WA-4421.

TUBE SLEEVI NG BY FUSI ON VELDI NG (I WA-4423)

1. 1WA-4423.1 requires that tube sleeving by a fusion welding
process be done in accordance with the requirenents of |WA-
4423.1.1 through
| WA- 4423. 4.

2. IWA-4423.1.1 requires that any fusion welding only be done
using either the gas tungsten arc wel ding (GTAW, gas netal
arc welding (GVAW, or |aser beam wel ding (LBW process.

3. WA-4423.2 addresses the requirenents for fusion welding
qualifications of the procedure and welders and/or weld
oper at or s.

a. IWA-4423.2.1 lists the followng as essential vari abl es
for the fusion process involved:

1) for tubesheet sl eeves, whenever the |iganent thickness
between holes is 3/8 inch or less, a reduction in
I i gament thickness of 10%of the |iganment thickness or
three tinmes the specified wall thickness, whichever is
| ess,

2) any change in an essential variable listed for the
speci fic welding process in ASME Section | X, QW 250.

b. I'WA-4423.2.1 requires that the procedure be qualified
using a test assenbly that sinulates the conditions that
wll be encountered in production with respect to the
essential vari abl es.

c. IWA-4423.2.1 requires that the test assenbly tubesheet
thickness be at least as thick as the production
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4.

t ubesheet, with the exception that the tubesheet thickness
need not be nore than 1 inch greater than the |ength of
t he sl eeve attachnent.

d. 1WA-4423.2.1 requires that five consecutive welds be
exam ned by a |iquid penetrant nethod in accordance with
the requirenents of
| WA- 2200 and that the wel ds neet the acceptance standards
of
ASME Section 111, NB-5350.

1) Wel ds inaccessiblefor |iquidpenetrant exam nation nay
be sectioned |longitudinally through the center of the

sleeve prior to performng the liquid penetrant
exam nati on.
2) The five consecutive welds shall be sectioned

| ongitudinally through the center of each sleeve. The
t hi ckness of the assenbly may be reduced to facilitate
secti oni ng.

3) The two faces of each half-section shall be polished
and etched with a suitable etchant, and visually
exam ned at 10X magnification. The weld throat and
m ni mum | eakage path shall not be less than that
requi red by the Design Specification. The wel d shal
be free fromcracks and | ack of fusion. Porosity shal
not reduce the weld throat thickness bel owthe required
m ni mum | eakage pat h.

| WA-4423. 2.2 requires that all production welding by fusion
processes be performed by wel ders and wel d operat ors t hat have
been qualified in accordance with the criteria bel ow.

a. The test assenbly for performance qualification shall be
the same as that used for procedure qualification

b. For welders, five consecutive acceptable welds shall be
made and examined in accordance wth |WA-4423.2.1(d)
(exam nation requirenents for the test assenbly). For
wel d operators, one acceptable weld shall be nmde and
exam ned in accordance with
| WA-4423. 2.1(d). The performance qualification shall be
made i n accordance with an SPS that has been qualified in
accordance with I WA-4423. 2. 1.

c. Welders shall be tested under sinul ated access conditions.
The qualification nock-up test assenbly shall effectively
simulate the conditions that wll be encountered in
production with respect to the essential vari abl es.

d. Retest shall be in accordance with ASME Section | X, QW
250.

| WA-4423.3 requires that the SPS delineate all of the
requirements for the fusion welding process involved,
including the essential variables for the process as
delineated in ASME Section | X, QW 250.

| WA-4423.4 requires that the wel ded sleeve attachnments be
given a final examnation to confirmthat the attachnment isin
the correct | ocation and conforns to the requirenents of the
Desi gn Speci fication.
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Attachnent 8

REPAI RS OF DEFECTI VE STEAM GENERATOR TUBI NG BY SLEEVI NG (1 WA-
4420)

Repairs of SG tubes by sl eeving processes were first addressed by
ASME in the 1989 Addenda to the 1989 Edition of Section Xl. The
1992 Edition of Section Xl al so addresses sl eeving processes. | WA-
4420 is the appropriate Subsubarticle which addresses Heat
Exchanger Tube Sleeving in the 1992 Edition of Section Xl. The
correspondi ng ASME sleeving requirenents in the 1989 and 1990
Addenda to the 1989 Edition of Section XI are found in Subarticle
| \B- 4300.

| WA- 4424, as summari zed bel ow, i s the Paragraph in the 1992 Edition
of

Section XI which addresses the requirenents for tube sleeving by
brazi ng.

NOTE: 1) Neither the 1989 or 1990 Addenda to the 1989 Edition of
Section XlI, nor the 1992 Edition of Section Xl have been endorsed
by the NRC. 2) The requirenents of 1WA-4424 are in additionto the
General Sl eeving Requirenents of |WA-4421.

TUBE SLEEVI NG BY BRAZI NG (1 WA-4424)

1. IWA-4424.1 requires that the requirenents of | WA-4424.2, | WA-
4424. 3 and | WA-4424. 4 be met when brazing is used for sl eeve
attachnment s.

2. 1WA-4424.2 addresses the requirenments for procedure
qualifications and brazer and braze operator qualifications.

a. IWA-4424.2.1 requires the procedure to be qualified in
accordance with the requirenents of ASME Section | X @B-
200, with the exception that the follow ng represents an
addi ti onal essential variable for the process:

1) a change in the designed sleeve installation fromfree
tubes to tubes that are |ocked to the tube support
pl at e.

b. IWA-4424.2.1 requires that the procedure be qualified
using a test assenbly that sinulates the conditions that
w il be encountered in production with respect to the
essential vari abl es.

c. IWA-4424.2.1 requires that the test assenbly tubesheet
thickness be at least as thick as the production
t ubesheet, with the exception that the tubesheet thickness
need not be nore than 1 inch greater than the |ength of
t he sl eeve attachnent.

d. 1WA-4424.2.1 requires the foll ow ng of exam nati on of test
assenbl i es:

1) each test specinmen be examned to confirm that the
braze bond area confornms to the requirenents of the
Desi gn Speci ficati on,
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2) the mninmum nunber of braze joints required for
procedure qualification be five braze joints nmade
consecuti vely.

e. IWA-4424.2.2 requires that each brazer and brazing
operator be qualified as required by ASME Section | X, B-
300, and each test specinen shall be exam ned to confirm
that the braze bond area conforns to the requirenents of
t he Desi gn Specification.

3. IWA-4424.3 requires that the SPS delineate all of the
requi renments of the brazing process, including the vari abl es
of ASME Section I X, @B-200.

4. WA 4424.4 requires that the brazed sleeve attachnents be
given a final exam nation to confirmthat the attachnment isin
the correct | ocation and conforns to the requirenents of the
Desi gn Speci fication.
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Attachnent 9

REPAI RS OF DEFECTI VE STEAM GENERATOR TUBI NG BY SLEEVI NG (1 WA-
4420)

Repairs of SG tubes by sl eeving processes were first addressed by
ASME in the 1989 Addenda to the 1989 Edition of Section Xl. The
1992 Edition of Section Xl al so addresses sl eeving processes. | WA-
4420 is the appropriate Subsubarticle which addresses Heat
Exchanger Tube Sleeving in the 1992 Edition of Section Xl. The
correspondi ng ASME sleeving requirenents in the 1989 and 1990
Addenda to the 1989 Edition of Section XI are found in Subarticle
| \B- 4300.

| WA- 4425 is the Paragraph in the 1992 Edition of Section Xl which
addresses the requirenents for tube sl eeving by expansi on. NOTE
1) Neither the 1989 or 1990 Addenda to the 1989 Edition of Section
XlI, nor the 1992 Edition of Section Xl have been endorsed by the
NRC. 2) The requirenments of |WA-4425 are in addition to the
General Sl eeving Requirenents of |WA-4421.

TUBE SLEEVI NG BY EXPANSI ON (I WA-4425)

1. 1WA-4425.1 states that the rules of |WA- 4425 apply when
sl eeves are expanded agai nst a tube by mechani cal, hydraulic
or explosive processes so that the sleeve is pernmanently
deformed and the attachnent of the sleeve depends upon
frictional forces or interference forces at the tube-sleeve
interface. |1WA-4425.1 requires that the rules of
| WA-4425. 2, |WA-4425.3 and |WA-4425.4 be met for these
processes.

2. 1WA-4425.2.1 requires qualification of the expansion
procedures in accordance with the follow ng requirenents.

a. IWA-4425.2.1 states that the followng as essential
vari abl es apply when sl eeving i s acconpl i shed by expansi on
t echni ques:

1) any change in the basic expansion process is an
essential vari abl e,

2) a change of 10% or nore in sleeve material vyield
strengt h,

3) a change in the expansion | ength,

4) a change that results in an expansi on di anmeter outside
the range of sleeve or tube expansion dianeters
qualifi ed. The range of sleeve or tube expansion
dianmeters qualified shall be the expansion dianeters
between the m nimum and maxi num expansi on di aneters
obtained in qualification tests,

5) for nechani cal expansion:

a) a reduction in the mnimumrolling torque,

b) a change in the expansion roller geonetry,

c) a reduction in the mninmm expansion pressure if
expansion is controll ed by hydraulic pressure only,
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6) for explosive expansion:
a) a change in the type of explosive,
b) a change of 10% or nore in the explosive charge
nass,
c) a change of 10%or nore in the explosive density or
charge-to-nmass rati o,
7) for expansion procedures using a conbination of
processes, a change in any of the essential variables
listed initens 5) or 6), as applicable.

b. I'WA-4425.2.1 requires that the procedure be qualified
using a test assenbly that sinulates the conditions that
will be encountered in production with respect to the
essential vari abl es.

c. IWA-4425.2.1 requires that the test assenbly tubesheet
thickness be at least as thick as the production
t ubesheet, with the exception that the tubesheet thickness
need not be nore than 1 inch greater than the |ength of
t he sl eeve attachnent.

d. 1WA-4425.2.1 requires that specinmens representing the
expanded sleeve attachnent to a tube be cyclically
(fatigue) tested in accordance with the requirenents of
ASME Section |11, Appendix Il. This fatigue test shal
denonstrate the adequacy of the sleeve attachnment to
w t hstand t he specified design | oadi ngs wi t hout exceedi ng
the specified design | eakage Iimt.

3. 1WA-4425.2.2 requires that the expansi on operator denonstrate
ability to expand sl eeve attachnents in accordance with the
SPS.

4. |1WA-4425,2.3 requires that the SPS deli neate the requirenents
for mechani cal expansi on. These requirenents shall conformto
t he Design Specification.

5. IWA-4425.2.4 requires that any installed expanded sl eeve
attachnments be examned to confirmthat the attachnent is in

the correct | ocation and conforns to the requirenents of the
Desi gn Speci fication.

END
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Attachnent 10

REPAI R OF DEFECTI VE SG TUBI NG BY MECHANI CAL PLUGE NG TECHNI QUES

1. The ASME Code Section Xl is silent as to how Mechani cal
Pl uggi ng Techni ques shoul d be applied and controlledinregard
to using themfor repair of defective SG tubes.

2. 10 CFR 50 Appendix B Criteria should be applied to nechani cal
pl uggi ng processes to ensure that plugs do not di sengage from
the SG tubes or excessively leak follow ng the plugging
process. This includes ensuring that |icensee or vendor
supplied activities involved in the repair are sufficient to
ensure the quality of the repair:

a. design control including tube, tubesheet, and plug
di mensi onal control, and tube and plug nmaterial
conpatibility and control considerations.

b. tube and tubesheet preparation aspects prior to plugging,
i ncl udi ng tube cl eanli ness consi derati ons.

c. rolling machine calibration aspects to ensure that rolling
machi nes provi de adequat e torque prior to any comrencenent
of rolled installation of plugs.

d. ensuring that installation of plugs is perfornmed in
accordance wi th an approved procedure or instruction which
delineates how the installation is to be perforned, and
whi ch includes all aspects which could affect the quality
of the plug:

1) design aspects,

2) material considerations,

3) cl eaning considerations,

4) calibration of equipnent,

5) tube, tubesheet, and plug preparation requirenents,

6) installation instructions,

7) quality assurance aspects to ensure that installation
is performed i n accordance desired | oadi ng or torquing
criteria,

e. final exam nation requirenents of the plugged tube.

3. Quality assurance activities del egated over to contractors or
vendors performng the repairs should be reviewed or audited

by the Iicensee's own quality assurance departnent to ensure
t heir adequacy.

END
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