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Enclosure 1 «3-

(9) Efach PWR should develop a revised steam generator inservice
inspection (1S1) program based on the revised ISI criteria
specified in Section 5.2.3.1 and the tolerable number of

concurrent postulated tuoe failures. . The supplementary inspection

requirement in the revised IS]1 criteria should provide a 0.05

probability of accepting a steam generator for continued operation

with greater than the defined number of tolerable degraded tubes.

The new inspection program developed by each utility should be

submitted for NRC approval and incorporation in the plant's

technical specifications,

s (10) Revised 151 criteria as specified in Section 5.2.3.1 should be
{ncorporated by the NRC into Regulatory Guide 1.83,
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allow passa?o through the dent cestriction or at least 0,235 inch less than
the original inside diameter of the tube, Even when the plu?ging criterion
(see Section 6.0) 1s set at some larger probe diameter, gauging should be
continued to the lower limit stated above, in order to assure adequate [S]
information. Furthermore, the increment in probe diameters used for gauging
should not exceed 0.070 inch. This requirement will ensure adequate
sensitivity in the discrete measurement intervals of dent magnitudes.

5.1.3 Sacondary Side Inservice Inspections and Loose-Parts Monitoring

5.1.3.1 Discussion

Eddy=current testing and tube gauging alone are not always sufficient to
monitor and assess the condition of steam generator tubes and secondary-side
steam generator internsls. Steam generators are generally equipped with
access ports between the tube sheet and lowest tube support plate. These

ports allow periodic evaluation of sludge pile buildup, sludge lancing, and
examination of secondary-side degradation.

Sludge buildup on the lower tube sheet results from corrosion of secondary~
system components or intrusions into the secondary system. Residual elements
in the sludge pile have been asscciated with various forms of tube thinning
and cracking. In Westinghouse and Combustion Engineering steam generators,
the lower access ports are used periodically to perform sludge lancing to
remove sludge remaining from insufficient or ineffective blowdown. Sludge
lancing is a water-blasting process in which a water jet from a nozzle intro-
duced through the access port forces sludge from between the rows of tubes
into the annulus between the steam generator wrapper and the tube bundle. A
second flow of water introduced through the access port *“en flushes the
sludge around the annulus to the access port on the opposite side of the steam
generator where it is removed by a suction hose,

The lower steam generator access ports are also important in examining and
evaluating secondary-side degradation, particularly tube support plate defor-
mation and cracking resulting from denting. Support plate deformation and
cracking are monitored by visual ana pheotographic examinations through the
lower access ports. Since cracking of the tube support plates can result in
loss of lateral support for the tubes or loose parts, it is important to have
this inspection capability.

In addition to inspecting the structural integrity of secondary-side steam
generator components, Westinghouse has developed a finite element model used
to define inspection boundaries for gauging and estimating the progression of
denting. This model simulates denting by applying a uniform thermal expansion
to a finite element model of the tube support plate with supports represented
by the appropriate boundary conditions. The uniform thermal expansion
simulates the expansion resulting from the formation of magnetite in the
tube/support plate crevices, Actual field measurements of tube/support plate
deformation, specifically flow-slet hourglassing and tube-support-plate-to-
wrapper clearances, are used to confirm the accuracy of the model. Isostrain
lines predicted by the model and empirically correlated to dent magnitudes are
then used to establish tube gauging boundaries., Although this model is
somewhat coarse, it has been successful in providing insight and general
guidance for inspecting and evaluating the denting phenamenon.
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Steam generators are generally equipped with only the lower inspection ports
discussed above. Many operating units including Surry Units 1 and 2, Turkey
Point Units 3 and 4, Indian Point Units 2 and 3, Trojan, and Millstone Unit 2
have found it necessary to install ports at an elevation just above the upper
tube support plate. The primary reasons for installing these ports has been
to evaiuate and monitor the effects of denting ir the upper portion of the
steam generator and to remuve tube specimens for examination. However, spece
imens remo°d have included tubes degraded not only by denting,-but also by
. other modes of degradation. Before extensive hourgiassing of the tube support
plate flow slots, limited inspection of the upper portion of the steam genera~
tor can be conducted by photographing through the flow slots from the lower
ports. This technique aliows for only limited inspection and ports jocated at
the higher elevation provide a much more effective means of inspection.
Furthermore, denting usually affects the lower suppert plates first and wher
the flow slots in the lower plates close up, which has happened in several

operatin? units, the upper portion of the steam generator secondary side is
inaccessible for inspection.

Recent operating experience has suggested that the need exists for improved
methods for ensuring that no loose parts exist in the secondary system. The
October 2, 1979, steam generator tube rupture at Prairie Island was caused by
a loose part in the secondary side of the steam generator. Similarly, the
January 25, 1982, steam generator tube rupture at R.E. Ginna also may have
been the result of a loose part in the secondary side of the steam generater,
a!thou?h a conclusive study is not complete. Thus, two of the four major
domestic tube ruptures appear to be the result of loose parts on the secundary
side of the steam generator. In addition, Genkai-l, a Japanese plant, experi-
enced a steam generator tube leak (~ 0.24 gpm) because of a lcose part in the
secondary system on June 10, 1975,

On the basis of the staft's experience to date, it appears that a significant
reduction in the frequency of steam generator tube ruptures could be accom=
plished by effective contrel of loose parts. Metiods for accomplishing this
objective include improved QA procedures, secondary-side ISI, and continuous
loose-parts monitoring.

Utility QA procedures for secondary-side inspection, maintenance, and repair
should be reviewed and updated to provide increased assurance that loose parts
will not be introduced into the secondary system during inspection, maintenance,
and repair procedures. This effort should also include evaluation of the
Regional Offices' effectiveness in enforcing existing or new QA procedures.

[t appears that considerable room fur improvement exists in past and current
QA procedures. Periodic secondary-side inspections may alsc be useful in
controlling loose parts. These inspections could include visual, fiberoptic,
and video examinations through existing steam generator access ports. The
feasibility and practicality of performing such 1S1s during scheduled steam
generator [SIs should be investigated, and reguirements for such I1SIs should
be deveioped in modified or new Regulatory Gu des and incorporated in plant
technical specifications.

Loose parts can also be introduced into the secondary system through processes
other thar sloppy maintenance or repair procedures. FPieces from cracked
support plates that may be generated during operation are an example. To
protect against loose parts generated during operation or overlooked in the

§-13
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QA process, the feasibility of secondary-side loose-parts monitoring should be
investigated. Currently, there are requirements for loose-parts monitoring of
the primary sys* m only. These requirements are delineated in Regulatory
Guide 1.133, "Loose-Part Detectfon Program for the Primary System of Light-
Water-Cooled Reactors.”

e — . i

1 Careful evaluation of these online monitoring techniques must be performed to
determine their effectiveness and practicality. Loose-parts monitoring may
not be feasible in steam generators, which are an inherently naisy system; how-
ever, the potential benefits from continuous monitoring of the steam generators
for loose parts and vibration 1s sufficient to merit immediate investigation,
Consequently, the staff should review and recommend improvements in Jtility
QA procedures, related to secondary-system inspection, repair, and maintenance,
‘ and study the effectiveness and practicality of continuous loose-parts moni=
toring of the steam generators. 1f loose-parts monitoring of the secondary
side of “he steam generator can be shown to be practical and effective, it may
be recommended that each PWR be required to conduct such monitoring.

‘ $.1.3.2 Conclusions

—

In general, it is advisable that any piece of mechanical equipment be designed
to facilitate periodic 1SI. General Design Criterion 32, "Inspection of
Reactor Coolant Pressure Boundary" (Appendix A to 10 CFR Part 50), requires
that components that are part of the reactor coolant pressure boundary be
designed to permit periodic inspection of critical areas to assess their
structural and leaktight integrity. Access ports locaied between the tube
sheet and first tube support plate have proved to be essential and effective
for removing sludge and evaluating the integrity of the secondary side of
steam generators. Howaver, with no upper fuspection ports, the upper portion
Tof the steam generator secondary side can only be inspected to a imited
degree, or not at all. In addition to being 3 proven necessity in scme units,
with and without denting, periodic visual inspection of the upper portion of
the steam generator secondary side could hive possibly avoided he U-bend tube
rupture at the Surry Unit 2 steam generator in 1976. Other unanticipated
modes of degradation could pussibly be detected by this type of inspection.

Installation of “nspection perts in operating steam generators can result in
extended outapes and additional exposure of personnel to radiation. Therefore,
for those plants not yet in operation, upper ports should be installed before
the operating licence is issued, These ports should be located so that inspecs
tion of the upper support plate and inner row U-bhend tubes can be performed.

A significant redurtion in the frequency of steem generator tube failures

“ could be accomplished by the effective contro) of secondary-side loose parts.
Methods for accomplishing this objective include improved QA orocedures,
secondary-side ISI, and continuous loose-parts monitoring.

5.2 Inservice Inspection Programs

5.2.1 Current Criteria

The current criteria for frequency and scope of inservice inspection of steam
generators are specified in the technical specifications of each operating

914
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(2) lnspection Equipment and Procedures

(%)

(a) Inservice inspection should include nondestructive examination by
eddy-current tosting or equivalent techniques. The equipment should
be capable of locating and {dentifying stress-corrosion cracks and
tube wall thinning by chemica) wastage, mechanica) damage, or other
causes. The equipment or data evaluation technique should be
capable of eliminating interference from tube-support plates, tube
sheets, and other extraneous signals.

(b) The inspection equipment should be sensitive enough to detect
imperfections 20% or more through the tube wall.

(¢) A suitable eddy-current inspection system could consist of (1) an
internal sensing probe, (ii) a two-or-more~channe) eddy-current
tester, (i1i) a viewing oscillescope, (iv) a convenlional two-channel
strip chart recorder, and (v) a magnetic tape data recorder.

(d) Examination results and reports should be stored and mairtained for
the operating life of the facility.

(e) Standards consisting of similar as-manufactured steam generator
tubing with known imperfections should be used to estadlish sensi-
tivity and to calibrate the equipment, Where practical, these
standards should include reference flaws that simulate the length,
depth, and shape of actual imperfections that are characteristic of
past experience.

(f) The equipment should be capable of examining the entire length of
the tubes,

(g) The equipment used for eddy-current testing should be designed so
that operators may be shielded or the equipment may be operated
remotely to 1imit operator exposure to radiation,

(h) Personnel engaged in taking data and interpreting the results of the
eddy-current inspection sheuld be tested and qualified in accordance
with Amarican Society for Nondastructive Testing Standard SNT=TC-IA
and supplements.

(1) The examinations should be performed according to written procedures.

Baseline Inspection

(a) The full length of all tubes in all steam generators should be
inspected by eddy-current or alternative techniques before service
to establish a baseline condition of the tubing. This inspection
should be performed after the field hydrostatic test and before
initial power operation using the equipment and techniques expected
to be used during subsequent insarvice inspections.

(b) For cperating plants without an initial baseline inspection, the first |

inservice inspection performed according to requirements 4 and §,
below, will define the baseline condition for subsequent inspections.
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(4)

(¢) Operating plants instituting a major change in their secondary water
chemistry (for example, phosphate to all volatile treatment) shoula
conduct a baseline inspection before power operation is resumed.

Sample Selectinn and Testing

Selection and testing of steim generator tubes should be made on the

following basis: A

(a) The preservice inspectira should include the full lenath of ali
tubes in all the steam Jenerators.

(b) For the inspection of operating plants, tubes should be selected on
a random basis except where experience in similar plants with similar
secondary water chemistry indicates critical areas to be inspected.

(¢) A1l of the steam generators in a given plant should be inspected at

Temmmeeee— the first-inservice_inspection. If the results of the first inspec~

(%)

ticn indicate that all steam generators are performing in a like
manner, subsequent inspections may be limiced to one or more steam
generators on & rotating schedule. The total number of tubes
inspected must be at lTeast equal to 3% of the totul tubes of the
steam generators in the plant. If a steam generator is selected for
inspection, then at least 3% of its tubes must be inspected. Ffach
steam generator in the plant must be inspected at least every

48 calendar months.

(a) Every inspection subsequent to the preservice inspaction should
"aclude all nonplugged tubes that previously had detectable wall -
pénetrations (>20%) and should also include tubes in those areas
where experience has indicated potential problems.

(e) Subsets of tubes which are experiencing degradation in well-defined
areas because of a unique mechanical or structural! design may be
identified as a special group and treated separately from the
general tube inspection. In this situation, 100% of the identified
tubes should be inspected. No credit will be taxen for this
inspaction in meeting the minimum sampie size requirements but the
results of the inspection of the special group will not he used in
classifying the results of the general inspection.

(f) Visual and photographic inspectinn of the steam generator
secondary-side support structures and internals should be performed
as part of the inservice inspection of each steam genevator,

Supplementary Sampling Requirements

If eddy-current inspection pursuant to requirement 4 indicates that

(a) one or more tubes are defective (have defects exceeding the plugging
Timit), (b) SX or more of the tubes inspected are degraded (have a
previousiy undetected defect of 20% or greater depth or exhibit greater
than 10X further wall penetration), or (c¢) 1X or more of the tubes are
defective (exceed the plant Technical fSpecification tube plugging limit),
additional inspection should be performed as foliows:
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an operating basis earthquake (NUREG-0571), a loss-of-coolant
accident requiring actuation of engineered safeguards, or a major
steamline or feedwater line break,

(8) Acceptance Limits

(a) As used in these requirements:
(1) Imperfection means an exception to the dimensions, finish, or
contour required by drawing or specification.

(11) Defect means an imperfection of such severity that the tube is
unacceptadble for continued service.

(1i1) Plugging 1imit means that imperfection depth at or beyond which
plugging of the tube must be perfurmed. (The plugging 'imit
includ;s allowances for general corrosion and ECT measurement
error.

(iv) Plugging criteria mean those calculational and analytica)
procedures used to arrive at the plugging Timit. These
currently may be submitted by a licensce for approval by NRC.

(d) If, in the inspection performed under requirement 4, less than 5% of
the tubes inspected are degraded (have previously undetected defects
of 20X or greater depth or exhibit greater than 10% further wall
penetration) and no tube has imperfections that exceed the nlugging
limit, plant operaticn may resume. .

(c) If,"as a result of the inspections performed under requirement &,
supplemental inspection is required, the situation should te imme~
diately reported to the NRC. Furthermore, the results of the
supplemental inspection should be reported to the NRC before power
operation is resumed. The NRC nay require additional inspection.

(d) 1f abnorma) conditions in the secondary-side support structures and
internals (for example, suppert plate Jeformation or cracking or
tube deformaticn) are observed, any change from previously reported
conditions shall be reported to the NRC before power operation is
resumed, and the NRC may require additional inspections,

5.2.3.2 Discussion

Requirement 1 of the proposed revised 1SI requirements is essentially the same
as Regulatary Position C.1 of RG 1.83. The main difference is in Part a which
has been expanded to require access for inspection of secondary-side support
structures and intervals. This new requirement is included to facilitate the
new Requirement 4.y which requires visual and photographic inspection of the
secondary side of the steam generators. This requirement primarily allows
inspection for monitoring tube denting and the associated secondary-side
degradation. It is recommended that plants in the CP and OL stages install
upper inspection ports, as discussed in Section 5.1, 3.
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B. Potential for uoir and/or accelerated gorrosfon at joints between
tubes and tube sleeves should be considered in the design and
evaluation of tube sleeves.

Item 1.0., above, deserves some discussion. The steam generator leak rate
limits set by the technical specifications are established for normal operating
conditions ana are intended to ensure that under postulated accident conditions,
offsite dose limits (10 CFR Part 100) wi)) not be exceeded and that steam
gunerator tubes will not rupture or collapse (see Section 6.3 for further
discussion). The systeus and environmental analysis presented in Sections 4.2
and 4.3 establish the tota) .oleradble leak rate under postulated MSLE and LOCA
conditions, with occompanyin? steam generator tube failures. The contribution
of the primary to secondary leak rate limits set by the technica) specifications
is negligible under both these nostulated accident conditicons. HMHowever, tube
sleeves are not considered as a leik source in the accident evaluations nor in
the propused procedures for developing a statistically based inservice inspec-
tion program. Since the tolerable leak rate through the steam generators is
the basis for defining thc acceptance criteria in the 1nservice inspection
program, the potentiel leakage through the steam generator tube sleeves must

be limited to a small amount in order not to invalidate the bases of the
inspection program, Therefore, it is proposed that the leak rate 1imit set

for normal operating conditions be applicable to the tube sleecves under all
conditions, including postulated accidents. An alternative approach would be
to cunservatively assume the leak rate through the sleeves during postulated
accident conditions and adjust the tolerable number of tube failures and
inservice inspection criteria accordingly. But this would require modification

of the inspection program as additional sleeves were installed and is henca
considered impractical,

6.3 Primary to Secondary Leak Rate Limits

As stated in the introduction, ISI, preventive tube plugging, and primary to
secondary leakage rate limits act together to ensure integrity of steam
generator tubes. Primary to secondary leakage rate 1°mits are essential to
ensuring such integrity and minimizing potentiz] offsite doses.

6.3.1 Discussion

The technical specifications of each PWR specify limits for the amount of
primary to secondiry leakage through the steam generators. The leakage rate
through the steam generators is continuously monitored by the radiation alarm
of the condenser air ejsctor. This alarm provides an early indication of a
steam generator tube leak, The air ejectors remove noncondensible gases from
the condenser, Therefore, the radicactive gases transported by the RCS liqu:d
through the leaking steam generator tube into the secondary system are first
detected in the discharge from the conderser air ejector. The discharge path
is monitored with radiation detecicrs, and this alarm provides a unique indica-
tion of primary-to-secvndary system leak. Leakage from steam generator tubes
can also be quantified by chemical analyses of bulk samples of secondary water
removed from steam generatar blowdown, This technique provides a more accurate
quantification of <mall leak rates and is generally performed routinely when a
steam generator tube is known to leak.




' .rease in condensate conductivity of 0.1 to 0.2 mho/cm is considered an

indication of recirculation-water inleakage.

6.4.2 Secondary Water Chemistry Monftoring Recommendatfons

In 1leu of technical specification requirements, it has been suggested that a
more effective approach would be to impose licanse conditions requiring a
secondary water chemistry monitoring and control program containing appropriate
procedures and administrative controls.

An August 1979 generic letter requested PWR licensess to submit within 60 days
4 proposed license amendment Sncorporatin? a secondary waier chemistry moni-
toring program. Responses received to this request have not bdeen satisfactary,
indicating ti:at there are some misinterpretations about the extent of the
requirements requested. The responses, in most cases, did not discuss a
program under conditions other than normal power operation. }any of the
licensees were negative to the license condition, principally “egarding NRC's
approval on changes, procecures, limits on parameters estadb)lished, and
requirements for licensee amendment fees whenever a change was necessary in
the monitoring and control program.

A properly run secondary water chemistry control program should be capable of
detecting off-chemistry conditions under all modes of operation. It should be
sufficiently flexitle so that corrections of adjustments in control limits can
be achieved satisfactorily before tube degradation of any significance can
occur between steam generator inspection periods. This capability for the
licensee shou'd be provided without unnecessary delays, inhibition, or prior
approval,

Although secandary water c amistry control specifications have been deleted
from the existing Standard Technica) Specifications, this decument will still
reftéin primary to secondary leakage rate limits, steam generator tube surveil-
lance, and plugging criteria to ensure “at tube integrity is not reduced
below an acceptable level for adequat’ rgins of safety.

The recommended approach for implemen ng a secondary water chemistry monitoring
and contral program is to require eac .icensee to make licensing amendments
that incorporate an administrative control. Any plant that required changes

to the program and procedures, such as changes to the limits of water chemistry
parameters, aor frequency of sampling, would be handled under the terms of

10 CFR Section 50.59. Normally, this requires that any changes in plant
procedures or cperating conditions be submitted to NRC as part of the annual
report

Because of the complexity of the corrosion phenomena involved and the changing
state of the art for steam generator water chemistry control, in the view of

the staff, a license condition would provide assurance that licensees have an
acceptable control. Moreover, allowing any changes to the program or procedures
to be handled under the terms of 10 CFR Section 50.59 will keep NRC informed,
yet allow each licensee the needed flaxibility to deal more effectively with

any off-normal conditions under all modes of operation.

The applicant/licensee should implement & secondary water chemistry monitoring
and control program td inhibit steam generator corrosion and tube degradation.
This program should cover the following operational modes:
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{1) power operation {normal)

(2) startup

(3) hot standby

(4) hot shutdown

() cold shutdown/cold wet layup

Each of the above modes of operation sheuld be defined regarding garccnt rated
thermal power and approximate primary coolant temperature range, °F

The secondary water chemistry monitoring and control program should include
the following:

(1) Tldentification of a sampling schedule for the critical parameters during
edch mode of operation and of acceptance control criterfa for these para-
meters. The program should include, as & minimum, the controi of pH,
cation conductivity, free hydroxide or sudium, and dissolved oxygen.,
However, other parameters, such as specific conductivity, chlorineg,
fluorine, suspended solids, silica, total iron, copper, ammenia, and
residual hydrazine, meriy consideration.

(2) identification or the procedures used to weasure the value of each of the
gcritical parameters. Provide the procedure Litle, the applicant/licensue’
hzogcduro number, and the basis for using the procedure (that s, *5TM

~{3) Concurrence with Branth Technical Position MTEB 5+3, "Monitoring of
i;ro:::ry.Sidc Water Chemistry in PWR Steam Generators," attached as
pendix B. .

(4) Identification of sampling points. The erogral should consider sampling
the stear yenerator blowdown, the hot well pump discharge, the feedwatsr,
and vemineralizer effluent as a minimum of sampling points,

(5) Procedure for recording and managing data.

() Procedures defining corrective action for various out-of-gpecification
parameters. The procedure should conform to the allowable time out)ined
in NUREG-75/C87 for correction of “sut-of-spectrum” chemistry.

(7) ldentification of (a) the authority responsible for interpreting the
data, and (b) the sequence and timing of administrative events required
to initiate corrective action.

(8) Iuontification of major components of the secondary water system and
mater i21s in contact with secondary watcr coolant,

6.4.3 Zondenser Inservice Inspection Prugram

As discussed im Section 6.2.1, secundary water chemistry control i; essential
to maintaining - generatur integrity. Many undesirable contaminants enter
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the tubes to all the tubes in the degraced sections of the condenser,
I?bc ::akagc will be fdentified, and .he tube leakers eiLher repaired or
piuggea.

(4) lnservice Inspect.on

The inservice inspection should consist of visual examination, hydrostatic
test procedures, and randoa nondestructive examinatjon of 3% of the
condenser tubes.

A rate of tube degradation shall Le determined Oy comnaring the
as-manJfactured Lube~wall thickness with the measured tube=wall thickness.
If the tubes in the condenser are manufactured from ammcnia~sensitive
matorials (copper alloys), the random nondestructive eramination of 3%

of the condenser tubes shall be vicreased to 100%.

In the event defective tubes are found or @ doqrndaticn mechanism s
identified, the nondestructive examination sha') be incrédsed Trom 73 of
the tube to 1008 of the tubes in the degraded sections of the condenser.
I?bo leakage will be identified, and tube leakers wi)i be repaired o1
plugged.

(5) Inspection Interva)

Examination procedures can be nade coincident with efther refueling
outages or any planned thutdown for plant repair and mainlenance,
However, they should be performed at intervals of not less than 12 nor
more than 40 calendar months.

(6) . Corrective Measures

All tubes found to contain unacceptable cefecis shouid be repaired or
plugged. In tne event leakage is found in condenser tubes, lhuse tuber
that Jeak will be identified .nd repaired or plugged. In the event lute
degragation is found ani the rate of cagradation etermined, no corrective
heasure need be taken if it {5 reasonably Gxpected that penetration wi))
not occur before the next inspection, considering accident or unusua)
vperating occurrences, such as high-pressure {)ow surges or waterhammers.
On the other hand, degraded condenser tubes should be either repaired or
plugged 1f penetration is likely to occur before the next inspectien.

Snwuld condenser tube leaks in excess of the limit established by the
Chemical Engineering Branch be fetected during reactor operation, that
secLiun of the condenser containing the Jeak sh*1) be identified and
remcsed from sarvice. Leaking tubes sha)) be identified by h{drostatic
or other appropriate l:ak test methods. In addition, 3% of the tubes in
that section shouid be examined by a nondestructive inspeciion procedire,
All leaking tubes, or those containing unacceptable degradation (as
defined rarlier) shall be repaired or plugged.

6.4.4 Recommendations and Proposed Begquirements

Ihe resolution of the uperational problems of PWR steam generators is
many-faceted and requires the efforts of the designers, vendors, and operators
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of not onl{ the steam generators but of the entire secondary system, Several
of the following recommendations are design improvements and as such are not
necessarily subject to NRC requirements aid control. Some of these recommen+
datfons are based upon Incomplete experimental work but represent the staff's

best judgment of the direction for improvenent, Again, the staff does not

fing that any iingie recommended fmprovemert .'11 solve the problem of steanm
generator tube degradation, but taken together the recommandations will incrcase

the ife of the steam generators, Recommendations and proposed requirements .
dre divided into the zategories of (1) operating piants, (2) plants in the
post-construction-permit, pre~opurating-license stage, and (3) plants in the
pre=construction-permit stage.

6.4.4.1 Operating Plants
Steam Generator

Recommendations:

(1) Increase freouency of bluwdown,

2) 1n recirculating=type steam generators, provide extra accecs and ingpection
ports. These ports should be located so that the upper su.port plate and
inner-row U-bend: and the lowar support plate and secondary face of
tubesheel can Le fnspected.

(3) Perform chemical cleaning before exces:ive ¢ludge builds up on tubesheet
and support plate.

(4) whcn chemical cleaning fs 'mpractica’, provice extensive lancing for
s'udge removal,

Proposed Requirement:

Establish a seconcary water chemistry monitoring and contro) program in
dccordance wit, Section 6 4,2

Condens ars
Pruposed Requirements:
f1) Wnen retuting, use alloys that are not copper based,

(2, Cevelop a condenser inservice insnection program in accordance with
Section 6.4.3.

ther Components
Recommendations:

(1) Install félters at locations downstream of the point where chemicals are
added,

(2) Install demineralizers with rigid operating contiols, including nontral
of resin befd inleakage to the steam generatars.
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Other Components

Recommendations:

(1) Install filters at location downstream of the point where chemica's are
_added.

(2) Instal)l demineralizer with rigid operating controls, (Design apd
operation should minimize potential for inleakage of rasin fines to steam
© generator. )
(3) Retube all feedwater heatery with nen-coppar-base alloys,
(4) Provide suitable draeration equipment after condensar.
§.4.4.3 Pre-Construction-Persit Plants

Steam Generator

Recommendations:
(1) Chemically clean
(a) before startup,
(b) provide connections to permit chemica) cleaning,

(2) Consider using alternate tube ma‘erials containing low carbon (that s,
»0.03%). Use of either Incoloy 800 or Incone! 690 18 suggesced,

(3) Provide increased blowdown capacity and optimized location.

(4) Provide design modificatinns to ensure that feedwater is properly
circulated and is not bypassed into the Hlowdown exit.

(5) Make provisions to provide optimum sludge lancing efficiency. (Remove
85% or more of daposited sludge if possible.)

Prorused Reguirements:

(1) Preassembly-~Stora and protect al) components received at the site in a
manrer to preclude corrosion,

(2) ldentification of tube locations=-Provide for identification of tube
locations to permit verification of plugged tubes, (Stamped or etched
numbers are sometimes inadecuate for visual verification because of
presence of deposits.)

(3) Provide tube expansion to the full depth of the tubesheet.

(4) A1) U-bend tubes with less than y 6-inch bend radius shall be in the
heat-treated and stress-relieved condition after irstallation.
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Proposed Requirements:

(1) Preasseably=-A)] components recefved at the site must be stored and
protected in a manner that precludes corrosion,

(2). Provide feedwater heater tubes of non-copper-base allovs.

6.5 Tube Integrity Conclusions and Criteria a

This sestion summarizes the conclusions of the tube integrity evaluations
which have been described and recommends requirements and criteria,

6.5.1 Conclusions

(1) Burst and _ilapse pressure relations were shown to exist which are
hf?hl dapendent upon exact defect geometry, length 4s well as depth of
defect being the important parameters. Fresent reguiations, as defined
in U.S. NBC Regulatory Guide 1.21, do not reguire the measurement or
assessment of defect length in the judgment of a tube's ability to sustain
its pressure boundary intagrity. ~

(2) In al) cases tested, the collapse of these tubes and the subsequent loss
¢f pressure integrity occurred at pressures considersbly hixhqr tr o
could occur under the most credinle accident condition, LOCA.

(3) Tests showed that the currently used method for steam generator tute [SI
(the single~trequency eddy-current inspection) (a) can measure defects
Aneccurataly and to a significant dner&e and (b) can often fail to detect
sn:;:;:eluno defects in straight-sectlion tubes under optimum test
co ORs

(4) The analysis of the burst data has led to a set ot formulas which clearly
defines the residual strength (margin-to-burst) of defected tubes where
the defect geometries are known.

(5) Because of the large margin of safety built into the choice of stoam
generator tube plugging criteria and the inherent toughness of Inconel 600
material, inspection and pluggin? criteria are adequate to ensure tube
integrity, as evidenced by the high-burst pressures in tubes where defect
depth measured by eddy current exceeded the plugging depth. Requirements
for multiple~tfrequency or similar ECI techniques would justify this
conclusion in the region of the tube sheet, tube support plates, or other
evternal interferences.

(6) Dented tubes masked by the tube support plate have adequate margins of
safety against failure during normal and postulated accident conditions.

(7) Small leak rates are associated with stress-corrosion cracks at dented
tube locaticns so that many dented-tube/tube-support-plate intersections
would have to leak during an MSLB or LOCA to violate the allowable leak
rate criteria established in Section 4.0,
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