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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

Before the Atomic Safety and Licensing Board

In the Matter of

METROPOLITAN EDISON COMPANY, ET AL.

—_—

Docket No. 50-28%9-0LA
ASLEP 83-491-04-0LA

(Three Mile Island Nuclear (Steam Generator Repair)

Station, Unit No. 1)

Nt Nt N N S

LICENSEE'S PROPOSED FINDINGS OF FACT,
CONCLUSIONS OF LAW, AND BRIEF
IN THE FORM OF A PROPOSED INITIAL DECISION

OPINION

INTRODUCTION

) 8

Procedural Background

This is a decision on Licensee's request to amend the
Technical Specifications contained in the NRC operating license
for Unit 1 of the Three Mile Island Nuclear Station ("TMI-1").
The amendment would allow operation of TMI-1 with steam genera-
tor tubes which have been repaired in a manner not currently
authorized by the Technical Specifications.

IMI-1 has been shut down since its last refueling outage
in 1979, pending the outcome of restart proceedings before the

Commission related to the accident at TMI, Unit 2. In November



1981, Licensee discovered primary-to-secondary system leakage
in the steam generators while pressurizing the reactor coolant
system for testing. The leakage was caused by cracking in the
steam generator tubes, primarily in the upper tubesheet region,
which Licensee has repaired by applying a kinetic expansion re-
pair technique.

On May 9, 1983, Licensee submitted a request for amendment
of the Technical Specifications of the TMI-1 operating license
to approve the kinetic repair process. Without such a license
amendment, TMI-1 would not be allowed to operate because the
current Technical Specificaticns require leaking tubes to be
plugged, and thus removed from service.

The Commission subsequently published a Federal Register
notice captioned "Issuance of Amendment to fFacility Operating
License and Proposed No Significant Hazards Consideration De-
termination and Opportunity for Hearing," 48 Fed. Reg. 24231
(May 31, 1983), amended 48 Fed. Reg. 27328 (June 14, 1983),
which provided an opportunity for any person whose interest
might be affected by the proceeding to request a hearing and
file a petition for leave to intervene. In the notice, the NRC
directed that contentions should be limited to matters within
the scope of the amendment under consideration.

Two intervenor groups =-- Three Mile Island Alert, Inc.

("TMIA") and Ms. Lee, Mr. Aamodt, and Dr. Molholt ("Joint Peti-

tioners") -- filed petitions for leave to intervene and




requests for hearing. The Atomic Safety and Licensing Board
issued a Memorandum and Order dated August S5, 1983
(uripublished) which ruled that TMIA and two of the Joint Peti-
tioners (Ms. Lee and Mr. Aamodt) had established standing to
intervene.

On August 12, 1983, the Commission issued a "Notice of
Hearing on Issuance of Amendment to Facility Operating License"
48 Fed. Reg. 36707 (August 12, 1983), wherein the Commission
stipulated that the subject matter of the proceeding would be
limited to Licensee's request for authorization of the kinetic
expansion repair process. This was clearly specified by the
Commission's discussion of the subject matter of the proceeding
at 48 Fed. Reg. 36707-08 (August 12, 1983) where it stated
that:

The amendment requested would revise the
Technical Specifications to recognize steam
generator tube repair techniques, other than
plugging, provided such techniques are ap-
proved by the Commission.

The licensee's application, dated May 9,
1983, further requested that the Commission
approve, within the provisions of the pro-
posed Technical Specification revision, the
kinetic expansion steam generator tube repair
technique used at the facility, thus permit-
ting subsequent operation of the facility,
with the as-repaired steam generators.

The Commission also gave notice that a special prehearing

conference would be convened, inter alia, to permit identifica-

tion of the key issues of the proceeding, consider the



petitions to intervene, and to establish a schedule for further
actions in the proceeding. The special prehearing conference
was held on October 17, 1983 in Harrisburg, Pennsylvania.

In November 1983, the Board admitted TMIA and Joint Inter-
vernors (Ms. Lee and Mr. Aamodt) as parties to the preceeding,
and ruled on the admissibility of *he intervenors' conten-
tions.l/ The Board approved the admission of eight contentions
advanced by TMIA and three contentions advanced by Joint Inter-
venors. The Board also granted Dr. Molholt's regquest to with-
draw his petition for leave to intervene.

On February 24, 1984, Licensee and the NRC Staff filed mo-
tions for summary disposition pursuant to 10 C.F.R. § 2.749.
The Staff filed a response supporting lLicensee's motion on
March 20, 1984. Joint Intervenors and TMIA filed their re-
sponses opposing the motions for summary disposition of their
contentions on March 19, 1984 and April 3, 1984, respectively.
With the Board's leave, Licensee filed its reply to Joint In-
tervenors' response to Licensee's motion for summary disposi-
tion on April 4, 1984 and its reply to TMIA's response to
Licensee's motion for summary disposition on April 13, 1984.

After careful consideration of all of the filings, the

Board granted the two motions for summary disposition in major

%/ Memorandum and Order (Ruling on Contentions), LBP-83-76,
8 N.R.C. 1266 (November 29, 1983).



part on June 1, 1984. Memorandum and Order (Rulings on Motions
for Summary Disposition), June 1, 1984 (hereafter cited as
"Order"). All of Joint Intervenors' contentions, which essen-
tially raised issues related to Licensee's ability to identify
and control the source of the tube cracking, were dismissed.
Joint Intervenors were thus dismissed as a party to this pro-
ceecding. Summary disposition was granted in part for two of
TMIA's contentions; the remainder were dismissed in their en-
tirety. For TMIA's Contentions l.a and 1.b, the two conten-
tions which were not totally dismissed, the Board identified

specific sub-issues for which evidence was to be presented at

hearing. Order at 23, 32, 91-92.

The evidentiary hearings on these matters were held on
July 16-18, 1984, in Middletown, Pennsylvania with all par-
ties -=- Licensee, the Staff, and TMIA -- represented. Also
participating in the hearing was the Commonwealth of
Pennsylvania, which on July 9, 1984, had filed a motion re-
questing leave to participate in the hearing as an interested

State pursuant to 10 C.F.R. §2.715(¢).

2. Organization of the Initial Decision

Part I of the Board's Initial Decision is the Board's
Opinion, which is largely comprised of discussion of the litie
gated contentions and their resolution. Parts II and III of

the Initial Decisio>n are the Board's Findings of Fact and




Conclusions of Law, respectively. The Board's Order, authoriz-
ing the operation of the Three Mile Island Nuclear Station,
Unit No. 1 with the as-repaired steam generator tubes, is

Part IV of the Initial Decision.

B. SCOPE OF HEARING

The scope of the evidentiary hearing was defined in the
Board's Order ruling on the summary disposition mctions of
Licensee and the Staff. Both motions had sought dismissal of
all of the contentions filed by the intervening parties. The
motions contained extensive~statements of material facts as to
which the moving parties asserted there were no genuine issues
to be heard. The statements were supported by affidavits, and
were presented for the purpose of demonstrating the adequacy of
the kinetic expansion repair process, including a demonstration
of reasonable assurance that the cause of the cracking had been
properly identified and that adequate steps had been taken to
prevent its recurrence, a description of the extensive program
conducted by Licensee to qualify the repair joint to the origi=-
nal licensing basis, and a description of the operating and
surveillance measures to be taken to assure that tube defects
in the future would be timely detected.

In broad summary, the Board's Order ruling on the motions

for summary cisposition established, inter alia, the following

with respect to the kinetic expansion repair process for the

TMI-1 steam generator tubes:



TMI-1 is a 776 megawatt pressurized water reactor ("PWR")
having two vertical, straight tube and shell, once-through
steam generators("OTSG"). Each steam generator contains 15,531
Inconel-600 tubes. Each tube is 56 feet, 2 3/8 inches in
length, with a 0.625-inch outer diameter and a 0.034-inch mini-
mum wall thickness. The ends are inserted into holes drilled
in two 24-inch thick carbon steel tubesheets at the top and
bottom of the steam generator. The tube is fully inserted, and
protrudes about 1/2 inch beyond the upper face of the Inconel
clad upper tubesheet and the lower face of the lower tubesheet,
into the primary head at each end of the steam generator.

There is a nominal 0.005-inch radial gap between the outer sur=-
face of the tube and the surface of the tubesheet hole. During
manufacture of the steam generators, the tubes are sealed to
the tubesheet at each end by rolling to a depth of about 1 1/4
inches, and welding cn the primary side of the tukesheet sur-
face. Licensee Material Facts, 11 1-3 at 60.2/

Primary coolant (at a pressure of about 2200 psig) flows
within the tubes, and secondary system water anc steam (at a
pressure of about 950 psig) are heated outside the tubes. Thus

the tubes, including the seal at each end, constitute part of

2/ "Licensee's Statement of Material Facts as to Which There
Is No Genuine Issue To Be Heard," Licensee's Motion for Summary
Disposition of Each of TMIA's and Joint Intervenors' Conten-
tions, February 24, 1984, at 59 et seq.

-7-



the reactor coolant pressure boundary between the primary and
secondary systems. Licensee Material Facts, 1 4 at 61.

In November 1981, primary-to-secondary leakage was discov-
ered following hot functional testing of the TMI-l1l reactor
coolant system. Visual, metallographic and electron microscopy
examinations of tube specimens removed from the steam genera-
tors showed the leakage to be caused by intergranular stress
assisted cracking ("IGSAC") of steam generator tubes. The ini-
tial examination by eddy current testing ("ECT") revealed that
95% of the defects occurred within the top seven inches of the
upper tubesheet. Order at 4; Licensee Material Facts, 1 5 at
61 and 1Y 108-110 at 91-92.

After discovering the leakage experienced at TMI-1,
Licensee developed and implemented an extensive series of eval-
uation programs to identify the extent and cause of tube fail=-
ure and the potential for future tube failure. Order at 59.
These evaluation programs included: 1) characterization of the
failure mechanism; 2) detailed investigation of the conditions
which could have caused the IGSAC; 3) the review of various
publications concerning IGSAC; 4) the development of a failure
scenario describing the initiation of IGSAC at TMI-1; 5) cor-
firmatory testing of the failure scenario; 6) the examination
of the role of potential causative agents other than sulfur
such as carbon, chloride and other elements, possible

synergistic reactions, and contaminants introduced during the



repair process; and 7) various other 1ssues related to the
identification of the causative agent. Order at 60; see also
Licensee Material Facts, 17 106-160 at 91-105; Staff Material
Facts TMIA Cont. 2.a, 1 2 at 1;3/ Staff Material Facts J.I.
Cont. 1(5), 11 2-3 at 1-2.4/

Licensee and Staff determined that sodium thiosulfate, a
metastable intermediate species of sulfur, was the causative
agent of the IGCSAC experienced at TMI-1l. They deduced, through
extensive testing and analysis, that the reducing conditions
which existed in the reactor coolant system ("RCS") during the
August-September 1981 hot functional tests allowed thiosulfate
which had previously contaminated the steam generator's primary
system to be transformed towards more reduced metastable spe-
cies. During the subsequent cooldown, oxygen was introduced
into the primary system. This created the oxiaizing conditions
in the presence of aggressive metastable sulfur species that
were responsible for the IGSAC. Order at 73-74; see Licensee

Material Facts, 11 123-132 at 96-99 and ¥ 198 at 115; Staff

3/ Staff's "Statement of Material Facts as to Which There is
no Genuine Issue to be Heard (TMIA Contention __ )" NRC Staff
Motion for Summary Disposition of TMIA Contentions l.a, l.b,
l.¢, 1.d, 2.3, 2.b.1, 2.b.2, and 2.¢c, February 24, 1984 (h=re-
after cited as "Staff Material Facts TMIA Cont. __ ").

4/ Staff's "Statement of Material Facts as to Which There is
no Genuine Issue to be Heard (Joint Intervenors' Contention
), NRC Staff Motion for Summary Disposition of Joint Inter=
venors Contentions 2, 3, and 5, February 24, 1984 (hereafter
cited as "Staff Material Facts J.I. Cont. __ ").



Material Facts TMIA Cont. 2.a, 7 2 at 1; Staff Material Facts
J.I. Cont. 1(5), 91 2-7 at 1-4, and 99 19-20 at 6-7.

Licensee, after successfully icentifying the cause of the
IGSAC, instituted a clean-up program designed to remove the
sulfur from the tube surfaces and to prevent any further damage
to the tubes. After assuring itself of the safety of the
cleaning process through extensive testing, Licensee removed
most of the residual sulfides by a hydrogen peroxide cleaning
process without damaging the tubing or the remainder of the
RCS. The efficacy and safety of cleaning process was confirmed
by subsequent hot functional testing and long term corrosion
testing. Order at 68, 87; see Licensee Material Facts,
i1 174-188 at 109-112; Staff Material Facts TMIA Cont. 2.b.1,
1 4-6 at 2; Staff Material Facts J.I. Cont. 1(2), 1Y 11-14 at
5-6; Staff Material Facts J.I. Cont 1(5), 79 -8 at 2-4.

To further assure that reinitiation will not occur,
Licensee has imposed a number of preventive administrative con-
trols including: 1) physical disconnection of the thiosulfate
tank from the RCS; 2) stronger controls on the additions and
quality of the chemicals used in the RCS; 3) modified limits on
the allowable concentrations of sulfates, chlorides and fluo-
ride (0.1 ppm each) in the RCS; 4) analyses for the
aforementioned constituents at least five times per week; and
5) several other conservative precautionary limits and analyses

which provide closer control over the system chemistry as a

-10-







tubesheet. Order at 5. This provided a six-inch or greater
ECT indication-free expanded length between the lowest
elevation ECT indication and the bottom of the expansion to
serve as the new pressure boundary. Order at 5. The selected
expansion lengths also guaranteed that there were no ECT indi-
cations in the 1/8-inch to l/4-inch transition zone between the
expanded and noan-expanded portions of the tube. Order at S;
see Licensee Material Facts, 19 6, 7, 9-10 at 61-62.

Licensee undertook an extensive qualification program to
develop and test the kinetic expansion process utilized before
expanding the steam generator tubes. This program demonstrated
that the expansion joint meets the licensing basis, and is at
least as effective as the original rolled and welded joint in
all relevant respects, including ability to withstand axial
loads from worst case design basis operating and accident con-
ditions, *ube preload considerations, and residual stresses in
the transition zone. Order at 6. The qualification program
specifically demonstated that the expansion joint can safely
sustain an axial tensile load of 3140 lbs., which is the maxi-
mum postulated locad resulting from a main steam line break.
Order at 6. The qualification program further demonstrated
that the strength and dimension of the tubes would not be ad-
versely affected by the kinetic expansion process with respect
to the stress lcads experienced “y the tubes, and that the re-

sidual stresses and the resistance to stress assisted cracking

=313




in the transition zone are consistent with the original design
of the steam generators. Order at 6. Finally, the qualifica=-
tion program demonstrated that the kinetic expansion process
would not compromise the original design basis for steam geners=
ator tube leakage which provided that there would be no de-
tectable leaks at shipment and controlled leakage at an accepts-

able operating level by monitoring and repair over the 40-year

life of the plant. Order at 7; see Licensee Material Facts,

19 12-36 at 63-72; Staff Material Facts TMIA Cont. l.a, 19 4-8
at 2-5,

An inspection and monitoring program was conducted during
the repair process which verified that the in-generator expans=
sions conformed to those obtained in the qualification program.
The program consisted of video surveillance within the upper
head of the steam generator and measurements of the tube inner
diameters by profilometry and by diameter gauging on a sampling
basis. Order at 7; see Licensee Material Facts, 19 38-43 at
73-74.

Post-repair and plant performance steam generator testing
provided additional assurance of the integrity of the
in-generator repair process. Every expansion joint was leak
tested twice by the extremely sensitive bubble testing method
to determine if further repair or plugging was necessary.
Order at 7. The tubes were also subjected to heatup, hot

standby, and cooldown conditions which applied significant
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axial loads on the kinetic expansion joints. The leak tests
performed during this hot testing program indicated an inte=
grated leak rate for both generators well below the Technical
Specification limits which allow up to 1 GPM (60 GPH) for such
leakage. Order at 8-9; see Licensee Material Facts, 19 44-50
at 74-77; Staff Material Facts TMIA Cont. l.a, 7 2 at 1.

In addition to the qualification program, the in-process
repair testing and the post-repair testing and analyses, which
demonstrated the adequacy of the kinetic expansion repair
joint, Licensee will be subject to special license conditions
which Licensee and the Staff assert provide added assurance
against the possibility of tube rupture. Order at 9. Thus, if
any significant degradation of the kinetic expansion joints
were beginning to occur during plant operation, leakage would
increase and the steam generators (and plant) would be shut
down, tested and repaired, if necessary. Moreover, the plant
will be shut down after a short period of operation for perfore
mance of a special ECT program. Order at 9. In addition,
Licensee will be required to perform its power ascension pro-
gram at staged intervals, with continuous leak testing and in-
tervals for evaluation of the leakage trends after each stage.
Order at 9; see also Licensee Material Facts, 19 51-55 at
77=79.

«l4-



TMIA's Contention l.a, which concerned post-repair and
plant performance “.esting and analysis, and Contention 1.b,
which alleged the possibility of multiple tube ruptures because
of the repairs, were not totally dismissed. Summary disposi-
tion was granted in part, but the Board identified eight
sub-issues encompassed within those contentions for which we
requested evidentiary presentations of further clarifying
information. Ovrder at 23, 32. Licens-e and the Staf:
presented testimony on each of these matters. TMIA presented
no direct evidence. Ve discuss our findings o.. each of these

matters in Sections C and D below.
c. CONTENTION 1l.a

1. General .
TMIA's Contention l.a, as originally admitted, alleyed

with respect to the kinetic expansion repair techniqgue that
"post repair and plant performance testing and analysis" and
"proposed license conditions" are inadeqguate to provide suffi-
cient assurance that tube "ruptures" will be prevented during
certain operating conditions and transients, Although TMIA
raised a series of allegations to support the contention, most
of these were dismissed on summary disposition. Specifically,
the Board ruled that the qualification program and in-process
testing were beyond the scope of the contention. Order at 14.

We also rejected TMIA's suggestion that tubes in the steam

vw18e




generator should be individually inspected or subjected to de-
liberate design basis accident conditions. Order at 16. There
remained seven zuk-.ssues within the contantion (referred to as
Issues 1l.a -~ 1.d and 2-5) for which evidence was presented at
the hearing.

While the Board has examined each of these sub-issues in
detail, it is of the opinion that a tube "rupture" in tne sense
of the larye leakags associated with double-ended or fishmouth
rupture cannot occur in the kinetically expanded area of the
tvbes. This is due to the fact that the tube in the area of
the repair is captured by the tubesheet, and the movement of
the tube is concomitantly limited. Accordingly, if the tube
were to fail, the result would be tube slippage, not a rupture.

Leakage, moreover, would be limited significantly by the tight

vrevice. FF 6.5/

2. Issue l.a (Reliability of Leak Rate Measurements)

Issue l.a, as scated at page 23 of the Board's Order,
reads as follows:
: The rationale underlying certain pro-
pozed license conditions should be
addressed, with attention to:

a. Reliability of leak rate measure-
ments.

S/ Licensee's proposed Findings of Facts, as set out in Sec-
tion Il hereof, are herein cited as "FF."



The Board received extensive evidence from Licensee and
the Staff on Issue l1l.a.6/ Nc contrary evidence was p}esented
by TMIA.

The purpose of the primary-to-secondary leak rate measure-
ments at TMI-1l, as at other operating pressurized water reac-
tors in the United States, is to confirm that the steam genera-
tors are performing as anticipated. The leakage measurements
during operation are made both to document the absolute value
of leakage and to document any trends which may be cause for
concern. The absolute value is required to both assess the
performance of the steam generators and to ensure that techni=-
cal specification limits are not exceeded. Trends are moni-
tored because increasing leakage may indicate ongoing chemical
or mechanical degradation of the tube. Increasing leak rates
are investigated further to identify leak locations and take
appropriate corrective action. Some small amount of leakage,

however, is to be expected. FF 8.

&/ Applicant presented a panel of witnesses on this conten-
tion: Richard F. Wilson, Vice President of Technical Functions
for GPU Nuclear Corporation; David G. Slear, Manager of Engi=-
neering Projects for TMI-1l at GPU; and Don K. Croneberger, Di-
rector of Engineering and Design for GPU. See testimony fol-
lowing Tr. 224 ("Licensee's Testimony of Richard F. Wilson,
David G. Slear and Don K. Croneberger on Issue l.a (Contention
l.a)," hereafter cited as "Licensee - Issue 1.a"). The Staff
presented testimony of Conrad E. McCracken, Section Chief of
Chemical and Corrosion Technology Section, Chemical Engineering
Branch, NRC Division of Engineering, and Paul C. Wu, a Chemical
Engineer in the Chemical and Corrosion Technology Section. See
testimony following Tr. 589 /"Testimony of Conrad E. McCracken
and Paul C. Wu on TMIA Contention l.a," hereafter cited as
"Staff - Cont. 1l.a").




Licensee's existing license conditions relating to
primary-to-secondary leakage througﬁ the TMI-1 OTSG tubes re=-
guire that leakage be evaluated daily and that the reactor be
placed in cold shutdown if leakage exceeds 1 gallon per minute
("GPM") total for both steam generators. Technical Specifica-
tions 3.1.6.3 and 4.1; FF 9.

An additional, more restrictive license condition, which
is predicated on administrative limits veoluntarily adopted by
Licensee, is proposed to be added by the Staff. Under the new
license condition, Licensee is to establish its baseline leak-
age from the leak rate data obtained during the post repair
OTSG hot test program. An increase of more than 0.1 GPM (6
GPH) above this baseline at steady state operating conditions
will require facility shutdown and leak testing. The baseline
will be re-established following shutdown and leak testing, and
operation can then continue until the increase in leakage ex-
ceeds the new baseline by 0.1 GPM (6 GPH). FF 10.

icensee determined the baseline primary-to-secondary
leakage to be 0.02 GPM (1 GPH) during the steam generator hot
test program. 7This means that the facility is to be shut down
if the leak rate reaches 7 GPH total for both steam generators,
as compared to the existing limit of 60 GPH in Technical Speci-
fication 3.1.6.3. Because repairs have been pe-formed since
hot testing, a new baseline leak rate will be established on

restart. FF 11.

18-



Licensee testified that the nominal leak rate of 0.1 GPM

above a baseline value was supported by a number of considera-
tions including: the need to establish a leak rate monitoring
capability sensitive enough to detect extremely low level leak=-
age; the fact that some low level leakage is to be expected and
does not indicate a reduction in load carrying capability; the
need for confidence that a change in leakage is statistically
meaningful; and the fact that multiple leakpaths contribute to
the aggregate leakage. FF 14.

The TMI-1 leakage limitations in Technical Specifjcation
3.1.6.3 are comparable to those at most other pressurized water
reactors in the United States. A recent survey by Licensee of
approximately 30 PWRs showed that the vast majority of the

plants have iimits similar to TMI-l's current 1 GPM limit,

including plants that have been shutdown for a long period of
time. Tr. 238 (Slear). One plant has a limit three times the
current TMI-1l limit. A few of the more recently licensed
plants have limits lower than Technical Specification 3.1.6.3.
Mr. McCracken of the NRC Staff testified, however, that the
proposed TMI-1l license condition of 0.1 GPM is more stringent
than that for any other operating PWR in the United States.
FF 12.

The witnesses agreed that the methods used to measure
primary-to-secondary leakage, which include measuring ra-

dionoble gas concentrations on the secondary side, and




measuring chemistry and radio-chemistry in secondary side steam
g;nerator water, are reliable. Continual readouts are provided
by the instruments. FF 15.7/ In response to an inquiry by
Judge Hetrick, Mr. Slear explained that Licensee would be able
to detect a sudden increase in leakage in a matter of minutes.
Tr. 274-275; FF 15.

Leak rate measurements are one aspect of an overall de-
fense in depth approach to maintain OTSG integrity, which in-
clude leak rate monitoring during operation, periodic eddy cur-
rent testing, and leak rates while shut down at cold
conditions. All witnesses testifying on this issue agreed that
the overall defense in depth program, including the leak rate
measurements, is adaqguate to permit Licensee to correct defects
in tubes in order to ensure that the steam generator tubes sat-

isfy the licensing basis specified in General Design Criterion

jr .1 4 The Commonwealth of Pennsylvania questioned whether
Licensee would have adequate monitoring if the primary on-line
monitor (RM-ASL) failed. Tr. 267-268. Mr. Broughton explained
that there are additional monitors which monitor the condenser
off-gas, and that Licensee also takes grab samples which would
evaluate off-gas even if the on-line monitors are nct func-
tioning. Tr. 268-269. TMI-1l's Technical Specifications pro-
vide that the on-line monitor can be out of service for up %o
28 days providing Licensee is taking grab samples. Tr. 646
(McCracken). Licensee has a self-imposed administrative limi-
tation which requires that if the on-line monitor is taken out
of service, a grab sample will be taken immediately and repeat-
ed every four hours. Tr. 647 (McCracken). NRC Staff stated
that they thought the addition of a license condition requiring
operability of the on-line monitoring system is unnecessary for
safety and health purposes. Tr. 644 (McCracken); FF 15.



14, 10 C.F.R. Part 50, Appendix A, i.e., "to have an extremely
low probability of abnormal leakage, or rapidly propagating
failure, and of gross rupture". FF 13.

TMIA's allegations and cross-examination raised two prima-
ry concerns with respect to the reliability of the leak rate
measures. First, TMIA expressed concern that leak test results
may be misleading since some leaks are "self-sealing" because
COrrosion products will deposit in the cracks. Second, TMIA
questioned whether the loss of pretension might cause the leak-
age rate for some cfacks to be reduced. It suggested that a
decrease of the leakage rate might mask cracks that might prop-
agate due to additional stress or corrosion.

Licensee's witnesses testified that the only potential for
self-sealing would be for a small leak past the new repair
joint.8/ It was undisputed that to be self-sealing, a leak
past the joint would have to have a very small flow through a

pathway sufficiently tight to enable the build-up of cecrrosion

8/ Self-sealing can occur only for leakage pathways between
the expanded portion of the joint and the tubesheet. The joint
is formed between the Inconel tube and the carbon steel
tubesheet. Since carbon steel has a propensity for general
corrosion in a normal RCS chemistry environment, corrosion
products are formed in the long, tight tube-to-tubesheet joint.
Industry experience indicates that these corrosion products
tend to plug up leakage paths in the tight tube-tc=-tubesheet
crevice and to stop or slow (i.e., self-seal) leakage. A trend
of decreasing leakage with time for joints tested in the gquali-
fication program further confirmed this industry experience.

FF 20.
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products adequate to seal the leak. A leak of this size would
not adversely affect the load bearing capability of the joint,
or increase the probability of rupture within the joint. Thus,
the self-sealing would not mask leakage that could be of safety
significance. FF 21.

Licensee's witnesses similarly testified that loss of pre-
tension on some of the TMI-1 tubes does not affect the useful-
ness of leak testing. If there is leakage past the repair
joint, it will be through the tight crevice between the tube
and tubesheet. The loss of pretension does not affect the
tightness of this joint 9/ and thus can not affect the poten-
tial leakage flow path once fixed. Monitoring of leakage
through such a joint is therefore unaffected by a loss of pre-
tension. FF 22, 24.

With respect to intergranular stress assisted cracking,
Licensee's witnesses testified that although, in theory, a tube
without pretension would exhibit a lower leak rate than a tube
with pretension for a circumferential through-wall crack of a
given size, in practice, this phenomenon is unlikely to mask

the detection of a critical size crack at TMI-1l. FF 25.

9/ The kinetic process relies on horizontal forces to expand
the tubes, while pretension is an axial load (i.e., vertical in
direction). Since these load components are perpendicular with
respect to each other, the loss of pretension does not affect
the ability to expand the tube and form the new joint. FF 23.
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The testing already conducted on each tube by Licensee--
special eddy current testing, bubble testing and leak testing--
shows that such cracks do not exist in the tube pressure bound-
ary. Moreover, the conditions which caused the circumferential
intergranular stress-assisted cracking in TMI-1 have been elim=-
inated. If such a crack nonetheless were to exist, it would
propagate only during condit.ons when the tube was placed in
axial tension; such loads will be offset by the effect of pre-
.ension loss. However, as Mr. Slear explained, the steam gen-
erator hot functional testing program placed axial tensile
loads on all tubes--including those which had loss of preload.
The low leakage found confirmed that no large cracks remain
undetected. FF 26, 27.

Licensee's witnesses also noted that if future cracks are
hypothetically assumed to be propagating due to IGSAC at normal
operating conditions, the principal direction of propagation
will be axial along the tube. IGSAC propagation is principally
perpendicular to the direction of highest stress. The highest
tube stress is in the hoop direction at these conditions. A
loss of pretension will not cause reduced leakage from axial
tube cracks because there are no forces associated with loss of
pretension trying to keep the crack closed. FF 28.

The NRC Staff witnesses corroborated and supplemented
Licensee's testimony that some leakage is to be expected at any

plant and that the proposed license condition provides adequate
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assurance that leakage will be detected and responded to prior
to the potential fur tube rupture. Tr. 625-626 (McCracken).
In this context, Mr. McCracken emphasized that the steam gener=-
ators had been returned to the original licensing basis. Tr.
626-629. He noted that in fact, none of the Staff members or
Staff consultants have any reservation about any aspect of the
repair from the point of view of health and safety. Tr. 637-
638. FF 13.

After full consideration of the testimony, the Board be-
lieves that TMIA's concerns are without merit, and that the
leak rate monitoring under the proposed license condition is a

reliable precautionary measure.

3. 1Issue 1l.b (Frequency of Eddy Current Testing)

Issue 1.b, as stated at page 23 of the Board's Order,
reads as follows:
1. The rationale underlying certain pro-

posed license conditions should be
addressed, with attention to:

* * * *

b. Method of determining frequency
of ECT tests.

Industry experience has shown eddy current testing is the
preferred method for non-destructive examination of steam gen-
erator tubes to ascertain damage. It is used to provide knowl-
edge of the generator state well before tubes degrade to the

point of through-wall leakage or an unsafe condition develops
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within the generator. As ECT is a technigue for inspecting
tubing remaining in service as part of the primary pressure
boundary, the role of eddy current inspection for the TMI-1
steam generators is the same as for generators at any other op-
erating plant. FF 30.

The existing Technical Specification regquirements for ECT
at TMI-1 implement NRC's Regulatory Guide 1.83, Rev. 1 and
track those for other nuclear plants.l0/ Licensee has adopted
supplements to the existing Technical Specifications which the
NRC Staff proposes be added as a license condition. Under the
new license condition, either 90 days after reaching full power
or 120 calendar days after achieving 50% power (whichever oc-
curs first), the plant will be shut down for eddy current in-
spection of the generators. In addition, ECT will be conducted
at the subsequent shutdown refueling. The plant currently is
loaded with fuel which will permit full power operation for a

little less than one year. FF 32, 33.

10/ The Technical Specifications require at least 3% of the
total number of tubes in the steam generators to be examined at
each inspection (certain criteria on tube selection are includ-
ed). Known indications will also be tested. The Technical
Specification testing frequency is specified to be not more
than 24 months after the previous inspection with provisions
that the interval could be extended to a maximum of once per 40
months, contingent on prior inspection results. Further condi-
tions are imposed on the inspection fregquency if there are
primary-to-secondary tube leaks, degradation is in excess of
Technical Specification limits, and/or a loss of coolant acci-
dent or a main steam line or feedwater line break has occurred.
FF 31.
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leak rate during hot functional testing supports the conclusion
that unforeseen rapid or gross changes are not taking place.
FF 34(b).

(3) No mechanism has been identified relating to me-
chanical crack propagation scenarios while operating at full
power. FF 34(e).

(4) ECT will be most inforrmative of plant conditions
if it occurs after chemical equilibrium takes place. As used
here, chemical eguilibrium has had two aspects. First, in com=-
ing back from a long term lay-up, the system needs a period of
operation to develop the oxide films that are typical of all
steam generators. Second, a period of operation may be neces-
sary for dissolution of residual sulfur remaining on the tube
surfaces and its removal from the reactor coolant systemn.

FF 35(a).

(S) Since the ECT program is designed to character-
ize change, there is a need to allow reasonable operating time
on the generators to allow any unforeseen mechanism to cause
change. FF 35.

(6) The time frame used is as restrictive or more
restrictive than those implemented after steam generator re=-
pairs -- even at plants where continued corrosion is expected,
Fr 37.

Mr. Slear explained that Licensee will use both a special

differential probe ECT and 8xl1 absolute probe ECT as




appropriate.l2/ Licensee has special differential probe data
on all tubes and special absolute probe data on approximately
800 tubes. FF 34. A sample of the latter tubes will be re-
examined using the absolute probe to corroborate that there is
no degradation. Tr. 312-315 (Slear); FF 33.

TMIA suggested that ECT should be conducted within 30-60
days after restart, relying on the tentative recommendation of
NRC Staff in May 1982 that this time frame would be appropri-
ate. Mr. McCracken explained, however, that the preliminary
Staff view was predicated on the fact that at that time, little
was known about the corrosive mechanism and whether degradation
was expected. The Staff revised the time frame based on the
extensive knowledge subsequently gained and the fact that no
further degradation is expected. FF 37.

The Board finds that the above facts and experience suge-
gest a minimal period of several months of initial operation is
necessary to ensure that sufficient d.ca can be obtained during
the inspections to trend conditions within the steam genera-
tors. The new augmented eddy current test program is a judg-

ment based on the available facts regarding generator condition

12/ A differential probe uses two circumferentilly wound coils
and is read by comparing one coil's signal to the other. As
the first coil passes the defect, it unbalances the signal when
compared to the second coil. In an absolute probe, the coils
are essentially axially wound, and defects are indicated by an
upset in the signal from the individual coil. Tr. 311-312
(Slear).
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and potential failure mechanisms, and includes consideration of

general industry experience Based on the foregoing, the Board
finds that the proposed license condition on the frequency of
ECT will provide the requisite degree of insight on clianges, if

any, in the generator. FF 38.

4. Issue 1l.c (Power Ascension Limits)

Issue 1l.c, as stated at page 23 of the Board's Order,
reads as follows:
: I The rationale underlying certain pro-

posed license conditions should be
addressed, with attention to:

* »* * *

c. Method of determining power as-
cension limitations.

As Licensee's witnesses on this issue explained, 13,/ the
initial power ascension proqrhm was developed, prior to knowl-
edge of the damage to the steam generators, by considering test
requirements as a result of core reload, plant modifications
made since the plant was last operated, and operator training

requirements. These considerations resulted in a testing

l%/ Licensee presented a panel of three witnesses, consisting
of Messrs. Wilson, Slear and T. Cary Broughton, Director of
Systems Engineering. See testimony following Tr. 328 ("Licens-
ee's Testimony of Richard F. Wilson, David G. Slear and T. GCary
Broughton on Issue l.c¢ (Contention l.a)," hereafter cited as
"Licensee - Issue 1.c"). Staff witnesses of this issue wers
Mr. McCracken and Dr. Wu. See Staff - Cont. l.a. TMIA
presented ro direct evidence.



sequence, power level plateaus and development of special tests
for plant modifications and operator training. Primary factors
in determining the test sequence and plateaus included verifi=-
cation that core physics parameters are as predicteqd and caac
nuclear instruments, the integrated control system and the tur-
bine protective system are calibrated and functioning properly.
FF 41.

The power ascension program was reviewed by Licensee in
conjunction with the steam generator repair program. Because
the pre-critical testing verified the adequacy of the repair
and the operability of the steam generators, Licensee concluded
that no additional tests were needed in the post-critical test
program because of the repair. Licensee nonetheless determined
that two 30~day hold periods should be added to the power as-
cension program. FF 42, 43.

Mr. McCracken explained that the Staff did not consider
the power ascension limitations to be required as part of the
steam generator repair program. However, because Licensee con-
servatively elected to perform a slow progression, the Staff
has proposed a license condition that provides the Staff with
an opportunity to review the results of tests performed at a
given level of power prior to escalation to the next power
level. This license condition is not intended to limit the

power ascension itself. FF 44.
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The first hold period will occur at 48 percent power fol-
lowing the RCS overcooling test. This point was chosen because
it immediately follows tests which load the steam generator
tubes (loss of feedwatsr and RCS overcooling) and because it
allows operation with two main feed pumps, which is the normal
plant configuration. The second hold point will fecllow testing
at the 75 percent power plateau. Leak rate monitoring, sur=-
veillance testing and operator familiarity will occur during
this hold period. Experience from leak rate monitoring per=
formed during the steam generator pre-critical tests corrobo=-
rated that 30-day hold periods would provide adeguate time fcr
stabilizing the plant and collecting statistically valid data.
FF 46.

Licensee ex, .ained that the slow progression from power
level to power level had several purposes, many of which relat-
ed to plant operating in general but not to the kinetic expan-
sicn process. In addition, the slow progression will facil-
itate monitoring of leak rate changes and permit detection of
abnormal trends as early as possible, and thereby provide
information on the kinetically expanded joints. FF 45,

TMIA suggested that the power ascension limitations are
not in accord with the Third Party Review (TPR) GCroup's recom-
mendation of "substantial" extended operation at low power.

The Board concludes otherwise. The TPR recommended two hold

periods of "a month or more" at around 40 percent and 70
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percent power (Att. 6 to the Staff's SER, TPR February 1983 Re=-
port at 11-12, Recommendation 2). Licensee thereafter added
two 30-day hold periods, one at 48 percent power and one at 75
percent power. In its May 16, 1983 report, the TPR stated that
"[t]he GPU Nuclear response is satisfactory." (Att. 6 to the
Staff's SER, TPR May 1983 Report at 7.) We agree. FF 48,649.

The TPR also recommended that Licensee "consider the pos-
sibility of deliberately running one steam generator at a
higher power than the other during the first escalation hold
periods." (Att. 6 to the Staff's SER, TPR February 1983 Report
at 12, Recommendation 3.) Licensee explained to the TPR, how-
ever, that this approach could only be implemented by operation
of a single reactor coolant pump in one loop which would cause
mismatched reactor coolant system flow, imbalanced feed flows
and different coolant levels in each generator. This could
mask changes in the plant conditions, including any abnor=
malities in the plant response to transients. This abnormal
plant configuration would conflict with the intent of con=-
ducting the startup in a slow, deliberate manner under normal
operating conditions. FF 50, S1.

The TPR considered this response satisfactory (May 16,
1383 Report at 7), and TMIA has failed to present evidence or
even raise legitimate gquestions showing why it is not. FF 52,
The Board has no reason to doubt the wisdom of the position

taken by Licensee and the TPR on this matter.
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Accordingly, the Board concludes that the proposed license
condition on power ascension limitations <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>