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II. CONCLUSION

fhe Subcommittee concludes that TMI, Unit I can
be safely operated with the repaired steam generators
provided:

(1)

(2)

(3)

(4)

on-site capability is established and
implemented for measuring vith a short
turn-around time reduced sulfur compounds in
primary water at and below concentration
limits considered to be low enough to prevent
damage (Section IX). Such capability should
be implemented as soon as feasible, but in
any event before the primary system is
exposed to air after power operation:

prior to power operation, operators (a) are
trained to understand all plant instruments
and symptoms which could be used to indicate
subcooling margin and loss of subcooling, (b)
are required to determine subcooling margin
using at least two different instrument sets
when controlling plant depressurization and
cooldown following a tube break and (c) are
trained to understand what would happen in
the plant and what they would observe if the
error in a subcooling margin measurement is
larger than actual subcooling margin in the
plant and they were using such a measurement
to control subcooling (Section VIII (2)):

Prior to power operation, GPUN complete and
evaluate an additional steam generator
leakrate test to be performed by plant
operators, as presently planned, utilizing
injection of krypton into the primary system.

results from additional hot functional tests,
start-up tests and steam generator
inspections planned 90 to 120 days after
power operation do not show signs of
significant tube degradation (Section ViIi).
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II1. CAUSE OF STEAM GENERATOR DAMAGE

A program to investigate the cause of extensive
cracking in the Inconel 600 tubes of the TMI, Unit 1
steam generators was undertaken by GPUN and their _
contractors soon after discovery of primary to
secondary leaks in November 1981. Major elements of
this program included (1) review of the fabrication
history; (2) in situ and labora2tory examination of
tubes and tube cracks; (3) review of plant water
chemistry and operating history: (4) tube stress
analysis, and (5) development of a failure scenario.
In addition, an extensive corrosion test program was
undertaken to investigate the cause of cracking and
the performance of repaired tubes with and without
chemical cleaning.

The Subcommittee is satisfied that the cause of
cracking has been thoroughly investigated, and that
the most likely failure scenario has been defined.
This scenario indicates the cause of tube cracking
was the presence of reduced sulfur compounds in the
prima:y water which created an environment conducive
to intergranular stress corrosion cracking of tube
material at the static air-water interface in the
upper part of the steam generators when they were
partially drained during shutdown following hot
functional testing in August and September 198l1. The
tubes were sensitized during heat treatment of the
steam generato:s. The majority of cracks occurred
where the tube material tended to have locked
stresses in the upper seal weld region and the roll
transition zone.

During the course of the Subcommittee's review, a
number of Questions related to the cause of cracking
were posed. The majority of these questions were
concerned with understanding the cause of cracking in
sufficient detail so that potent.ally related
problems could be identified, and the safety of
future operation could be assessed. A related
objective in some of the Subcommittee's questions was
to understand how to reduce the chance of future
damage due to inadequate chemistry control.

There is strong circumstantial evidence to
support the failure scenario proposed by GPUN.
Laboratory simulation of a range of conditions shows
stress corrosion cracking of the sensitized Inconel
600 tube material will occur at relatively low
temperatures when it is highly stressed and is
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submerged in aerated water containing reduced sulfur
compounds (e.g., thiosulfate ion) at concentrations
as low as one ppm. There is a high probability
sodium thiosulfate was inadvertently introduced into
primary water from the borated water storage tank the
contents of which had been contaminated with -
thiosulfate bearing water from the containment
building spra- system.

IV. INSPECTION FOR STEAM GENERATOR DEFECTS, REPAIR
OF DEFECTS, AND INSPECTION OF REPAIRS

As they were being developed and implemented, the
Subcommittee reviewed the programs to identify and
characterize steam generator tube defects, to repair
the tubes and to inspect the repairs. Based on its
review, the Subcommittee concludes that the
inspection, repair, and reinspection techniques
developed and implementad by GPUN and its contractors
and subcontractors have been th. ough and have
properly utilized state of the art techniques
available.

V. DISTRIBUTION OF SULFUR

Circumstantial evidence indicates sulfur-induced
intergranular stress corrosion cracking damaged steam
generator tubes, pilot operated relief valves,
gaseous waste piping, and spent fuel pool cooling
pipe. Sulfur compounds were found in the cracks as
well as inside the pressurizer and at other locations
in the primary system. From all this it is inferred
that sulfur compounds were present throughout the
primary system and in some connected systems,

The spent fuel pool cooling pipe was repaired
several years ago, and no further deterioration has
been detected. The TMI-1 pilot operated relief valve
(PORV) was replaced with a spare valve. The corroded
PORV was cleaned, repaired., and subsequently
reinstalled. In early 1984, the valve was removed,
inspected, and found to be in good condition. The
gaseous waste piping has been repaired. The steam
generator tubes have been repaired or plugged as
required.

wn
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An extensive examination by GPUN was made to
determine whether damage other than that identified
avove had occurred in the primary system or in
systems connected to it. Thuse axaminations have not
revealed any additional damage celated to sulfur
induced corrosion.

VI. CHEMICAL CLEANING TO REMOVE SULFUR

A hydrogen peroxide ~hemical cleaning process has
been carried out ~o remcve sulfur from the primary
system. Prior tc chem r2l cleaning, internal
surfaces of the pressuriier were cleaned with high
pressure water jets,

The chemical clear.nq process was designed to
convert residual radui.:4 sulfur species in surface
deposits to soluble :liates, and to remove “rem from
primary water by ion :xchange. Tests on TMI-l steam
generator tube sompl=g by Battelle Columbus
Laboratories irdicatc that reductions of SO to 80
percent of the sulfu: species could be schieved. No
harmful effects wer.: identified by the tests of the
cleaning process.

While the Subcommittee recognized that there were
uncertainties az .o need and effectiveness, it
believed it crudentc %o proceed with the cleaning. It
reviewed the plens and specifications for cleaning
and found them adeguate.

VII. EVALUATION OF THE INTEGRITY OF REPAIRED STEAM
GENERATORS

GPUN has :ar-ried out an extensive program to
establish the integrity of the repaired steam
generators and to demonstrate that they can be
operated safeiy. The program has four essential
obiectives. The firs* is to qualify the repaired
areas to original design criteria. These areas
include the explosively expanded tube to tube sheet
joint, the plugged tubes and the upper ends of the
tubes which were repaired by machining and cleaning.
The second objective is to verify that unrepaired
sections of steam generator tubes below the expanded
joint in the upper tube sheet do not aow contain
cracks which could rupture in normal operation or
design basis transients or accidents. The third
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and wi]] not Feactivate. The fourth is to
dtmonttratc that, jf tubes deteriorato from

generator inspoctions before and after Feépair ang
comprchonsive hot functional tests,

The thirg Objective, demonstratinq that the
Corrosion mechanism has been arrested ang will not
Teactivate, has been addresseqd in Severa] ways,

are experienced in the Plant, Test results ¢o date

show no evidence that Cracking has continued or that
it wil} oCcur under conditions Specified for future

OPeration,

To serve the fourth Objective, GPUN has
establisheq 5 Primary to Secondary leak rate
administrativo limit of @ nomina] ¢ gallons Per hour
(GPH) above a baseline value (currontly Oone GPH)

Measurement g made during the Cooldown Period wjj) be
evaluated before Power Opeération jg Fesumed. a)¢,
is TeqQuired by Technica) Specifications to bring

{60 GpH),
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The Subcommittee beliewves that proposed leak rate
limits and plans for evaluating cooldown data are
appropriate and have a high probability of
identifying significantly degraded tubes so that the
unit will be shut down before a tube break due to
intergrarular stress corrosicn cracxing could occuc.

Based on its review of the information and
documentation in support of the four objectives, tl.
Subcommittee recommends that:

(1) GPUN document the upcated description given
orally to the Subcommittee about the logic,
analyses, and leak rate mea2surements which
provide the bases for concluding that leaks
from significantly degraded tubes will most
likely be detected before one of them
breaks. Clarification is needed because
statements in early GPUN reports and
guantitative analyses, when viewed
individually, imply conclusions which are
more definitive than can be supported by
current state of the art analyses. Such
clarification is neeced so actions taken to
assure safe operatien (including primary to
secondary leak rate ceasurements) can be kept
in proper perspective.

VIII. ANALYSIS OF PLANT RESPONSE TO STEAM
GENERATOR TUBE LEAKS/RUPTURES AND ADEQUACY
OF OPERATING AND EMZRGENCY PROCEDURES AND
TRAINING TO CONTROL TUBE LEAKS/RUPTURES.

The Subcommittee has recognized from the outset,
as has the GPUN staff, that tube ruptures or large
leaks may occur due to future degradations or to
existing conditions not now recognized. Therefore,
the acceptability of future operation of these or any
other nuclear steam generators must rely on
confidence that operators will be able to shut the
plant down before leakage crsates a hazard to people
or damage to the plant. This confidence has to be
founded on a judgment of how tubes can break, on
analyses of how the plant responds to tube breaks. on
an ability to detect leaks waich warn of incipient
breaks and, most importantly, on the adequacy of
operating and abnormal trans:ent procedures and
operator skill and training. Consequently the
Subcommittee has reviewed these matters in detail.

w0
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Although GPUN is continuing to refine their
analyses of plant response to abnormal transients
such as postulated main steam line breaks and the
related effects on steam generator tubes, the
Subcommittee is satisfied that sufficient data has
been developed through analvses and simulator drills
to validate the approach used to control tube leaks
(less than 50 gpm) and tube ruptures (50 gpm or
greater) as specified in the new TMI-1 Abnrrmal
Transient Procedures (ATPs). Based on its review and
provided the training cited in paragraph (2) of
Section II is completed, the Subcommittee considers
that the present state of the procedures and operator
training is sufficient to provide a high degree of
assurance that the operators can safely handle tube
leaks and ruptures should they occur, including leak
rates from multiple tube ruptures which exceed the
design basis by a significant amount.

The Subcommittee recommends that the following
points be considered for procedure revisions,
operator training, plant testing and/or analyses:

(1) An independent verification should be made of
the error analysis which supports selecting
the subcooled margin limit applicable to
reactor coolant pump trip following a steam
generator tube break. The verification
should be equivalent to that reguired by ANSI
Standards for design verification. The
analysis and the verification should be
subject to an interdisciplinary technical
review by senior engineers who understand
error analysis and primary system response to
tube breaks and other less of coolant
accidents.

(2) For tube rupture transients,the Subcommittee
concurs with the desirability of reducing
indicated subcooling to 25°F (provided this
value 1s verified as noted above) or to
emergency RCP NPSH limits (whichever is more
limiting). However, the possibility exists
that an instrument string which measures
subcooling margin could read erroneously high
by more than 25°F. If that were to happen.it
is important that the operator recognize that
the instrument is in error, s.nce once actual
saturation has been reached the instrument
reading will "hang up" at the value of error
(higher than 25°F in this postulated case)
while the operator continues to reduce
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pressure. The instrument willi not indicate
lower saturation margin until superheating
from uncovered fuel commences. Since there
are several independent instrument strings
which car. be used to measure subcooling., the
Subcommittee does not consider it credible-—
that they would all read erroneously high by
more than 25°F at the same time, provided
calibration procedures and equipment preclude
a common ercor in all the instrument
strings. Therefore, the operator should be
able to avoid reaching saturation conditions
without knowing it. However, it is important
that all operators understand the symptom
(described above) which would be observed in
this case and that they understand which
other plant symptoms would indicate
saturation had occurred (i.e., changes in
pressurizer level, pump current, etc.). The
Subcommittee recommends these matters be
addressed in the training discussed in
Section II (2).

(3) In the event of a tube rupture, operating
the reactor coolant pumps as long as feasible
(without incurring real troubl: if they are
subsequently shut off) can reduce total
leakage through the break. Therefore, if the
results of ongoing analyses show that the
time limits for reactor coolant pump trip can
be extended, the current limits should be
reconsidered.

(4) The new fuel pin in compression limits
released by B&W should be incorporated
into TMI-1 operating procedures as soon as
practicable. These limits will apply to
normal heatup and cooldown and tube leak
(less than 50 gpm) transients. Comparison
of these limits with the ccoldown data in
TDR 488 'shows that *the new fuel pin in
compression limits will allow much greater
depressurization of the RCS before a cooldown
results in high tube tensile stress due to
tube to shell differential temperature.
Since any tube cracks can be expected to
open wider as the tube to shell differential
temperature increases during cooldown, it is
important that the tube leak procedure (ATP
1210-5) and/or the training program stress
that in responding to a tube leak (less than
S0 gpm) prioricy be given to minimizing

10
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primary pressure within allowable limits
before the cooldown results in high tube

to shell differential temperature. This

will reduce the total leakage during the
cooldown. Further, if the leak then develops
into a rupture (greater than 50 gpm) as the
tube tensile stress builds up (as happened at
Rancho Seco in May 1981) the resulting leak
rate will be less, and the time needed to
reduce the RCS pressure to RCP emergency NPSH
limits allowed under tube rupture conditions
will be less. Also, the RCS pressure 1s more
lirely to be below the secondary side safety
va se lift pressure before the rupture occurs.

(5) Use of the new fuel pin in compression limits
would permit plant testing over a wider range
of temperature to verify the RCP energency
NPSH limits applicable to tube rupture and
LOCA events. Such tests should be considered.

(6) Since the procedure for a tube leak (less
than 50 gpm) requires that fuel pin in
compression limits and normal RCP NPSH limits
apply. these iequirements should appear next
to each other in the procedure and both
should refer to the same graph, probably
Figure 1 and 1A in OP 1102-11 (Plant
Cooldown). There would then be no need for
fuel pin compression limits in ATP 1210-10.

(7) The list of questions in the form for the
Reactor Trip Report attac.aed to ATP 1210-1
should include. "Were fuel pin in
compression limits violated?" since, if they
were, the data would normally be evaluated by
B&W before rescart.

(8) Guidance should be given in the ATPs and OP
1102-11 as to what actions are required if
the cooldown rate exceads 100°F/hour for
limited periods.

(9) The Abnormal Transient Procedures should be
clear and coherent to reduce chances of
mistakes in handling tube breaks. These ten
procedures could be improved if they were all
made consistent in the following respects:

a. Consistently refer to ATP 1210-10

whenever a requirement from that
procedure is regquired to be invoked to
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carry out a Step in the other nine
Procedures, At Present some steps in
Some of the ATPs 4o this, but Others do
mt.

b. Whenever "subcooled margin" 1s intendeg
to mean "25¢p subcooled margin", go
State. At Present this jg done
tpotadically throughout the ATps,

€. Use a consistent Paragraph numbering
System.

controlling water chemistry ang the ingress of
deleterious chemicals were inadequate, 48 was the
understanding of Potentiall-- damaging Situations and
how they could occur. Since then GPUN has
implemented extensive measures to improve the control
of plant Chemistry,

Subcommittee considers current GPUN ~apability for
control of fluid Chemistry and plant C.emicals, ;f
assiduously applied, ig sufficient to keep the
relaced rigk from steam generator malfunctions at an
acceptably low level during start-up and power
Operation. However, tre Subcommittee recommends that:

(1) Concentration limits for reduced sulfur
compounds and tota] sulfur in Secondary water
be established for operating and shutdown
modes as soon as feasible at levels low
enough to prevent damage. This is not a
Prerequisite for Power operation.

(2) That continuous on-line monitoring of

SO that short-term variaticns in Parameters
can be detected, fecorded, and, if they
approach or exceed limitg, alarmed. Thijs is
not a Prerequisite for Power operation.

12
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