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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

Before the At~mic Safety and Licensing Board

In the Matter of

ASLBP 83-491-04-0OLA
(Three Mile Island Nuclear (Steam Generator Repair)

)
)
METROPOLITAN EDISON COMPANY, ET AL.) Docket No. 50-282-0LA
)
)
Station, Unit No. 1) )

AFFIDAVIT OF DAVID G. SLEAR

DAVID G. SLEAR, being duly sworn according to law, deposes
and states as follows:

l. My name is David G. Slear. [ am employed by the GPU
Nuclear Corporation as the TMI-1 Manager of Engineering Proj=-
ects. A statement of my educational ind professional qualifi-
cations and training is attached and iacorporated in this affi-
davit by reference.

2. I was the OTSG Repair Project Manager for the period
from December, 1981, when the tube damage was discovered,
through November, 1983. In this capacity, I managed (in con-
junction with individual task managers) all aspects of the OTSG
Recovery program at TMI-1l, including failure analysis, eddy
current examination, corrosion -~2sting, RCFf examination, RCS

sulfur cleanup and plant performance analyses. I directly



managed the OTSG Repair process itself. I was personally in-
volved in making technical decisions regarding the repair pro-
cess and in defining and implementing the overall project plans
and schedule. I have made numerous presentations on the proj-
ect details to the NRC, ACRS, TPR and GPUN management.

3. The purpose of my affidavit is to address TMIA Con-
tentions l.a and 1.b. In the course of this affidavit I will
provide a brief description of the TMI-1 steam generators, a
brief description and history of the steam generator tube
cracking which led to the kinetic expansion repair process, and
a description of the repair process itself. I will then de~
scribe the gqualification program for the repair process an<d the
in-process repair testing which have demonstrated that the ki-
netic expansion joint formed by the repair process fully
complies with the original licensing basis requirement for "an
extremely low probability of abnormal leakage, of rapidiy
propagating failure and of gross rupture." And finally, I will
describe the post-repair and plant performance testing and
analysis, and the special licensing conditions to be imposed by

the NRC, which provide additional assurance that the licensing

basis criteria have been met.

Steam Generator Description

4. Unit 1 of the Three Mile Island Nuclear Station is a
776 MWe pressurized water reactor having two vertical, straight

tube and shell, once-through steam generators (OTSGs). Each



OTSG contains 15,531 Inconel 600 tubes, with a 0.625-inch outer
diameter, and a 0.234-inch minimum wall thickness.

5. Each tube is 56 feet and 2 3/8 inches in length. The
ends are inserted into holes drilled in two 24-inch thick car-
bon steel tubesheets at the top and the bottom of the OTSG.

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 OTSG.

6. There is a nominal 0.005-inch radial gap between the
outer surface of the tube and the surface of the tubesheet
hole. The tubes are sealed at each end to the tubesheet by
rolling to a depth of about 1 1/4 inches, and welding on the
primary side of the tubesheet surface. Primary coolant (at a
pressure of about 2200 psig) flows within the tubes, and sec-
ondary system water and 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 the reactor cooclant pres-

sure boundary between the primary and secondary systems.

Kinetic Expansion Repair

7. Following a plant layup in essentially a cold shutdown
condition since early 1979, hot functional testing was per-
formed in August and September 1981, during which the steam
generators performed properly. Subsequently, in November 1981,

primary-to-secondary leakage was discovered during testing of




the reactor coolant system. Detailed examination bv eddy cur-
rent testing (ECT) revealed defects in the tube walls. Based
on the initial ECT examination results, about 95 percent of the
defects occurred within the top 7 inches of the upper
tubesheet.

8. The tubes were repaired by expanding them within the
upper tubesheet to provide a2 new seal to the tubesheet at a lo-
cation below where the defects were detected. The expansion
closed the nominal 0.005-inch gap between the tubes ana the
tubesheet. The expansion was done kinetically using explosives
(detonating cord) encased in a polyethylene insert. The insert
transmits the explosive energy to the tube wall. There is a
resulting interference pressure between the tube and tubesheet.
The use of kinetlic expansions to seal heat exchanger tubes
within tubesheels has a broad base of successful experience in
heat exchangers such as steam generators.

9. The tubes were expanded from the top of the upper
tubesheet down either 17 inches or 22 inches, depending on the
elevation of the lowest ECT indicaticn within the upper
tubesheet. The expansion length was selected for each tube to
provide at least a six-inch ECT indication-free expanded length
between the lowest elevation ECT indication and the bottom of
the expansion to serve as the new pressure boundary. To accom-
plish this, tubes having the lowest ECT indication within the
uppermost 11 inches of the tubesheet received a 17-inch expan-

sion, and tubes with the lowest ECT indication within the




uppermost 16 inches received a 22-inch expansion. This also
resulted in a minimum of two inches between the expanded/non=-
expanded transition zone of the tube and the lower face of the
tubesheet. As a result of standardizing the expansion length,
i.e., the 17- and 22-inch lengths, many tubes have an ECT
indication-free expanded length greater than six inches.

10. The expansion length was also selected such that
there were no ECT indications in the 1/8" to 1/4" transition
zone between the expanded and non-expanded portions of the
tube.

11. The Technical Specifications of the operating license
for TMI-1, which reflect the licensing basis for the OTSG
tubes, require that tubes with imperfections equal to or
greater than 40 percent of the tube wall thicknes: be taken out
of service by plugging. The repair program at TMI-1 complied
with this 40 percent criterion. If a kinetically repaired tube
has a 40 percent or greater turoughe-wall ECT defect indication
within the pressure boundary, that tube is removed from service
by plugging. Thus, the tubes will be in compliance with the
OTSG industry standard 40 percent plugging criteria and, assum-
ing the kinetic expansion joint meets the licensing basis for
the reactor coolant pressure boundary, the repaired tube will

be returned to its original licensing basis.
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Licensing Basis

12. The licensing basis for both the original, unrepaired
tubes and for the kinetic expansion joint is as specified in
General Design Criterion 14, 10 C.F.R. Part 50, Appendix A,
i.e., "to have an extremely low probability of abnormal leak-
age, of rapidly propagating failure, and of gross rupture."

13. With regard to loads that must be sustained by the
kinetic expansion joint, the maximum tube load resulting from
design basis events for both the original unrepaired tubes and
the repaired tuves is 3140 pounds (for a main steam line break
accident) and is appli=d due to axial tension within the tube
below the expansion joint. This load is due mainly frocm tube/
steam generator axial differential thermal expansion when the
tubes are cooled to a lower terperature than the cylindrical
shell of the steam generator. In essence, the tubes tend to
thermally contract axially between the upper and lower
tubesheets, and this contraction tends to be prevented because
the tubesheets are affixed to the steam generator shell. The
result is the tubes are axially elongated and an axial tensile
load is applied to the kinetic expansion joint.

14. With regard to leakage, including leakage past the
kinetic expansion joint, the Technical Specifications for TMI-1l
require shutdown if the total leakage for both steam generators
exceeds 1 gpm. In addition, the NRC's proposed license condi-
tions for restart with repaired tubes require shutdown if a
leakage increase exceeding 0.1 gpm above a pre-established

baseline is detected.



Qualification Prog:ans

15. An extensive testing program was conducted to qualify
the kinetically expanded joint to the licensing basis. The
qualificaticn program has 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 axial loads from the worst case design basis op-
erating and accident conditions, tube prelocad considerations,
and residual stresses in the transition zone.

(a) Axial Loads

16. The expansion joint is required to sustain the maxi-
mum postulated loads from a design b-sis accident, whizh is an
axial tensile lcad of 3140 lbs. resulting from a main steam
line break. Tests were performed on simulated tube/tube sheet
configurations to determine the axial load carrying capabili-
ties of the expansion joints. The tests involved pulling ki-
netically expanded tubes out of simulated tubesheets and meas-
uring the "pullout load" required to initiate slippage between
the tube and the simulated tube sheet. The test blocks were
thermally cycled to envelop the thermal conditions expected to
be experienced by a steam generator in operation. In addition,
some tubes were subjected to a series of compression/tension
load cycles which enveloped expected reactor operating condi=-
tions. All data from the pullout tests indicated that the ex~
panded tubes will have pullout loads significantly in excess of

the 3140 1b. axial load requirement (with statistical support



in excess of a 99% confidence level on 99% of the tubes).
Pullout loads in excess of the requirement were also confirmed
on an expansion pull test performed on a full scale generator
at B&W's Mt. Vernon Works. These tests demonstrated that the
kinetic expansion process did not adversely affect the strength
and dimension of the tubes with respect to their axial load
carrying capabilities.

(b) Residual Stresses

17. The kinetic expansion process does not change tue
strength or dimension of the tubes in any manner which would
adversely affect the stress levels seen by the tubes. This has
been verified by the gualification program, and concurred in by
the Third Party Review Group (TPR) at page 15 of the TPR Re-
port. There the TPR, after noting that if the strength or di-
mensions of the tubes were changed, the repair process could
affect the stress level, concluded that the stress levels are
not expected to be significantly affected by the kinetic expan-
sion.

18. The only effect of potential significance in strength
or dimension with respect to residual stresses is the formation
of the transition zone directly beneath the expansion. To min-
imize the susceptibility of the transition zone to stress as-
sisted cracking, the repair process was designed to minimize
the residual stresses in that area. Analysis indicated that
the more abrupt the transitiovn, the larger the stress concen-

trations. Thus, a number of explcsive insert shapes were



evaluated, and the geometry which provided the most gradual
transition was used to expand the tubes. This resulted in
meeting the design objective of creating a transition zone be-
tween 1/8" and 1/4" in length. This is a more gradual transi-
tion zone than the original rolled joint employed in TMI-1 and
other operating reactors.

19. Tubes in once-through steam generators and in
recirculating steam generators which have non-stress relieved
rolled expansions have operated without cracking or leaking
problems in their transition zones after many years of service.
The qualification program has shown that the susceptibility of
the kinetic expansion transition zorie to stress assisted
cracking is about the same or less than the suceptibility of
the transition zones for non-stress relieved rolled expansions.

20. The residual stress for kinetically expanded tubes
was measured in special test blocks using X-ray diffraction and
strain gage techniques. The measured stress intensities were
about equivalent to those generally reported in the literature
for rolled expansion transition zones.

21. In addition, sample Inconel 600 tubes we: expanded
by rolling and kinetic processes in order to compare the re-
sulting hardness and microstructure. The hardening effect on
both the inner and outer surfaces of mechanically expanded
tubes is more pronounced than in the kinetically expanded tube.
Thus, since hardness is an indication of the amount of cold

work of the tube material, and since cold work tends to make



the material more prone to stress assisted corrosion cracking,

the kinetic expansion may be expected to be less susceptible to
stress assisted ceorrosion cracking than the mechanical expan-
sion.

22. Two corrosion testing programs were conducted to
evaluate the susceptibility of the transition zone to stress
assisted cracking. In the first program, accelerated stress
corrosion cracking tests were performed on kinetically expanded
tube/tubesheet mockups. The mockups were tested in an aggres-
sive 10% sodium hydroxide (NaOH) solution at constant potential
and destructively examined for stress assisted cracking due to
residual stresses from the crepair expansion process. Test re-
sults show no evidence of any significant cracking of the ID
surface in the kinetic expansion joint or transition.

23. The second test was conducted using a boric acid so-
lution ¢ taining 1 ppm of thiosulfate and 1 ppm chloride.

This level of thiosulfate was utilized because it was shown to
produce cracking in highly stressed specimens of actual TMI-1l
tube samples. It was therefore felt that if the residual
stresses were sufficiently high, that cracking could be expect-
ed in this environment. The chlorides were added to provide an
additional accelerating effect. Tests were conducted at 170°F
and S550°F. Testing was conducted on ten single tube/tubesheet
mockups that had been kinetically expanded. These tests have
shown no evidence of &* "<sz assisted cracking of the ID surface

in the expanded r~- ~ in other regions either at 170°F or

at S550°F.
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27. The effects of relieving preload with respect to the
limiting transient and accident loads on the tubes were exam-
ined. The maximum compressive tube load under FSAR accident
conditions is a 620~-1lb. load associated with a postulated
feedwater line break accident. This is less than the approxi-
mately 775 lb. generic design basis compressive load conserva-
tively associated with a 100°F/hr. heat-up, which is the lim-
iting case (actual heatups are conducted at rates below
100°F/hr). Loss of preload would add 65-1lbs. to the 775-1b.
compressive load. Thus, for a tube with no preload, 840-lbs.
is the conservative maximum compressive load postulated for
normal, transient, or accident design basis conditions. For
added conservatism, an evaluation was performed of the ability
of a tube to withstand 1025-lbs. of compressive load.

28. The analysis showed that a non-preloaded tube will
not be overstressed by the transient load conditions. Buckling
does not occur under a 1025-1b. compressive load. Tube bowing
is limited by the small clearances of the tube support plate
holes. Further, the applied load is secondary in nature; it is
caused by thermal differential expansion. This means that as
the tube begins to bow under the loading, the magnitude of the
load is reduced.

29. The Licensee also examined the magnitude of lateral
displacement (bowing) to be expected in a tube loaded com-
pressively to 1025-1bs. The magnitude cof the lateral displace-

ment in the 16th span of the tube (underneath the upper

12w



tubesheet) will be the largest since that span is longest.
Lateral displacement nominally less thar the dimensions of the
gap between tubes, even under transient conditions, is expected
as a result of the loss of preload. However, even if tubes
were to contact each other, no problem is expected. During a
heatup transient, flow rates are very low and the time duration
is relatively short; no significant tube vibration or wear
would be expected during this short period of time.

30. The effects of the change in preload on the natural
vibration freguercy of a tube were also considered. A
non-preloaded tube is expected to have a natural frequency
about 15% lower than one preloaded. The effect of this fre-
guency reduction is not significant. The Electric Power Re-
search Institute (EPRI) has reported that other operating plant
steam generators have variations in tube frequencies of as much
as about 10 to 20% within a single steam generator. In addi-
tion, test data reported by EPRI show that another plant op-
erating with similar OTSGs has tube frequencies about 15% lower
than expected for TMI-1.

31. Accordingly, the relief of preload experienced on
some of the tubes at TMI-1l does not present a safety considera-
tion and has no significant eftect on the acceptability of

these tubes for continued use within the licensing basis.
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(d) Expansion Joint Leakage

32. The original design basis for steam generator tube
leakage was to provide generators with no detectable leaks at
shipment and to control lcakage to an acceptable operating
level by monitoring and repair over the 40-year life of the
piant. The Technical Specifications will continue to specify
an allowable limit of one gallon per minute for operation of
the repaired steam generators. In addition, the NRC's special
license condition will require shutdown if a leakage increase
exceeding 0.1 gpm above a predetermined baseline is detected.

33. Leak rate results of testing on the cycled test
b ® 1b.mr./

tube. If every tube in both steam generators leaked at the

blocks varied from 1.18 x 10 ° to 187 x 10~
maximum rate, the cumulative leak rate would be about one one-
hundredth of the Technical Specification limit of 1.0 gpm.

(e) Other Considerations

34. In addition to verification by testing that the ki-
netic expansion joints fully meet the original licensing basis
regquirements, there are other features of the kinetic expansion
repair joint which provide added assurance of integrity. The
more important of these are summarized below.

(1) Although credit is taken only for a six-inch
length of kinetic expansion, the expansions are actually either
17 or 22 inches in length. This provides substantial addition-
al load carrying capability, even though there may be defects
in the tube above the six inches which formed the qualification

basis for the expansion joint.

le



(ii) Even if the kinetic expansion joint were to
slip for a substantial number of tubes during a main steam line
break, there would be no significant effect of concern since
the joint would still be tight and no significant increase in
leakage would result.

{3%1) Even if a failure could be postulated within
the expansion joint or the transition length below the joint, a
"tube rupture" type of event (large leakage) could not occur
because the tube would still be constrained by its hole in the
upper tube sheet and flow would be limited by the tube-to-

tuvbesheet arnulus.

In=Process Repair Testing

35. An inspection and monitoring program was conducted
during the repair process to verify that th_. in-generator ex-
pansions conformed to those obtained in the qualification pro-
gram. The program consisted of video surveillance within the
OTSG upper head and measurements of the tube inner diameters by
profilometry and by diameter gauging on a sampling basis.

36. Video surveillance of operations during the expansion
process were conducted to verify that proper procedures were
followed and that the correct tubes were expanded or examined.
Random ocut-of-generator expansions were also conducted to veri=-
fy that the performance of the explosive inserts had not

changed since the qualification program.
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42. The cold leak testing program consisted of bubble
testing 1009 of the expansion joints to determine if further
repair or plugging was necessary. In this testing, the primary
side is drained to a few inches above the upper tubesheet, and
secondary side water level is lowered and pressurized to 150
psig with an inert gas below the upper tubesheet. Kinetic tube
expansions and tubing akove the lowered water level are leak
tested by visually checking for gas bubbles in the upper head.
This is a highly sensitive standard test used in OTSGs to lo=-
cate leaking tubes and welds in the region within and near the
upper tubesheet.

43. In two successive 100% bubble tests, a total of only
26 leaking tubes were found in both steam generators. None of
these leaks were determined to be in expansion joints, although
four of the leaks were so small that their precise location was
not determined.

44. The hot testing program included overall integrated
leak tests of the steam generators conducted under hot standby
conditions and during heatup and cooldown. These tests also
applied axial loads on the kinetic expansion joints.

45. A Kr-85 tracer was injected into the primary system
to provide a measurable indication of leakage on a continuous
basis. The tracer was injected during the initial heatup to
532°F and 2155 psig in accordance with normal operating proce=-
dure. Leak testing was conducted continuously during the fol-

lowing phases:



(a) Operational Leak Test. This test is re-

quired by Technical Specifications whenever work has been per-
formed on the reactor coolant system. The pressure in the pri=-
mary system was raised to approximately 2285 psig, creating a
differential pressure between the primary and secondary of ap-
proximately 1400 psig. This is expected to be the meximum dif-
ferential pressure experienced by the repaired tube joints dur-
ing normal operation.

(b) First Thermal Socak. Conditions were al-

lowed to stabilize at 532°F and 2155 psig for approximately one
week, to provide baseline leakage data and to allow monitoring
of leakage for trends.

(c) Normal Cooldown Transient. A controlled

cooldown was conducted according to normal procedure, at ap-
proximately 60°F/h-. for approximately three hours to 350°F. A
tube-to-shell temperature difference of about 35°F placed ther-
mal loads on the tubes.

(d} Second Thermal Soak. The reactor coolant

system (RCS) temperature and pressure was returned to 532°F and
2155 psig and held there for 11 days. Leakage data was ob-
tained for comparison with the earlier thermal socak, and to
monitor for any developing trends.

(e) Accelerated Cooldown. A controlled

cooldown was conducted at close to the maximum rate permitted
by Technical Specifications, at appr-ximately 90°F/hr. for ap-

proximately two hours. This transient was to #pply greater

18-



loads to the repaired tubes than the earlier coocldown. A tube-
to-shell temperature difference of about 47°F was achieved.

(f) Third Thermal Soak. The RCS temperature

and pressure was returned to 532°F and 2155 psig, and held
there for approximately 11 days. Leakage data was obtained for
comparison with the earlier thermal socaks, and to monitor for

trending.

(g) Third Cooldown. During this cooldown, at

about 90°F/hr., additional steps were taken to achieve a tube-
to-shell temperature difference of about 99°F in the "B" OTSG
and 112°F in the "A" OTSG. This transient applied greater tube
loads than expected during a cooldown conducted according to
normal operating procedures.

46. The hot testing indicated an integrated leak rate for
both steam generators of only 1 to 2 gph. Technical Specifica-

tion limits allow up to 1 gpm (60 gph) for such leakage.

License Conditions

47. In addition to the gualification program, the
in-process repair testing, and the post-repair testing and
analyses, which demonstrate the adequacy of the kinetic expan-
sion repair joint, the NRC will impose special license condi-
tions requiring additional surveillance and testing during op-
eration. These special license conditions provide added
assurance against the possibility of tube rupture. Specifical-

ly, if any significant degradation of the kinetic expansion
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joints were beginning to occur during plant operation, leakage
will increase and the steam generator (and plant) can be shut
down, tested and repaired, if necessary.

48. Shutdown for inspection will be required if a leakage
increase of only 0.1 gpm is detected. This value is only 0.1
of the Technical Specifications limit for normal plant op=-
eration.

49. The plant will be required to be shut down after a
short period of operation for performance of a special eddy
current test (ECT) program. This testing will be performed 20
calendar days after reaching full power or 120 calendar days
after exceeding 50 percent power operation, whichever comes
first. The special ECT provides additional assurance that deg-
radation of the kinetic expansion joint is not occurring and
going undetected.

50. Licensee will be required to perform its power ascen=-
sion program at staged intervals, with continuous leak testing
and intervals for evaluation of the leakage trends after each
stage.

51. Licensee will also be required to report at fregquent
intervals on its on-going long term corrosion lead testing pio-
gram. These tests involve corrosion tests of actual TMI-1 tube
samples, with specimens representative of both the expanded and
unexpanded regions, including the transition zones. The tests

are under simulated operating conditions, including water chem-

istry, and will encompass tube load and thermal cycling




effects. These tests will lead operation of the plant by at

least one year.

Tube Ruptures

52. The qualification program, together with the
in-process repair testing, has demonstrated that the repaired
tubes are in conformance with the original licensing basis.
Meeting the design basis provides the same recasonable assurance
that tube ruptures will not occur during any postulated op-
erating transients, including those associated with restart,
turbine trip at maximum power, thermal =hock from inadvertent
actuation of emergency feedwater at high power, and rapid
cooldown following a loss-cf-coolant accident (LOCA). Addi-
tional assurance is provided by the post-repair and plant per-
formance testing.

53. The loads on the steam generator tubes have been
evaluated for normal operating transients and design basis ac-
cidents. The worst case situation is the main steam line break
(MSLB) which is conservatively analyzed to result in an axial
tension load of 3140 1lbs. on the expansion joint. All of the
loads experienced by the expansion joint during restart,
including those resulting from heatup, cooldown, power
~scalation, and planned transients during power escalation, are
well below the MSLB loads to which the repaired tubes have been

qualified.




54. Moreover, the repaired tubes have already experi-
enced, without loss of integrity, loads intentionally imposed
during post-repair hot testing equal to or greater than those
that will be experienced ¢ .ing restart.

55. Similarly, the loads which would be experienced by
the repaired tubes during turbine trip at maximum power, ther-
mal shock from inadvertent actuation of emergency feedwater at
high power, and rapid cooldown following a LOCA are 2ll bounded
by, and considerably less than, the MSLB loads.

56. A turbine trip at maximum power will result in an au-
tomatic reactor trip, and the plant will be stabilized at reac-
tor coolant conditions which are comparable to "hot standby"
conditions (RCS temperature at or above 532°F). This results
in less tube load than for a design basis cooldown transient.
Thus, significant changes in the OTSG shell to tube temperature
difference and primary and secondary pressures from the power
operating conditions are not produced as a result of a turbine
trip.

57. Inadvertent actuation of emergency feedwater (EFW) at
high power, i.e., a failure that results in starting of the EFW
pumps while the plant is operating normally at high power, will
not result in the injection of EFW into the steam generators.
The design of the TMI-1 EFW system is such that once the EFW
pumps are initiated, the actual flow to the OTSG's is
controlled by valves which respond to a flow demand signal gen-

erated by the OTSG level control system. The water level in

8%



nt
red,
y effect
e.

adverta
Y

4
4
+119
“ul

n
ra

epa

The on
empe

-
-

tube.
rage tube
LOCA

€

ot
=
T

ma

and will
the

OTSG

an and

¥
il




Conclusions

(a) Contention l.a

60. The extensive gualification testing program demca=-
strates that the kinetic expansion joint, including effects of
the expansion repair process on the tubes, fully meets the per-
tinent licensing basis requirements such that tube rupture is
not likely to occur during normal operating and postulated ac~-
cident conditions. In addition, the post-repair test program
and NRC's proposed special license conditions provide added as-
surance that any postulated signiticant degrada.ion will be de-
tected in time so as to prevent tube rupture and to avoid en-

dangering the health and safety of the public.

(b) Contention 1l.b

61. Because the kinetically expanded joints, including
the effects of expansion on the tubes, fully meet the original
licensing basis, and because the new expansion joint is well
inside the tubesheet hole where the tight constraints preclude
tube rupture and rupture-magnitude leakage, with the added as-

surance provided by the in-process repair testing, the
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post-repair and plant performance testing and analyses, and the

additional special license conditions, the kinetic expansion
repair process will not increase the likelihood of a simulta-
neous tube rupture in each steam generator, and thus will not
increase the attendant likelihood of iequiring the operator to
accomplish cooldown and depressurization using at least one
faulted steam generator, the likelihood of the occurrence of a
sequence of events not encompassed by the TMI-l1l emergency pro=-
cedures, or the likelihoo’® ~f the occurrence of a scenario dur-

ing the course of a LOCA waa. uld create 2ssentially

uncoolable conditions.
QA{ _

David G. Sé&€a

Subscribed and sworn to before me

this 7 %, - day of February, 1984
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PROFESSIONAL QUALIFICATIONS

DAVID G. SLEAK

WORK EXPERIENCE

Company : GPU Nuclear Corporation
Title: TMI-1 Manager Engineering Projects

Responsibilities: Management of TMI-1 modification, which
entails: Management of the $25 million
annual budget allocated for plant modifi-
cation; prioritization of the various
phases of plant modification; oversight
of the technical adequacy of plant modifi-
cation and of the components involved in
plant modification; consultation regarding
problem resolution with respect to matters
concerning plant modification; and direct
supervision of 16 GPU employees. This
position demands constant attention to
long term and daily plant modification
concerns and an extremely firm grasp of
both the technical aspects of TMI-Unit 1
and of the various modes and components of
modification available for implementation
at TMI-Unit 1.

Dates: 1983 - Present
Company : GPU Nuclear Corporation
Title: OTSG Repair Project Manager

Responsibilities: Management (in conjunction with individual
task managers) of all aspects of the OTSG
Recovery program at TMI-1 including failure
analysis, eddy current testing, corrosion
testing, RCS examination, RCS sulfer cleanups,
and plant performance analysis. This
position involved direct management of the
OTSG repair process and personal involvement
in the decision maki..g process with respect
to the repair program. This position also
entailed the definition and implementation
of the overall project, and required a broad
overview and analysis of the OTSG Recovery
program. In his capacity as OTSG Repair
Project Manager, Mr. Slear was also called



David G, Slear
Professional Qualifications

Page Two
upon to deliver numerous presentations
concerning project details before the NRC,
ACRS, TPR, and the GPU Nuclear Corp.
management.

Dates: December 1981 - November 1983

Company: GPU Service Corporation

Title: TMI-1 Manager Engineering Projects

Responsibilities: Similar to those listed for Mr. Slear's
present position including management of
a $20 million budget and of project engineer=-
ing for modifications.

Dates: 1979 - 1981
Company: GPU Service Corporation
Title: Preliminary Engineering Manager

Responsibilities: This position entailed: the analysis and
preliminary design of 400 Megawatt
combustion turbines and of a 600 Megawatt
coal fired power plant; extensive analysis
of the reliability and availability of the
components to be installed in the prospec-
tive power plant; and the establishment of
a baseline criteria document for the designated
plants including the technical documentation
and presentation of the plant design for
management review.

Dates: 1978 - 1979
Company : GPU Service Corporation
Title: Component Engineer

Responsibilities: This position entailed: the review of design
specifications and technical details of
products going into TMI-2, including the
steam generators, pressurizer, main
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

Before the Atomi: Safety and Licensing Board

In the Matter of

Docket No. 50-289-0OLA
ASLBP 83-491-04-0OLA
{Steam Generator Repair)

METROPOLITAN EDISON COMPANY, ET AL.

(Three Mile Island Nuclear
Station, Unit No. 1)

AFFIDAVIT OF BRANCH D. ELAM, JR.

BRANCH D. ELAM, JR., being duly sworn according to law,
deposes and states as follows:

- 1 My name is Branch D. Elam, Jr. I am employed by the
GPU Nuclear Corporation as Manager, Mechanical Components Sec-
tion, Engineering and Design Department. A statement of my ed-
ucational and professional gualifications and training is atta-
ched and incorporated herein by reference.

. As Manager of the Mechanical Components Section, I
performed technical reviews of certain facets of the steam gen-
erator repair project, which included responsibility for the
development of the design criteria employed by the contractors
in their detailed design efforts related to kinetic expansion
and plugging. I was also responsible for reviewing and approv-

ing contractor qualification programs for expansion and plug-

ging.



x The purpose of this affidavit is to address TMIA Con-
tention l.c¢, which relates to the ability of the plugs in-
stalled on the kinetically expanded portions of the TMI-1l steam
generator tubes to hold and give a good seal.

4. Three types of plugs have been used in the upper
tubesheet area following kinetic expansion. The first type, a
Westinghouse roll plug, is a hollow, cylindrical plug which is
inserted in the tube and expanded against the existing tube
wall. The expansion contact occurs in the region of the origi-
nal tube-to-tubesheet mechanical roll. Th: expansion is pro-
duced by mechanically rolling the plug to achieve an interfer-
ence fit with the tube.

5. The roll pluyj design had been previously qualified by
Westinghouse for use in operating PWR steam generators. The
gualification program was supplemented by a specific test pro-
gram for application to the TMI-1l steam generators, which spe=-
cifically qualified the plugs for leakage and plug retention
capability for both normal operating and accident conditions.

6. The kinetic expansion repair process did not in any
way "weaken" the tubes or otherwise adversely affect the reten-
tion capability or leak tightness of the fully qualified roll
plugs. Following the kinetic expansion, many of the tube »nds
extending above the top of the tubesheet and the seal welds,
where most of the cracking had occurred, were damaged. Howev=-
er, for roll plugs, qualification is based on engagement of the

original rolled portion of the tube below the seal weld, and no



reliance is placed on engagement of the tube ends above the
seal weld. Prior to plugging, the tube ends were machined off
to the top of the seal weld.

T The only portion of the tube of relevance to plugging
integrity is the originally rolled portion against which the
plug is rolled. The effect of the kinetic expansion on this
portion of the tube was to press the already rolled tube harder
against the tube sheet. This would not "weaken" the tube or
adversely affect the plug retention or leak tightness capabili-
ty of the engaged portion of the tube.

8. During the plug qualification program, a test was
performed to determine the effect of kinetic expansion on the
tube internal diameter as it relates to plug performance. The
average difference between pre- and post-kinetic expansion mea-
surement was less than .00034 inch, which is approximately 10%
of the actual diameter variation modeled in the overall quali-
fication program.

9. Most of the cracking stopped just below the seal weld
before the rolled portion of the tubes began, and hence would
not be in the area engaged by the plug. Some cracks were also
found at a lower elevation, within the tube rolled region.
These cracks were circumferential and of a tight nature, with
no evidence of intergranular "branching," i.e., the cracks rep-
resented single fracture surfaces. There was no general condi-

tion of IGSAC identified in the rolled regiomn.



10. The existence of circumferential cracks in the plug
engagement region of the tube has a negligible effect on plug
performance. Plug retention capability is proportional to the
host area engaged, irrespective of discontinuities, since the
plug engages the tube both above and below the crack. The
slight decrease in surface area due to the surface area of the
crack is insignificant compared to the engagement area. This
was confirmed in the qualification test program which included
a test specimen with a 360° through-wall circumferential cut in
the tube wall.

11. Leak tightness of the plugs installed in leaking
tubes was demonstrated by extensive cold and hot post repair
leak testing programs.

12. Accordingly, the kinetic expansion repair did not
weaken the tubes, and had no adverse affect on the capability
of the roll plugs to hold and give a good seal.

13. The ocher two types of plugs installed in the Xinet-
ically expanded tubes are B&W weld plugs. The welded nail head
plug is designed to be welded to the original tube-to-tubesheet
seal weld, after removal of the damaged tube end by machining.
The welded taper plug is welded to the tube sheet cladding at
locations where a portion of the tube has been removed for ex-
amination or testing. Since neither is bonded to the tube
itself, the condition of the expanded tube is irrelevant to the

performance of the plugs.



14. Neither the seal weld nor the tube sheet cladding was
affected by the kinetic expansion process. The kinetic expan-
sion forces are far below those necessary to disturb either the
seal weld or the tubesheet cladding. No evidence of seal weld
or cladding damage was found during post-expansion strain gauge
testing, post-installation QA weld inspections, or the subse-
quent hot and cold leak test programs.

15. Accordingly, the capability of the weld plugs to hold
and give a good seal is unaffected by the kinetic expansion re-
pair.

A% nl Lo, &

Branch D. Elam, Jr.

Subscrired and sworn to before me
this J4e/ day of February, 1984.

~

{ ~

.

/4 -
[(Aq 4 172 //,e Gos o
Notary Public o

My Commission Expires:




RES UME

BRANCH D. ELAM JR.

SUMMARY OF QUALIFICATIONS

Mechanical engineer with experience in power plant design,
particularly nuclear, and project management. Broad knowledge
of pressurized water and boiling water reactor, balance of
plant, and turbine plant systems. Interface experience with
utility and architect engineer organizations. B.S. and M.S.
degrees in Mechanical Engineering. Pennsylvania professional
registration.

GENERAL PUBLIC UTILITIES, Parsippany, N.J.

Manager, Mechanical Components (12/83 to Present)
(06/81 to 12/82)
Manager, Mechanical Systems (12/82 to 12/83)

Technical cognizance of all mechanical systems and components

in Oyster Creek and TMI-l1l plants. Technical support in solution

of operating and maintenance problems. Development of design
criteria for plant modifications. Review of plant operating
procedures.

Supervisor, Technical Support and TMI-2 Plant Engineering
Director (4/79 to 6/81).

Temporary assignment to TMI-2 accident recovery organization
after the March 1979 accident. Provided on-site engineering
support to plant operations.

Engineering Manager, Seward 7 Project (6/78 to 4/79).

Project management for new fossil fired power plant.

WESTINGHOUSE ELECTRIC CORP., Pittsburgh, Pa. (8/69 to 6/78)

Various positions of increasing responsibility within the
Westinghouse commercial nuclear power plant organization
including project engineering, reactor and balance-of-plant
systems and components engineering, and piping analysis.

COMBUSTION ENGINEERING, INC., Windsor, Conn. (3/66 to 8/69)

ALLIS-CHALMERS MFG. CO., Washington, D.C. (6/59 to 3/66)

Nuclear power plant systems and component design and testing.



EDUCATION

M. S. Degree in Mechanical Engineering, Stanford University
(1965)

B. S. Degree in Mechanical Engineering, and A. B. Degree,
Lehigh University (1958)



UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

Before the Atomic Safety and Licensing Board

In the Matter of

Docket No. 50-289-0LA
AST.BP 83-491-04-0LA
(Steam Generator Repair)

METROPOLITAN EDISON COMPANY, ET AL

(Three Mile Island Nuclear
Staticn, Unit No. 1)

N N S’ S St

AFFIDAVIT OF MARY JANE GRAEAM

MARY JANE GRAHAM, being duly sworn according to law, de-
poses and states as follows:

5 A My name is Mary Jane Graham. I have been employed by
the GPU Nuclear Corporation as a licensing engineer since
January 4, 1982.

2. The Third Party Review group was established by GPU
Nuclear to provide an independent and objective third-party
evaluation of the kinetic expansion repair process and the
suitability of returning the steam generators to operation. In
my capacity as licensing engineer for the repair project, I am
familiar with, and was responsible for nroviding the various
documents reviewed by both the NRC and the TPR during the
course of their respective evaluations of the repair process.

- The TPR issued ite initial report on February 18,
1983. Ctupplements 1 and 2 thereto were issued on May 16 and

December 3, 1983, respectively. The purpose of the supplements



was to take into account Licensee's responses to the TPR's com=-
ments in the initial report and to take into consideration ad-
ditional information not available to the TPR at the time of
the initial report.

4. On May 19, 1983, Licensee provided the Third Party
Review Group (TPR) with GPUN TDR-388, Rev. 3, which documented
Licensee's additional analyses of the stresses in the transi-
tion zone. These additional analyses defined the stress states
in the transition zone. The TPR was apprised of the results ot
Licensee's additional analyses, as they were performed, through
consultation with TPR members during the interim ketween the
TPR's promulgations of the TPR report and Supplement 1 to the
TPR report (TPR Supplement 1), dated May 16, 1983. Section E,
Comment 5 of TPR Supplement 1 acknowledges Licensee's determi=-
nation that the stresses in the t .nsition zone are acceptable,
and further acknowledges the TPR's satisfaction with Licensee's
resolution of the problem posed by Section E, Comment 5 of the
TPR report. TPR Supplement 1 at 7.

This finding was reiterated in Supplement 2 to the TPR re-
port (TPR Supplement 2) dated December 3, 1983, which was is-
sued after TDR 388, Rev. 3 was available to the TPR. TPR Sup~-
plement 2 at 2.

€. On September 15, 1983, Licensee's representatives and
members of the N.R.C. Staff attended a meeting during which

GPUN TDR-388 Rev. 3, was disseminated to the Staff.
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3. Many of the tubes located in Licensee's OTSG's have

suffered some degree of circumferential cracking representative
of IGSAC.

4. Licensee has performed many tests and evaluations em=-
ploying various analyses to document the various properties of
the cracks present in the OTSG tubes. The analyses for crack
resistance, i.e., for the mechanical propagation of fatigue
cracks in the tubes, were nct a part of, and are unrelated to,
the evaluation of the kinetic expansion repair technique.

5. Axial symmetric (i.e., axisymmetric) analyses were not
utilized when evaluating crack propagation because cracks a.e
not assumed to propagate in an axisymmetic manner. The use of
axial symmetry in stress analyses means that the stresses on
the tubes, not the crack propagation, are axisymmetric.

6. Axisymmetric analyses were only used in one structural
evaluation of the tubes. This evaluation was to compute the
stress increase in the transition region of the kinetic expan-
sion joint between the expanded and non-expanded portions of
the tube. Axisymmetric analysis was appropriate for this eval-
uation because stresses are uniform around the tube circumfer-
ence, i.e., bending effects are negligible. This evaluation
was not related to Licensee's evaluations of crack propagation.

7. All tube structural analyses performed to evaluate the
effects of cracks employed asymmetric analysis for the consid-
eration of nonuniformities in stress distribution around the

circumference of the tube.




8. Crack resistance was analyzed on the basis of
"toughness," whi.h was factored into the fatigue model to eval-
uate the effects of stress intensities on crack propagation.
Stress intensity is a mathematical representation of the way
stresses concentrate at the crack tips when they are trans-
mitted around the perturbation in the stress field caused by
the crack. If the stress intensity is very low, the material
at the crack tip can st ain to accommodate the additional load-
ing, and no crack growth occurs. The threshold stress intensi-
ty is the value below which no growth occurs. If the stress
intensity is very high, the material will fracture becausa the
material's microstructure cannct accommodate the strain. The
lowest stress intensity which results in this fracturing of a
material is its "fracture toughness." In general, the more
ductile the material, the higher the fracture toughness.

9. Hardness, on the other hand, is not germane to a me-
chanical crack propagation analysis, and was not used for that
purpose. A hardness test was used solely to facilitate a com-
parison between rolled expansion and kinetic expansion to de-
termine relative susceptibility to IGSAC.

10. Licensee accounted for both large and small cracks in
its propagation analysis. In evaluating crack propagation
under normal and anticipated transient loadings, a spectrum of
crack sizes were interacted with the tubr stresses to determine
the number of cycles required to propagate the crack through

the tube wall. Stress intensities were calculated for partial



through-wall cracks, combining components due to membrane
stress, bending stress, and stresses due to internal pressure
acting on the parting crack faces, including the thermally in-
duced axial loads constituting the major part of the locad
cycling. The stress intensity was recalculated for each cycle
and the increment of crack growth determined. The new crack
length was then used to determine the stress intensity of the
next cycle.

1l1. Smalle: cracks grow faster on a percentage basis
(i.e., growth per cycle divided by crack size) than larger
cracks, if the same stress intensity is applied to both.
Therefore, in analyzing the spectrum of crack sizes, stress in-
tensity was separately calculated for each load cycle and crack
size was accounted for during that cycle. Accordingly, the ef-
fect of crack size was appropriately considerad in the fracture

mechanics calculations relative to the effects of thermal

b0 At

Subscribed and sworn to before me
this 24, day of February, 1984.

J a 1 »
‘ \
Z;A TR . et Z"?J‘ )

Notary Public ¢

stress.

My Commission Expires:

»




PERSONAL PROFILE

STEPHEN D. LESHNOFF

52 Park Avenue
Caldwell, New Jersey

EXPERIENCE

Company: General Public Utilities
Nuclear Corp.
100 Interpace Pkwy.
Parsippany, N.J. 07054

Title Senior Engineer, Grade II

Dept. Engineering

Duties:

Shift Technical
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Enginecring support to Fossil Electric Ganerating
Plants, in particular, steam turbine operation an
reliability and steam boiler maintenance.

9/78 - 9/80

Company: Foster Wheeler
Energy Corp.
Livingston, N.J. 07039

Title Senior Design
Engineer

Dept. Fossil Steam Generation

Duties: De
(o)

n of Fossil Steam Generators and engineering
S 1C 2. £

field problems.

2
on t

Company: Westinghouse Electric Co.
Turbine Divisions

wester, Pa.

1N«

Design of Steam
patents.

Mechanical
Degree: E.

Dates:

AT - - ] A\l T
New Brunswick, N.J.




ADDITIONAL EDUCATION

College: Columbia University, New York, NY

Course of Study: Graduate engineering work in chemical
reactor kinetics

Dates: 1978 p/T

APPLICABLE ADDITIONAL SKILL

l. Licensed Professional Engineer, PE-030059. Commonwealth
of Pennsylvania.

Member, Special Working Group on Operating Plant Criteria,
A.S.M.E., Sect. XI, In-Service Inspection of Nuclear Power
Piant Components.

Shift Technical Advisor. Involves 80-90 hours/month
duty or in training classes.

Fatents 3,857,649

PUBLICATION

S. Leshnoff and F. Erdogan, "Mechanical
Three Mile Island, Unit #1, Once Through
Unplugged Tubes," Journal of Nuclear

NED 983, in press.
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23. Licensee's research on the tube fabrication process
revealed that during the mill anneal process, the tubes proba-
bly reached a temperature at which a significant portion of the
carbon present in the base metal was put into solid solution in
the Inconel matrix. After tube installation in the OTSGs, the
entire assembly was heat treated for stress relief. At stress
relieving temperatures, some of the carbon which was dissolved
during the mill anneal combined with chromium in the Incorel,
and these chromium carbides precipitated at the Inconel grain
boundaries. This resulted in sensitization of the metal alloy
(typical of all OTSGs), which provides the necessary suscepti-
bility to the IGSAC observed in the tubes.

(4) Analysis of Plant Conditions

24. After establishing that the IGSAC initiated from the
primary side and that sulfur, perhaps coupled with chloride,
were possible causative species, plant operational and chemis-
try data were reviewed to determine when the attack could have
occurred and how the necessary conditions cculd have been es-
tablished.

25. Hot functional testing of the entire TMI-1l RCS system
was performed ir August and September 198l1. During hot func-
tional testing, when both the primary and secondary systems
were at cperating conditions, no leakage was observed. Thus,
the cracking would have to have occurred between the enli of the
hot functional tests and the time the leaks were discovered in

November 1981. This relatively short time span is consistent
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coolant system is well below that level where it can be harm-
ful. COCperational contcols will prevent the combinations of
temperature and oxiding conditions which result in the conver-
sion of relatively harmless sulfur forms to potentially harmful
sulfur forms. The long term corrosion tests and the hot func-
ticnal testing of the plant establish that corrosion will not
reinitiate under these controls. Therefore, the¢ modifications
which have been made to the system environment and the ope.a=-
tional controls to prevent reinitiation of IGSAC will ke efrec-
tive regardless of the specific mechanism and form of sulfur
involved in the IGSAC process.

56. In a related vein, TMIA has claimed that the SER rec-
cgnizes three contaminations, which may have caused corrosion,
and asserts this supports its Contention 2.a. See TMIA lst
Resp., to Interrog. 2.a~l. However, the discussion in the SER
cited by TMIA concerns possible previous contaminations which
may have contributed to the total sulfur inventory present
after hot functional testing -- these contaminations did not
themse'ves cause corrosion. Thus, these possible sulfur intru-
sions support Licensee’'s failure scenario and control mecha-
nisms.

(2) Dillen's Recommendation of an Additional Test

57. TMIA attempts to support Contention 2.a by noting
that the NRC Staff rejected Mr. Dillon's suggestion (SER Att. 3
at 12) that Licensee perform an additional corrosion test in a

cold high oxygen and high concentration sulfate environment.

=20



See TMIA 1st Resp., to Interrog. 2.a-l. Mr. Dillon's recommen-
dation, however, was made because of his concern that the
cleaning process might cause damage to the OTSGs; Mr. Dillen
expressed no concern that the corrosion would otherwise
reinitiate.

58. Morecver, Mr. Dillon had suggested this test based on
his belief that the TMI-1l steam generators would experience
these conditions for a long period of time after cleaning (see
complete discussion in SER Att. 3, at 12). After the April 15,
1983 Dillon report was wriuten, however, Licensee conducted in-
stead a corrosicn test which simulated the conditions planned
ard later actually experienced before, during, and after con-
duct of the chemical cleaning program. Based on performance of
this more appropriate test, the Staff rejected Mr. Dillon's
comment. See discussion of the corrosion test actually per-
formed at page 29 of the SER.

(3) Sulfur in the TMI-1 Tubing

59. The Joint Intervenors have suggested that early
studies by H. Coriou and other researchers (described in the
article "Historical Review of the Principal Research Concerning
the Phenomena of Cracking of Nickel Base Austenitic Alloys")
finding cracking of Inconel in pure water may be germane to the
present cracking problem. See J.I. lst Resp., to Interrogs.
1(2)=3, 1(2)-6, 1(2)=7, 1(2)=12. Neither the material nor the
environment involved in Coriou's tests is representative of the

TMI-]1 steam generators on the primary side. The Coriou study




considered mill annealed Incconel, while TMI-1l tubing is sensi-
tized and hence more resistant to pure water cracking. The
"pure water" environment of the test is equally incompatible
with the boric acid environment in the TMI-1l primary system.

60. Similar tests to Coriou's, conducted by B&W using the
appropriate environment and material which exists in the prima-
ry system, demonstrated that cracking would not be anticipated.
These tests served as a basis for licensing all sensitized
Inconel 600 steam generators. Further evidence of the propri-
etary of the B&W generic tests is the approximately one hundred
TGS operating years of experience at TMI-1l and other plants.
When the environment is maintained within the reactor coolant
specifications considered, no corrosion occurs.

61. The TMI-1 tubing has been verified to fall within the
range of material properties represented by the B&W tests. Ev-
idence specific to the TMI-1l cracking problem is supplied by
the short and long term corrosion progr.ms. No cracking has
occurred in the absence >f a metastable sulfur species
contaminant in the coolant.

(4) The Role of Other Potential Causative Agents

(a) Overview

62. The program for identifying the causative agent(s)
proceeded by first searching for and identifying all chemical
species present on tube surfaces, then examining the possibili-
ty that each species contributed to 1GSAC. Of the contaminants

found in the tube surfaces, only sulfur, carbon and chlorine

23
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specification levels. Some chloride was found on the tube sur-
face, but its level rapidly diminished deeper into the film.
Moreover, Inconel 600 is considered virtually immune to

chloride~induced stre2ss corro
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as high as 10 ppm did not cause cracking in the short term

tests discussed above.

67. Other elements (e.g., antimony, cobalt, zirconium
silicon, phosphorous and titanium) were found only in trace

amounts in isolated locations; lead and mercury, other poten-
tial corrodants mentioned by the TPR (February 16 report at 9)

were not detected. No trends were establishe

o
-
-
o
]
o
W
"
w
o)
0
"
'

N

mal trace elements expected to be found on surface films as a

result of oxidation of various coolant materials putting metal

ions

[

nto solution. Accordingly, they could not have been the

cause of the IGSAC of the TMI-1l tubing.

(¢) Possible Synergistic Reactions

68. Joint Intervenors contend that contaminants described
in paragraphs 63 - 67 above, or unidentified agents for which
Licensee failed to search, might have a synergistic effect even
if they could not themselves have caused the corrosion It has
been clearly established that sulfur forms were the cause of
the tube damage, and that without the conditions necessary to
recreate the sulfur-induced cracking mechanism, the tube damage
will not reoccur This does not mean, however, that
synergistic reactions could not have contributed to the sulfur-
induced damage mechanism that took place Licensee took the
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II. CONTENTION 2.b.1.

77. TMIA's Contention 2.b.l1 concerns the possibility that
the peroxide cleaning process undertaken by Licensee posed a
substantial risk of corrosion reinitiation; TMIA supports its
contention by relying on R. L. Dillon's statement that cleaning
might put a large inventory of sulfur into solution. There

follows a discussion of this contention.

A. INTRODUCTION

78. The decision to remove residual sulfides from the
tube surfaces by a hydrogen peroxide cleaning process was pre-
ceded by careful consideration of any risks the process might
pose for recurrence of the tube damage induced by sulfur or
damage due to the cleaning process itself. Numerous tests were
performed to ensure the process would not be corrosive. The
concerns expressed by Staff consultant R. L. Dillon, as cited
by TMIA in its Contention 2.b.1, were expressed prior to the
cleaning. The cleaning has successfully been comgleted, with
no adverse effects on the RCS, and Mr. Dillon's pre-cle:zning

concerns are now academic.

B. DESCRIPTION OF THE CLEANING PROCESS

79. The process used low levels of hydrogen peroxide to
rapidly convert the insoluble reduced sulfur (sulfide) left on
the tube surfaces to an oxidized soluble form (sulfate) under

protective, high pH conditions. The cleaning process took
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mixing equipment during the mixing process. That review con-

cluded that these components would not be damaged. Nor would

by-products of the hydrogen peroxide cleaning process harm the
system. Oxygen created during the decomposition of the hydro-
gen peroxide would be removed by degassing; other by-products

would be removed through ion exchange.

85. Finally, the potential effects of impurity introduc-
tion associated with the cleaning process (e.g., the potential
for chloride throw from the resin during removal of the
sulfate) were evaluated. The analysis established there would
be no adverse impact on the rest of the plant.

(2) Effects of the Cleaning on the Sulfur on the
Tube Surfaces

86. During the cleaning process, parameters such as pH
and maximum sulfur concentration were selected to assure that
the conditions under which Inconel 600 tubing is attacked by
sulfur would not occur. Laboratory testing had demonstrated
that metastable forms of sulfur such as thiosulfate can induce
cracking at low concentrations but that higher levels of
sulfate cannot. While sulfur in metal sulfides is being oxi-
dized to form suliates, it can be expected to pass through the
metastable states. The more rapidly the conversion to sulfate
takes place, the lower the concentration of metastable species
which exist at any given time. A high pH was used to maximize

reaction rate and minimize corrosion possibilities.

-32-



(a) Short Term Corrosion Tests

87. An extensive testing program was performed at Bat-
telle to confirm that the conditions of the cleaning process
would not reactivate the cracking mechanism. The first series
of tests was designed, among other things, to verify that the
conditions selected would not result in high levels of interme-
diate, and potentially harmful, sulfur species. The tests in-
volved consisted of stirred beakers, maintained at constant so-
lution temperatures, in which synthetic reactor coolant
solution spiked with measured quantities of pure powdered nick-
el sulfide were treated with hydrogen peroxide. Sulfate levels
and hydrogen peroxide levels were monitored irn the stirred so-
lutions. The effects of varying pH values and different pH
control agents were also explored, and the rate of sulfate pro-
duction from one intermediate sulfur species, sodium thiosul-
fate, was measured.

88. This test series demonstrated that the conversion
from nickel sulfide to soluble sulfates occurs at a very rapid
rate. Indeed, the levels of intermediate sulfur species pro-
duced during the sulfide to sulfate conversion was below the
level of detectability. Additional confidence in this conclu-
sion was provided by the rapid conversion of thiosulfate to
sulfate under the same alkaline conditions.

89. A corrosion test series was then performed exposing
U-bend specimens of sensitized 304 stainless steel and Inconel

600, as well ar internally stressed C-rings fabricated from
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occurred continually. Following the 400 hour period, the hy-
drogen peroxide was allowed to decay and anion rich mixed bed
ion exchangers were employed to reduce the sulfate level to
less than 100 ppb (which had been demonstrated by testing to be
noncorrosive). Finally, cation rich mixed bed ion exchangers
were employed to reduce the levels of ammonia to iess than 10
ppm.

(2) The Results of the Cleaning

95. During the entire cleaning process, a total of 0.22
lb of sulfate was generated and removed. Actual sulfate levels
generated during the cleaning process were lower than antici-
pated, with a maximum of about .4 ppm observed. This is not
corrosive at the elevated pH in use. Corrosion tests had found
no corrosion when actual TMI-1l tubing underwent simulated
cleaning in a solution spiked with concentrations of 20 ppm
sulfate. Based on these tests Licensee had conservatively es-
tablished a 2-5 ppm upper limit on the concentration of sulfur
(measured as sulfate) which would be permitted in the RCS dur-

ing cleaning.

(3) Corrcboration by the Hot Functional Testing

96. Primary to secondary leakage was carefully monitored
during the period of hot functional testing which followed the
cleaning. Measured leakage has remained very low throughout
the test period. This serves to confirm the results of the
corrosion testing and demonstrates that the cleaning process

did not reinitiate the original cracking process.
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F. CAUTIONARY STATEMENTS BY CONSULTANTS

97. Before the cleaning actually took place, R. L. Dillon
had expressed some reservations as to the cleaning process.
However, this was because he estimated that 5-10 ppm of sulfur
compounds would be put into soluticon. As noted, only 0.4 ppm
sulfate was generated. Moreover, even with his inflated esti-
mate, Dillon concluded that "restart is appropriate” based on
his "consideration of corrosion related factors." SER Attach-
ment 3 at 14.

98. Also before the cleaning, the Third Party Review
Group (TPR) had noted, in the context of arguing there was no
need to perform the cleaning process, that "there is much about
the reactions between peroxides and system materials which is
not well understood. So that (in spite of testing) there re-
mains a risk that the process could be detrimental." TPR May
18, 1983 Supplement at 6. But even before the cleaning, the

TPR viewed the risk as inconsequential; the TPR concluded that

while peroxide cleaning was not essential to plant safety, "nor
is peroxide flushing expected to have an adverse impact on
plant safety." 1Ibid. The success of the cleaning effectively

moots their concern in any case.
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levels of sulfate (down te 30 ppb) has been achieved by the ad-
dition of an icn chromatograph. Installation of this equipment
has been accompanied by training of operators and development
of analytical procedures. A total crganic carbon analyzer has
also been purchased and put in operation. This will allow us
to monitor the primary coolant for organic compounds such as
oil and solvents, thus precluding undetected introductions of
these substances.

113. In order to prevent the build-up of contaminants, re-
moval of sulfur compounds and other ionic species from the bulk
reactor coolant will continue to be done by ionic exchange.

114. In addition to improvements discussed above, strict
procedures have already been imposed for maintenance activities
with respect to chemical impurities. Currently, a second phase
program is underway to identify further possible improvements
in chemical control.

(2) Control of System Conditions

115. Licensee's control procedures for reactor coolant
system conditions are intended to minimize the conversion of
nickel sulfide surface films to potentially harmful intermedi-
ate species by preventing the combination of temperature and
oxidizing conditions necessary for the formation of tlLe inter-
mediate species.

116. As explained above, the reducing environment which
exists during hot operation favors the sulfide form. As such,

the generation of intermediate species from sulfide is not a
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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. 50-289-OLA
_ ASLBP 83-491-04-0OLA
(Three Mile Island Nuclear (Steam Generator Repair)

Station, Unit No. 1)
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Summary Disposition Of Each Of TMIA's and Joint Intervenors'
Contentions" and "Affidavits of David G. Slear, Branch D. Elam,
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In Suppoft of Licensee's Motion for Summary Dispositicn Of Each
Of TMIA's and Joint Intervenors' Contentions" are being served
to all those on the attached Service List by deposit in the
United States mail, first class, postage prepaid, this 24th

day of February, 1984.
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Bruce W. Churchill

Dated: February 24, 1984
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