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December 5, 1995
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U. S. Nuclear Regulatory Commission
Attn: Document Control Desk
Washington, D.C. 20555

Subject: Technical Specification Change Request No. 203, Revision 0
Small Volume Eddy Current Indication Disposition

Reference: A. FPC to NRC letter, 3F0595-05, dated May 31, 1995
B. NRC to FPC letter, 3N0494-21, dated April 26, 1994
C. NRC to FPC letter, 3N1095-21, dated October 24, 1995

Dear Sir:

Florida Power Corporation (FPC) submitted the referenced proposed change to our
Technical Specifications on May 31, 1995 (Reference A) as required by a
Confirmatory Action Letter (CAL) dated April 26, 1994 (Reference B). That change
updated the Once Through Steam Generator (OTSG) Eddy Current (ECT) disposition
strategy that we developed and used in Refuel 9, as required by the CAL, to
reflect the results of the Refuel 9 inspections and tube pull campaign. Our
staffs discussed the proposed change during an August 30, 1995 teleconference.

Your staff followed up with a formal Request for Additional Information (RAI)
dated October 24, 1995 (Reference C). A meeting was held in Rockville on
November 17, 1995 to discuss the NRC's concerns on a preliminary, conceptual
level so that we could more effectively respond to the RAI and so each of our
technical staffs could more accurately brief their management on how we could and
should proceed. FPC committed to respond to the RAI as soon as possible to
facilitate a meeting which has now been scheduled for December 15. The
attachments to this letter constitute FPC’'s response to the RAI. We plan to
discuss the responses in as much depth as necessary during the December 15
meeting. We will be pleased to supplement these responses, as needed, following
that meeting.
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The cover letter transmitting the RAI included a general discussion of the
staff’s initial reactions to our proposal. The issue was also discussed at a
November 17, 1995 meeting. That meeting improved our understanding of the nature
of your concerns. As noted during the meeting, we certainly agree that any sound
proposal must reflect both past experience and adequately deal with likely
results of future inspections. We also agree that the limited amount of data
with which we are dealing creates a substantial technical challenge in developing
a mutually acceptable criteria. This limited data is a result of good 0TSG
experience and our attempt to deal with this issue as proactively as possible.
As we stated at the meeting, we may not yet be in full agreement on some points.
For clarity and completeness of the docket we thought it appropriate to respond
to them below.

1) We would not place as much emphasis as the cover letter does in
characterizing our proposal as "voltage-based." Signal voltage is used as
one input to the evaluation process to add conservatism to our proposal from
a structural perspective and to provide an appropriate 1imit from a leakage
perspective. We are relying on a conservative estimate of defect dimensions
as the structural repair criteria. The proposed approach is consistent with
the NRC guidance in Generic Letter 95-05 which encouraged the industry to
continue efforts to improve inspection methods and repair criteria noting
that ones based on physical dimensions are the most desirable when they can
be achieved.

2) Signal/noise (S/N) is the ratio of signal attributable to the discontinuity
with that attributable to the various amourt of other signal (called noise)
present in all applications. It has been and is being used as a general
indicator of the ability to accurately assign a through-wall (TW) depth
estimate to an indicavion. In the structure of the TSCRN, it may appear to
be more significant than it really is. The value of 5:1: was originally
chosen to achieve a sizing error of less than 10%; is the value used in past
CR-3 inspections; and thus is reflected in the historical data base. The
analyst guidelines actually have allowed, and recently encouraged, a best-
effort to make "TW calls" on all indications regardless of S/N ratio. This
practice (removing a small volume indication with an estimated depth of
greater than 40%) may cause us to remove from service some defects that have
sufficient volume to generate a clear signal but which are really not
significant from either a leakage or structural viewpoint. At some point,
perhaps as we implement the proposed rulemaking in this area, we may be able
to agree on a criteria to “save’ these sound tubes as well. It may be
possible to eliminate consideration of S/N altogether.

3) We never believed all low S/N indications were Inter-Granular Attac': (IGA).
We though* we had been careful not to leave others with that impression.
We noted from the outset the existence of similar NDE indications at the
tube support plates (TSPs) and at free-span locations at several elevations.
We included related information in our previous discussions with the NRC,.
During Refuel 8 we were able to remove tube sections from a region (first
free-span above the lower tube sheet) where the dominant defect type was
found to b. IGA. We did extensive evaluations and developed a most-likely
cause and repair strategy. We were unsuccessful in extracting tube segments
from other locations where wear would be more-likely (i.e., at TSP
interfaces) until the second tube-pull campaign (Refuel 9 in 1994). When
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we did so, wear was indeed found. This was reflected in the inspection
results we provided in late 1994 (in response to CAL Item 8) and earlier
this year (concurrent with the TSCRN). Nevertheless, we now realize that
we were apparently unsuccessful in communicating the presence of wear.

4) The letter includes the statement: "A low S/N ratio is a product of the
inspection process and is not a characteristic intrinsic to a particular
mode of degradation." We agree; as long as "mode of degradation" is used
to refer to degradation mechanism (cause) as opposed to morphology.
Morphology directly impacts inspection results (signal). We would add that
low S/N ratio is fundamentally either due to a low signal OR high noise.
Some of our discussions and the RAI imply that the fundamental cause is high
noise. We do not agree that is the case. We have observed at least two
degradation mechanisms in the CR-3 0TSG’s that produce very low signals for
similar reasons (both involve very limited defect volume). Our efforts to
reduce noise are addressed in the associated RAI responses.

5) We do not agree with the suggestion that the most appropriate course of
action is to revise our proposal to focus solely on IGA. As we stated at
the meeting, and as addressed in appropriate RAI responses, we cannot
readily distinguish between some of the wear (which we have termed
volumetric as opposed to the more standard tapered-wear) and IGA. After
considering the merits of various alternate repair criteria strategies we
continue to believe that the one proposed best deals with the situation at
CR-3. We understand that focussing on IGA might have been more
administratively similar to the generic DSM efforts but believe technical
merit should outweigh such considerations.

We do agree that our proposal differs from other alternate repair criteria in a
number of ways. For some time we even hesitated calling our proposal an
alterrate repair criteria reflecting our recognition that there were substantial
differvunces. We appreciate the difficulty this may cause. Our proposal is not
based on a highly focussed effort to deal with one degradation mechanism, but
rather is an alternate general approach that is directed at handling two defect
types with similar morphology. These defect types appear to be generally dormant
and are not significant from either a leakage or structural perspective. Rather
than forcing our situation to fit a model not well-suited for it we would rather
consider other alternatives further. While not fully developed, we would
suggest:

a) We could mutually develop reporting requirements that require us to evaluate
appropriate figures-of-merit (i.e., measures of growth rate, etc.) for the
inspection results our program will continue to obtain. We currently
reinspect (with standard bobbin coil) all low S/N tubes each outage.
Trending the average voltage and/or other appropriate values would help
assess any fundamental change in the nature of defects we are leaving in-
service.

b) The NRC's approval of all or portions of the TSCRN could be limited in
duration. If the data to be obtained this outage, other data availability
and the time to further review our proposals would benefit the NRC's review
we would not object to the approval being for a single fuel-cycle. This
would be consistent with some of the other generic efforts. This might also
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indicate to the industry that, while our proposal for dealing with IGA is
fairly mature and acceptable to the NRC; its application to other
degradation mechanisms with similar morphology is less so. This would also
allow the CR-3 program to continue to evolve.

If there are other specific NDE efforts or changes to the various numerical
values proposed in the TSCRN that would help resolve your concerns we will
work with your staff to evaluate them. We are not aware of any that would
seem appropriate, but never want to close the door to improving our ISI
efforts on such critical components.

FPC appreciates the attention that this matter is getting and will do whatever
we can to facilitate your reviews. As noted earlier we will supplement the
attached responses or address other issues as needed following the December 15
meeting. Our outag2 begins in late February, 1996 so we need to have reached
fairly complete consensus by mid-January to allow for plant-specific analyst
guidelines and other related efforts to proceed as needed.

Sincerely,

.‘\

Gl

Larry C. Kelley, D

Nuclear Operations Site Support
KRW/BPW: ff
Attachments

xC:

Regional Administrator, Region II
NRR Project Manager
Senior Resident Inspector
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Degradation Specific Management

1. Describe your long term plans to monitor the morphology of low signal-to-noise
(S/N) indications (e.g., tube pulls, destructive examinations, etc.). Reference
3 states that the B&W Owners Group Steam Generator Committee recommended pulling
tubes from Oconee Units 1 and 3 in addition to those at Crystal River Unit 3 (CR-
3). Describe how the results available to date from these other tube pulls
support the conclusions developed based on the data from the CR-3 tube pulls.
If the Oconee tube pull data are not currently available, discuss your schedule
and plans for incorporating the data into _our analyses. Provide a schedule of
when the tube pull nondestructive examination comparison study cited on pages 2-2
and 3-6 in Reference 3 will be available.

FPC’s long term plant-specific program to monitor the morphology of low S/N
indications present in the CR-3 0TSGs focusses on plans for supplemental
non-destructive examination(s) (NDE) during future inspection outages. The
purpose of this eddy current testing (ECT) is to gather additional data on
the areas within the TSCRN report where ECT can provide insights into
behavior of the indication. This includes plans for random MRPC sampling
below the TSCRN voltage threshold, as discussed in the response to RAI
number 16. FPC’'s program also includes continued participation in the B&W
Owner’s Group (B&WOG) Steam Generator Tube Pull and Tube Integrity Programs.
Together, these programs provide an examination of a wide spectrum of damage
mechanisms utilizing both laboratory-grown and pulled tube defects. .he
purpose of the examinations is to expand the present level of knowledge on
the range of mechanisms postulated to occur in OTSG tubing. Additional
discussion of these two programs has been provided in earlier FPC submittals
as well as during periodic meetings between the B&WOG and NRC Staff.

There are no plans to pull additional tubes from the CR-3 steam generators.
The two tube pulls which have already been performed are considered to have
provided the information necessary to adequately describe the currently
active degradation mechanisms. This is not to say there will never be
another tube pull at CR-3. Ancther tube pull would certainly be considered
if plant-specific operating experience indicates one is needed (as was done
for this, the S/N, issue).

The examination of the Oconee pulled tubes is nearing completion, with the
results expected to be available some time during the first quarter of 1996.
While the tube pull placed priority on indications of special interest to
Oconee, the information with applicability to CR-3 ha: supported the
conclusions reached for the CR-3 pulled tubes. Once the final Oconee pulled
tube report is issued, FPC will perform a detailed review of the entire
report for the purposes of gathering and applying additicnal data pertinent
to CR-3. Assuming the Oconee examination results are available during the
first quarter of 1996, the NDE comparison study cited in the RAI is expected
to be completed by September 1, 1996.
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2. Appendix B to Reference 3 discusses sizing of wear indications. Is a wear

scar standard used at CR-3 for sizing these indications? If so, discuss the

?:::s :or applying the proposeid voltage-based repair criteria to wear
cations.

Appendix B to Reference 3 describes the nuclear industry experience with
steam generator iube wear, including a discussion of both the rectangular
{i.e., tapered) and the spheroidal wear scar geometries. The sizing
discussion referred to by the RAI discussed both of these geometries. FPC’s
past use of wear standards at CR-3 can be discussed in similar terms.

FPC has historically followed a standard industry practice for the
examination and evaluation of OTSG Tube Support Plate Wear. This practice
involves a bobbin coil examination for flaw detection and initial sizing.
Sizing is performed using standard phase analysis techniques employing
calibration curves constructed from the ASME holes (for indications
exhibiting a S/N ratio of greater than 5:1). This technique has been proven
to be over-conservative for wear. Confirmatory sizing with the MRPC
technicue is typically applied to those wear indications which are estimated
to be greater than 40% through-wall by bobbin. This method of sizing the
indication is more accurate and employs a voltage-based calibration curve
constructed from the simulated wear scars in the calibration standard. The
MRPC also provides for characterizatior of the indications Jlocation,
geometry, and morphology.

What FPC has termed volumetric wear (i.e., oval, circular) has only recently
been confirmed in OTSG tubing. This was accomplished during the most recent
CR-3 tube pull in Spring 1994. Prior to this time, the mechanism causing
these indications at the TSPs was unknown. From an eddy current "signature”
perspective, the volw tric wear cannot be differentiated from the pit-like
IGA, even when examir with MRPC,

Once the mechanism producing the indications at the TSPs was confirmed, the
1994 tube pull examination results were focussed on the most appropriate NDE
technique for addressing these indications. The criteria for 2assessing
various ECT techniques were accuracy in detection and sizing. However,
consistent with FPC's philosophy of allowing structurally sound tubes to
remain in service, the optimum disposition strategy is one which, while
removing defective tubes from service, does so without imposing overly-
conservative repair criteria. Two disposition strategies were examined with
these criteria in mind. The first involved applying historic percent thru-
wall sizing criteria based on bobbin coil phase angle. Application of an
alternate disposition strategy similar to that proposed for the IGA was the
second strategy considered.

A review of the limited pulled tube data was conducted to confirm whether
the bobbin coil phase angle technique for the low S/N ratio, oval wear was
subject to the same thru-wall sizing variability as the IGA (Figure 3-1 of
Reference 1). The inability to accurately size Tow volume IGA was one of the
principal technical considerations which necessitated FPC develop an
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alternate disposition strategy for the CR-3 steam generators. This review
was inconclusive. While the sizing error for the volumetric wear was
improved with respect to that of the IGA, this was based upon a database of
Just five (5) indications.

The depth of the volumetric wear, as measured by metallurgical exam, ranged
from 14% to 35% TW, with a number of defects in the 30-35% TW range. When
the bobbin coil voltage of the defects from the laboratory exams were
compared with those in the field, it was apparent there were potentially a
large portion of the wear indications in the 0TSGs which appreached the
current Technical Specification limit of 40% TW (assuming voltage is
proportional to volume, and hence, depth). None of the pulled tube v:ar
scars approzched any Regulatory Guide 1.121 structural or leakage
considerations. Based on this data, it was also apparent there was
considerable conservatism in applying the 40% TW acceptance criteria to
these indications. Thus, application of the percent through-wall criteria
did not meet FPC’s goal of keeping structurally sound tubes in service as
well as the alternate dispositicn strategy did.

From an ECT analyst perspective, combining the volumetric wear with the IGA
as part of a singular disposition strategy was preferable. As mentioned,
indications attributable to the twe mechanisms are indistinguishable when
examined with NDE. Considering the two together also removed any
liabilities associated with assuming all indications at the TSPs are
att) .butable to wear. While this has been wholly supported by the pulled
tube data, the amount of data is limited.

For the reasons given, the decision was made to corbine volumetric wear and
IGA under the umbrella of a single disposition strategy. Further, since the
metal loss associated with the wear mechanism is greater than that from the
IGA, it was considered conservative to include the wear within the proposed
approach, from an eddy current perspective. Once this decision was made,
the technical justification for the proposed strategy was revised to include
ron:ideration of data unique to both mechanisms. FPC would continue to
disposition tapered wear using the standard industry practice described
above.

3. The proposed voltage-based repair criteria applies only to volumetric
indications located outside the tubesheet regions. Describe the eddy-current
inspection procedures and quantitative data analysis criteria to distinguish
between volumetric and crack-like indications.

The eddy current inspection procedure used to distinguish volumetric from
crack-like indications employs rotating probe technology. Indications
reported from the bobbin coil probe examination are typically selected for
rotating examination to further characterize their morphology. In lieu of
examining all indications that cannot be quantified with the bobbin coil a
sampling plan is implemented with the application of some established
selection criteria for indications which can be logically grouped based upon
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signal response and/or location. If results from the sampling plan reveals
crack-like flaws it then becomes prudent to examine all ron-quantifiable
indications with the rotating technique.

The specific rotating technique used at CR-3 has been the standard 3-coil
probe which contains a 0.080 inch diameter shielded pancake coil, and two
directed coils; one an axially wound coil, and the other a circumferentially
wound coil.

Each coil is located in the same axial plane of the probe and spaced around
the probes’ circumference at 120 degree intervals. Each coil is held in
ntact with the tubes inside surface by mechanical means while the probe is
multaneously rotated about its’ major axis and traversed through the tube
past the location of interest. This scanning method gathers inspection data
in a helical pattern and can be processed to display the relative
orientation, position and dimensions of a flaw.

The pancake coil is sensitive to both volumetric and crack-like flaws and is
used as the primary detection coil during data evaluation. The pancake coil
is also employed for depth and dimensional sizing of indications. The
axially wound coil is sensitive to volumetric and circumferentially oriented
flaws and 1is wused for characterization of flaw orientation. The
circumferentially wound coil is sensitive to volumetric and axially oriented
flaws and is also used for characterization of flaw orientation.

The basic evaluation procedure used to distinguish between volumetric and
crack-1ike indications is performed by comparing the response from the three
inspection coils. These coils are calibrated by adjusting their individual
gains to produce an equal response to a volumetric flaw such as a drilled
hole or shallow wear scar in a calibration standard. The amplitude response
from flaw indications can then be compared for the three coils applying the
following logic. Volumetri: flaws should produce a nearly equal signal
amplitude response from each of the three inspection coils. Crack-like
flaws should produce an enhanced response of larger amplitude on one of the
two directed coils (axial or circumferential). Further evaluation of signal
formation and C-Scan mapping of ti.c data is employed to insure accurate
disposition of the flaws morphology.

4. The eddy current signals generated by wear and IGA pitting may be
significantly different due to the different morphologies for each type of
degradation. The larger and more easily detectable signals from wear can bias
the statistics for the IGA pits if they are used together. Discuss the potential
bias from the use of both IGA and wear data in the correlations incorporating
eddy current voltages.

Both volumetric wear and pit-like IGA are three-dimensional discontinuities
with a spheroidal geometry. Eddy current bobbin coil signal amplitude or
voltage is proportional Lo the removed metal volume within the coil field of
view. This is the basis for establishing a correlation relating amplitude to
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volume. Volumetric wear will typically have a larger volume then pit-like
IGA; thus sign:' amplitudes or voltages for wear will be larger while those
for pit-Tike IGA will be smaller. The larger amplitude wear data will simply
define the correlation curve at the upper voltage extreme whereas the
smaller amplitude pit-like IGA data will define the correlation curve at the
lower end. Voltage bias is not expected to be introduced by using a mixture
of wear and pit-lTike IGA since the correlation is volume dependent.

Signal-to-Noise

5. What actions have been taken to decrease the noise or increase the defect
response signal during eddy-current inspections at CR-3? Discuss the use of
alternate probes (size and type), inspection frequencies, assessments of noise
origin, and other potential signal improvement measures. What alternative
inspection techniques have been used in the past or becn considered for the next
inspection of S/N indications?

Eddy current examination data has been scrutinized very closely in the past
year in an attempt tc identify noise sources that influence data quality.
These noise sources can be divided into three major areas which include, 1)
tube noise, 2) system noise and, 3) electrical interference.

1) Tube noise is either inherent due to the metallurgical and physical
properties of the material or associative due to component configuration
and operating environment.

A. Inherent tube noise comes from various sources such as non-alloying
elements present in the material, surface condition, pilgering,
geometry and thickness variations, and heat treat condition. Inherent
tube noise is seen by the eddy current field and produces signals
which may interfere with the detection and/or sizing of indications.
Examples of inherent tube noise are pilgering noise, permeability
variations, u-bend tangents, roll expansion transitions, and absolute
drift from gradual thickness variations or heat treat. Probe wobble
1s a dynamic noise variable caused by the modulation between the tube
and the inspection probe and is usually factored in with tube noise.
Inherent tube noise and probe wobble are considered to be the primary
contributors to the total background noise component.

. Associative tube noise comes from various sources such as secondary
side deposits and sludge, tube support plate and tubesheet
interference, tube denting, residual stress and environmentally
induced material property changes which are usually localized in a
particular area of the tubing.

2) System noise is a product of the inspection system configuration and
includes the eddy current and associated control instruments, the cabling
and inspection probes, and the remote manipulator and guide tube
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3)

assembly.

Electrical interference is intrrduced into the signal path from various
sources such as electrical power supplies, poor grounding of the
inspection system components, machinery and equipment operating nearby,
and malfunctioning system components and probes.

There is very little that can be done to suppress inherent tube noise
with the exception of permeability variations where magnetic biased
probes are used with good results. Associative tube noise is handled
during data evaluation with the application of mixes and filters in an
attempt to suppress the interference from known signal sources such as
tube supports, tubesheets, roll transitions, copper deposits and dents.
The recent introduction of new or otherwise improved filtering techniques
have also increased signal resolution through noise suppression.

System noise has been reduced somewhat with the introduction of the Zetec
MIZ-30 eddy current instrument, deemed quieter by some studies. The use
of high performance or low-loss probe extension cables and improved
connector designs have improved data quality. Efforts to reduce the
length of analog signal cabling and the amount of connectors in the
signal path are considered to be positive steps towards improving data
quality.

Electrical interference hza: been decreased through the use of dedicated
power supplies, power isolation instruments and line conditioners.
Improved methods of grounding system components and probes have shown
some promise and the introduction of fiber optic lines for data transfer
have provided immunity over those distances.

Another important aspect of the data quality issue is the emphasis placed
upon analyst training in the recognition of data quality. Structuring
guidelines to address the issues involved with data quality and offering
example data for training which presents the various types of noise
sources should improve the analysts understanding of how to handle or
disposition various problems encountered with data quality.

There are a few ways in which to increase the inspeciion sensitivity; 1)
Increasing the probe diameter for bobbin inspection in an attempt to
increase the fill-factor and reduce probe wobble while also increasing
the density of eddy currents in the material inspected, 2) Utilizing the
features of the Zetec MIZ-30 instrument which allow for operator
adjustment of the Variable Probe Drive and Programmable Gain options and,
3) Performing the initial data screening with an inspection mode and
frequency which is less affected by noise.

The probe diameter used is a compromise between maximum fill-factor and
successful probe delivery and probe life during an examination.
Typically, there is little to be gained in inspection sensitivity by
increasing probe s.ze from the optimum diameter for examination to the
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maximum achievable diameter.

There are two new features offered with the Zetec MIZ-30 that have been
used to increase the overall inspection sensitivity. The Variable Probe
Drive feature provides the operator with the capability of choosing the
drive voltage applied to the coil. Increasing the probe drive voltage
will increase the amplitude of the analog signal without significantly
increasing system noise. The Programmable Gain feature provides the
operator with the capability of choosing the degree of analog signal
amplification prior to digitization of the data. Adjustment of the
programmable gain provides a compromise between signal resolution and
signal saturation. System noise remains constant with increasing probe
drive voltage and increases as the gain is increased.

Background noise includes tubing noise and system noise. This background
noise is that seen by the data analyst and is that noise component
factored into any signal to noise comparisons performed to address data
quality concerns. Background noise is a factor of 15 times greater than
the instrument noise alone. The noise component from the tubing, which
is in the form of eddy current signals, increases with probe drive
voltage and instrument gain.

A1l other sources that produce eddy current signals result in a linear
increase in signal amplitude with increases in probe drive voltage and
instrument gain.

Increasing the probe drive voltage and programmable gain values will
increase both the signal of interest and noise component amplitudes.
Therefore it is not expected that an increase in signal to noise ratios
will be achieved. For the case of programmable gain it is not expected
that signal formation will be enhanced or that the formation of
previously non-detectable indications (compared to data acquired at lower
gain settings) will be produced. However, as the signal amplitude is
increased, the physical size of an indication produced in the lissajous
screen will increase and thereby make it easier for the analyst to
visually detect and subsequently process the indication for evaluation.

The defect response can be increased by performing the initial data
screening with an inspection mode and frequency which is Tess affected by
noise. Typically, the differential test mode is less affected by tube
noise than the absolute test mode and a frequency which offers increased
depth of penetration while still remaining in the upper bounds of the
probes frequency response curve is desirable. This practice is employed
at CR-3 by utilizing the 400 kHz differential channel for initial data
screening. CR-3 also employs a high frequency coil wrap for the bobbin
probe which is tuned better for the 600 kHz frequency used for sizing and
S/N calculations.
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6. Appendix G to Reference 5 provided a simplified description of how noise is
quantified. However, it is unclear how noise associated with an indication is
measured when the signals are superimposed. Describe the procedures used at CR-3
to quantify the signal-to-noise ratio of an indication where the contribution due
to noise is not easily separated from that of the indication.

The noise component is always superimposed on the signal component since the
noise comonent is most always a continuous variable that is merely
fluctuating in intensity. Therefore the total voltage of the signal vector
of interest is factored against the voltage of noise vectors taken in the
immediate vicinity of the signal of interest using equal window openings.
In the event th=t the signal of interest contains unacceptable electrical
interference it should be rejected and subsequently reexamined.

The procedure followed to quantify the signal to noise ratio is as follows:

1. Isolate the entire signal of interest by minimizing the lissajous
trace window opening through adjustment of the associated cursor
spacing.

2. Measure the peak-to-peak voltage of the signal of interest and record
this reading.

3. Using the window opening established in step 1 to determine the signal
of interest, move the data points to an area immediately adjacent to
the signal of interest which represents typical background noise.

4. Measure the peak-to-peak voltage of the noise and note this value.

5. In some instances it may be desirable to compare noise readings both
immediately before and after the signal of interest in order to
establish the deviation across the area of interest.

6. Calculate the signal to noise ratio by applying the formula; S/N.
Voltage of the signal of interest divided by the voltage of the noise
component.

Figures 1 and 2 provide a pictorial illustration of how the S/N ratio is
determined. The two Figures are bobbin coil graphics of an indication
located in 1992 CR-3 pulled tube 41-44, section 2. This tube section
corresponded to the first span of the ‘B’ OTSG and the indication
illustrated was confirmed to be pit-like IGA by destructive examination.
From Figure 1, the indication exhibited a bobbin coil signal amplitude of
0.90 volts. Figure 2 illustrates Steps 3 and 4 above, determining a peak-
to-peak voltage value of 0.3]1 volts attributable to noise. Using Figures 1
and 2 in conjunction with one another, a S/N ratio of 3:1 is calculated
(0.90V/C.31V) for this indication.
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7. Appendix A of Reference 2 lists the eddy current voltage amplitude for all
identified S/N indications in the CR-3 steam generators. However, the table does
not include quantitative data for the level of noise measured for each
indication. Provide the data recorded during eddy current inspections
quantifying the level of noise associated with each indication. For indications
inspected in more than one outage, provide noise measurements recorded during
each inspection.

The level of noise associated with each S/N indication in the CR-3 ;team
generators has not been recorded in a readily available format during past
inspections. The information exists in the raw eddy current examination
data and would require a manual re-analysis of the subject tubes in order to
measure and record the noise components associated with these indications.

8. The last paragraph in Section 2.3.1.3 in Reference 3 states that “the 0.540
inch HF bobbin coil exhibited slightly better detection performance than the
0.510 inch HF bobbin coil.* This section also indicated that the 0.540-inch high
frequency bobbin coil gave cleaner (higher signal-to-noise ratio) and more
repeatable data. Do you plan to use the 0.540 inch high frequency bobbin coil
probe for upcoming inspections of CR-3 steam generator tubes? If you plan on
using a bobbin coil probe with a diameter other than 0.540 inches discuss your
basis for doing so in light of the above.

There are no plans to use the 0.540 inch diameter bobbin probe at CR-3 in
future inspections. The 0.510 inch diameter bobbin probe is the standard
probe size used for inspection of OTSG tubing and it is expected that the
resolution gained from the application of the 0.540 inch diameter bobbin
probe would be negligible.

There would also be difficulties encountered with the introduction of the
0.540 inch diameter bobbin probe in a production examination. It is
expected that there would be difficulty delivering the probe through the
full length of the tubing due to restrictions caused by dings and tube end
damage. There is the possibility of stuck probes which could cause problems
with probe retrieval and shorter probe life due to increased friction
between the probe and tube.

9. If all indications are recordad regardless of voltage amplitude and the
growth mechanism is dormant, only a small number of new indications should be
detected during any outage (i.e., small voltage indications at the threshold of
detection). What steps has the licensee taken to address the root cause for
indications which have faded in and out from inspection to inspection?

The root cause for certain indications fading in and out from one inspection
to the next is believed to be related to the small amplitude (and therefore,
volume since the two are proportional) of the indications exhibiting this
behavior and the detection 1imitations associated with this size indication.
Since there is nothing which can be done to change the size of the
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discontinuity, the steps taken to address this phenomena are related to
improvements in the NDE area. This is discussed in the responses to RAI
question 5. In addition, eddy current data analyst guidelines require the
analysts to address previous history for each tube in which an indication is
called. Tt s heips maintain database integrity by ensuring the analyst
takes a seco.'d ook at locations with previously reported indications.

In order to evaluate the frequency of this "fade" phenomena occurring, a
review of previous ECT data was performed. The review started with the 1987
inservice examination results and worked towards the Tlatest (1994)
inspection, looking for S/N indications which were considered present during
at least two outages, but which were not detected during each inspection of
the tube containing the indication. The results of this review show that
this does occur, but the occurrence is a limited scope (< 5%).

Gr.en the results of the evaluation, a compensatory factor considered in
this issue of indications fading in and out is that the indications most
subject to this occurring are also those of the least structural
significance. A review of operating history shows the bobbin voltage of
these indications tu be typically well below the minimum voltage threshold
(0.9 volts) established within the TSCRN. Thus, although these indications
may not be detected during each and every outage, the significance of
missing an indication during an outage is minimal due the impact of these
indications (assuming they are all representative of actual degradation) on
the structural integrity of the tubing.

10. New S/Ns are defined as those that have voltages greater than 0.9 volts and
that have not been identified in any outage since 1987. Discuss the basis for
considering only indications identified during inspections since 1987 in light
of the fact that some indications were first identified many years earlier.

The establishment of a cut-off date, before which indications are assumed
not to have been present, is considered a conservative approach to defining
new (S/N) indications. Rather than review original eddy current data tapes
to determine whether an indication was present prior to the proposed cut-off
date, the proposed approach considers any indication not currently in the
database to be "new", and requires an initial MRPC inspection be performed
for those indications exhibiting a signal amplitude greater than 0.9 volts.

The specific year (1987) was chosen based upon limitations of available
historic ECT data. The eddy current test data management system used at CR-
3 only contains previous tube history for inspections performed since 1987.
Prior to this time, the analysis techniques and analyst guidelines were such
that the results of the earlier inspections could not be readily compared
with the results of an inspection today.

FPC has inspected 100% of the CR-3 steam generator tubing at least one time
since 1987. In recent inspections, it has been FPC's practice to inspect
tubes containing previously identified indications, at each subsequent
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inspection. Thus, there is a high confidence that the large majority of S/N
indications present in the CR-3 OTSGs have been previously identified and
are contained in the current ECT database. This would naturally include
valid signals present prior to 1987.

Growth

11. Appendix B of Appendix A to Reference 5 assessed tho growth of intergranular
attack (IGA) patches for three tubes examined in 1989, 1990, and 1992 outages.
The study concluded that there was no evidence of growth of the observed IGA
patches included in the study. While past growth assessments may support your
assunption of zero growth for IGA S/N indications, the basis for assuming no
growth for tube wear indications is unclear. Provide the basis for this
assumption.

The 1994 growth rate study performed by Packer Engineering (provided as part
of the response to RAI #35) included consideration of CR-3 inservice S/N
indications located at support locations. Based upon the 1994 CR-3 tube
pull results, the indications present at the support plates can be
attributed to wear. Thus, the results of the latest growth rate study
support a conclusion that there is essentially no growth of wear indications
within the CR-3 OTSGs. This conclusion is based upon a review of the entire
population of indications. Refer to Section 4.4 of Reference 1 for a more
detailed discussion of the results of this study.

The B&W growth rate study also included a 1imited number of data points on
defects located at tube support plates, but the data did not support a
growth rate analysis of these indications (small number of data points,
significant pegative mean change in bobbin voltage associated with the
indications, etc.).

12. How frequently will each S/N indication be inspected in future outages?

FPC presently plans to inspect all S/N indications during each future
inservice NDE inspection. However, future NDE inspection results providing
information on degradation growth rate will be evaluated for justification
of a statistically-based sampling plan of these tubes which would allow for
less than a 100% inspection.
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13. A number of growth studies have been cited in the various submittals
supporting this TS amendment. Discuss how differences in probes, calibratien
procedures, cable lengths, calibration standards (including the use of transfer
standards), probe wear, and other related factors have been accounted for in each
of these studies. Indicate whether the data used in each of the studies are
based on Vmax voltages or peak-to-peak voltages. It would be sufficient to
address the more recent outages since they most 1ikely used similar techniques
and analysis criteria.

The three growth studies specifically referenced within the TSCRN 203
technical report were performed independent of one another. In fact, steps
were taken to maintain the independence of the various studies. This meant
allowing the individual organizations - EPRI, B&W, and Packer, - the
latitude to utilize the technical procedure they deemed appropriate and not
dictating any one single approach to the evaluation. Thus, the procedures
and data used in the individual studies are not necessarily consistent, even
though the results and conclusion of "little or no growth" are. Each study
is summarized sepa.ately below.

The EPRI growth rate study utilized eddy current bobbin coil voltages
obtained from the Refuel 8 pulled tubes which were field inspected during
the 1989, 1990, and 1992 CR-3 inspection outages. Peak-to-peak voltages
were used in the evaluation, with the 600 kHz channel chosen for comparison.
To compare three successive outage data acquired by different diameter size
probes and varying lengths of extension cable, eddy current signals from a
100% TW calibration hole were normalized to 5 volts peak-to-peak at a phase
angle of 40 degrees.

The B&W study utilized eddy current bobbin coil voltages from the 1989,
1990, and 1992 CR-3 Outages. Indications which were inspected in at least
two of the outages were compared against one another using the bobbin coil
technique. Peak-to-peak voltages were utilized in the evaluation, in order
to account for the changes to the essential variables which took place over
the period of time covering the three Outages. The essential variables of
this technique are probe type and operating range examination frequencies,
data acquisition speed and calibration standards. Each of these variables
was evaluated as were the differences in data analysis guidelines during
this time. The following is a brief discussion of the variables considered
and their treatment.

The 1989 and 1990 examinations were performed with a mid-range frequency
bobbin probe operating at 600, 400, 200 and 35 kHz in both differential and
absolute modes. The 1989 target probe speed was 14 inches per second
coupled with a data sampling rate of 400 points per second, yielding
recorded results of 28.6 data points per inch of tube examined. The 1990
target probe speed was 24 inches per second coupled with a data sampling
rate of 800 points per second yielding recorded results of 33.3 data points
per inch of tube examined. The 1992 examination was performed with a high-
firequency bobbin probe operating at 600, 400, 200, and 35 kHz in both the
differential and absolute mudes. The target probe speed and data sample
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rate were the same as during the 1990 exam. While the slight differences in
recording rates could result in some variation in sizing, the variation is
considered acceptable since calibration curves are fit with standard
reflectors acquired at the same speed.

The change in probe operating range, from a mid-range to high frequency
design, was considered. For the probe and frequency combinations used during
the three outages, flaw detection is equivalent and was performed each time
with the 400 kHz differential channel which operates nearly equivalent for
both probe types. Flaw sizing, however, should be more accurate during the
1992 exam which used the high frequency probe and evaluation of 600 kHz.
This frequency is closer to the optimum test frequency for OTSG tubing and
provides better phase separation for flaws of varying depths.

The calibration standards used for the three examinations were different.
However, they were of similar style with equal volume and depth of
artificial flaws and were therefore considered equivalent for the purposes
of the compavison.

Analyst guidelines also varied somewhat between examinations. Two changes
merit further discussion. The first deals with the frequency used for
reporting indications. During the 1989 and 1990 exams, indications were
reported with the 400 kHz differential channel when they occurred in the
freespan of the tubing. A 400/200 kHz mix channel was used for indications
at support intersections. During the 1992 examination, freespan indications
were reported with the 600 kHz differential while support locations were
reported with the 600/200 mix. Since these two frequencies offer
differences in phase spread, with the 400 kHz being smaller, the calibration
curv$s represented by these two channels disrlay different degrees of
resolution.

The second point of interest is the method used for voltage normalization.
During the analysis setup it is common practice to set a specific voltage on
a particular signal from the calibration standard and then "save" this
voltage scale to the other data channels. By performing this voltage
normalization, a common scale can be applied to all the data. During the
1989 and 1990 outages, the 400 kHz channel was set to 4 volts peak-to-peak
on the signal from the broached TSP. In 1992, the 600 kHz was set to 6 volts
peak-to-peak on the signal from the 4-100% drill holes. Although both
procedures return a similar voltage scale, a different procedure was used to
allow comparison of the data. Using the 400 kHz, the system was set at 4
volts peak-to-peak on the signal from the 4-20% flat bottom holes.
Indications from all three outages were sized with the identical, identified
technique and compared.

The Packer growth rat- study utilized eddy current bobbin coil voltages
obtained during the .92 and 1994 CR-3 inspection outages. The study also
utilized peak-to-peak viltage values. The essential variables of the 1992
and 1994 outages were maintained the same in order to facilitate th’
comparison.
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Probe wear, as a specific effect, was not considered within any of the
studies.

14. Has a growth rate study of S/N indications been performed based on rotating
pancake coil (RPC) sizes (i.e., axial and circumferential length)? If so,
provide the results. If not, discuss the usefulness of such a study.

A comparison of axial and circumferential extent was performed for those
indications of interest which received an MRPC inspection (clip plot sizing)
during both the 1992 and 1994 inspections. The study was somewhat limited
due to the number of indications (33) which met the aforementioned criteria.
The mean change in axial and circumferential extents were 0.008 inches and
(-) 0.015 inches, respectively. The standard deviation of all changes in
extent measurement is 0.047 iaches.

The resu’ts of this evaluation are generally consistent with those cbtained
by bobbin coil voltage for the various growth rate studies. Procedures for
clip plot sizing were essentially unchanged during the two inspections,
although there is 1ikely some amount of analyst variability between the two
measuremert data sets. This variability is enveloped/ bounaed by the
conservatism demonstrated for the MRPC sizing technique.

15. An S/N indication is considered to have grown if it exhibits a 0.5 volt
increase from the previous inspection and has 2 measured voltage in excess of 0.9
volts. The basis for the 0.5 volt increase resides in the fact that this
criterion was used in the previous inspections of S/N indications. Provide
technical justification for not performing a subsequent RPC examination of
indications previously RPC examined unless the bobbin voltage increases by 0.5
volts. If an indication was identified as having an eddy current response of 0.4
volts and was later reexamined and found to exhibit a 0.8 volt response, discuss
why this indication is not considered to have grown. The staff notes that since
the degradation mechanism is considered dormant and no allowance for flaw growth
was used in the development of the tube repair criteria, there should be
essentially no change in voitage with the exception of variations arising from
nondestructive examination uncertainty. Since the probe wear mode]l and analyst
variability model being proposed have a total uncertainty of approximately 24%
at an upper 95% confidence level, it seems 1ike a much lower threshold than 0.5
volts should be used. Please discuss. Is the 0.5 volt increase determined from
the most recent inspection of the indication or from the original inspection in
which the indication was identified?

Voltage changes and their relationship to growth are discussed using data
sets from CR-3 steam generator B; results using data from steam generator A
are comparable.
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Free-span indications attributed to pit-like IGA

Figure 3 shows a scatter plot of measured voltages for freespan
indications from two consecutive outages attributed to pit-like IGA from
CR-3 steam generator B. The measured voltages are essentially uniformly
distributed about the zero growth line at 45 degrees indicative of no
overall change. This observation is also supported by data presented in
Figure 4 and Figure 5 which show amplitude change in volts and percentage
respectively. Scatter plot and histogram formats are used in both figures
to show changes. Voltage change was determined by taking the difference
between the 1994 and 1992 data; percentage change was determined by
dividing the voltage change by the average of the 1992 and 1994 measured
voltages.

The data in Figure 4 shows that the mean voltage change is +0.0015 volts
(essentially no change) with a standard deviation of 0.105 volts. In
terms of percentage change, the Figure 5 data shows that the mean
percentage change is -0.46% with a stanuard deviation of 18.41%. Since the
data essentially show a near-zero mean in voltage or percentage change, no
strong evidence of growth exists.

Indications at Tube Support Plates attributed to wear

rigure 6 shows a scatter plot of measured voltages for indications from
two consecutive outages attributed to wear at tube support plates from CR-
3 steam generator B. As before, the measured voltages are essentiaily
uniformly distributed about the zero growth line at 45 degrees indicative
of no overall change or growth. This observation is also supported by data
presented in Figure 7 and Figure 8 which show amplitude change in volts
and percentage respectively. Scatter plot and histogram formats are used
in both figures to show changes. Voltage change was determined by taking
the difference between the 1994 and 1992 data; percentage change was
determined by dividing the voltage change by the average of the 1992 and
1994 measured voltages.

The data in Figure 7 shows that the mean voltage change is +0.012 voits
(essentially no change) with a standard deviation of 0.165 volts. In
terms of percentage change, the Figure 8 data shows that the mean
percentage change is +0.83% with a standard deviation of 24.6%. Since the
data essentially show a near-zero mean in voltage or percentage change, no
strong group evidence for growth exists. However, a few individual data
points exceeding a + 0.5 volt change likely show evidence for small
growth.
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Figure 3. Voltage scatter plot from two consecutive outages for freespan
indications attributed to pit-like IGA; CR-3 Steam Generator B.
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Figure 5. Percentage voltage change for freespan indications attributed to pit-
like IGA



U. §. Nuclear Regulstory Commission
3F1295-03, Attachment 1

" T T T T
" i
1 | sceTer
30 Y=079°X +0 % | o iatiind

R=068 SD=021

< 234 data points

Figure 6. Voltage scatter plot from two consecutive outages for indications at
tube support plates attributed to wear. CR-3 Steam Generator B.
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Figure 7. Voltage change for indications attributed to wear at tube support
plates
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The 1992 and 1994 data were acquired using the same acquisition procedure,
using many different probes, with the data analyzed by numerous analysts.
The observed scatter in the data simply reflects overall NDE repeatability
or NDE system measurement error. The scatter in the tube support plate
wear data is greater because of the effects of support plate mix residual.
This mix residual acts 1ike a noise vector which perturbs the indication
increasing the scatter associated with the measurement of its features,
e.g., magnitude and phase angle.

The 0.5 volt threshold originally proposed for estabiishing change
essentially bounds all of the data for pit-like IGA (Figure 4(a)), and
most of the data for wear at tube support plates (Figure 7(a)). However,
with a two-sigma NDE system repeatability error of U.21 volts for free-
span IGA, a more-conservative threshold of 0.25 voits for growth could be
utilized. This increase would be applied using the most recent inspection
data.

Essentially, the difference in the 0.25 and 0.5 volts is attributable to
the manner in which each was developed. The 0.5 volt value was derived
based upon technical judgement and was a criteria which was intended to
provide, with some assurance, that growth was occurring. The 0.25 volt
value is believed to represent the other end of the spectrum. It is
representative of an approach whereby, with some assurance, the earliest
signs of growth would be detected. Both approaches have benefits and
drawbacks. However, based upon the data included within Figures 3 through
8, it appears both criteria are appropriate for their intended purpose.

In the context of a percentage change in voltage, the absolute voltage
level needs to be considered as shown with the data in Figure 5. For
amplitudes lTess than approximately 0.9 volts, the percentage change can be
quite large with extremes on the order of 100%. For amplitudes greater
than approximately 0.9 volts, a 25 percentage point change bounds the bulk
of the data. Clearly, estimates of the NDE system error will be strongly
influenced by the voltzge ranges of the indications included within the
data set and the effects of support plate mix residual. For free-span
indications with voltages greater than 0.9 volts, the 24% NDE system
measurement error originally estimated agrees reasonably well with the
experimental data.

Leakage

16.

The basis for the 0.9 volt cutoff for determining when RPC examinations

should be performed and the length based 1imits applied is not clear in 1ight of
past inspection data which indicates that voltages of about 0.8 volts can have
an axial extent in excess of 0.5 inches (Figure 28 in Reference 5). Has a
systematic review of all available CR-3 data as well as 2ny pulled tube data from
other plants been performed which supports the assumption that the 0.9 volt
criteria will ensure that the proposed dimensional 1imits will not be exceeded?
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Since the 0.9 volt cutoff is presumably based on experience to date, discuss your
plans for random RPC sampling below the appropriate voltage threshold (0.9 volts
is being proposed).

A systematic review of all CR-3 data has been performed and the results of
this review are presented in the technical report which supports the
proposed TSCRN (Reference 1).

Inclusion of the particular indication mentioned in the RAI within Figure
28 of Reference 5 was an error. This indication, from RCSG-1B, tube
number 70-125 had measured axial and circumferential extents of 0.52 and
0.19 inches, respectively, and is attributed to tapered wear. S‘nce
tapered wear is not included within the scope of the proposed TSLRN, it
should not have been included within the subject data set.

Other plant data has always been considered for applicability and
incorporation into the CR-3 database. Reference 5 included a discussion
of some IGA data from the Palisades nuclear plant. Further, industry data
used to support Degradation Specific Management efforts has been reviewed
throughout the development of the CR-3 disposition strategy technical
basis. This data has been utilized where appropriate.

The RAI requests FPC discuss its’ plans for random MRPC sampling of
indications exhibiting a bobbin coil voltage below the proposed lower
voltage cutoff. Presumably, this is proposed as a means of using field
data to validate the continued applicability of the voltage cutoff, as was
addressed by Confirmatory Action Letter No. 2-94-004, Jtem # 4 (Reference
8). At the time the CAL was written, the cutoff value was based on a
limited database, making the focussed inspection an appropriate action.
However, as discussed in the TSCRN 203 topical report, 413 additional data
points were added to the database as a result of the 9R MRPC special
interest inspection. Given the current amount of data, there is no reason
to require additional MRPC for purposes of validating the voltage cutoff.
Although not a commitment, FPC does intend to inspect these indications on
a time and resource basis during future inspection outages in order to
further our understanding of the condition of the CR-3 OTSGs.

17. Independent staff calculations determined that leakage integrity is not
assured at a 95% confidence level for indications with a bobbin coil signal of
0.9 volts. Discuss the 0.9 volt lower limit in light of this staff finding.
Consider the response to Question 18 below.

FPC calculational results do not agree with the NRC Staff’s. For a bobbin
coil signal of 0.9 volts, the volume and depth are estimated using Figyres
9 and Figure 12. From Figure 12, the volume is estimated at 90 x 10 in’
at the upper 95% prediction interval. Using Figure 9, this volume
corresponds to a depth of 80% through-wall at the upper 95% prediction
interval. Since this depth is less than 87% through-wall, leakage
integrity is maintained.
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18. The data in Figures 5-1 through 5-5 in Reference 1 illustrates the
relationship between eddy current voltage measurements and the dimensions of {/N
indications. However, these relationships are base” sn nominal correlations
without consideration to the scatter in the datin. Plot rincervative 95%
prediction intervals for each of these figures an! deterrine the vclume and
corresponding bobbin coil voltage associated with an t 7% through-wal’ indication
evaluated at the 95% prediction interval.

95% prediction intervals for data presented as Figure 5-1 through 5-5 in
(Reference 1) are shown as Figures 9 through 13 herein. Linear scaling of
the prediction interval plots as opposed to log-log plots of the original
data is used because of software limitations. In addition, for Figure 11,
volume has been correlated with the circumferential extent in mils rather
than inches as originally presented in order to be consistent with the
axial length correlation.

The 95% prediction intervals shown in the figures are calculated using the
equation

Yo = (a+bX)) +/- t, . * s

where a and b are the intercept and slope respectively of the least
squares fit to the experimental data, s is the residual variance,
and t, .. is the Student t-parameter (Reference 9).

Dimensional values calculated in response te specific questions were
estimated using the exact equation.

The volume and corresponding bobbin coil voltage associated with an 87%
through-wall indication is estimated as follows. From Figure 9, the volum%
as;ociated with an 87% through-wall indication is approximately 104 x 10
in” at the upper 95% prediction interval. Figure 12 is used to estimate the
corresponding bobbin coil voltage; entering the upper prediction interval
at the desired volume gives an amplitude of approximately 1 volt which
exceeds the proposed 0.9 volt bobbin coil screening limit.

The conservatism present in the ligament calculation supported using raw
data without consideration of the prediction interval. The calculations
are based upon tube burst test results where the length of the degradation
was one to two inches in length. Volumetric degradation with an axial
extent less than the proposed 1imit of 0.33 inches would represent a much
less severe degraded condition. Hence, the depth limit to avoid leakage
is conservative. It is expected that the maximum depth of pit-like IGA,
which is within the proposed axial and circumferential extent limits,
would have to be virtually through-wall to result in leakage during a
postulated steam line break.
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Figure 9. Depth-volume correlation using Crystal River 3 pulled tube
metaliographic data.

27



U. 8. Nuclear Regulatory Commisgion
3F1295-03, Attachment 1

100

~
L
T

Axial length, mils
n

mean( Y )

0 20 40 60 80
Volume, E-06 1n3

Figure 10. Axial length-volume correlation using Crystal River 3 pulled tube
metallographic data
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Figure 13. Voltage-volume correlation using BWOG NDE Committee samples
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19. Clarify what material properties were used to determine the proposed
dimensional 1imits. Reference 7 indicates that the "probable* values are the 95%
probability/95% confidence values as does page 4-1 of Reference 1. However, the
calculations provided in the appendices to Reference 7 indicate both "actual® and
"average" values were considered.

The determination of the proposed dimensional limits utilized the
“probable"” tubing material properties (i.e., established at a 95%
probability of occurrence at a 95% confidence level) as an input to the
calculation.

20. In Reference 5 (Section 8.2), a correction was made to account for the lower
voitage response when using the mix frequency channel for sizing tube support
plate indications. 1Is a similar correction needed with the current approach?
Discuss how the proposed depth/volume/bobbin voltage approach accounts for the
Tower voltages from indications located at the tube support plate intersections.
Also, discuss the basis for combining the data from tube support plate and
freespan indications given that the voltages may not be comparable.

Freespan indications associated with pit-like IGA are typically reported
using Channel 1 (600 Khz) whereas volumetric wear indications at tube
support plates are reported using a Mix 1 analysis channel. The voltage
scales for the two analysis channels e.g., 600 Khz and Mix 1, are
established differently using current Crystal River 3 analysis guidelines.
In order to establish a volume-voltage correlation curve for both pit-1ike
IGA and wear, eddy current indications were reanalyzed with the Mix |
voltage scale set in the same manner as Channel 1. Measured signal
amplitudes could then be plotted on the same curve relating volume to
voltage,

The original voltages from wear scar indications are smaller because the
voltage scale for the Mix 1 analysis channel had been set differently from
that of Channel 1 (600 Khz). If the voltage scales for the two analysis
channels are initially set in the same manner then voltage readings from
both channels are comparable.
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Inservice Inspection

21. The proposed dimensional requirements do not specify limits for indications
exhibiting geometries with the maximum linear dimension inclined at an
intermediate angle with respect to the steam generator tube axis (i.e., neither
axial nor circumferential). Staff calculations indicate that consideration of
only defect axial or circumferential lengths may by nonconservative for certain
defect geometries. Discuss how the proposed dimensional 1imits will be applied
to an S/N indication with its major axis not alignei to either the tube axial or
circumferential directions.

FPC calculational results do not agree with the Staff's. The orientation
terminology of the proposed dimensional repair criteria as ‘axial’ and
‘circumferential’ relates to the 1limiting Regulatory Guide 1.121
structural analysis and not the actual implementation of the criteria.
The analysis which calculated the proposed limits (Reference 7) assumed a
planar defect, with nr credit taken for ligaments between micro cracks.
A crack-like defect oriented strictly in the axial or circumferential
plane is bounded by this analysis. Other possible defect configurations
which could occur in the secondary side of the CR-3 OTSG tubing are also
covered by the structural analysis.

The configuration of the defect can be either symmetrical or non-
symmetrical about the tube axis because the primary strr.s of concern
(axial stress due to differential expansion effects during a LOCA) are not
affected by the asymmetry of the defects. As indicated in the
ca'culation, all pertinent loads are reacted by either the tube or its
support without the need for any bending moment capability of the tube at
the defect (i.e., a plastic hinge can be assumed at the defect).

The projected axial and circumferential dimensions of an indication at an
intermediate angle to the tube axis provide a good description of length
needed to evaluate the structural integrity of a degraded tube. Test data
on tubes with volumetric defects and plastic collapse considerations
support the above statement.

22. Reference 1 provided 1imited details of the testing performed to support the
nondestructive examination uncertainty allowance of 13.05% (pg 3-17). Discuss
how many analysts were used, clarify if 10 different probes were used, <iscuss
the need for considering additional data since the study was based on an
examination of only six indications. Discuss the similarities and differences
in the morphology between the indications in the NDE study and those in the
population of §/N indications examined from pulled tubes at CR-37

The purpose of the test was to investigate data acquisition repeatability.
Three different probes were used including a conventional 510 bobbin probe
and two variations of a 540 bobbin probe, e.g., mid-range and high
frequency designs. Ten independent data sets were acquired from six
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discontinuities using the 510 high-frequency probe while an additional
eight data sets were acquired using the two 540 probes. Acquisition
voltage repeatability studies were conducted using only the 510 bobbin
probe data set. A single analyst was used to analyze the data. The six
discontinuities used in the study were subsequently shown by tube puill to
be predominantly volumetric wear. Since the morphology of the wear used in
the study is three-dimensional or volumetric, comparable results would be
expected from free-span pit-like IGA. For volumetric discontinuities,
signal amplitude is proportional to ihe removed metal volume and is not
dependent on the particular damage mechanism, e.g., pit-like IG« or
volumetric wear. Additional testing using free-span pit-like IGA signals
with voltage ranges comparable to those covered in the data acquisition
repeatability study would be expected to give comparable results. The
important consideration is the range of average voltages that were
included in the study which ranged from approximately 0.4 to 1.4 volts
covering the expected dynamic range of the voltage-volume correlation
curve.

The impact of multiple data analysts is estimated as follows. Detailed
EPRI studies in support of TSP ODSCC ARC show that signal amplitudes or
voltages can be read to within an +/- 10%. This analysis error is
independent of data acquisition error so the two error sources can be
combined using RMS methods. The total error budget would increase from
13.05% to approximately 16%.

23. The error allowance for acquisition variability is assumed to be equal «

that determined in EPRI report TR-100407, Revision 1, "PWR Steam Generator Tube
Repair Limits - Technical Support Decument For Outside Diameter Stress Corrosion
Crackin? at Tube Support Plates," dated August 1993. However, the NDE error
quantified in the EPRI report uses different probe sizes, inspection frequencies,
and procedures from those used at CR-3. Provide a basis for assuming a 7% error
for acquisition variability considering these factors. In addition, acquisition
variability is closely related to the amount of probe wear during inspections.
Discuss the need to 1imit the amount of probe wear in future CR-3 inspections to
ensure that the probe wear allowance used in the determination of the repair
limits is conservative.

Eddy current data acquisition procedures in use at Crystal River 3 are
comparable to those 1isted in EPRI Report TR-100407, Revision 1 "PWR Steam
Generator Tube Repair Limits - Technical Support Document For Outside
Diameter Stress Corrosion Cracking at Tube Suppoit Plates, " dated August
1993. While the absolute probe sizes and inspection frequencies are
different one must take into account differences in tube wall thickness
and tube diameter. The normalized essential test variables are phase angle
spread (Primary analysis channel) and probe fill factor. Phase angle
spread is typically established by measuring the difference in phase
angles between the 100% and 20% rlat bottom holes in the ASME c.iibration
standard. Probe fill factor in percent is defined as the ratio of the
square of the probe outer diameter diviaded by the tube inner diameter
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times 100. Values for these variables are listed below in Table 1. Probe
fill factors are virtually identical whereas phase angle differences in
the primary anclysis channels are within approximately 20%. This
difference is viewed as insignificant. The use of a higher primary
acquisition frequency to achieve a larger phase angle spread in OTSG
tubing comparable to RSG phase angle spread is discouraged because of the
effects of system noise which are exaggerated at higher test frequencies.

Table 1. Normalized Essential Variables Comparison
RSG Tubing - 0.050" wall/0.875 outer diameter

. 400 KHz - Phase angle spread between 100% through-wall hole and 20%
through-wall hole is approximately 113 degrees

. 0.720" diameter probe - Probe fill factor in percent is given by
100 x (0.720/0.775)° or 86%

. 600 KHz - Phase angle spread between 100% through-wall hole and 20%
through-wall hole is approximately 90 degrees

. 0.510" diameter probe - Probe fill factor in percent is given by
100 x (0.510/0.557)° or 85%

Probe wear effects require further study in OTSGs. Most of the work to
date has been in RSGs in which U-bends may exaggerate probe wear dynamics.
An allowance of 7% for probe wear has been included in the NDE measurement
error budget based on ODSCC at TSP alternate vepair criter a studies
(Reference 10).

24. Provide a comparison of the sizing error being proposed (Section 3.2 of
Reference 1) and that provided in EPRI report NP-6864-L Revision 2, "PWR Steam
Generator Tube Repair Limits: Technical Support Document For Expansion Zone
PWSCC in Roll Transitions - Rev. 2" dated August 1993. Provide the field
procedure for length sizing S/Ns. Describe any differences between the field
procedures and the procedures used to support your length sizing uncertainty
::t;:;:e. Discuss how these procedures compare to those in the EPRI report

A comparison of the sizing error proposed in Section 3.2 of Reference 1
and that provided in EPRI report NP-6864-L Revision 2 shows good
correlation as follows:

CR-3 data - correlation coefficient
standard deviation =

"
oo
O
oo

EPRI data - correlation coefficient = 0.93
standard deviation

L]
o
o
w
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The field procedure for measuring the length and width of S/N’s is
currently outlined in the Crystal River Unit #3 Eddy Current Data Analysis
Guidelines as follows:

"5.0 INDICATION LENGTH AND WIDTH MEASUREMENTS

5.1

5.2

RPC Clip Plot Measurements

RPC clip plot measurements will be performed on all bobbin
coil S/N indications examined.

5.1.1 The primary frequency of the 300 kHz pancake cuil will
be used to size the axial and circumferential extents of
the indications.

5.1.2 The setup and calibration requirements for reporting
indications are the same as those in Section 2.0 of the
data analysis guidelines.

Clip Plot Setup and Calibration Requirements

5.2.1 After performing the basic setup select the
"MRPC/CRKMAP" menu. Go to user select and set the
tubing diameter to .551".

5.2.2 Set the axial scale in reference to the EDM calibration
standard. Refer to the EDM calibration standard drawing
for the standards total length.

5.2.3 Select "MEASFLAW". Plot the 60% 0.D. EDM notch at 270.
Position the threshold cursor just above tube noise.

5.2.4 Select "CLIP PLOT" function and plot the data at 0
degrees. "BOX ANGLE" must be kept at 0 degrees.

5.2.5 Perform length and width measurements by drawing the box
equivalent to the same size of the 60% OD EDM notch
signal. After the measurement is performed, move the
box just below the signal.

5.2.6 Verify that the total length and width measurement is
equivalent or greater than the as-built length and width
of the 60% OD EDM notch. If the measurement is not
(within +/- 0.10") reset the axial scale.

5.2.7 When plotting data, set the strip chart cursor window to
display + .86" to - .B6" (+/- .20")."

The field procedure used for length sizing S/N's and the procedure
used to support the length sizing uncertainty error are the same.
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The procedure used for length sizing S/N’s at CR-3 differs from that
procedure used in the EPRI report NP-6864-L. The CR-3 procedure
makes use of a routine in the Zetec Eddynet software called MEASFLAW
or measure flaw while the EPRI report nakes use of a routine in the
letec Eddynet software alled CRKMAP or crack map.

The MEASFLAW routine is more applicable to volumetric indications
since it allows measurement of a flaws axial and circumferential
extents or length and width. The CRKMAP feature is used more for
crack-1ike indications at the top-of-tubesheet since it calculates
a flaws length for its major dimension and provides information
about the flaws position with respect te the top-of-tubesheet. Both
methods apply similar operator input and calibration such as axial
and circumferential scale adjustment, threshold adjustment,
selection of coil and frequency used for measurement, and both make
use of rotating coil data acquired following the same procedure. It
is expected that the resolution of the two measurement methods are
comparable.

In order to demonstrate RPC sizing capability for S/N indications, CR-3

pulled tube data were combined with data from IGA samples obtained from the B&W
Owners Group NDE Committee. Discuss the applicability of combining eddy current
data obtained from these two sources. Consider the differences in voltage
response for the laboratory grown flaws and the sulfur-induced 1GA indications

found

.t cn'ao

Dimensional sizing error is not dependent on signal voltage and voltage
scales established during eddy current testing are arbitrary. A key factor
contributing to sizing error is the length of the discontinuity in
relationship to the average coil diameter. For situations where this ratio
is small, the absolute error can be large but is always conservative. For
small discontinuities, e.g., those with dimensions comparable to or
smaller than the average coil diameter, one is essentially measuring the
coil field spread or profile which is larger than the discontinuity. This
is why the measurement error is always conservative.

Combining dimensional sizing data from CR-3 pulled tube pit-like IGA and
lab samples was done to establish the error at two length extremes. The
lab samples have dimensions large relative to the average coil diameter
whereas the pit samples have dimensions much smaller that the average coil
diameter. The fact that different voltage ranges are included is
immaterial.
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26. In Reference 3 it is stated that the probability of detection (POD) for the
RPC was somewhat Tess than for the bobbin coil (page 1-2). This is supported by
Section 3.2 of Reference 6: however, the study documented in Appendix B of
Reference 6 (i.e., page B-4 of Appendix B to Reference 6) states that the IGA
patches were better detected with the RPC. Please clarify these observations.

The exact basis behind each of these conflicting statements was not
retrievable. Reviewing the technical data presented with the discussion of
each study indicates both statements/ conclusions to be supportable with
the data provided. Section 3.2 referred to Figures 3-4 and 3-5 within the
same text. From this data, one could conclude bobbin showed slightly
better detectability. The data immediately preceding the relative POD
comparison of the two techniques in Appendix B indicates a larger
percentage of the total number of defects were detected with MRPC. Again,
dependent upon the criteria used within the individual study, it is
possible to reach the same conclusion as the text. Based upon the recent
re-review of the data, the POD for the two techniques is considered
comparable in the defect range of interest.

27. What is the general shape of the free-span IGA? For example, is the shape
cone-1ike or similar to a flat-bottomed hole?

The free-span IGA is three dimensional, generally appearing to be the
shape of a half-ellipsoid or as a "thumbnail-shaped" patch. The deepest
part of the defect generally occurs at the mid-plane »f the defect.

Other Issues

28. It is not apparent from the data presented, what data were used in the
various correlations. The staff is having difficulty comparing the results from
one section of a report to another and from one report to another. In addition,
it appears that some correlations have more data than others although they should
apparently be coming from the same database. For example, the number of data
points used in Table 3-2 of Reference 6 does not match the number of d2ta points
used in Appendix D to Attachment 2 of Reference 4. Another example is t ‘e number
of specimens cited in Table 3-1 of Reference 1 compared to the number of data
points in Appendix B to Reference 6. In order to clarify the data presented in
the various correlations, provide the following information.

a. Provide the pulled tube data points (1992 and 1994) used throughout your
submittals. Identify the tube number, defect location, defect
identification, defect classification (circular wear, IGA, etc.) field
bobbin and RPC call, field and laboratory bobbin voltage, field and
laboratory RPC voltage, field and laboratory percent through-wall call,
laboratory reanalyzed voltages (if applicable), length, width, depth,
volume, and other relevant parameters. Since several different probes
were used during the inspections, provide the information for the probe
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and inspection parameters (frequencies/calibration) to be used during the
upcoming inspection, if available, or the "probe of record."

Identify which specimens were included in each correlation. For specimens
with multiple discontinuities that were too close to be distinguished in
the field non-destructive examination (i.e., within the proposed 0.2"
band), provide details on what dimensions were used in the various
correlations and/or analyses, annotate specimens that were combined,
provide the data used for the combined data point, and indicate in which
correlation this combined data point was used (e.g., the depth used in the
probability of detection study). For example, if an indication* was
missed, was the largest, smallest, or a combination of the defect
dimensions used in the POD curve, voltage versus volume correlation, etc.
For specimens excluded from any corre'atiun, discuss the reason for
excluding them. Discuss if any significant indications were not includad
in a correlation since they were not destructively examined. For example,
in the POD correlation, were any large laboratory detected indications
which were not detected in the field not in.luded in the analysis since
they were not destructively examined.

The above information should specifically identify the data used in the
development of Figures 3-4, 3-5, 3-6, and 3-7 of Reference 1.

The information requested by this RAI question is included as Appendix A
to this text.

Tvo general comments are provided with respect to this request. The last
sentence in item ‘a’ appears to be out of context with respect to the
balance of the request. It addresses plans for the upcoming outage NDE
inspection while the majority of the request deals with providing pulled
tube data. For completeness, a response is provided. As discussed in
earlier RAI responses, there are no plans to change the piobe of record
for the upcoming outage from the ones (bobbin coil or MRPC) utilized

during the last two CR-3 outages.

The second comment deals with the scope of the request assoc ed with
item ‘b’ above. As written, the request could be interpreted (o include
the data for every correlation which has ever been provided to the NRC
relative to the CR-3 OTSG S/N issue. FPC has chosen to address this
request in a much narrower fashion. Much of the older (1992) work has
been superseded by more recent efforts as additional tube pull and
inspection data has hecome availuble. NRC Staff review shoulu focus on
the rost current, up-to-date information available. To this end, Appendix
A provides the following information as part of the response to RAI number
28, sub-item 'b’:

1) The data supporting all correlations inciuded as part of Technical
Specification Change Request Number 203 (Reference 1).
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2) The data supporting the probability of detection (POD) correlations
included as part of the final CR-3 9R tube pull examination report
(Reference 3).

3) A discussion of the reason for the two differences cited within RAI
number 28.

Additional information on other specific correlations can be made
available upon request. Unless noted with the 'A-’ prefix, page numbers
are same as original document.

29. On page 2-5 of Reference 3, it indicates that a small amplitude low S/N
indication was observed in the field for the 75% through-wall defect in the lower
tubesheet region of tube 68-46; however, in other portions of Reference 3 (e.g.,
Table 2-3, page 1-4) it appears that the indication was not identified in the
field (i.e., called an NDD). Please clarify whether this indication was detected
in the field or not. If hindsight was used to identify this indication, discuss
any improvements made to the eddy current data analysis guidelines to prevent
missing such indications in the future. What is the threshold for reporting S/N
indications during eddy current inspections?

The indication in the lower tubesheet region of tube 68-46 was not
reported during the field examination. Hindsight was used to identify
this indication following destructive examination. This flaw does not
produce an indication with the bobbin coil technique which is reportable
as a flaw hence no changes were made to the an: ysis guidelines to prevent
missing such an indication in the future.

There is no minimum voltage threshold for reporting S/N indications during
eddy current inspections at CR-3.

30. 600 kHz is stated to be the best frequency for sizing S/N indications but
correlations of through-wall depth to voltage (Vmax) were developed at 400 kHz
(Section 7.1 of Reference 5) justifying a 2.7 volt limit corresponding to a 100%
through-wall flaw. Staff calculations using the data in Table B2 of Appendix D
to Reference 5 indicate that a reduction in the voltage 1imit corresponding to
a 100% through-wall flaw from approximately 2.7 volts to 2.2 voits is obtained
when using the 600 kHz channel (presumably the channel used to size indications
in the field). The staff notes that the 1icensee is not currently proposing this
correlation. Discuss the calibration procedure used in the development of Table
B2. Discuss whether the voltages measured and recorded in the field are
peak-to-peak voltages or Vmax. If peak-to-peak voltages are recorded in the
field, provide a correlation based on peak-to-peak voltages developed with the
frequency used to size these indications. These correlations should use all of
the data (not just the 10 data points to support the 2.7 volt limit).

Voltages measured in the field are peak-to-peak voltages. Table B2 of
Appendix D to Reference 5 utilized V  readings. The data presented in
the Table was not used in the correlafion because of the difference in the
way the voltage scales are set.
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31. Discuss how the burst pressure of specimen 68-46-3A was adjusted to account
for the brass shim. If discussed in the Electric Power Research Institute (EPRI)
Burst Testing Guidelines (Reference 2 of Reference 3), submitting a copy per
Question 35 below is acceptable.

The method of adjusting the burst pressure of 68-46-3A for the presence of
the brass shim is discussed in the EPRI Guidelines for Burst Testing Steam
Generator Tubes. The guidelines document is provided, as requested, in
response to question number 35 or this RAI.

32. Quantify the level of error associated with the estimation of defect volume
from a metallographic analysis.

The metallographic examination of a tube providzs the best estimate of the
volume of a degradation, and is usually considered to be the real or
actual volume. This estimate is normally obtained by measv<ing the
maximum axial and circumferential extents of the degradation from an
enlarged planar view, and measuring the depth from an enlarged sectional
view through the maximum width of the degradation. For volumetric
degradations, the volume is assumed to be half of an ellipsoid, which is
a constant times the product of the three semi-axes defined by the three
measured dimensions.

The ellipsoid assumption presumes that the planar view of the degradation
is described by an ellipse, and the section view is described by half of
another ellipse, neglecting the curvature of the tube. If the outline of
the cavity is irregular the use of maximum extents will yield a somewhat
non-conservative volume. Volumetric degradations generally have the shape
of a shallow dish, with deepest penetration at the center, which makes the
assumption of an ellipsoid shape most appropriate.

It is estimated that the measured depth and axial and circumferential
extents of the cavity may each vary from the true dimensions within a
range of plus or minus 0.002 inches. For degradation on the order of 210
x 10 in, which correlates to a 3.6 volt NDE 1imit for leakage discussed
in Section 5.2.2 of Reference 1, a 0.002 inch error amounts to an
approximate + 4% error in calculated volume.

33. On page 2-3 of Reference 3, item 3 indicates that tapered wear marks were
identified at two adjacent tube support plate lands. However, Table 2-3 does not
identify the indications referred to in the text. Was one of the specimens not
destructively examined? Please clarify.

Item 3 (Second bullet) on page 2-3 of Reference 3 discusses tapered wear
defects located at the top and bottom of adjacent Tube Support Plate (TSP)
lands. The text refers the reader to Figure 2-2, which is a photograph of
the defects in question. The indications were at the 9th TSP of pulled
tube 68-46 (Section 68-46-18). Referring to Table 2-3 under pulled tube



U. 8. Nuciear Regulatory Commussion
3F1295-03, Attachment 1
Page 42

68-46, both of these defects are indeed identified in the table. Thus,
the exact nature of the RAI question is not clear.

34. Clarify the reason for the difference in the number of metallurgical
indications reported in Appendix B to Reference 6 and the number reported in
Table 3-1 of Reference 6. Furthermore, clarify the reason for the discrepancy
between the previously cited data and the data (number of indications) reported
in Tables B1/B2 of Appendix D to Attachment 2 to Reference 4. If the reasons for
these discrepancies are a result of different analysts/analysis criteria, have
the eddy current data analysis guidelines been improved to incorporate the best
aspects of each analysis criteria?

The data in Table 3-1 is the listing of eddy current distinguishable
defects present in the 1992 CR-3 pulled tubes. This information is a
grouping of all defects from the destructive examination, by proximity of
location, into defects which would be expected to be uniquely
differentiable by NDE/ ECT. This grouping was done in order to correlate
the destructive examination and NDE results. As indicated in Table 3-1,
not all of the distinguishable defects were detected by means of field
bobbin coil during the 1992 Outage. This was to be expected, given the
probability of detection for this size (particularly volume) of
indication.

Appendix B summarizes a review of CR-3 eddy current data from three
consecutive outages performed by the EPRI NDE Center. Only those
indications which were detected during each of the three Outages were
available to be used in the study. Further, it was noted in Appendix B
that only three of the six tubes pulled in 1992 were ECT inspected during
these three Outages. One of the three tubes, 109-30, was not destructively
examined and is thus, not reported in Table 3-1.

The other reference (Appendix D) is to work the EPRI NDE Center performed
to correlate eddy current voltage to volume wall loss for certain defects
from the destructive examination. The work is based upon laboratory (Bl)
and field (B2) eddy current data analysis performed with the hindsight of
the destructive examination results. This differs from the other work
which was more of an objective examination of eddy current capabilities,
particularly detection. The analyst performing the work in Appendix D
apparently was comfortable assigning voltage values to the flaws as noted
in Tables Bl and B2.
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35.

The numerous documents submitted in support of the proposed Technical

Specification (TS) amendment refer to several supporting references. The NRC
staff requests that the licensee forward the following references in support of
this license amendment application.

A.

36.

Reference 2 of Reference 3: Robert F. Keating memo to D. Steininger
(EPRI) dated October 25, 1993, EPRI Guidelines for Leak & Burst Testing
of S6 Tubes," NSD-EPRI-0545.

Reference 15 of Reference 3: S.D. Brown, "Crystal River 3 BR/9R Bobbin
Voltage (S/N) Growth Rate Calculations," Packer Engineering Report
B51956-R1, Dated May 1995.

Reference 14 of Reference 1, Packer Engineering Report BS519£.-Rl1-Rev. 0,
“Crystal River 3 BR/9R Bobbin Voltage (S/N) wrowth Rate Calculations,”
dated March 1995,

Reference 7 of Reference 3: “0TSG Pulled Tube Catalog," B&W Report
1180991, December 1988; and/or Reference 7 of Reference 1, "OTSG Pulled
Tube Catalog,” Revision 1 BWNT Report 1190991, August 1994

Reference 5 of Reference 1: "0TS6 Trending Report" 7th Edition, BWNT
Report 51-1229259-00, July 1994

Reference 10 of Feference 5: BWNT Document 51-1229575-00.

Reference 2 of Reference 7: "Determination of Minimum Required Tube Wall
Thickness for 177-FA Once Through Steam Generators," Babcock & Wilcox, No.
10146. April 1980.

Reference 3 of Reference 7: “Review and Update of OTSG Tube Loads, Task
1 Summary,” Babcock & Wilcox No 51-1202303-00, February 28, 1991.

References A, B, and F are attached as Appendix B. Reference C is a
draft-for-comment version of Reference B and has not been provided since
minimal changes occurred hetween the two documents. Reference F has yet
to be finalized and has thus, been provided in draft form. The remaining
references (D, E, G, and H) have minimal direct impact to the proposed
TSCRN and have not been provided for this reason. The approach taken in
this response has been discussed with the NRC Staff.

Section 2.3 1.2 of Reference 3 indicates that the tapered wear scars ranged

up to 0.64 inches in length, Table 2-3 indicates that one tapered wear scar was
0.812-inch. Clarify this discrepancy. What was the depth of this indication?

The tapered wear scar present on tube 72-49 at a location corresponding to
the lower edge of the 9th Tube Support Plate (TSP) was confirmed to be
0.812 inches in Tlength. Thus, Section 2.3.1.2 of reference 3 is
incorrect. This wear scar was considered the lesser of the two tapered
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wear scars identified during visual and stereovisual examinations of the
tube section. Because of this, no further destructive examination was
performed (i.e., depth was not determined). Presumably, the depth of the
indication was less than that of the wear scar present at the top of TSP
location (10%) which was destructively examined.

37. The number of indications identified with the bobbin coil (3) and the RPC
(2) in the 0.075-inch to 0.099-inch bin of Figure 2-8 in Reference 3 appears
inconsistent. It seems that the number of indications should be the same for
both (i.e., either there were 2 or 3 indications from the destructive
examination). Please clarify the number of indications identified by destructive
examination in the 0.075-inch to 0.099-inch bir in Figure 2-8.

Three discontinuities were identified in the 0.075-inch to 0.099-inch bin
found during the destructive examination of the 9R pulled tubes. Each of
these defects was identified during the field bobbin coil examination.
However, the indication present in tube section 109-71-7 did not receive
a field MRPC examination prior to pulling the tube. It is summized that
this inspection was not performed due to the very small bobbin coil
voltage (0.17 volts) associated with the indication. This expiains the
difference in the number of indications presented for the two inspection
techniques.

38. Confirm the circumferential extent for tube section 109-71-7 listed in Table
3-2 of Reference 1.

ihe correct circumferential extent for the discontinuity found in tube
section 109-71-7 was 0.097 inches.

38. In equation 5-1 of Reference 1, an allowance for NDE uncertainty is made.
Was the adjustment made to the beginning of cycle voltage (i.e., the repair limit
voltage) or the structural limit (LL) voltage?

This question suggests some confusion with other industry Degradation
Specific Management (DSM) efforts. The CR-3 approach does not utilize two
separate bobbin voltage limits as cdo other DSM approaches. Based upon
little or no degradation growth rate, the FPC approach utilizes only one
limit (2.5 volts). This is the Beginning of Cycle (BOC) and the End of
Cycle (EOC) Timit. Additionally, this Timit is not a structural Timit.
Ensuring adequate structural integrity is accomplished by proper
application o7 the proposed length and width criteria. The proposed
voltage criteria is only explicitly credited for purposes of addressing
primary-to-secondary leakage under worst-case differential pressure
conditions.
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40. The labeling of the vertical axis of Figure 1-4 in Reference 3 states that
the data is given “per 100 tubes inspected." Provide graphs showing the voltage
distribution of all §/Ns currently in service in steam generator "A" and steam
generator "B" (i.e., exclude the tubes repaired in 1994). How many active tubes
in each steam generator have S/N indications?

The graphs requested are presented as Figures 14 and 15. Based upon
Refuel 9 inspection results, there were 290 active tubes in ‘A’ and 817
tubes in the 'B’ OTSG which contained S/N indications. A review of the
CR-3 historical eddy current database indicates 351 active tubes in ‘A’
and 892 active tubes in ‘B’ have been assigned an S/N code in at least one
outage since 1983. The difference in the two numbers is believed to be
principally attributable to certain small amplitude signals "fading" in
and out from one outage to another (discussed in the response to RAI #9),
as well as a number of S/N indications which have changed designation for
one reason or another over the years.

41. The results provided in Table 4-12 of Reference 1 do not correspond to the
results given in your letter dated May 25, 1994 (pages 20 and 57 of the
Attachment). Specifically, the sample size and number of failures for the second
expansion do not match. Please clarify.

The information presented in Reference 1 is correct. There were no subject
failures present in the second expansion sample for RCSG-1A. Further, the
number of indications inspected as part of the second sampie for RCSG-1B
was 58 instead of the value of 56 presented on page 57 of the Attachment
to the May 25th letter.
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Figure 14. Number of S/N Indications in Active Tubes of CR-3 RCSG-1A Following Refuel
9 as a Function of Bobbin Coil Voltage
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Figure 15. Number of S/N Indications in Active Tubes of CR-3 RCSG-1B Following Refuel
9 as a Function of Bobbin Coi! Voltage
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1. 1992 and 1994 Pulled Tube Data Points

The following pages of information are intended to satisfy RAI Question Number
28, sub-item ‘a’.

In the case of the 1992 pulled tube results, this data has previously been
provided to the Staff as part of References 4, 5, and 6. The pertinent pages
from the 1992 EPRI report are reproduced herein for completeness sake.

The majority of the 1994 pulled tube data has been previously provided as part
of Reference 3. Once again, all requested information is included herein.

A-1
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The majority of defects identified by stereovisual inspection (as well as the type of damage) were
confirmed by metallography (see Figure 2-40). Again, tube degradation was primarily in the form of
small patches of "thumbnail-shaped” IGA. A total of 108 defects were confirmed, with maximum and
minimum depths of 62% and 1% throughwall, respectively, with an overall average depth of 28% and
a standard deviation of 16%. Metallography data is summarized in Table 2-9.

Table 2-9
FIRST SPAN METALLOGRAPHY SUMMARY

106-32-2

Z AA BG
X Y BF
vV w BD
U U BC
S ) 4 B8
R |IGA | 18% | X2 | IGA |24%]| S Pit 1% | BA | IGA | 20% | AB | IGA | 18%
P JIGA | 32% | X1 | IGA 162%| R1 JIGA | 4% | AZ | IGA |22% | AA | IGA | 17%

N2 | ica ] 19% | va | ica fee%] P |ica ] a6% | Ay [1ca [3e%] z | ica|s1%]
N1 | iGa | ao% | vi [ica jaon] © Jsondeam ! ax |icafa2%] v [ical 8% i
L Jiea]13% ]| 12 [ica [53%] M |ica ] 16% | Av | 16a |20% | x2 | ica | 49%
K2 | 1GA { 19% | 11 | 1cA fae%] x |ica ]| 20% | AU | iGa [38%] x1 |16 | 27%
|
G

4

K1 | IGA | 45% | S2 | IGA | 28% IGA | 4% | AT | IGA 131%| V2 | IGA | 14%
12 | IGA | 52% | S1 | IGA |23% IGA | 5% | AR | IGA | 19% ] VI Pit | NOD

i |1Gal28% | o [iGa [as%| €2 [i16a | &% [ac2]ica [4e%] T | P | NDD
G |ia|3e%] o |icalesw] 1 |ica| s% [ac1]ica [24%] R [ ica | noD |
Fe Liga | sa% | v [1ca [eo%] 0 ica] 8% | ap [ica laz%] — | — |

D |IGA134% | M | IGA |27%] B Pit 6% | AO | IGA [12%] Q Pit | 7%
" IGA 118% ] - - - AN | IGA |36%]| O IGA | 3%
B 38% | | IGA | 46% AM3 | IGA | 25% | N IGA | 15%
H | IGA |37% AM2| IGA |22% | M1 | IGA | 3%
i ] _.r” AMI ] IGA | 12%| L Pit | 14%
E IGA | 50% AMI|IGA | 16%| K IGA | 17%
C IGA | 56% AL2 | IGA |16%| J Pit 5%
B IGA |12% ALY | IGA |10% ] | IGA | 31%
AK | IGA |40% | M IGA | 3%
AJ | IGA |38% | G Pit 4%
AH | IGA | 29%| F IGA | 9%
1GA j40% | E | IGA | 23%
Cc Pit 7%
Statistics:
Maximum | F | IGA | 53% | X1 | IGA |62% | OW | IGA | 53% 4 IGA 1%

NDD = No Detectable Degradation; N/A = Dats not available; Boldface/Shaded = Burst locstion; -~ = LTSF
* Specimens utilized for SEM/EDS & SAM/XPS; depth estimated from SEM of fracture surfece

2-44
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TABLE 3-1

SUMMARY OF EDDY CURRENT DISTINGUISHABLE DEFECTS

Tube Pesition Defect Extent Eddy Current Results
Secuon Defect Axial Circ. Axial | Cire. Depth Vol. Bobbin Coil MRPC
No. No. | {inches) °) (mite) | (°) (%TW) | (10*in*) | Field | Lab | Field | Lab
90-28-2 AF 17.2 180° 288 | 20 51% 3.0 SN
AD2/1 | 16 180°/315°¢ 524 | 35 37% 6.9 S/N
AB 15.6 340° 544 | 8.3 30% 13.8
Z 15.1 3285° 38.2 | 1.3 30% 1.8 $/N
X2/1 14.6 340°/110° 456 | 2.7 43% £.4 S/N S/N
V2N 14.0 270°/350° §37 | 7.8 48% 19.9
T2/ 13.2 110°/330° 363 | 7.8 50% 14.5
‘§2/1 12.8 350°/110° 339 | 3.2 26% 2.9 S/N
Q 12.3 340° 9.2 | 3.1 45% 85 SN
ONM | 115 | 340°/100°/290° | 685 | 14.5 43% 37.5 S/IN $/M
K 10.8 290° 318 | a8 18% 2.1 S/N
MG | 10.2 200°/10°/330° | 718 | 17.3 49% 62.3 | SN | sWN| sm | SN
AFC* 9.2 SN
3 7.8 340° 708 | 7.9 50% 288 [46%|36% | SN | SN
c/B 8.1 20°/315° 565 | 6.1 41% 146 | sN|sSN| &N | SN
AFC* 1.0 SN
52-51-2 X 16.5 315° 403 | 20 32% 2.6 SN
y 15.3 316° 327 | 48 26% 4.2
s 14.7 315° 63.7 | 8.3 33% 17.9
R 14.1 250° 389 | 37 18% 2.7 S/N SN
F 13.1 200° 439 | 5.3 33% 7.9
N2/1 12.4 180°/260° 336 | 48 30% 4.8
L 11.4 180° 335 | 1.4 13% 0.6 SN
K2/ 11.0 250°/180° 427 | 7.8 45% 15.4 yiet
{ 1271 10.0 350°/270° 49.7 | 18.2 42% 329 | SN SN | SN
: G/F 8.9 315°/350° 69.9 | 857 47% 183 | SIN|SN]| SN
AFC® 7.9 SN | SN | SN | SN
D 65 265° 609 | 8.4 34% 179 | sm | sm ]| smN | SN
& 1.0 20° 386 | 20 38% 3.0
i 97-91 2 w 14.1 108° 606 | 9.6 54% 320 |67%]| s/n | sm | SN
: afc* | 123 SN
' ume | 118 245°/90°/95° 58.2 | 26.0 46% 70.9 SN | SN | SN
! R1 9.3 350° 110 | 61 4% 0.3 SN | SN
| AFC* | 8.6 sNIsN| sm | sN
2 PO 8.3 90°/16° 744 | 180 | s0% 688 |67%| s\
|
3.2
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TABLE 3-1 (Continued)

Tube Position Defect Extent Eddy Current Results
Section | Defect | Axial Cire. Axisl | Circ, Depth Vol. Bobbin Coil MRPC
No. No. | (inches) *) imisi | | o%e™W) | (70%in" | Field | Lab | Fisid | Lab
97.91-2 | M 7.1 320° 197 | 33 | 16% 1.1
(cont.) K 6.6 225° 498 | 38 | 29% 5.7
) 5.6 358° 67 | 2.4 ey 0.1 I
G 3.3 20° 131 | 07 ™ 0.0 ||
€210 | 2.8 | 20°/285°/350° [1385 | 67 8% 0.6
g 1.1 °8s° 183 | 28 8% 0.2
AFC* | 1.7 SN
106-32-2 | BG/BF | 16.6 90°/30° 551 | 7.6 | 15% 6.2
BD/BC | 156 50¢/30° 835 |128 | 31% 255
Be/BA/A| 149 90°/35°/48° | 383 |129 | 20% 9.4 I
AY | 148 220° §5.3 |16.1 36% 329 | SN | s\
AX | 143 30° 389 | 96 | 32% 12.8 ]
AT/AU | 13.2 135°/45°/60° |46.8 |42.3 | 34% 69.2 | SN | SN | s
AR | 123 90° 49 |128 | 19% 1.2 SN
AQ2/1 | 1.7 180°/90° 381 [180 | 35% 21.9 SN
AP/AD | 11.2 20°/90° 80 |144 | 27% 192 | SN
anam | 108 | 2400008001482 [ 268|319 | 27% 236 | SN | SN | SN l
AL21 | 108 25°/80°/78° | 277 |10.2 1% 3.2 SN
AJAK | 9.9 190°/26° 61.3 |228 | 39% 560 | SN | SN | W {
AG2/AH| 8.8 100°/60° §9.1 |130 | 35% 27.6 sn | s | s i
AFC* | 8.2 SN
u AE/AD/ | 7.7 225°/80° 625 |278 | 24% 424 | SN | SN
AC2 220°
ACI/AB| 7.4 80°/70° 525 |16 | 18% 1.4
zaA | 70 180°/200° |46.2 |18.6 | 34% 30.0
xapvix | 6.4 §5°/85°/50° (337 |204 | 28% 198 | SN | SN| sn | sw
v2 5.3 126¢ 408 | 2. 14% 1.2 SN | SN
a 0.8 190° 171 | 3.2 7% 0.4
| N 1.8 270° 4 | 10 | 15% 0.1
ki |23 | 280031000080 [17.3 1313 | 14% 7.8
3 3.4 160° 120 | 9.3 9% 1.0
¢ 3.9 145° 182 | 3.4 | 23% 1.5
5.4 350°

* AFC = Apparent Faise Call
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SPECIMEN

———————

ROM-TUBE-  AREA OF
PIECE  INTEREST
41-44-2 26.3" 10 45.3%

52-51-2 5.3 10 2.3

90-28-2 21.3" 10 &2.3*

97-91-2 28.3% 10 43.3~

106-32-2 25.3" 10 42.3"

109-30-2 25.3* 10 35.3"

LISF
LISF

LISF
LISF
LISF
LISF
LISH
LISF
LISF

LISF
LISF
LISF
LISF

TABLE 4

LOCATION
LISF + 6.86"
LISF +12.12%
LISF «15.53»
LISE ¢ 5. 79"
LISF ¢« 8.03»
LISF » 9§ 22%
LISF +10.12"
LISF + 6.38
LISF + 7.88"
LISF +10.35"
1 ISF .28%

.56*
.28"

.ie"
N2 o
48"

o1

L24™
a2
3

““

7. 99
9.
9. 78"

222

sese
L8KE

)

)

oo oocssce
BERY BURGURE

[
|

BOBBIN
FIELD VS . LABORATORY EDDY CURRENT
FIELD RESULTS LABORATORY RESULTS
1992 AXIAL

PHASE p ALY LOCATION++ vOoLiS PHASE
118 S/N BIM «11.92% 0.75 120
117 S/N BIM +16 76" 0.80 120
126 S/N BIM +20. 64" 0.72 120
8IM « G 70"~ 0.45 124
BIM +10.63"* 0.48 118
BIM +13 86"+ 0.26 19
BIM +22 81v* 0.59 140
148 S/N Bin « B 64" - 0.97 154
78 S/N BIM +10.91» 0.79 87
149 S/N BIM +12 . 21% - 1.02 130
75 S/IN BIM «16. 97+ 0.3% 107
107 S/N BIM «13 32« 0.9 Qv
121 [ BIM #1478~ 1.66 122
119 SIN BIM «17. 21% 1.06 12¢
BIM + 7.98% 0.44 164
BIM +17. 65" 0.46 100
BIM +18.61" 0.46 116
BIM +18.99%* 1.07 132
BIM +19 720+ 0.66 143
BIM +21_ 39w+ 1.12 130
BIM +21 G2w= 0.65% 7N
BTN +23 66" 1.08 164
90 76 BIM +15.54" u.75 113
110 S/N BIM +15.82% 0.79 124
106 63 BIM +1G_19» 0.64 91
BIN «21.89%* 0.93 103
BIN + 5.58"* 0.5 161
135 S/ BIM +« 9 13* 0.50 136
138 S/N BIN «12.89* 0.70 167
156 S/N BIN +14. 19+ 0.74 144
w7 SIN 8% +10_ 80" 0.56 155
131 SN 8iM + B 76" on 122
162 S/N BIM + 7 27" 0.67 153
t1e S/IN BIM + 5 90" 0.73 160
150 S/N Sim +13. .11 0.80 159
133 30 BiM +15 3o~ 0.94 131
132 S/R BIM +15. 42" 0.35 138
150 S/N BIN +17 7™ 0.54 148
BIM +25. 45" 0.33 m

*ADDITIONAL LOCATIONS REPORIED DURING LAB ANALTYSIS

++AXIAL LOCATION IS MEASURED FROM THE BOTTOM TUBE END

NOTE :

ALL PIECE 4°S FOR EACH TUBE EXMIBITED NO DETECTABLE DEGRADATION (NDD)

1992

pa L]
S/N
S/N
S/N
S/H
S/N
S/N
SIN

S/M
S/N
S/N
SIN

S/N

SIN
SIN
S/N
S/N
S/%
S/N
S/N
S/N
SIN

La
SN

52
wiN

S/N
S/
S/N
S/N
S/IN
S/N
SIN

S/N
27
SIN

S/W

181218y pesuedi] |Hd3
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TABLE 5
MRPC
FIELD VS . LABORATORY EmY CURRENT
C SPECINEN  fEw REsMTS | LABORATORY RESULTS CIRCUNFERENT 1AL
ROM-TUBE - AREA OF 1992 AXTAL 1992 | TOP(NOTCH) -
PIECE INTEREST LOCAT 10 VOLTS | PHASE Xt LOCATION®s | VOLTS | PHASE X1y DEGREES++
& ]
41-44-2 26.3" 10 45.3%] LISF « 4.99% | 1.44 15 S/N NDD
'c“: 8 LISF + 5.93* | 2.02 37 SN NOD
H o LISF » 7.20% | 2.06 125 S/N BIM +14. 11" 0.77 7% S/N 130 DEG
o< LTSE +11.89% | 2.59 29 S/N BIK +19. 78" 1.76 39 S/ 0 DEG
] LISF +13.37% | 1.6 72 SN BIM +21.62% 0.86 50 S/N 270 DEG

Nno LISF +15.50% | 1.89 85 S/N BIN +24. 26" 1.23 59 S/N 0 DEG

sl % LTISF «17.63% | 2.04 67 S/N BIM +26. 74" 0.92 " S/N 270 DEG

< 0

0 52-51-2 25.3% 10 42.3%| L1sF + 5.90% | ©0.17 | 108 s/n oo

o f ol s . LISF + 6.22* | 1.83 | 108 s/ | smeB e | ose | 103 S/u 100 DEG

B LISF + B.01% | 0.24 57 S/ | BIM +10. 68" 1.13 64 SN 180 DEG

o X LISF - B4Te | 2.62 & S/M NOD

o O 1 LTSF + 9.;2" 0.12 ;5 S/N 3

LISF + 9.75% | 1.81 S/

=2 s LISF +10 00" | 0 1% %2 SN 81N +13_ 00" 0.35 125 S/N 0 DEG

™ LISF «10.57* | 0.90 70 S/N NDD

0 o

90-23-2 21.3% 10 42.3%] LISF + 6.21% | 0.41 12 SN uDO
€ E ; LISF + 6.33% | 2.09 85 S/W BIM +13.22% 0.96 91 S/M 130 DEG
> Z09 LISE « 72.79* | 3.93 15 SN BIM +14. B9 0.92 84 S/N 90 DEG
s 0 LISF + 795+ | 0.23 22 S/N BTN +17.25% 0.7 70 S/ 210 DES
o) =3 g LISF + §.12% | 0.31 z‘r SN BIM og.zs;: ;:: ;; :’: gg 3:2
LISF «10.15* | 2.70 S/M | BIM #21. :

o g o BIN +23.07%* | 0.76 3 S/N 290 DEG
= 97-91-2 28.3% 10 43.3%] (ISF + B.66" | 0.35 82 S/M | BIM +15.82% 1.09 "z S/N 310 DEG
0 LISF + 8.95* | 0.17 72 s/ | Bmetssie | 100 | 14 S/N 310 DEG

LISF +12.15" | .21 3 S/M BIN 419 17% 1.74 &9 S/N 310 DEG
LTS +14 84" | 0.36 s7 S/ | BIM +21 Bav 1.41 7 S/N 340 DEG
stM 419277 | 0.51 68 S/N 310 DEG

E .9_: 8 ; 106-32-2 25.3" 10 42.3%| t1sF « 5.77% | 0.32 101 S/N BIM +12. 74" 1.12 133 S/N 180 DES

<09 LISF » 6 15 | 0.37 92 S/N BTH +14 00" 0.94 7 S/ 320 DEG

i 0 LISF « B.17v 0.2% 0 S/u BIM +16. 12% 0.6 127 S/N 180 DEG

. LISF « B.85* | 0.19 [ s/N NOD
LTSF « 9.09* | ©.20 87 S/u BTN +16.36% 0.84 97 S/N 160 DEG
LISF + ©.BIv 0.12 80 S/N WOD
o LISF +10. 13+ | © 27 93 S/N HDD
S LISF +18 78 | 0 13 %5 SN NDD
- LISE <13 88" | 0 14 61 s/u %00
oo LTSF +18 41+ | 0.13 7 s | smoerm2oe | o069 88 s/ 350 DEG
LISF +158 43 A / +18. 5
iy g BIN S17.77% | 0.92 | 132 S/N 170 DEG
109-30-2 25.3% 10 32.3%| LISk « 847 | 0.13 67 S/N BTH +16.50% P S/N 150 DEG
LISE + 9.66% | 0.28 an S/¥ nDO

*ADDITIONAL LOCATIONS REPORTED DURING LAB ANALYSIS

SAXIRL LOCATION 1S MEASURED FROM THE BOTTOM TURE END

SACIRCUMFERERTLAL LOCATION IS MEASURED IM DEGREES. THE COPPER PIECE AYTACHNED TO THE SPECIMEN
1S THE TERO - DEGREE LOCATION. ODEGREES INCREASE 1N A POSITIVE MANNES WiTh CLOGCXWISE
BOTATION WURES VIEWING THE SPECIMEN FROK THE COPPER PIECE
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Compilation of Results

Table 4-1
IGA Patches on Tube Scction 41 44-2

[ Defect Location Defect Extent * ]
Axia!, Cire., Axial, clre., D::.? Vo;tfv:.
inches | degrees mils mils {
10.43 138 8 8 E®CY R
1086 210 49 " " 7 x 10*
1.5 o i 72 k18 1Zxwt
1148 20 0 81 % 0.
121 1% 28 &0 7 T
1258 280 74 N EES G 290 |
\ 1318 180 39 &2 | w0 1 &xw* |
13.30 70 24 37 0 ; 1x10°
19.30 340 " & 7 " 4x10?
B ® o ) 7 1 1x10°
13.96 160 2 50 9 1";.33
189 80 “ 34 ) 2X49¢°
3 14.24 100 a [ L TR
l 14.24 280 % 32 ki Iz Wt
15,48 150 % 8 4 $x 10°
14.61 225 48 ” 13 6 x10*
1486 0 38 s [ -7 £ =
™ 0 o CI 5%, (s "% 0F |
1499 280 0 63 SR st T
[ 15.96 180 50 59 AT 4
18.24 225 ) 32 ¥ EERLE
1724 0 80 8 YAt
17.56 170 ™) 108 20 22 x 10*
1788 0 5 a8 10 &x 0 -
16.08 80 s 5 ' 35 90°
" 1893 100 52 47 ST YR
1924 38 s 84 1" 6% 10°
{,“ 19.74 116 29 41 SR TT
2111 . 4 34 10 3x0%:
21.11 170 81 74 T T A
20 99 210 - 6 | 0 ) BT ;
2283 180 41 47 . B I Bypwp*
23.18 [ 44 @ N T .
'?mmﬁmaogum

“ = calculated assuming half-elipsoid defect geometry
Shaded values are defect depth and volume estimaied from correlation between depth and defect OD

extent



Table 2-3:

Field NDE Results vs Destructive Examination

2sults

Tube Number
{Row/Column)

Location
mches

Defect
Identification

Field Bobbin
Cali

Defect Dimensions, 10°

mches

Volts
(%TW)

Maximum
Depth (%TW)

Axial Length

Width

Volume (in")

LTSF - 0.60

pit-like IGA

NDD 280 (75%)

138(10)*

7th TSP - 0.56

"D"-shaped wear

1.36(27%) 12.0 32%)

6R(10)°

9th TSP + 0.81

Tapered wear

0.65(S'N) 7.0(19%)

157(10)y*

9th TSP - 0.58

lapered wear

0.38(S/N) 49 (13%)

135(10)°

Below LTSF

pit-like IGA

NDD 7.0 (19%)

2(105°

7th TSP - 0.69

Oval wear

0.50(39%) 6.0(16%)

IS(10)”

9th TSP + 0.82

Tapered wear

0.49(S/N) 3.8 (10%)

9th TSP -

Tapered wear

NDD

T

62(10)°

3rd TSP - 0.07

"D"-shaped wear

0.17 (S§/N) 5.0(14%)

17(10)°

Tth TSP - 0.68

Circular wear

0.17(40%) 12.2 (33 %)

66(10)°

LTSF

None

ILC1 @ LTS

ird TSP

None

NDD

Tth TSP - 0.70

"D"-shaped wear

1.2931%) 13.0 35%)

68(10)*

2-23




Table 5-2
Correlation of Eddy Current and Destructive Examination Resuits

19% TW

FIELD
0510

LAB
0.610

LAB
0.540

FIELD

LAB

FIELD

LAB

TUBE -
s A:IJ LOCATION | DEFECT | BOBBIN | BOBBIN BOBBIN MRPC MRPC RFEC RFEC
72-48-2 LTSF IGA Lce DING N/A N/A DING DING NDD

68-46-3

LTSF
06"

IGA
T0% TW

Lcs

43%, 23%,

N/A

N/A

026x 070
025x 015

DING

oDl &
S/N

68-46-3

LTSF
+12.3

IGA
PATCH

S/N

NDD

N/A

PIT

NDD

NDD

NDD

LTSF
+*5*

IGA
40% TW

NDD

VOL
018 x 0.11

N/A

NDD

LTSF
L4 2

4-1GA

SN

NDD

N/A

NDD

LTSF
+8.8"

2-IGA
30 &

41-44-288

LTSF
+11.85"

3A

SN

VOL
019x 025

41-44-
2810

LTSF
+13¢6"

IGA
30% TW

NDD

NDOD

68-46-14

7th TSP

WEAR
2% TW

080x020

014x013

68-46-18

Sth TSP

WEAR
198
14%

28N

022x0.19
021x017

015x 010
022x 015

72-48-13

Tth TSP

WEAR
16%TW

32%

011x022

012x 016

724817

oth TSP

WEAR
10%TW

S/N

022x 019
022x0.19

020x 017
022x01%

108-71-7

3rd TSP

WEAR
14%TW

S/N

N/A

NDD

108-71-14

7th TSP

WEAR
33%TW

3%

/A

020x0.18

010x 008

136-26-15

7th TSP

WEAR
IENTW

31%

32%

N/A

0.17x023

015x 0.21

Bobbin coll indications are listed st percent through-wall when avaiiable

All MRPC indications were Volumetric uniess stated otherwise. The axial and circumferential extent of the MPRC Indications are

given in (axial) x (circumferential) format, in units of inches.

NDD = No Detsctable Degradation, N/A = No Data Avallable, LCB = Localized Banans signal




PULLED TUBE EDDY CURRENT RESULTS - .510 BOBBIN

— T -
SPECIMEN FIELD mESULTS "1 LABORATORY RESL: °S
ROW-TUBE/ 1994 AXIAL 1994
SECTION LOCATION VOLTS PHASE STW LOCATION++ VOLTS | PHASE STW
68-46/18 098 + 0.81" 0.65 113 S/N BTM + 5.47" 1.44 142 S/N
098 - 0.58" 0.38 119 S/N BTM + 4.1~ 0.31 128 8/N
68-46/14 078 - 0.56" 1.36 119 27 BTM + 7.08" 1.65 1i8 28
68-46/03 LTS +12.32" 0.16 70 8/N NDD
NDD BTH + 5.74%# 2.71 119 43
NDD BTM + 5.21"# 1.33 137 23
NDD BTM + £.61"# 0.25 121 8/N
LTS + 0.00" 7.04 178 LCB NDD
68-46/01 NDD BTM + 5.55"# 2.85 i41 18
NDD BTM + 4.49"# $.12 127 34
72-49/17 098 + 0.82" 0.49 123 S/N BTM +11.93" 0.43 102 S/N
72-49/13 078 - 0.59" 0.50 108 39 BTM +14.77" 0.56 118 32
72-49/08 NDD BTM +23.70"* 0.34 67 S/
72-49/04 NDD | BuM + 9.50"* | 0.23 | 130 | s/w F
>
72-49/02 LTS + 0.00" 7.59 356 LCB BTM + 10.85" 5.58 0 DNG (4
109-71/14 078 - 0.68" 1.32 107 40 BTM +12.84" 1.93 128 13 %
=
109-71/07 038 - 0.67" 0.17 67 8/N BTM +10.01" 0.35 120 S/N :
136~26/15 078 - 0.70" 1.29 118 31 BTM +16.96" 1.39 115 32 c
136-26‘02 LTS + 0.00" 6.75 350 LCcl BTM + 2.78 7.66 182 DNG

++AXIAL LOCATION IS MEASURED FROM THE BOTTOM TUBE END
#POSSIBLE MECHANICALLY-INDUCED FLAW OCCURRING DURING TUBE PULL
*ADDITIONAL LOCATIONS REPORTFD DURING LAB ANALYSIS
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PULLED TUBE EDDY CURRENT RE§ULTS - BOBBIN (CONT'D.)

{ SPECIMEN FIELD RESULTS LABORATORY RESULTS
ROW-TUBE/ 1994 AXIAL 1994
SECTION LOCATION VOLTS | PHASE | sTW LOCATION++ VOLTS | PHASE | aTW
1 41-44/02¢# BTM +25.36" 0.96 148 S/N
.510 BTM +22.82" 0.51 151 S/N
PROBE BTM 422.63" 0.21 101 s/N
BTM +21.58" 0.25 52 S/N
BTM +20.66" 0.79 111 S/N
BTM +18.59" 0 47 48 s/N
BTM +17.09" 0.79 100 S/N
BTM +15.97" 0.21 106 S/N
BTM +14.21° 0.30 117 s/N
BTM +12.27" 0.66 121 S/N
BTM +10.98" 0.39 126 S/N
BTM +10.08" 0.40 132 S/N
41-44/02¢# BTM +25.73" 0.98 146 S/N
.540 BTM +23.14" 0.42 145 S/N
PROBE BTM +22.93" 0.22 79 S/N
BTM +21.97" 0.16 80 S/N
BTM +21.10" 0.66 117 S/N
BTM +19.37° 0.21 122 S/N
BTM +19.05" 0.38 95 s/N
BTM +18.21" 0.23 148 S/N
BTM +17.50" 0.63 124 S/N
BTM +16.38" 0.19 49 S/N
BTM +14.54" 0.19 94 S/N
BTM +13.27" 0.20 141 S/N
BTH +12.62" 0.77 131 S/N
BTM +11.22" 0.39 89 S/N
BTM +10.238" 0.42 133 S/N

++AXIAL LOCATION IS MEASURED FROM THE BOTTOM TUBE END
#ARCHIVED TUBE - ORIGINALLY ANALYZED 1992 W/.510 BOBBIN - NO 1994 FIELD DATA

B
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PULLED TUBE EDDY CURRENT RESULTS - 3-COIL MRPC

DIMENSIONS DIMENSIONS
FERENTIAL
SPECIMEN FIELD RESULTS LGTH X WIDTH LABORATORY RESULTS LOCATION JLGTH X WIDTH
QGu-TUBE / 1994 L=AXIAL EXT. AXIAL 1994 TOP{NOTCH) L=AXIAL EXT.
SECTION LOCATION UOLYS | PHASE ZTH U=CIRC. EXT, i LOCATION++ VOLTS | PHASE ZTH =0 DEGREES+ W=CIRC, EXT.
68-46-18 0SS + 0.72° 0.3% 96 udL 0.27 X 0, 16 BTN + 5.58" 0.77 48 VoL 345 DEG 0.15 X 0.10
0ss - 0.71° 0.31 64 oL 0.26 X 0. 16 BTN + 4.29" 0.81 57 oL 110 DES 0.22x0.15
68-46/ 14 07’s - 0.79* 0.41 102 VoL 0.18 X 0.20 BT ¢+ 7. 12* 0.74 16 VoL 50 DE6 0.14x0.13
68-45.,03 LTS #12.72%= PIT N/A NDD
- - - - - BTH + 5.82"n 2.22 61 uoL 60 DEG 0.26 X G. 17
- -- - -- -- BTH + 5.43" 0.65 72 uoL i 340 DEE 0.25 X 0.15
72-4%, 17 0ss + 0.77" 0.61 13 uoL 0.20 X 0.1 BTn +12.06" 0.46 133 VoL 200 DEG 0.20x 0.V
09s - D.61* 0.51 43 uoL D.24 X 0.24 BTM +10.66" 0.74 26 voL 340 DEG 0.26 X 0.15
72-48/13 07s - 0.87" 0.29 7 uoL 0.11 X 0.22 BT +14.62° 0.57 62 uoL 110 DEG 0.12 X 0.16
72-4%,02 e . - - — BTH +10.94"x 4.28 355 ONG 80 DEG N/A
109-71,14 0-” - 0.68" 0.53 69 oL 0.21 X 0.18 BTH +12.93* 1.73 02 ONG 80 DEG N/A
BTM +12.8%° 0.34 113 uoL 80 DEG 0.11 X 0.6
109-7 1,07 035 - 0.0U"=x PIT N/A BTM +10.04" 0.26 98 VoL 90 DEG 0.08 X 0.10
136-26/15 07S - 0.68" 0.70 36 oL L 17 X 0.23 BTN +16.96" 0.67 <8 voL 200 DEG 0.13 X 0.20
‘ 136-26,02 — e - - - BTH + 2,792 6. 14 18 le_m DEG | . N/A

+CIRCUMFERENTIA. LOCATION MEASURED IN DEGREES - COPPER PIECE ATTACHED TO SPECIMEN IS ZERO-DEGREE LOCATION.
DEGREES INCREASE IN A POSITIVE MANNER WITH CLOCKWISE ROTATION WHEN VIEWING SPECINEN FROM THE COPPER PIECE.

®ADCITIONAL LOCATIONS REPORTED DURING LAB ANALYSIS

"=B0BBIN CALL - NO FIELD MRPC DATA

O T 1vuTmmaus



PULLED TUBE EDDY CURRENT RESULTS - 3-COIL MRPC (CONT’'D.)

CIRCUM- | DIMENSIONS
FERENTIAL
SPECIMEN FIELD RESULTS LABORATORY RESULTS LOCATION JLGTH X WIDTH
ROW~TUBE / 1994 AXIAL 1994 | TOP(NOTCH) | L=AXIAL EXT.
SECTION LOCATION VOLTS | PHASE STW LOCATION++ VOLTS | PHASE $TW | =0 DEGREES+ } W=CIRC. EXT.
41-44/02# BTM +25.93" 0.72 22 VOL 170 DEG 0.16 X 0.18
BTM +23.26" 0.42 64 VOL @5 DEG 0.16 X 0.18
BTM +23.05" 0.29 35 VoL 25 DEG 0.09 X C.15
BTM +21.05" 0.45 57 VOL 20 DEG 0.15 X 0.15
BTM +19.00" 0.26 40 VoL S0 DEG 0.12 X 0.17
BTM +17.35" 0.65 32 VoL 15 DEG 0.17 X 0.19
BTM +17.14" 0.28 61 VoL 140 DEG 0.19 X 0.25
BTM +12.54" 0.29 68 VOL 250 DEG 0.15 X 0.14
BTM +11.20" 0.42 51 VOL 100 DEG 0.16 X 0.17
BTM +10.68" 0.22 104 VOL 60 DEG 0.15 X 0.11
BTM +1CG.32" 0.34 64 VoL 50 DEG 0.20 X 0.16
Ao

++AXIAL LOCATION IS MEASURED FROM THE BOTTOM TUBE END

+CIRCUMFERENTIAL LOCATION MEASURED IN DEGREES - COPPER PIECE ATTACHED TO SPECIMEN IS ZERO-DEGREZ LOCATION.
DEGREES INCREASE IN A POSITIVE MANNER WITH CLOCKWISE ROTATION WHEN VIEWING SPECIMEN FROM THE COPPER PIECE.

#ARCHIVED TUBE - ORIGINALLY ANALYZED 1992 -~ NO 1994 FIELD DATA




ARCHIVED TUBE 1992 EDDY CURRENT RESULTS - BOBBIN & MRPC

CIRCUM-
FERENTIAL
SPECIMEN FIELD RESULTS LABORATORY RESULTS LOCATION
ROW-TUBE/ AXTAL TOP (NOTCH)
SECTION LOCATION VOLTS | PHASE | wTW LOCATION++ | VOLTS | PHASE| STW | =0 DEGREES+
41-44/02 | LTS + 6.86" 0.89 | 118 | s/N BTM +11.92° 0.75 | 120 | s/w
1992 LTS +12.12* 0.62 117 S/N BTM +16.76" 0.80 | 120 | s/w
.510 LTS +15.53" 0.85 | 126 | s/n BTM +20.64" 0.72 | 120 | s/w
BOBRIN - - - - BTM + 9.70"* | 0.45 | 124 | s/n
— — - - BTM +10.63"* | 0.48 | 118 | s/N
— - - - BTH +13.86"* | 0.26 | 119 | s/N
e s - — BTM +22.81°* | 0.59 | 140 | s/N
41-44/02 | LTSF + 4.99" | 1.44 115 | s/n NDD
1992 LTSF + 5.93 | 2.02 37 S/N NDD
MRPC LTSF + 7.20 | 2.06 | 125 s/N BTM +14.11° 0.77 74 | s/N 130 pEG
LTSF +11.89" | 2.59 29 | s/w BTM +19.78* 1.76 39 | s/x 0 DEG
LTSF +13.37° 1.61 72 S/N BTM +21.62" 0.86 60 | s/m 270 pee
LTSF +15.50" | 1.89 65 | s/w BTM +24.26" 1.23 59 | s/n 0 pEG
LTSP +17.63" | 2.04 67 S/% BTM +26.74" 0.92 111 | s/w 270 DEG

*ADDITICNAL LOCATIONS REPORTED DURING 1992 LAB ANALYSIS

O T INIWHIYIIY



I1.A Figure 3-1

Figure 3-1 is a plot of a linear regression analysis of eddy current bobbin
coil estimates versus metallurgical test results for the 1992 CR-3 pulied
tubes. There are 32 data points included within this compz-ative analysis.
This data has previously been provided to the Staff as part of References 4,
5, and 6. The pertinent pages from the 1992 EPRI report are reproduced herein
for completeness sake. The plotted points are derived from the 5/14/92 eddy
current test results presented in the attached excerpt for those defects with

met data.
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$2-51
Locations (A)

6.38/6.43/6.21
8.66/8.64/8.48
9.89/9.87/9.66

10.77/10.73/10.5%9

NDD

12.2/12.07/11.91
12.95/12.86/12.72

NDD

14.53/14.5/14.32

NDD
NDD

109-30
Locatione

6.04/6.29/6.13
8.34/8.54/8.46
9.52/9.77/9.66

10.09/11.13/10.16

10.91/11.13/~

12.72/12.95/12.87
14.84/15.17/15.15

106~-32
kecatione

NDD
6.32/6.32/6.35
€.87/6.80/6.96

7.58/7.87/7.11
8.01/7.97/8.09
8.69/8.67/8.78
8.94/8.91/9.01
9.71/9.68/9.73
9.98/9.97/==~

NDD

11.34/11.33/11.44
11.71/11.71/11.78

NDD

13.09/13.20/13.34

NDD

14.63/14.56/14.81

NDD
NDD
NDD

ef 10 MIVEHIDEW INQICHIGI

Attachment B - IGA Detection and Sizing by Eddy Current

3/18/89

0.89/148/2
0.47/94/66
0.88/139/17
0.19/80/77

0.19/66/86
0.43/161/0

0.33/11%/43

3/18/8%

0.67/153/0
0.75/125/36
0.33/131/28
0.43/141/13
0.18/126/3%
0.13/45/97
0.32/20/50

3/18/89

.62/141/13
.83/164/0

.35/145/6
.39/11/27
.33/126/35
.19/74/81
.49/150/0
.46/139/16

000000 OO0

0.35/127/34
0.55/134/24
o

.57/133/25
0.22/101/61

(B)

4/30/90

Volt/Fhase/s (B)

0.62/153/0
0.57/92/68
0.75/136/21
0.24/47/96

0.22/45/97
0.25/162/0

0.29/105/57

4/30/90

0.67/157/0
0.66/126/35
0.27/129/31
0 50/135/23
U.16/117/45
0.27/53.93
0.36/28/70

4/30/90

0.86/147/2
0.93/165/0

0.42/132/2%
0.38/15/37
0.27/124/35%
0.21/39/95%
0.60/145/4
0.50/146/4

0.53/146/4
0.65/134/22

0.58/140/14
0.43/117/44

B-6

§/14/92

Volt/Phase/% (B)

0.62/148/16
0.33/79/82
0.61/150/13
0.30/66/89

0.16/62/91
0.32/164/0

0.35/152/9

5/14/92

0.54/153/8
0.65/137/31
0.23/135/33
0.35/132/37
0.18/26/60
0.20/32/74

5/14/92
Volt/Phase/$

0.58/138/30
0.63/176/0

0.40/167/0
0.26/22/51
0.23/138/30
0.14/82/80
0.29/152/9
0.34/157/1

0.32/150/13
0.24/133/36

0.36/150/13
0.20/110/59

Met

kocations/s (c)

9.06/34
11.37,11.63/53
12.63/52
13.50,13.63/45
14.0/13%
14.88,15.06/40
15.69/33
16.69/18
17.25/33
17.94/26
19.13/32

Met
Locations/$

No met
15.88~-15.96/50
No met
17.5-17.56/40
No met
No met
No met

Met
Locations/%

12.75/14
13.81,13.94/49
14.38/51
14.63,14.81/18
15.00-15.19/25
15.44/24
16.18,16,19/40
16.44/29
17.19/38
17.50/40
17.94,18.0/16
18.19,18.25/22
18.36~-18.56/36
18.75/42
19.13,19.25/46
19.81/19
20.69/31
20.94,21.06/39
21.81,22.13/36
22.31-22.50/22
23.00,23.13/31
24.00,24.13/17




EPRI! Licensed Material
Attachment B (Cont’'d)

90~-28 5/14/92 Met
ecations Volt/Phase/$ Locations/% i
65.46 0.73/109/59 13.56,13.69/56
7.98 1.26/123/44 15.31/50
10.39 0.75/122/46 17.63,17.69/53
10.65 0.32/124/43 17.88/46
NDD 18.25/18
11.59 0.25/115/53 18.80,19.06/27
11.93 0.79/138/24 19.25/45
NDD 19.75/45
12.76 0.42/144/14 20.31/23
NDD 20.44/28
NDD 20.69/53
14. 36 0.90/128/38 21,50,21.56/49
14.84 0.35/112/56 21.88,22.06/62
NDD 22.56/30
15.78 0.09/130/36 23.00/30
NDD 23.56/49
16.50 0.50/158/0 23.63/24
NDD 24.69/51

Notes: (A) Eddy current flaw locations of respective tube from each outage

{B) 600 kHz eddy current data and flaw depth estimates

(C) Actual met locations and met results
NDD - No detectable degradations




I1.B Figure 3-2 and Figure 3-3

These Figures are two different presentations of the same data. The Figures
illustrate the dimensional sizing accuracy of the MRPC probe for sizing
volumetric defects. The data plotted in the Figures is extracted from Table
3-2 and Table 3-3 of the same report. The Tables are included herein.
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Table 3-2
CR-3 Pulled Tube Dimensional Sizing

TUBE SECTION AXIAL ID NUMBER | MET. AXIAL | MET. CIRC. | WRPC AXIAL | MRPC CIRC.
POSITION EXTENT, IN. | EXTENT, IN. | EXTENT, IN. | EXTENT. IN
§2-51-2 LTSF + .25 D 0.061 0.041 0.15 0.20
LTSF + 12.75 12 0.048 0.037 0.19 0.17
LTSF + 12.75 1 0.053 0.037 0.19 0.17
[ s0-28-2 LTSF + 13.6 c 0.053 0.010 0.14 0.19
( LTSF + 13.6 8 0. 063 0.020 0.11 0.14
LTSF + 15.3 £ 0.071 0.038 0.16 0.20
LTSF + 17.7 I 0.083 0.023 0.19 0.19
LTSF + 17.7 H 0.059 0.022 0.15 0.18
LTSF + 17.7 G 0.079 0.039 0.15 0.19
97-91-2 LTSF + 15.3 p 0.073 0.074 0.15 0.17
LTSF + 15.3 0 0.076 0.062 0.15 0.18
LTSF + 19.0 y 0.054 0.047 8.h 0.25
LTSF + 19.0 1 0.061 0.066 0.19 0.18
LTSF + 19.0 s 0.011 0.0005 0.08 0.10
LTSF + 21.6 v 0.061 0.047 0.16 0.18
106-32-2 LTSF + 13.8 X2 0.071 0.053 0.11 0.14
Il LTSF + 13.8 y 0.015 0.008 0.13 0.11
| LTSF + 13.8 X1 0.016 0.038 0.11 0.19
I LTSF + 16.3 AG2 0.062 0.035 0.11 0.13
LTSF + 16.3 AH 0.056 0.028 0.12 0.15
LTSF + 21.0 AT 0.060 0.050 0.15 0.18
LTSF + 21.0 AU 0.047 0. 054 0.11 0,25
§8-46-14 | 075 - 0.79 148 0.090 0.119 0.18 0.20
72-49-13 | 075 - 0.87 138 0.094 0.134 0.11 0.22 |
109-71-7 | 035 - 0.00 76X 0.086 0.097 0.08 0.10
108-71-14 | 075 - 0.68 148 0.112 0.101 0.20 0.19
136-26-15 | 075 - 0.68 158 0.112 0.170 0.17 0.23




Table 3-3
B&WOG NDE Committee IGA Samples MRPC Sizing Data

Sample No. Length, in. width, in. MRPC
Width, in.
1217423-B 1.508 0.263 1.62 0.524
1217423-C 0.772 0.255 0.88 0.524
1217423-D 1.5 0.236 1.56 0.436
Il 1217424-B 1.49 0.245 1.59 0.436
1217424-C 0.751 0.243 0.85 0.480
1217424-D 1.51 0.246 1.65 0.480
1217425-B 1. 0.253 1 0.393
1217425-C 0. 0.246 0 0.436




Fi -4, 3- -6
Fifty nine of the data points are from the 1992 CR-3 tube pull originally listed in
Table 3-1 of (6). For convenience, these data points are included herein as a
Table, listing tube section number, defect number, and associated dimensional
data. An additional data point (Defect No. G from tube section number 87-91-2)
was not used for correlation since it had a reported volume of 0.0 x 10® in®.

As stated in (6), these sixty data points represent clusters of defects separated
with an axial spacing of ar proximately 0.2 inches. The volume of eac*. defe.!
was estimated by assuming an ellipsoidal shape for the IGA. For defects which
were combined to form a composite, axial extent and depths were de ermined by
a weighted average (based on volume) and circumferential ex :nts were
summed.

An additional eight data points are from the 1994 CR-3 tube puil and one tube
pulled during 1992 but examined in conjunction with the 1994 pulled tubes.
Dimensional information was originally tabulated in Table 3-3 of (1). For
convenience, these data points and their dimensions are included herein .

Axial and circumferential extents for the additional eight data points were not
originally included in the correlations because the dimensional information was
not available. This explains why Figures 3-5 and 3-6 from (1) have 8 fewer data
points than Figure 3-4 of (1). The dimensional information has since become
available. When the additional data is appended to the original volume-axial
length, volume-circumferential length data sets the correlation plots shown in the
Figures attached. These new plots with the extended data sets compare very
well with the original plots.
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Table 1

1992 Crystal River 3 Tube Pull
Metallographic Dimensional Data
Tube Defect Axial Circ. Depth Vol.
Section No. No. (mils) (degrees) (% TW) (10% in’)

90-28-2 AF 289 20 51 3.0
AD2/1 524 35 37 6.9
AB 54 4 8.3 30 13.8

4 38.2 1.3 30 1.5

X2/1 456 2.7 43 54
V2/1 53.7 7.5 48 19.9
T2/1 36.3 7.8 50 145

S2/1 33.9 3.2 26 29

Q 59.2 3.1 45 8.5
O/M/N 58.5 14.5 43 37.5

K 318 36 18 21
I/H/IG 71.5 17.3 49 62.3
E 70.9 7.9 50 28.8
C/B 56.5 6.1 41 14.5

52-51-2 X 40.3 20 32 26
U 32.7 48 26 42
S 63.7 8.3 33 17.9

R 389 3.7 18 2.7

P 439 5.3 33 7.9

N2/1 33.6 46 30 48

L 33.5 14 13 0.6
K2/1 427 78 45 15.4
12/1 497 15.2 42 329
G/F 69.9 57 47 19.3
D 60.9 84 34 17.9

B 386 20 38 3.0
97-91-2 W 60.6 96 54 32.0
UrT/is 58.2 26.0 46 70.9

R1 11.0 6.1 4 0.3
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Table 1 (Continued)

1992 Crystal River 3 Tube Pull
Metallographic Dimensional Data
Tube Defect Axial Circ. Depth Vol.
Section No. No. (mils) (degrees) (%TW) | (10%in)

97-91-2 P/O 74 4 18.0 50 68.8
(cont.) M 19.7 3.3 16 1.1
K 498 3.8 29 57

| 6.7 24 B 0.1

G 13.1 07 5 00

E2/1/D 13.5 57 6 0.5

B 16.3 2.5 6 0.2

106-32-2 BG/BF 5561 76 15 6.2
BD/BC 63.5 12.8 31 25.5

BB/BA/AZ 353 12.9 20 94
AY 55.3 16.1 36 329
AX 39.9 96 32 126
AT/AU/AV 46.8 423 34 69.2
AR 44 9 12.8 19 11.2
AQ2/1 38.1 16.0 35 21.9
AP/AO 480 14.4 27 19.2
AN/AM 265 31.¢€ 27 235
3/2/1
AL2/1 27.7 10.2 11 3.2
AJ/AK 61.3 22.8 39 56.0
AG2/AH 59.1 13.0 35 27.6
AE/AD/AC2 62.5 27.5 24 42 4
AC1/AB 53.5 115 18 11.4
ZIAA 46.2 18.6 34 30.0
X2/YIX1 33.7 20.4 28 198

V2 408 2.1 14 1.2

Q 17.1 3.2 7 04

N 54 1.0 15 0.1

L/K/JIH 17.3 31.3 14 7.8

F 12.0 9.3 9 1.0

E 18.2 34 23 1.5

C 6.7 49 7 0.2
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Table 2
Additional Crystal River 3 Tube Pull
Metallographic Dimensional Data

Tube Defect Location Axial Circ. Depth Vol.
Section No. No. (mils) (mils) (% TW) (10%in%) |
1992
41-44-2B A LTS-16.5" 69 106 54 2./ |
(IGA)
1994 |
68-46-3A B LTS-06" 228 89 76 134
(IGA)
68-46-14B C 7th TSP 90 118 32 68 |
(Wear)
72-49-2B D LTS -? 41 29 20 2.2
(15A)
72-49-13B E 7th TSP 94 134 16 35
(Wear)
109-71-7Bx F 3rd TSP 86 97 14 17
{Wear)
109-71-14B G 7th TSP 112 101 33 66
(Wear)
136-26-15B H 7th TSP 112 170 35 68
(Wear)
Figure 3-7

The twelve CR-3 pulied tube data points used for voltage-volume correlation are
listed in Table 3. Voltage values were obtained by reanalyzing 8R and 9R eddy
current data for points that could be uniguely associated with discontinuities
listed in the tube pull reports. In general, association was based on volume
rather than location or depth since this parameter determines signa! amplitude
In addition, for multiple discontinuities within the coil field of view, volumes are
additive.

Association of particular data points with metallographic data presented in
Tables 1 and 2 is shown in the last column of the table. Data for CR-3 1992
pulled tube 109-30 is not included in Table 1. The volume data are listed in
Table 2-8 of (6) and represent a composite volume of mulitple pit-like IGA within
an axial span of approximately 0.15 inches.
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Table 3
Data Used to Establish Voltage-Volume Correlation

TUBE LOCATION VOLUME, E-06 VOLTAGE * MECHANISM DEFECT #
B e I e T e e
1892 Tube
Pull
90-28  LTSF +6.38" 375 0.74 IGA O/NM
of Table 1
LTSF + 7.88" 62.3 1.19 IGA I/H/G of Table
2
LTSF + 288 0.72 IGA E of Table 1
10.35"
97-91 LTSF + 828" 688 0.74 IGA P/O of Table 1
LTSF + 70.9 052 IGA U/T/S of Table 1
14.28"
109-30 LTSF + 566" 2697 047 IGA .
LTSF + 7.99" 3927 0.58 IGA .
1994 Tube
Pull
68-46 7H - 0.56" 68 1.1 Wear C of Table 2
72-49 7H - 0.69" 35 0.42 Wear E of Table 2
109-71 3H-067" 17 0.25 Wear F of Table 2
7H -0.70" 66 0.91 Wear G of Table 2
136-26 7H - 0.70" Y] 0.87 Wear H of Table 2
fotes

CR-3 voltage normalization using Channel P1
? Total volume of multiple discontinuities
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Figure of Volume-Circumferential iength correlation using additional 8 data
points.
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11.D Figure 3-8

Figure 8 shows a scatter plot of bobbin coil voltage versus discontinuity
volume for the B&WOG NDE Committee IGA sample data. The data supporting this
plot was previously provided to the NRC Staff as Table 3-5 of the same report.
This Table is included below.

Table 3-5
BAWOG NDE Committee IGA Samples Voltage vs. Volume Data
Sample Maximum «x?3 . Cirfgm., Bobbin pprox.
Number %TW in." in." Coil Volgme,
Voltage in.
1217423-A 55 0.75 0.245 2. 0.0034 I
1217423-B 72 1.5 70.245 7.5 0.0083
i 12] -D 67 1.5 0.245 6.1 0.0082
17423- 55 0.75 0.245 2.9
17424-A ~ 56 0.75 0.245 3.4
217424 -F 79 1.5 0.245 9.8
-0 80 1.5 0.245 6.9
1217424-¢ 71 0.75 0.245 Ty
5-A 22 0.75 0.245 0.5
1217425-E 42 1.5 0.245 .
-E 4] 0.75 0.245

Nominal dimens ions
2
Dimensions not used in calculation of volume
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II.F Figure 4-1 and Figure 4-2

These bar graphs illustrate the measured axial and circumferential extent
distribution of volumetric indications which underwent an MRPC inspection
during the 9R refueling outage. All MRPC calls of a volumetric or pit-like
morpheclogy were included within this plot. Raw data is attached.
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S5/G A T T T
94/04 RFO LR R I

L I T I st SPEC. INT. 0% EXP 1 AR T )

SPECIAL INTEREST
SPEC. INT. 108 )
ROW TUBE VOLTS C ) IC EXTENT1 EXTENT2 PROBE ANLST

HB259
MEE64
HE259
ME664
RE452
MEE64
RE4AS2
R6452
ME564
HB259
M6E64
HB25%
MEEG4

<
o

<
O

&
| ol ol ~ IR o~

4 <
28§ :
3 O
D BP0 Y e e g g

(
o

o c0Oc

J oo

5 &
o

HE259
MEGEY
HB259
ME664
MEE 64
MEG64
HE2S9
MEEG4

ME66de




A R R )
R e )
LR e T
AR Ty
;:’?.....0..........0'...‘....'

SPECIM. INTEREST - PIT

SPEC. INT. 10% #1 - PIT LISTS
ROW TUBE VOLTS CHN DBG IND VTW LOCATION

BWNT TUBAX II (Version 2.1)
Crystal River Onit 3
s/ 9
94/04 RFO
SPEC. INT. 10% EXP 1

14 34 O0.22P1 98 VOL

3 40 02991
% 0.30 1
“ » 026 1
46 W 0.18 1
47 4 0.1% 1
4 & o011
$0 35 0.201
51 48 0.15 1
54 sl 0.411
58 32 0.30 1
8 o 0.19 1
56 4 0.1% 1
6 s1 0.221

8c 22 0.06 P2
8s 34 0.22 1
8% 4 0.271
80 56 ¢.121
95 92 .11
0 3 0.1 1
103 34 0.071
103 38 0.121
104 33 0.10 12
0.05 1

110 4 0.26 1

70

113

60

14

79

54

4

€8

110

158

%

68

B2

54

56

¢

65

§5

BRERARARARARARARER R R R R R R R

z
é

Total Indications Found » 50

Total Tubes Found « 2

Total Tubes in Input File » 24

078
Lx
078
L x
LTS
Lx
LTS
L x
LTS
L x
LTS
L x
LTS
Lx
LTS
L x
LTS
L x
LTS
L x
LTS
Lx
LTS
Lx
LTS
Lx
LTS
Lx
LTS
L x
LTS
L x
LTS
L n
LTS
L x
LTS
L x
LTs
L x
LTS
Lx
LTS
ix
LTS
Lx
LTS
L x
LTS
L=

~0.7%

14 x 0.

34 = 0.

«28.85

15 x 0.

+7.61
A8 x 0
+9. 68

4 x 0,

«5 .78

16 x 0.

+12.9%

A7 x 0.

+8.73

23 B9,

«6 48

A4 x 0.

«11.7

.15 x 0.

+7.851

11 = 0.

«6.72

A9 =2 9.

«5.06

A1 x 0,

7.0

14 x 0.

+«30 .86

15 = 0.

+8.5¢

17 x 0.

«6.66
17 = 0
+5 34

i$ x 0.

«12.19
12 x©
«aa1.Mn

i9 x 0.

+15.9%

19 x 0.

+9.02
20 x 0
«8 22
20 x 0
+6 .43
17 x 0
«8.70
it x¢

14

10

15

.21

ie

16

1%

19

18

16

18

16

i

15

17

22

i€
17
1?7

i9

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

P1T

PIT

PIT

PIT

PIT

04/27/199%4 07:30:58

R e
AR AR R R ]
R

EXTENT1 EXTENT2 PROBE ANLST CAL# COMMENTS

078
078
LTS
LTS
LTS
LTS
Lrs
LTS
LTS
LTS
LTS
LTS
LTS
LTS
LTS
LTS
LTS
LTS
LTS

LTS

LTS
LTS
LTS

LTS

078

vs

LTS

LTS

LTS

LTS

LTS

LTS

LTS

LTS

LTS

LTS

LTS

LTS

LTS

LTS

LTS

LTS

LTS

LTS
LTs
LTS
LTS

LTS

20 Ce318 84 PIT

520 C9318 84
§20 Cs318 B4 PIT
520 C9318 84
§20 C9318 84 PIT

20 C9P318 B4

620 C9318 84 PIT
520 C931e e
§20 C9318 84 PIT
$20 C9%ie 64
520 C9318 B4 PIT

€20 C98 04
$20 C9318 84 PIT
20 Csd1p 84
$20 C9318 84 PIT
520 C9ne o4
520 C9318 o
520 Ce318 B4
520 C9318 84 PIT
530 C8318 e
§20 C9318 84 PIT
20 C9318 84
§20 Ce3le 84 PIT
$20 €918 B4
$20 C9318 84 PIT
$20 C9318 B4

PIT

520 C9318 84 PIT
$20 C9318 84
20 (9318 84 PIT

20 C#318 &4
$2¢0 Ceale g4 PIT
$20 Cs3te (1]

520 C93is 84 PIT
520 C93ie L1
520 Csde 84 PIT
$20 Col3le L1
520 Co3ip 84 FIT

sac Ce3ie 84
L ¥14 C9318 88 PIT
$20 C9218 8s
830 Ce31e 85 PIT
820 C8de 1
s2¢C Ce318 85 PIT
$2¢ C8e 65
§20 C931e 85 PIT
520 Co31e 85
s2c C931e #S PIT
§20 091 L1
€20 C931s é5
£20 b ] &5

PIT



R T T T BWNT TUBAN II (Version 2.1)

A T T
AR AL A LR ]
AR AR R AR R
A T T T T T T T T T )

-

SPECIAL INTEREST - VOL
SPEC. INT. 10% #1 - VOL LISTS

ROW TUBE VOLTS CHN DEG IND %W

40 52 0.16 P 1 97 VOL
MSG

80 S6& 0.12 P 1 64 VOL
MSG

134 38 o©0.38 P11 0 VOL
MSG

152 18 0.23P1 O VoL
MSG

Total Indications Found = €
Total Tubes Found « ¢
Total Tubes in Input File « 4

LOCATION

078
Lxw
098
LxWw
078
Lxw
078
Lxw

Crystal

9

River Unit 3
s/G @
/04 RFO

SPEC. INT. 10% EXP 1

~0.78
012 x 0
-0.88
0.14 x 0
-0.00
0.1 x 0
0.7
0.15 x 0

.12 VoL

.14 VOL

.14 VOL

.18 voL

04/27/1994 07:31:3)

.’...............'..0‘0..'..!"

LA AR T YT ]

LA AR R Ty
....Q.."'...QO.Q..........O...
l.'....'...'0.......0."'.0...'

Fage 1

EXTENT1 EXTENT2 PROBE ANLST CAL# COMMENTS

078

098

078

078

078

098

078

078

520 R6452 84 VOL
$20 R6452 84
520 C9318 84 VOL
§20 Co3le o4
§20 R6452  8S voL
520 R6452 85
20 R6452 65 VoL
820 R6452 95



R Y BWNT TUBAN 11 (Version 2.1) 04/27/1994 07:18:37 A T T T T T T )

D T T Crystal River Unit 2 T,
sreene SENBRARRARRR O 8/G A LA R L T
Srsven SRR ERARRSEn. S4/04 RFO AR L s ]
R T SPEC. INT. 10% EXP 2 R T T T T T I )
Page 1
SPECIAL INTEREST - VOL
SPEC. INT. 10% #2 - VOL LISTS
ROW TUBE VOLTS CHN DEG IND ¥TW LOCATION EXTENT1 EXTENT2 PROBE ANLST CALS COMMENTS
i0 13 0.41 P1 75 vOoL 128 +«0.70 128 138 520 M6664 76 VoL
MSG Lx¥ 017 x 0.19 VOL 520 ME6E4 76
n i1 0.3 P1 75 VOL (213 +0.85) 098 098 520 ME664 7¢ VoL
MSG Lx¥ 0.17 x 0.19 VOL 520 R6452 76

Total Indications Found = 4
Total Tubes Found = 2
Total Tubes in Input File = 2




R e R e BWNT TUBAN 1I (Version 2.1) 04/27/19%4 07.34:01 R Ty

Crystal River Unit 3 AR Ty
./o . R T T Y
R R Y $4/04 RFO R
L e SPEC. INT. 10V EXP 2 R T T Y
/ ,
Page 1
SPECIAL INTEREST - PIT
SPEC. INT. 108 #2 - PIT LISTS
ROW TUBE VOLTS CHN DEG IND ¥TW LOCATION EXTENT. EXTENT2 PROBE ANLST CAL# COMMENTS
31 40 0.371 70 VOL LTS +5 .20 LTS LTS $20 P2204 88 PIT
MSG Lx¥W 0.13 x 0.20 PIT $20 P2204 L1
0.2¢4 2 §5 VOL LTS +5.87 LTS LTS £20 P2204 o8 PIT
MSG Lx¥ 0.17 x 0.20 PIT 520 P2204 68
EL I V] 0.2¢ 1 216 VOL LTS +14.27 LTS 1% $20 P2204 88 PIT
MSG Lx¥ 013 x0.18 PIT 520 P2204 B8
39 45 0.21 1 82 vCL LTS «8.04 LTS LTS $20 P2204 08 PIT
MSG Lx¥ 0.13 x 0.19 PIT $20 P2204 &8
a“ 46 0.1 1 §9 voL LTS +11.72 LTS LTS 820 P17%0 89 PIT
MSG Le¥W 0.14 x 0.16 PIT §20 P17%0 89
45 46 0.13 1 42 VOL LTS +14 .68 LTS LTS §20 P2204 80 PIT
MSG LxWw 0.14 x 0.23 PIT 520 P2204 1]
46 44 0.25 1 42 VOL LTS +13.89 LTS LTS §20 P2204 88 PIT
MSG LxW 0.16 x 0.17 PIT $20 P2204 L 1]
47 48 0.18 1 43 VOL LTS «14 84 LTS LTS $20 RE4S2 8% PIT
1 MSG LxWw 0.16 x 0.15 PIT 520 RE452 s
a5 47 0.18 1 6 VoL LTS «13.07 LTS LTS $20 BCESO 88 PIT
MSG LxWw 0.15 x 0.14 PIT $30 BO690 L1
50 33 0.23 1 83 VOL LTS 7 24 LTS LTS $20 P2204 88 PIT
MSG Lxw 0.13 x 0.16 PIT $20 F2204 (1]
51 49 0.26 P 1 271 VOL LTS «13.77 LTS LTS 520 MEE64 92 PIT
1 MSG LxWw 0.06 x 0.12 PIT 520 MEG64 92
82 40 0.27 1 70 VOL LTS +12.25 LTS LS $20 P2204 88 PIT
MSG Lxw 0.16 x 0.16 PIT 820 P2204 (1]
£ ) a8 0.371 96 VOL LTS «11.42 LTS LTS $20 R64S2 8% PIT
i MSG Lxw 0.13 x 0.16 PIT $20 RE4S52 8
65 a8 0.09 1 72 VOL LTS +11.03 LTS LTS 520 P2204 68 PIT
MSG LxW 0.16 x 0.14 PIT s20 P2204 1]
(1] a5 0.12 1 40 VOL LTS +12 .40 LTS LTS 520 BO6S0 88 PIT
MSG LxWw 0.34 x 0.16 PIT 520 K6452 (1]
84 99 0.34 3 S0 VoL LTS -8 .67 LTS LTS s20 P2204 88 PIT
MSG LxwW 0.17 x 0.1§% PIT §20 P2204 (1]
L 1) 95 0.10 1 7% VOL LTS «10.26 LTS LTS $20 P2204 88 PIT
MSG Lxw 0.17 x 0.17 PIT $20 F2204 (1]
L1 ] 34 0.14 1 6% VOL LTS +15 .78 LTS LTS §20 P2204 88 PIT
MSG LxWw .11 = 0.18 PIT 820 P2204 (1]
80 a4 0.20 1% 85 vOL LTS «7.7% LTS LTS 820 P2204 88 PIT
mMSG Lxw 0.13 x 0.1 PIT $20 Pl204 (1]
94 43 0.28 1) 116 VOL LTS «8.10 LTS LTS §20 BOESO 88 FIT
MSG Law 0.16 x 0.14 PIT £20 BO690 L1
L 1 27 0. 18 1 66 VOL LTS +11.0 T8 LTS 820 P2204 83 PIT
™MSG LxWw 0.33 x 0.17 PIT 820 P2204 [ 1]
100 L 31 0.16 1 75 VoL LTS «12.07 LTS LTS £20 RE4S2 88 FIT
MSG LxWw 0.13 x 0.17 PIT 5§20 PI204 (1]
10 83 0.26 1 7¢ VOL LTS «5.01 b4 ¢ LTS 820 P2204 B8 P17
MSG Lxw 0.16 x ¢.15 PIT 520 Pi204 88
0.28 1 €0 VOL LTS «7.07 LTS LTS s20 P2204 88 FIT
L e LxW 0.12 x 0.12 FIT7 520 Pa204 L1}
108 s1 0.131 34 VOL LTS 9.5 »T§ LTS 520 P2204 B8 PIT
MSC Lxw 0.16 x 0.16 ¥IT $20 P2204 L1
108 36 0221 45 VOL LTS +9.73 LTS LTS £20 P1790 89 FIT
MSG LxWw 0.16 x 0.13 PIT $20 P17%0 es
107 48 0.311 &7 VOL LTS +11.66 LTS LTS 820 P22ls 88 7IT7
mMSG LxWw 0.10 x 0.12 PIT 820 P2204 L)
113 as 0.211 114 VOL LTS +13.79 LTS Lrs 820 Pa204 89 FIT
MSG LxWw 0.13 x 0.16 €20 Pa2204 839

Total Indications Found « 56
Total Tubes Found = 26
Total Tubes in Input File = 26



AR
A T Y
A Y
R T T T
.t!."'.'.."..'.'h.'..'..l...'

SPECIAL INTEREST - VOL

SPEC.
ROW TUBE VOLTS CHN DEG IND TW
7 10 o0.37pP1
0 12 o0.22P1
32 M 0331
40 4% o0.28 P11
65 115 o0.51 P12
1
7 81 o0a7P1
7% 123 o0.09P1
L1 3 o021pP12
§2 3 0.3 P2
104 46 O0.20P1
18 66 O.24 P11
119 12 o0.19 P12
20 63 o0.30P1
127 %6 o0.21P1
3
136 23 o048 P12
P1
i S0 o0.30P12
132 45 0.15 P 1

pe1} (%] c43 P2

60

149

n

€1

”

63

81

74

64

7

(1)

92

BWNT TUBAN II (Version 2.1)
Crystal River Unit 3
S/G B
9. /04 RPO

INT. 10% #2 - VOL LISTS

vou

§a838aRaRaRaRARE

Total Indications Found » 3¢

Total Tubes Found « )

Total Tubes in Input File = 18

LOCATION

ces
Lxw
088
Lxw
06S
Lxw
07
Lxw
048
Lxw
038
LxWw

Lxw
0ss
LxWw
078
Lxw
078
Lxw
078
Lxw
078
Lxw
078
Lxw
108
Lxw
078
LxWw
078
Lxw
078
Lx W
278
Lxw

0.1€

«0.60
.23 x 0.
-0.82
15 x 0.
-0.97
.26 x 0.
-0.68%
07 x 0.
+0.5%
10 x 0.
-0.6%
14 x 0.
«0.72
11 = 0.
-0.72
13 % 0,
-0.59

0.10 x 0.

-0.66
15 = 0.
-0.77
13 x 0.
-0.76
.16 x 0.
~0.74
16 x 0
+«0 69

17 x ©
-0.00
18 x 0
-0.78%
19 = 0
-0.70
13 x 0.
-0.64
x 0

15

a9

21

14

17

04/27/1994 07.34.:4%

10% BXp 2

@ Egagss

8

VoL

VoL

§ dd

VOL

VoL

VoL

AR L i )
LA AR A A Y
AR AR R R R
..."Q".'..l.l.."............
.........-.......".......O'...

Page 1

EXTENT1 EXTENT2 PROBE ANLST CALR COMMENTS

08s

068

078

04s

03s

048

088

078

078

078

078

078

108

078

oes

068

078

048

03s

048

098

078

078

078

078

078

108

078

078

078

078

$20 P2204 88 VOL
520 P2204 88
$20 P2204 88 VOL
520 P2204 68
$20 BO6S0 88 vOL
8§20 BOESD @8
6§20 P2204 e& vOL
$20  P2204 88
$20 R6452 8% VOL
20 RE6452 89
20 P2204 #8 VOL
30  P2204 BB
520 P2204 88 VOL
520 P2204 s
$20 P2204 88 VOL
20 P2204 88
$20 P2204 89 VOL
520 P2204 B9
S20 P2204 88 VOL
520 R6452 es
520 P2204 88 VOL
$20 P2204 &8
520 P2204 B8 VOL
520 P2204 @8
520 P2204 86 VOL
$20 P2204 68
$20 R64S52 89 vOL
620 R6452 @9
$20 R6452 88 VOL
520 R6452 8s
620 P2204 88 VOL
6520  P2204 &8
620 P2294 68 VOL
520 R64SZ @6
$30 P2204 88 VOL
§20 P2204 88



R
A R )
BRASRCAONIR RN IRA RN RREERRORD Y
AR R
L R R T Y

SPRCIAL IN'EREST - VOL

SPEC. INT. 10% #) - VOL LI
ROW TUBE VCLTS CHN DEG

T 7 o0MP2
c.2a P12
0.27 p

22 s o0 P1

L DY

1123

72

82 130 o.20P1 S2

90 $ ocavp

.

§E8cRRARARGRARARARE §

107 15 0.33 P12

148 3¢
0.23 P12

150 7 0.3 P11

91

91

2

BMNT TUBA¥ I1 (Version 2.1)
Crystal River Onit 3
8/G A
54/04 RFO

Total Indications Found e 19

Total Tubes Found » 7

Total Tubes in Input File « 7

i

LOCATTON

078
LxWw
078
LxWw
078
Lxw

LxWw
LTS
Lxw
088
Lxw
1458
Lxw
Lxw
108
Lxw
108
LxWw

0.

0.

+0.56

.23 x 0.

-0.58

+0.65

.08 x 0.

«0.62

.18 x 0.

«24.67

-0.64

-0.92

16 x 0.
.60 x 0.

«0.79

.20 x 0.

-0.80

4 x 0.

08 x 0.

23 x 0.

13 x 0.

INT.

7

06

12

13

16

13

13
12

13

09

04/27/1994 07:21:04

100 EYP 3

§d @ 8

8

VoL

VoL

voL

.."'..'............Q.'........

LA R R LA AR T YL ] e

AR AL AL LA .....".'.'.......
.'........'.......'.'."""...

.'.......".O.....'........'...

Page 1

EXTENT1 EXTENT2 PROBE ANLST CALN COMMENTS

078

078

078

108

LTS

oes

148

108

108

078

078

078

108

LTS

088

148

108

108

520 LM 86 VOL
$20 LM 86
$29 LIeM 86 VO,
520 L7aMm 86
520 LM 86 VOL
520 LM 88
$20 LM 86 VOL
520 LIEM 86
520 LM 86 VOL
520 LM L 19
$20 LIEN 86 VOL
$20 LMM 86
$20 LM 86 VOL
$20 LeMN 66
$20 LM L1
820 L8N 86 VOL
520 LM 86
520 L8N 86 VoL
520 LN 86




LR e e ] BWNT TUBAN II (Version 2.1) 04/27/199% 13:16:16 A T T I T T
RGN AN AR R Crystal River Unit 3 ahdb bl bl bl At A L LE L DT T T
R L ] 8/G6 B AR R AR A R T oY
R L T e Y 94/04 RFO RREGsEERRENIOTRLRIN LAY
R SPEC. INT. 10% EXP 3 R I T T

Page 1
SPECIAL INTEREST - PIT
SPEC. INT. 10% #3 - PIT LISTS

ROW TUBE VOLTS CHN DEG IND STW LOCATION EXTENT1 EXTENT2 PROBE ANLST CAL# COMMENTS
15 35 0.33 P 1 63 VOL 098 -0.91 098 098 $20 9318 90 PIT
MSG Lxw 0.18 x 0.14 PIT 530 C9318 %0
3 38 0.151 49 voL LTS +27.08 LTS LTS 520 S18486 50 PIT
MSG LxWw ©0.10 x 0.17 PIT §20 S1848 90
3 40 0.231 94 VOL LTS +28 .83 LTS LTS 520 516480 91 PIT
MSG LxW 0.13 x 0.13 PIT 520 Sie48 91
39 42 0.131 50 VoL LTS «8.77 LTS LTS 520 Sie4s 90 PIT
MSG LxW 0.17 x 0.14 PIT 520 S1848 90
41 47 o0.211 61 voL LTS +9.51 LTS LTS §20 B1g48 90 PIT
MSG Lxw 0.10 x 0.17 PIT §20 S1848 90
43 42 0.231 62 voL LTS +9.53 LTS LTS 520 S1840 90 PIT
MSG LxW 0.10 x 0.17 PIT 520 S1848 90
44 46 0.171 121 VOL LTS +8.46 LTS LTS §20 S1848 90 PIT
MSG LxW 0.13 x 0.12 PIT S20 S1s48 90
47 48 U0.19 1 75 VOL LTS +5.86 LTS LTS 520 Sig4d 90 PIT
MSG LxWw 0.17 x 0.17 PIT 520 51848 90
57 51 0.19 1 49 VoL LTS +9.90 LTS LTS 520 S1848 90 PIT
MSG LxW 0.13 x 0.15 PIT 520 S1848 S0
60 38 0.291 98 VOL LTS +5.56 LTs LTS §20 81848 20 PIT
MSG LxW 0,17 x 0.15 PIT 520 S1848 90
63 27 0.09 P1 55 VOL LTS +8.38 LTS LTS 520 M6664 80 PIT
MSG LxWw 0.07 x 0.08 PIT 520 MEG64 80
63 29 0.18 1 98 VOL LTS +6.20 LTS LTS $20 S1848 90 PIT
MSG Lx¥W 0.13 x 0.17 PIT 520 S1848 90
66 28 0.251 §5 VoL LTS +8.16 LTS LTS 520 S1848 90 PIT
MSG LW .07 x 0,13 PIT 520 51848 90
84 98 0.07 P 1 79 VoL LTS +12.08 LTS LTS 520 M6664 90 PIT
MSG LxWw ¢.13 x 0,13 PIT 520 M6664 90
92 93 o0.201 68 VOL LTS +6.12 LTS LTS 520 S2680 90 PIT
MSG Lx%W 0.17 x 0.17 PIT §20 82680 %0
96 29 0.09 1 $0 VoL LTS +26.59 LTS LTS 520 51846 $0 PIT
MSG LxW C.09 x 0.15 PIT 520 S1648 90
96 116 0,09 1 70 VoL 158 +2..39 158 158 §20 s1848 90 PIT
MSG LxwW 0.10 x 0.17 PIT 520 51648 90
99 94 0.12 1 87 VoL LTS +5.79 LTS LTS 520 M6664 90 PIT
MSG Lxw 0.13 x 0.14 PIT 520 ME664 90
110 45 0.12 1 JOL LTS +11.6%5 LTS LTS 520 §1848 91 PIT
A8G LxW 0.07 x 0.20 PIT 520 S1848 91
112 49 0.211 36 VoL LTS +6.31 LTS LTS 520  S1B48 $0 PIT
MSG Lxw 0.10 x 0.1% PIT 5320 81848 90
117 44 0.22 1 95 VOL LTS «10.76 LTS LTS 520 51848 91 PIT
MSG Lxw 0.16 x 0.13 PIT 520 Sl848 n
0.21 1 74 VOL LTS +8.68 LTS LTS $20 81848 91 PIT
MSG LxW 0.10 x 0.17 PIT 520 Sle4s 21

Total Indications Found = 44
Total Tubes Found = 21
Total Tubes in Input File = 21



AR AR R RS e R A R e R ]
AR AR R R R R e L R R R )
AR R R R
AR AR AR R e R R ]
R R R R

SPECIAL INTEREST - VOL

SPEC. INT. 10% #3 - VOL LISTS
ROW TUBE VOLTS CHN DEG IND ¥TW LOCATION

§ 38 0.58P1

27 % o0.27P91
P11
3 47 0.26P1

4% 47 oCc.08 P11

49 48 0.36 P 1

51 37 o.22°91

61 26 0.11 P 1

64 €8 0.3 P 1

64 122 0.34 P 1

68 102 .15 P 1

69 4% 0.28

79 40 0.23

92 126 0.40 P 1

117 mMm 0.3 P1

17 73 0.27 P 1

124 48 0.32P1

126 $3 0.30 P21

129 82 .21 P12

130 47 0.28 P1

147 23 0.28 P 1

83

71

73

25

111

78

62

51

£3

10

96

8s

n

a9

61

78

62

BWNT TUBAN II (Version 2.1)
Crystal River Unit 3
s/G 8

94/04 RFO
SPEC. INT.

BaBARARaRARARGRER R R R R R ats

Total Indications Found = 40

Total Tubes Found = 2

Total Tubes in Input File = 20

0

098
Lx
118
L x
078
L x
LTS

078

©ves
L x
118
L x
078
L x
078
L x
078
L x
078
L x
078
L x
078
L x
078
L x
038
L x

-0.85

.21 x 0,

+0 .84

.30 x 0.

-0.73

A0 x 0.

+13 .54

13 x 0.

-0.73

13 x 0.

-0.59

13 x 0.

-0.67

.08 x 0.

~0.69

16 x 0.

+«0.98
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I1.G Figure 4-3

The .. “a points on thig Figure are contained within the following Tables from
the same report. Calculated pressures are based on the BHK equaticn.

Table 4-3 for laboratory grown IGA
Table 4-6 for the pulled tube IGA
Table 4-8 for the pulled tube wear

The Tables from Reference 1 are included herein for completeness sake.
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TSCRN 203 Technical Report

Table 4-3

Laboratory IGA Samples

(Calculations Based on Maximum Degradation Depth)

Tube Degradation | Degradation | Maximum Measured | Calculated | Calculated | Calculated | Calculated
Section Width Length Degradation Burst Burst Burst Burst Burst
{in.} (in.) Depth Pressure | Pressure Presswe | Pressure | Pressure
(% Tw) (psi) (psi) (ps1) (psi) (psi)
(Framatome | (BHK (Uniform (PNL Siot
Equation) | Equation) Thinness | Equation)
Equation)
23-B 0.263 1.508 734 6850 4363 6210 5378 5530
23-D 236 1.500 66 6 6300 5056 6847 6502 6233
24-B 0.245 1.490 78.7 5800 4019 6128 4727 5401
24-D 0.246 1.510 80 4 5250 3874 6027 4419 5285
25-B 0.253 1.506 415 S750 7044 8006 8465 7623
25-D 0.239 1.534 68 8 8400 4861 6704 6215 6070




TSCRN 203 Technical Report

Table 4-6

Burst Pressure of Tubes with IGA Degradation

FPC Propnetary

Tube Degradation | Degradation | Maximum | Measured | Calcuiated | Calculated | Calculated | Calculated
Section Width Length Degradation Burst Burst Burst Burst Burst
(in) (in.) Depth Pressure Pressure Pressure Pressure Pressure
(% TW) (psi) (psi) (psi) (psi) (psi)
(Framatome | (BHK (Uniform {PNL Slot
Equation) Equation) Thinness | Equation)
Equation)
41-44-2' 0.106 0.069 54 9800 7155 8746 8705 8410
68-46-3 0.089 0.228 75 7000 4548 6705 5654 5996
97-91-2' 0.098 0.076 54 10300° 7305 9022 8968 8636
106-32-2" 0.070 0.062 40 10900° 8417 9568 9643 9305
72-49-2 0029 0.041 18 10650 9638 9945 9998 9848
Notas:

1. Tube pulled in 1982
2. 1982 bursi pressure adjusied per Appendix A of Reference 3.

413
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TSCRN 203 Technical Report FPC Propaetary
TABLE 4-8
Burst Pressure of Tubes with Wear Degradation
Tube Degradation | Degradation | Maximum | Measured | Calaiated Caiculated | Caiculated | Calculated
Section Width Length Degradation Burst Burst Burst Burst Burst
{in.) (in) Depth Pressure Pressure Pressure Pressure Pressure
(% TW)' {psi) (psi) (psi) (psi) (psi)
(Framatome | (BHK (Uniform (PNL Siot
Equation) Equation) Thinness Equation)
Equation)
68-46-14 0119 0.0S0 32 10850 8806 9802 9979 9544
68-46-18 0 141 0.425 19 10700 9005 9106 9534 8915
72-49-7 0 0 0 10650 10380 10120 10120 10120
72-49-13 0134 0.094 16 Toas0 9416 9769 9903 6442

1. Based on tube wall thickness of 00.037 inches.
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IT.H EPRI Growth Rate Study

The data utilized in this study was previously provided to the NRC Staff as
part of References 4, 5, and 6. It is contained within the 1992 EPRI pulled
tube report as Attachment A to Appendix B. Excerpt from the EPRI report is

provided herein for completeness.
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EPRI Licensed Material

Attachment A - Comparative Analysis of Eddy Current Signals

52-51
Locationg (A)

6.38/6.43/6.21
8.66/8.64/8.48
9.89/9.87/9.66
10.77/10.73/10.59
12.2/12.07/11.91
12.95/12.86/12.72
14.53/14.5/14.32

109-30
Lecations

6.04/6.29/6.13
8.34/8.54/8.46
9.52/9.77/9.66
10.09/11.13/10.16
10.91/11.13/~
12.72/12.95/12.87
14.84/15.17/15.15

106-32
Locationse

6.32/6.32/6.35
6.87/6.80/6.96
7.58/7.57/7.71
8.01/7.97/8.09
8.69/8.67/8.78
8.94/8.91/9.01
9.71/9.68/9.73
9.98/9.97 /===
11.34/11.33/11.44
11.71/11.71/11.78
13.09/13.20/13.34
14.63/14.56/14.81

Notes:

(A) Eddy current
(B) 600 kHz eddy

3/18/89
Volt/Phase/%(8)

0.89/148/2
0.47/94/66
0.88/139/17
0.19/80/77
0.19/66/86
0.43/161/0
0.33/119/43

3/18/89

0.67/153/0
0.75/125/36
0.33/131/28
0.43/141/13
0.18/126/35
0.13/45/97
0.32/20/50

3/18/89

0.62/141/13
0.83/164/0
0.35/145/6
0.39/11/27
0.33/126/35%
0.19/74/81
0.49/150/0
0.46/139/16
0.35/127/34
0.55/134/24
0.57/133/25
0.22/101/61

Average Peak-to-Peak Volt
Average Phase Angle
Average Percent Wall Loss

flaw locations of

4/30/90
Volt/Phase/%(B)

0.62/153/0
0.57/92/68
0.75/136/21
0.24/47/96
0.22/45/97
0.26/162/0
0.29/105/57

4/30/90

0.67/157/0
0.66/126/3%
0.27/129/31
0.50/135/23
0.16/117/45
0.27/53.93
0.36/28/70

4/30/90

0.86/147/2
0.93/165/0
0.42/132/25
0.38/15/37
0.27/124/3%
0.21/39/9%
0.60/145/4
0.50/146/4
0.53/146/4
0.65/134/22
0.58/140/14
0.43/117/44

5/14/92
Yolt/Phase/N(B)

0.62/148/16
0.33/79/82
0.61/150/13
0.30/66/89
0.16/62/91
0.32/164/0
0.35/152/9

5/14/92

.54/153/8

.65/137/31
.23/135/33
.35/132/37

.18/26/60
.20/32/74

OO 1 0000

5/14/92
t

0.58/138/30
0.63/176/0
0.40/167/0
0.26/22/51
0.23/138/30
.14/82/80
.29/152/9
.34/157/1
.32/150/13
.24/133/36
.36/150/13
.20/110/59

0000000

0.472 0.49%9 0.366
120 117 127
30 33 33

Met
Locations/%(C)

9.12-9.34/34
11.39-11.87/83(2)
12.57-12.78/52(2)
13.50-13.68/45(2)
14.82~-15.11/40(2)
15.63~-15.86/33(2)
17.23-17.44/33

Lkecations/%

No met
15.75-15.95/50
No met
17.5~18.54/40
No met
Nc met
No met

Met
Locations/%

13.73-13.76/49(3)
14.21-14.37/51(2)
14.98-15.12/25(4)
15.38-15.50/24
16.08-16.19/40(2)
16.32-16.42/29
17.09-17.14/38
17.38-17.39/40
18.74-18.85/42(2)
19.12-19.19/46(2)
20.5-20.75/39(3)
21.97-22.22/36(3)

respective tube from each outage
current data and flaw depth estimates
(C) Adjusted locations and associated met results,

indications

(X) indicates multiple # of




I1.1 B&W Growth Rate Study

The data utilized within this study was previously provided to the NRC Staff
as part of References 4 and 5. It is included herein for completeness.
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TABLE 4: 53/N Growth Study (Sheet 2 of 4
CR-3 GROWTH EVALUATION OF FREESPAN INDICATIONS

1980 1900 1982 OELTA RATIO
AOW COL LOCATION VOLTS VOLTS VOLTS VOLTS VvOLTS

sas & 7 LTS8+ 728 083 X -] C.o8 1.17
§Ge 4k 3% LTS+ 740 st os7? 0.168 120
S8 r3 4 LTS+ 743 054 0.64 Q10 1.19
SGBE 117 “M LTS+ 747 048 Q48 L.02 098
SGS a8 47 LTS8 + 780 aso o4 0.06 1.07
sae #0 4 LTS+ A2 Q54 050 .08 1.08
838 8 2 LT+ A 050 080 008 1.18
Q8 af @ LT3+ N Q64 o8s Q.04 1.08
sae L)) 88 LTS + 238 080 om a1 1.18
SGE 104 81 LTS +» 858 ora ore Qo0e 1.08
SO8 104 3 LTS+ AW os o.en 0.00 1.00
sas 108 38 LTS ¢+ 1011 068 ¥ L.08 oee
8Ge a6 9 LTS « 1108 o8 Q.43 Q00 N+
&G 8 110 &4 LTB+1122 oS 0.8 Q1 o
S8 8 2.8+ 0.60 oaz 202 1.08
Sae g7 27 LTS+ 1158 oss ars Q08 0.94
$G8 108 “ LT8+11.08 an 0.0 Q.11 0.88
SGBe 64 B LUE+2D 038 0.3 (V1] 1.03
LYc) ] 103 “ LTS+ 123 oer 0.54 413 [« ¥ })
$GB B8 2 Me+w 0. o 007 1.18
8$GE 8 4 LTS+1254 os7 0 Q13 a7y
SGB £2 5 LTS +1208 Q54 043 0.47 L.07 o8
Sae 4 & \LTB+108 o8 058 Q10 120
sQae @ & LTS+ 0.42 oss 0.19 1.3
$G8 €7 43 LT ¢+ 1484 0ss o.s? ooR 1.04
8ae 7 & LTS +14aM ore ore 0.00 1.00
V¥Ge (<] % LY +154 0.3 0.48 a.o® 126
S 6 7% & LUT8+aem o052 0.58 aos 1.08
8as “l a4 LTO + N80 o83 0.8 QA0 0.08

AVGL DEV. a0t 1.0

STD. DEV. art Q.16




! TABLE 4: 3 N Growtn Study Sheet 3 of 4)
CR-3 GROWTH EVALUATION OF SUPPORT PLATE INDICATION

1989 1990 1982 DELTA RATIO
ROW COL LOCATION VOLTS VOLTS VOLTS VOLTS VOLTS

S A 28 83 007 +000 ¥ "} \0 o8 Q1e o
SGEe & 113 0O7-0.08 0.8 077 Q.08 oes
s/ae L 14 007 -0.66 0.80 (¥ 7 % - ) .03 1.08
sas &8 S oov-072 oz arm 02 o7
LUy 3 12 W7-07 .81 are Q17 0.8
sGe | 3 oor-un 0.80 ose a12 o8s
8Aa8 142 11 0O7-073 38 0.9 0.08 oaR
8/G A 114 108 0O7-Q74 08 o an or
S8 119 & 0O7-07% 0.68 0.8 0.8 013 1.19
$Q8 142 12 QOT-07% 038 c.28 L.07 o8
SGE 130 2 0o7-07¢ "X - c.58 Q.24 an
$Q08 138 32 oo7-07% 124 e 48 0.5
sas 17 74 0O7-0.77 143 oee Q74 0.48
Vas 100 & o007-07% o8 oss a2 o
G 148 3 0O7-078 st e a10 120
$GH 140 14 0O7-07% 1.08 004 Q.41 oo
/G A 14 s 0O7-0.7% Qe o5 a1 \Z
(¥ ) ) 1= % oor-om 1.08 o 4= 0.23
sae 13 38 7-0M 09% as Q.68 (o -]
sae 13 8 7.0 1.41 028 18 0.18
S/G e 149 @& 0OV-0M o 016 Q28 ]
a8 120 & o-0m a8t 0 A X 14
sGe 144 1§ QO7-00 are o 408 0.83
Ge 144 22 0O7-0.00 0.6t o8 410 (R ]
330 14 26 OO7.00N 037 014 4 0.3
a8 117 79 0O7-Q.04 0.81 047 L.04 0.9
88 144 12 007-0.84 s’ .58 {208 os7
sae s7 3 007-0.88 on 082 a1 ars
ae 147 24 007 -0.08 oS o 0.14 are
SO 10 18 oov-0N 08e oss .01 1.02
G 8 14 S8 0O7-0M 038 0.0 0.08 1.14
8/G 8 117 T 007-088 o oz .08 *% "
S/Q A 73 128 008 + 000 o8 [+% ~ ] o.on 1.04
S/Q A - 23 008 + 064 0.67 Qa4 o .08 o
3Ge s 128 008-07 Qs 058 a14 1.2
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TABLE 4: S/N Growth Study (Sheet 4 of &)

CR-3 GROWTH EVALUATION OF SUPPORT PLATE INDICATION

1969 1990 1962 DELTA RATIO
ROW COL LOCATION VOLTS VOLTS VOLTS VOLTS VOLTS

S/GA 94 129 008-074 ors oss 068 Q10 0.8
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SGe © M oe-072 (X} 04 A o6
a8 g 4 00B-0TW 128 1.22 04 A 037
8$GHE 14 7 008-07T8 o 0.40 Q.81 0.4é
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I1.J Figures 4-5, 4-6, 4-7, and 4-8

These scatter plots present the results of the Packer Engineering growth rate
study. The indications utilized within this study, including the 1992 and
1994 field bobbin coil voltage readings, are provided.
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Data Utilized In Figure 4-5
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Data Utilized In Figure 4-5

Tube ldentification

1992 Volts

108 68 "LTS

108 86 "10S8

108 70 "118

72

038

1

68 "156S

112,"148

o B, o T

17894 Voits

0.41

o 0.41
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[~ o4s] 056

77 "04S
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45 "
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e

- 0.41

063
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Data Utilized in Figure 4-6
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Data Utilized in Figure 4-6
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| Tube Identification Location | 11992 Volts
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T 128 80'oas | 067 o087 | o

P__*__lgﬁ ~ 63,"08S L _O._74 e ~ 0.8% o W 0.96

127 60096 | 071 | 088 | 0.84
3/"12s 068 | 1.4 | 1.2

138 7109s | 086 | 164 | 209
136 8008 067 | 068 | 068
_____1_4_34»_ 48 "07S | -0&1_{F R N 0.42 ar il 0.51
el zeffors [ 087 1 o] [ 064
146 7 "08S | -0.8! | 0.41 . 0.71
1a6]  7'08s | o068 | 082 | 075
146 22/"07s | -0.86 | o082 | 075
tas 3i1s | osel | _o0es | o8l
SN 1 S Y ) WA WK | ;e | 054
149 11."08S W % N R T ) SRR S T
150/  18[*10S a 087 | 072 _ 0.51

160 7."108 | 074 072 T 085
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Data Utilized in Figure 4-7

Tube Identification Location - 4)992 Volts, 11394 Volts
8 L B SRR SRS L b (SERERRE s
r

R T i om

1 LA A Ll T S
7. mfrezs 27.9/ v

26 10 """158" | 23.46] A . SAMAETVEE S ¢
e . e SOND] NN AU W
25 10/"""158" | 24.7@_ L I 11 D B )
27 92 "*"158" 21.99 | 0.6 ‘ 0.61

27 ealtuis | es6 | o7 | 074
ISR ) SN ) . N X 1) SN SN ) SN A ¥ 1)
3] s2twast | 134 | 035 | 039

3 jof~vi3s* | i 1 037, | 041
95| seetst | 1435 1 033 | 043

%  ssfmuvs® | 78] [ o | 07
[ 36 aaerst [ 775 067, | 052

36 0'""LTS" . 10.68 { 0.44 0.54
a7 aolreT | e | om | o8
371 eo[civs" | e38] o7 06
[ 97 evemvst 1 n] T 0.74) 0.74

e e

38, “417LTS" 653
39 411""LTS" 1266, | 0.37

SIS — _l._,,,A_.A-..A_ &

a7l 44" "*LTS" | 5.86 i 7*%__»9;64_1’_ I 5
|
i

| 39 arf=eurst T 22a] T oaal T 049

[ 39 4178 | 302 | o048 | o047
38 a1erst | 28.22] 049 058
39|  a2*"LTS"
3 a1t | 1123 | 0.82]
39 4s"""LTS" | 8.31 | 078

| - 5. TN L. . Al PR ) [ s . | 8 . I ot

39 A1[LTS | 9.62 1 1.27 | 1.13

+ I .. . WD, SN, .| . & W— i L

[ 40  e["eurs* | 13.22[ | 063 | 048]
[0 wpfeuvs” | 62 | " osel | 08
T (AR o W M T ¢ | SRS MRS
@ aIleurst | e8] | 0.9 | 0.65)

42 avteurs® | 8s2) | 048 | 038
42 39 ""tLTS" 7.82 . 0.32! 045

[ 42l asurst T a6 | 048 | 054

43 80" 128" | 6.7 069, | ot

e — SRS, <0 -— — ! S A

43 a2ru7st 834 o
44 6""'LTS" | 12.09 ' .

.
|

| 44 4ei"tLvs® | 1200 20 | 0 073 1
|

45|  37/"LTS"

45 apttLTS" [ 12.29 089 0.6|
45 7 77\""015'". . 30.29 1 0:.77;. 1 0.7
a6 aatuts® | 725 | 047 06
46 46cLTS™ | 84 054 | 061
46 44 """LTS"H S /7 | 8| i . 0.64
46 ‘37 "TULTS" | 6.47 074 | 0.79
47 = 31 ""'138"7 7 9.55 [ - 1.03, _ 1.23
48 a8[-uTs | 1088 | 034 | 067
49 42|"""LTS" | 9.48 0.49/ 0.46
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Data Utilized in Figure 4-7

Tube ldentification i
FE R T S G

48 e 2 ol

68
84
50|
58
59

.59,
59

3 59’
-

38"LTS"
44" "LTS"

41 ""LTS"

45 "*ULTS”

384""LTS' -

25 "*"LTS"

39[""LTS"
26 ..ILTSI

83uTst |

27/778* |

49 "LTS" |

39 ""LTs" |

27
X7 —

48] a1[*virs” | 1238 | o042 [ 081
49 1 8.87 0.66 0.52
48] a9"LTS" 1362 T oss 1 059
+— - ——4 - —
49 38" "LTS" | 1036 o061, . 08
48]  47/"LTS" | 10.34) ., 068 | 063
| 49|  48|"*"LTS" _*_ 7.42 . 069 | 0.68
4y  50"LTS” | 1071 1 1.02) L
asl T esluvsT | wens[ T o8 [T o
_______ 48 36" Lrs” | 7.35, |l o988 = | 0.3
RO R e 12.26 | 0.23 m,,ﬁ{__ 0.61
_,ﬁ@l BRI iyt R D 7 ISR T . SR D ¢
T 48/"*"LTS" 920 | 065 | 084
51 48 "*"LTS" 676 | 089 | 084
| B2 sﬂ"-l.rs' 1 129, 1 o8] 1 039
- 52 a1""LTs* | 789 |  036] *_#__,___Q-_‘.E
[ a3l"""LTs" | 822 | 062 T 066
B2  3"*LTS" | 101] 067 | 073
.. Ol ys | 12w 079 |  0.76
|83,  eiteirst [ ess [ o082 | 051]
P 81""LTs" | 1647 | 057 I 0.68)
64  37"""LTS" | 835 | 081 | 064
88| avuvs® | 1836 | 03| 03
SR . _41""LTS" | 10.85) 048 _0.44
.8  s&/™tyst | 681 . o083 | 064
.56, 80/"""0SST | @ 22.92] e’ | 0.26
56 = 8 '.",‘-Ts' : 691 — 0%, | 0.65
56 44[""’LTS" _____ 833 | o082 | 0.81
~ B8]  Si*aY$" |  BO7 1l o8] | 081
56| 53**13s" | 1599 | 074 | 081
| 668  S0[*LTs" | 1183 | ____,A__Q-ﬁl-*,._ e Qa_'q
67 _so[=utet | ,6_4.7;‘ L 038 | 04
57 aa*eiTs* | es6 | os3 048
i 672  98[*"LTs" [ 100 °5T R -] | . 0.59
| 67  B2°*"LYS" | 723 074 ' 0.82
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Data Utilized in Figure 4-7

Tube identification 992 V
8 Q_ olts 11994 Volt
e S vEbvi et _‘_4

8] ! SN
o 26 """LTS" | S s :
r*—-_“__s_‘w__ 28" TS" +— ::.61%‘ ff T v gt T
P 61 29 llnLTs. *— -074 e '-or'-"‘—s_, S - ¥ 0.45
< 27/ T8 | 1038, 2 BN | - STE 0.53!
62 33T-u-LT = 734;" e an, T 'f"_ — -§7 = v “_o gi
63 297,_,“:. 1323 | o082 )
E— 83L 39 ..-LTS. 11.‘11 K 2 “'+ -..2'_?_8__‘ g T 1 | —-—‘“6—‘»7-‘»1_‘
63 S TE %12 | A%-_ﬁ&_A B
€63 ol zgftnnLTs. -—8 1‘5_1;__:7 5 n 0 26 —_— ‘*-i— beur 6?3—6
63 ) Gk 10.11 el o L, "0.44|
64| PLvst | 786 . v37 e
+ 39 """LTS" | 56| 3 ! 0.562
» 84| 39°LTS" _ 1308 o DB 1 0.85
Rt L] N I
ol 45""1.1'5-‘4 . ¥ ) E— . 034
. 35} 28 wen - 9.39 ; e 0.41)
RIS e fmniai 0.45 L oa
——— __65\ 28T--. Y 9.27| " B | 0.52
M ) — - N BT A
A i M S - - — B2
. | 36°"""08s" | .. o T e R it rehirimf 091
= ______6_2 4 wew _fj_g-_87 - F Lz = 6"““
e _g LTS" , _— 0.56 l 0.78
WL e, 35 o) TE* . 14.53 0 5 0.48
. 69 ‘_9_“9‘?7;[1-:5‘_ Liredse ]_1__8_@4 Lo ey far: ———“6—52 R | _* 06
et 7_94._ o 42 "'"LTs- el T ~1—0§61 N - T "o%g-f = 4 __‘—07.8‘
3] ) o i) o047 . - 0.45
''''''' 72|  29]***08S" o | o | 056
AEEE (N —'m—z’s 018" - 311 N a— ~6R,‘ - 067
m— — | 5 A P | A
.13 ’ 39 B e - 27.68 S Bt » - e
3| se[iTst 68 | 037 033
IDEEERE . ) N '"os;?“‘*r"-“ 1396, T84 039
""‘-——_._.7‘ ¥ _—A'—"}:‘."; il »_‘____10.57? e __i‘ " J = —
e 25 025" = ‘ 0.3 1 04
i 80| 41 T ‘ 36.06 —t——— 037 I 6_25
et 8 ~0.36
) @ﬂ"ﬂi- X1 ) I 03 T 0.3
R e A 921 s o4
R _sﬁl 1] o '_5‘2‘1-.”.111‘8—'—/‘, __9.93 NECa 1 LN ~6—§§—1 — e ”4_6.2'7“
e ealirst | 10.02 032 1 084
) ) G - o 053]
— 88 sl | i2.98] I 7| S N )
| ss[  esiarst [ - |- 028
- —— - g?, _— 96 ﬂ-nLTs. —— e — 1—4;59 ; T 70.__5‘537 i 6.15
s 78-9«- i 96 "ee TS" e 8.34 1 ’o'-e—s—o_ ' r 0.51
| 89 mii'* FEICLLTT ;L 13.51 - 606;* i 553
e s s e
"] ,49‘9}‘ 94 "'LTS-_"‘ - 1?45 | ‘1“--»-4 — ] 091
et B QQI G 41 '-?;[‘:‘;-s. - 1449 - G ,54'4 _4' . *1 i
}— 90 " ‘3 wea P Y S— ‘0'46 - * . 0'.3.641 - - 0 41
90 LTS 8.03 . 0.66
90 4aPtivst | 7.65) L 064 0.56)
Tl L 077 . 0.65
. KIS oo 0.82

- ‘3 .-.LTS.
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Data Utilized in Figure 4-7

Tube Identification | Location | 1992 Volts, __j1 994 Volts
Y " . Gt 10.13 083 | 032
2 92 45 """LTS" 6.53 054 | 049

92 44" "LTS" | 102 067 | on
92 44 """LTS" 901 | 0.3 1 o081
92 96 """LTS" 881 . 068 _0.87
[ 92 28" "LTS" 81/ @ | o7 K |
92,  28"""LTS" 6rs| | 14 T 1.3

______ 92 28/"*"LTS" 10.93 wfind 16, 139
- T |
3 92 28°LYS" | 8.79 1 1.18] 1.45
s 93 22"""028" | 3509 | 046 - 0.36

94 81°"105" | 18.39] 1T o072 ~ 0.93)
[ e8] 281" | 7.27] 1 o4zl | o041
96 116,"""168" | 23656, | 0.69 0.7
97 94 """03S" % 565 0.68 1 0.64
97 27(**"LTS" LLE I 0.98 089
97/ 43 """LTS" 7.9, | 3.24 ] 3.27
98 93 """LTS" 7.01 . 018 | 0.43]
98 43"*"LTs" | 1248 I 069 | 0a4a
X 98 95 """ TS" 7] 1 oss 095
99 94 "*"LTS" 6 103 1 o8
| 100  ealciTs® | 76e| | o047 | 03
80 rave | 68 i 0.34 056
100 "~ 97°"148"° | 31 | 059 | 074
T 100] 32]"LTS" | 8.35 T 006 08

1+ — - B . —a_.J
_______ 100  91**"tTs" | 1173 078 ~0.81]
V01]  er*LTS" | 16.24] 043 041
w1 ™eivs* | 128 | o068 | 0.63)

101 93"*"LTS" | 624 | 079 | 067
101,  31"tMATS* | 0 1138 00 o061 . 07
101, 93 """LTS" 7.44 074 | 0.76
101/ 41 """LTS" 15.02 o8 09

100, 91/"""LTS" | 898 .. 085 | 1.09
03]  37°LT8" | 164/ | 037] |  0.27
103  37/Lvs" | 999 | 0.83] .05
103 44" tLTS” _13.82 045 0.5

103 81|"038" | 11.67] 052 0.5
903 3sLts | 963 ) 083 0.51
| 103 44"tLTS" | 1226 N 069 | 0.58

103] aa"tLTS" | 1187 0% T 07

103 90"tLTS" | 814 [ 105 | 078
n_mlgﬂ., _.3a°"tLrst . 9.83 | 04 | _9-.8ﬁ

03] @0t |1 T 063 | 0.83

104 s1tMLTST | 1047 | 034 0.2
104 B1"CLTS" | 975 1076 05

104 36"""LTS" | 6.94 | 0.48 0.52
| 104]  33"LT$" |  6.61] , 0.55 0.7
104 a3/**"LTs" | 6.52 0.81 0.76
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Data Utilized in Figure 4-7

~ Tube Identification Location |

séh- B Sy

1992 Voks| 1994 Volts|

04 a1wiTs | 1642

105 43"*°LTS" | 118 O 27
106  36"""LTS" | 10.01 e 4 0.73 0.47

105 43"""LTS" | 16.58 | 031, | 047

105 a3-irs® | 1801 | o084 | 047

+ hrodP0AS W—

105 43 "*"LTS"

105 32-uTS" | 9.4 0.8 j " 0.74
|

106 [**.7s" | &7 @ | 037 | 08
106 a7]**"LTs* | 862 | 087, | 061
107, 50 """LTS" 5.71 | 0.25 0.35)

107] _ 60/-iTs" | 10.9a | o4 |
108 33 """LTS"

108)  33"""LTS"

l
ol
|

L~4_
|
!
|
et
|

108 33 """LTS"

I |

| 109 32*L1$* | 962 | 08 | 061
110 45*""LT8" | 1116 | 071 -

110,  70/**"03s" | 2641 | 08 0.47

Wi e vs” | o4l | 088 | 08
112 a0uvs" 831 | 082 | 056
112 40 """LTS" | 9.99| | 0.65 : 0.56
2 aoteurs' | 1338 | os1 | 078
12 40 *""LTS" 665] | 07, T 078
—_m3[  48[*-iY$* | 1697 | 043 | 083
M3 aetATS' | 14a T 068 | 054
N3] 39LTS" | 1041 | 064 | 063
_m3[selrs” 1208 [ 073 |07
M3 3eleTsT 1642 | 065 | 074
3] selteurst T 1123 | 0.63] |09

17 44/""LTS" | 748 | 082

8] aol*Lts™ | 638 | 081 | 037
118 a0 "LTS" | 8.67 1 087 | o083

118 40/"""LTS" | 2487 031 | 056
123  10*07s" | 655 08 09
123 10"vo7s" | 889 | 084 | 107
124, 8"tt09s" | 1233 | 067 1 os4
| 127 " 8**voes" | 828 | 043 039
127, g*"toas" | 1731, 05 | 048
| 127, 8"tt088" | 24.94 0.6 0.49

| 127 stoes* | 1703 | 067 | 062
1) : |

[ 127] BTzt | 1A ]
.1,  S7*r078" 2876 038
= 134, 44 """08S" 16.5 |

S CI— it

142 a20s” 2232 031 o3
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Data Utilized in Figure 4-8

Tube Identification

_Location *

1897 Voits|

21! ---1os-—

6 -uuoas; > 3

4“'.098.

I 1994 Volts

A X _OJSI o
4 16/"08S* | 078 046 | 031
4 i9/"""09S8" | 0.62 e 0.67 R Y
I 4 24/°098" | 085 | o048 | 073
8|  38/*"088" | 082 071 1 108

- L] .oss. |

10

10 12 """09S"

e e et e e

13I 27!"""033'

.

13|

9 """08S" B

086, 029 1 056
cs6 | o088 | 081
083 o 083
081 1 o078 056
072 041 o4y
08 | o045 | 077

14! 34 ""*078"

9 IIIO7SI

14 7,"""098" e 083 091
18] s™-os" | 087 | 064 | 0.6
15 309" 081 | 086 | 063
18] 3s|"088" |  -0.85 o7 1 087
At 16 38|-07s" | 072 | o045 048
— 13 7a**o78" | 079 | 183 | 079
18 e™voss" | 0.8/ | o048 069
% by 19i B 30»"""075" A -0 86 | o083 } & 0.86
[ 21 ao[fo78" | 037 | 042 | 0.8
21 40"""09S" | -0.82 069 | 078
_22]  35""078" | 081 06 | o081
I 3""038" | 072, | 086 | 054
[ 23] 12/*"08s* | 084 032 | 063
|27 s["c0es™ | 0.79[ | os2 1 06
[ 28 " 6-oes" | o086 054 049
| 1&2':’*35'_,-4‘ 069 ~052] 047
| 30  14""0es” | 084 | 043 0.64
I 1] . ~7"vto8s” | 081, | o061 0.75
T T T PR 1.04 078 043
3]  s[™o1s" | o087 075 0.85|
34 8"™r09s" | 093 0.34] L 1.29)
35 42"to9s" | 082 o087 065
35 20"""04s” | -0.69 0.3 0.95)
'_H_3§4__ . 7"‘"078"__; -0. 83' 9.72‘ B _O.giﬁ‘
37 12""08s" | 072 0.59 0.38|
37 48""078" | 068 0.81 0.78
% ,61,'"095', | 079 056 ) 0.56
39 a9"*v038" | 067 069 0.74,
39 807" | 0.65 o8 0.78
ﬁ‘l 52.""075' | 0 79 | 0.8_5;7 9,.55
40| 807" | 0. 77 . 0.4a 0.44

Page A-72



Data Utilized in Figure 4-8

~ Tube ldengiﬁcation EAER =T}

_"@Tm S

11992 Volts
— f_.., ———————— - +—._

98 """058"

~ 46| 7/***078" | 077, | o0®s T
SR ;) IS ] i1 o67] | o822 = |
a8 7[™voys* | o063 | osa |
|52 30/"-w0s" | 085 | 083 [
DU AR T s N T Y, S G 7 || S 2
—sa eoys” | om| | o088 |
__sa|  ®1["*078° 062 | 068 i

(68| i2s~0ss" | 078 | 048]
___________ s9]  1oes” | o078 | 083
| 68 113/*""07s" 0.8 o7 ]
3 69| 122 “""09s" . -0.74JY _g W4_ﬂ_y1»l94_~* e A
| 80[  117]*=-078" | 077, | 048 |
L 80| 119/°°"078" | .:Q._B_;‘ " _f S | .
y=3 Mf_sgLW 13"""038" = -0.67 . 068
63 34078 | 068 RN . | | SN
63 e9"r07s” | 0.74] T e T
B4, e8"""07S" 08 o7
[ e[ i21]"coas* | o066 | o7 |
85 115"""0as” | 0.71 ) 0.73] |
D 65 122 "*"068" | 0.65 1.02| =
65 121"""08S" | 062 | 096 o i
65 119"""0s8" | 089 | 159

/1994 Volts|

PO, i s

56 ”"L"?QELSL L on, o%8 0| 0.95
. 66 126"7"04s* | 068 | 104 1.4
o Y 112'7_',_'9§§_"_,, 0.65 _0.58 g 0.63
67, 99/°°7078° | -0.66 107 0.78]
| 68 56/"""09s" 0.56 042 .06
68 125/"""058" | 069 0.65 1 0.67
.68 = 49""098" | = 0.73 0s%2 0.74)
... .6es ,48 """098" 0.68 ] 0.65 1 0.83)
68 42°""09s" | = 0.65 | 06 1 0.92
68 21""088" | -0.9 141 122
.8 56 ,"""08s" | -0.63 1 1.14) | 0.77|
69 56"""07S" | -0.68] 3] 1 o098
69 47°"t09s8" | 0.78 ] 0.49 107
70, 58/"""09s" | 0.68 T 0.37, 0.57)
70, 81"""09s" | 0.68 0.69, | 062
70 125/""t128" 1 03] ‘ 0.63] ‘ 0.81]
70 68 """078" | 0.82] 0.86 1.04]
71 43"tro9st | o_.n, 0.56/ | 0.92
72 64 ""*108" | 0.7 | 0.48 , 0.6
73, B6"""058" | -0.¢ 64 1 0.69 B 0.66
56 """07S" 0.72 | 0.57! ‘ 0.68]
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Data Utilized in Figure 4-8

F__Tt_tgg Identification_ j  Location |
ation |

_61"""078" |
84"""07S" |
71"""038"
86"""075" |
82 """078"
70/"""078"

100 -u-o7s- |

- |
+ - -

imh ...E; _M__re_gT"--qs_sj#""T‘""'16.'67 T "bl's_éj" T 1.08
78] es-o7s | 078 | o063 | 058
79 126"078" | 076 T oss 1 oan
__79]  66[*"07s" | 068 | 051 | 088
9 123[""0es* | 081 T 038 o8]
%[ _a1os” | o6 | o082 | 088
7  39°**12¢° 0.64 T 088 T oss
1 79 22/"11§° -0.46 :Ik 084 | 1
G RN o AN 038 [ 043
80l 127/"*"078" 0.79 I o088 | o8
[ ®0] 58"""078* | 0.8 o EC 7 R e __o_.%g_‘
81 122|**"078" | 088 | 1.00] T ~ 0.92]
81| esw08 | 071 | 108 | 107
B 81 ea"rt108" | 079 ™ .38 | 1.32
[ ea]  s~oes* | 074 | 066 | 042
e e[~oss" | o062 | o8 | 08
83 131""098° | 077 | o086 | 0.9
[ 84 " 7[""07s* | 073 | 088 | 061
|84l 39/~v07s* | 081 "4 107 | 102
88l 727"voes* | 078 | 049 T 0.9
| 85| 38"""03s" | -0.89 T o8 1T 08
86| 108/"-oes” | 082 | 036 | 04/
86 _B."""098" 0.51 . 085 1 059
88 __53%"'075' 78 0.87 | 0.71
87 m2*ro78" | 0.8 062 1T 08
®es|  12/*"oys* | o8 | 128 | o076
92 126/"""07S8" | -0.85 T o072 0.57]
82 60078 077 | 087, | 0.3
e aeors | 078 | o073 | o
93 17roes” | 079 | 082 | 079
; 96 70 078" |0 78/ | 096 ™ 07
| 96  e6""0 3" | 075 | 1.24 T ios
96 28/"""098" | -0.79 R T e A

e s P L WelWI L. ..h_.'.ﬂ,_ e = 1§L
_102]  46""t078" | -0.81 1.52 | 0.88
w02 esrvorst | 078l [ waz 102
103 5;#'09;5_(71 062 T a7 a2
104 46"""078" | -0.78 T 078 T o041
~108]  nm3lrorst | 079 o8 B
108 42 """078" | 0.73 | 1.73 1.03
08| 38[""075" | 0.83 139 0.49
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Data Utilized in Figure 4-8

_Tube Identification | lLocaton | [1992Volts| 1994 Voits
| |

__us]  a3vo7s" | -0.83]
16 61°""078" | 08|
4 116 80 """07S" 083 | 042
118, 49*""078" 0.79 |
17 Pt -l adel @
118/ 99("**078" | o780 =01
| 118]  66/""03s" | 078 = I
118 66 """078" | -0.75
18| ee[-o7s* | 081 |
119 12[**"078" | 084
L NSRRI
18 63"""078" | 079 |
_120]  102|***078* | ©77] |
120 97/"*"07s" 078 | 068
120 63 """078" : 78
121 78 """03S" -0.76

121 8=0% | o33 |
122 102 """07S8" | L SN X
123 74078~ | 082 |

126 98***108" | 071
128 89"*"078" | 0.79 3
126] ___ 63/"""07S" | 0.8

126 43""*078" | 085
127 96,"""108" | 0.68 |

(T 9] 58/""078" | 08 | .
128 63"13s" | _0.84] |

__129]  s2/*-038" | 075 |
129 s2/*"078* | 075 | 0.7
128 2 ,34‘"3175:» . 0.81 R I T L
130, ,',"07_‘_51' S R 2L )

130 14 """oes” | -0.82
| 130,  47/""078" | 0.78

N - R ...___?.3 vto7st . 081

. A/ T\l

131 50"""078" | -0.81

932l se[™ors” | 08
132, asto7st | 081
e e 58“‘"075’_ 1 0.78,

_.1%2  63'o7s” | -0.76
132 48/"""07s" 08

e T S B e T B
i i } | ! ! ! { |

_133] " 3B[*"078" | 0.76]
134 ~ 78°"""078" | = -0.8
| 194 @ ,%9 ""078" | 0. 78‘ . .
134 .AVBE_‘"7.'?.075',,.,+ -0.76] !
134 39**ro78" | -0.81 ]
138, a7/*o7s" | 083 N
135 43"""09s” | .0.89) T

136 49 ""078" | -0.79
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Data Utilized in Figure 4-8

|_Tube Identification _ locaion | 1 992 Volts 1994 Volts|
4 | - S 1 B i .,_’._._‘_ﬁ____.. — . s

136 32078 | 074 _L-___Lgi._ kY i_ 0.75)

137 —3[""*108" | 0.66 | 0.58 0.62
138 ___so/~ors" | o8| | o371 :___'jff"' 0.57
138 30***078" = 0.8 _f 0.89 Bk 0.81
139 33[**078" | ¥ | o34 | o038
139 21/*""078" | -0.76] i 0.59 0.47
_____ 139]  74/°°"07§8" | -0.88 A%ﬂ_m 7 [ SR
140]  32°*'078" | 082 | 048] | 059

140 21*"07s* | 069 | 098 ] 0.84

| 140 16[""*078" | 077 ] 182 = |  1.485
141 67/""*078* | 085 | 058 : 0.78

142 87[***078° |  -0.85 ; 041l | 0.3

142 38/"""038" -0.82 1 oMl | 0.47

| 142] 38 """07s" 082 05 0.49
142 24"**078" -0.77! 083, | 0s1
142 11078 0.75 B S O B X1
= 142 ~12"""078" | 078 | 087 | 063
3 142 14 " 078" | 08 — | o83 ‘i 0.64
143 31/"*"078" 079 0852, | os1

144 24 """078" -0.77 047 . 045

144,  56"""078" = -0.84 088 |  0.46
_lae) 00 22/°078° | 078 00 | 0.55 N 0.57
144 13078 | 074 | o087 | o8t
144 12/""*078" | 08 | 088 | 0.9
144 _37j;;-o7s' .08 | o0&, | 1

| 144  15"""07¢" 078 077 | = 102
184 a9**07s" | 081 | 086 | 107,
145  28/"*"078" | = 0.8 | osa T ce4
S T ) 807" | 083 | 068 | 067
146 3avt07sT | -os | oes| 077
146 30 '_"_97_5'__44,__--:(!86 ., 04 | 0.1
146 a7"=vo7s* | 088 | 061 | 066

| 146 14/"""078" | _-__'9-§§Jr._ o _1.26] B S 1 1 |
147 23)**078" | 079, | 047, 20| 059
a7 a2teorst |07, 088 | 0.7
147 2a*tors” | 07 | 048] 08
| 147 _A_ﬁL?ZLW.Slj_* _-0.86 | osn | 082
M8 ssftorst | 1.02] N BN S P
~1a9)  32["**108" | 066 . oar " 048
148 ____‘39*'"‘105'_“. . 063 - . 052
Y48~ M1**"078" | 074 =, 065 | 0.65
. l4a 13 ""_0_51, . 055 ooy L 133
150 15"™*07s" | 083 | 081 N ST
L3 3*"r108" 0.79, | 083 | 048]
151 13/"""108" 0.61 1 0.56 | 0.54]

161 13/"*"108" | 0.75 . 1.11 1.06
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I1.K Refuel Outage 9 Special Interest MRPC Inspection Results

This inspection was performed to satisfy NRC Confirmatory Action Letter
2-94-004, Item No. 4. The results have been provided to the NRC in previous
correspondence, but the raw MRPC data from the inspection has not. This
information, in conjunction with the bobbin voltage data provided in Reference
2 defines the scope of data adressed by the correlations using this data.
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LIST OF ALL SPECIAL INTEREST 20% MRPC CALLS
LIST OF ALL 8.1. 20% CALLS

ROW TUBE VOLTS CHN DEG IND %TW LOCATION EXTENT1 EXTENT2 PFOBE ANLST CAL# COMMENTS

2 8 o0.71P1 0 voL 128 +0.87 128 128 §20  Heast 71 PIT
MSG LxW 0.16 x 0.17 PIT 520  HB259 7n

T N 0.3 P1 0 VoL oes +0.63 088 08s 620 He2s® 71 VvOL
MSG LxW 024 x 0.20VOL S2¢0 HB25% 71
8 30 NDF LTS +1.17 LTS LTS 520 C931s 71

18 74 0.32 P 1 66 VOL 068 +0.60 065 cés 520  P2204 71 VvOL
MSG LxW 0.16 x 0.15 VIL 520 P2204 7

21 3 0.1 103 voL 0as -3.3 0as 038 520 C931e 71 MBEM
MSG LxwWw 032 x0.32 MM $20 (9318 n

24 86 0.64 2 €% VOL 088§ -7.09 098 098 520 C9318 71 MBM
MSG LxW 046 x 0.37 MBM §20 C93is n
24 L1 NDF 118 +24.27 118 118 $20 (9318 7
24 835 NDF 148 +5.76 148 148 $20 C9218 71
27 89 NDF 158 +33.9%0 158 158 520 P1790 82
NDF 158 +34.33 188 iss 520 P17%0 B2
NDF 158 +34.79 168 158 520 P1790 82
NDF 048 -0.58 048 048 520 C931e 7
NDF LTE +6.51 LTS LTE §20 L7871 65
NDF LTS +6.51 LTS LTS §20 (9318 71
27 9 NDF 138 -6.68 138 138 520 L78M 8s
NDF 0718 +6.61 078 078 520 L7871 85
MSG LxW 0.37 x 0.17 WAR 520 L7871 85

0.26 P 1 0 WAR 14 078 +0.56 078 078 520 L7871 8BS WAR

0.32 P1 B4 WAR 16 078 -0.87 078 078 §20 L7871 85 WAR
NDF 188 +24 .93 158 iss $20 C9318 81
MSG LxW 0.37 x 0.15 WAR 820 L7871 85
NDF 01s -8.06 01s o1s 520 L7871 es
NDF 138 +12.98 138 138 520 C8318 5
NDF 138 -5.00 138 118 520 C9318 71

0.46 1 125 VOL LTE +14.97 LTE LTE 520 P2204 71 MBM
MSG LxW 0.14 x 0.2¢4 MBM 8§20 P2204 7

0.38 P 1 0 WAR 12 078 -0.68 078 078 520  P2204 71 WAR
MSG LxW 0.24 x 0.24 WAR $20  P2204 71
RIC LTS +37.54 -~ 520 L787 n

a7 93 0.1 P1 0 WAR 16 0BS +G.77 08s oes £20 L7871 85 WAR
MSG LxW 0.58 x 0.15 WAR 520 L7aM1 85

0.18 P1 98 WAR 10 088 -0.7¢ 088 oes 520 L7871 85 WAR
MSG LxW 0.24 x 0.12 WAR 520 L7871 L1

2% 82 0.47 P 1 55 VOL oss +0.67 088 08s 520 L7871 71 VOL
MSG LxW 0.27 x0.23 YOL 520  H82%9 7

25 73 0.48 1 49 VoL 038 +10.92 038 03s 520 P2204 71 MBM
MSG LxW 0.41 x 0,31 MBM §20  P2204 n

3 32 0.38 P 1 60 VOL 108 +0.72 108 108 520 C3218 71 PIT
P1 MS3 Lx¥ 015 x 0.21 PIT §20 He2s5% 71

35 59 1.09 1 12 voL 128 «12.12 128 128 §20 L7871 85 MBM
MSG Lx¥W 029 x0.17 MBM 520 L7871 85
RIC 128 +12.36 520 LN 71

37 113 0.52 P 1 0 voL 118 -0.66 118 118 §20 BO6%0 78 VOL
MSG LxW 018 x 0.18 VOL $20 RE4852 78

39 i 1.70 1 151 VoL LTS +24 .55 LTS LTS 520  HB8259 81 MBM
MSG LxW 0.81 x 0.17 MBM 520 He259 81
2.401 352 DNG LTS +23.84 LTS LTS §20 FP1790 81

41 116 .24 P 1 0 VoL 118 -0.82 118 18 620 RE4S52 78 VOL
MSG LxW 0.19 x 0.20 VOL 620 R6452 78

a2 68 0.44 1 279 VoL 118 +4.29 118 118 §20 BOESD B0 MBM
MSG Lx®W 0,33 x 0,29 MBM 520 R64S2 80

47 S8 1.73 1 102 VoL 058 +23.12 088 088 520 P1790 80 MBM
MSG LxW 0,48 x 0.34 MBM 520 P1750 80

47 €5 0.321 131 VoL LTS +42.52 018 LTS $20 R6452 80 PIT
1 MSG Lxw 0.11 x 0.18 PIT 620 R64S2 80

55 96 0.4% P 1 266 VOL 038 +0.77 038 038 520 BO690 80 PIT
MSG LxW 0.16 x 0.16 PIT 520 BO690 80
58 123 NDF 098 +14.11 098 098 520 P1790 60

$8 125 0.80 1 42 VoL 1318 +26.06 138 138 520 £1790 80 MBM
MSG LxW 0,59 x 0,34 MBM 620 P17%0 80
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LIST OF ALL SPECIAL INTEREST 20%

LIST OF ALL §.1. 20% CALLS

ROW TUBE VOLTS CHN DEG IND STW

61 1 .38 P 1 0 WAR
MSG

61 124 0.20 P 1 44 VOL
P1 MSG

62 128 0.64 P L 241 WAR
M8G

63 128 NDF
67 &2 0.46 P 1 102 VOL
MSG

71 %0 0.3%1 77 VOL
MSG

71 128 0.28 P 1 0 WAR
MSG

MSG

73 129 0.30 P1 0 WhR
MSG

73 128 .3 P1 O WAR
MSG

90 72 0.52 1 38 voL
MSG

135 €63 0.87 1 111 VoL
MSG

13 M 0.43 P 1 0 WAR
MSG

149 11 c.38 P1 C WAR
MSG

149 19 0.22 P1 95 VOL
MSG

0.8 P 1 0 WAR

MSG

149 28 MSG

1580 16 0.60 P 1 0 WAR

Total Indications Found = 9%
Total Tubes Found = 40

.

12

~»
~

11

10

15

14
17

MRPC CALLS
LOCATION
098

LxW 0.
108

LxW 0.
108

LxW s,
LTS

108

LxWw 0.
118

LxW 0.
108

LxWw 0.
LxW 0.
108

LxW i,
08s

LxWw 0
128

LxWw 0.
058

LxWw 0.
098

LxWw 0.
0es

LxW 0.
128

LxW 0,
108

LxW 0.
LxWw 0.
108

108

LxW 0.

(Version 2.1)

8/G

A

94/04 RFO

SPEC. INT. 20%

-0.61

17 x 0.

-0.69

12 x 0.

+0.08

3 x 0.

+16.57
-0.73

20 x 0.

«9.27

39 x 0.

-0.68
65 x 0

§7 x 0.

+0.00

6 x 0.

-0.57

§3 x 0.

+15.87
27 x 0
+12.54

48 x 0.

-0.79

26 x 0,

-0.62

19 x 0.

-0.81

4 x 0.

-0.62

37 x 0.
67 x 0.

-0.37
-0.58

82 x 0.

16

18

18

20

30

ie
11

16

17

23

37

19

20

12

19

19

21

PIT

voL

WAR

§ 8§ € ¢

WAR
WAR
PIT
WAR

WAR

WAR

04/28/1994 09:40:35
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EXTENT1 EXTENTZ PROBE ANLST CALK COMMENTS

098

108

108

LTS
108

118

108

108

088

138

088

098

0es

128

108

108
108

098

108

108

LTS
108

118

108

108

08s

058

098

08s

i0s
108

520 P17%0 78 WAR
520 P1780 78
$20 R6452 80 PIT
520 Re6452 80
$20 BOESD 78 WAR
520 BO6%0 78
$20 P1790 80
520 HB2S59 81 voL
520  HB2s9 81
520 C9318 81 MBM
520 C®3i1e LB
820 P1790 80 WAR
520 P1790 80
520 P1790 80
620 P179%0 80 WAR
$20 P17%0 80
$20 P17%0 80
520 P1790 8o
$20 BO6%0 62
520 BO&SO 82
§20 P179%0 80
520 R6452 80
520 P1780 B0 WAR
§4¢ P17%0 80
§20 P17%0 80 WAR
520 P17%0 80
520 BO6%0 80 PIT
§20 R6452 80
§20 BOE90 B0 WAR
520 BOE9%O 80
620 BO69%0 80
§20 BO6%0 80 WAR
520 BO69%0 80 WAR
520  R6452 B0

¢ §E
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SPEC. INT. 20%

LIST OF ALL SPECIAL INTEREST 20% MRPC CALLS
LIST OF ALL S.1. 20% CALLS

ROW TUBE VOLTS CHN DEG IND ¥TW LOCATION

7 1
7 20 0.16

2a
7 36 0.30P1
0.5 P 1

13 9 018 P1
13 43 0.18 P11
15 6% 0.24P1

16 bl 0.40 P 1

17 74 .29 P 1

0.3 P1
25 10

0.55 P 1
2

0.2¢4 1

27 9% 0.35P1

0.65 P 1

5 20 0.13 P 1

5 42 0.3 P 1

36 40

37 12

37 40 0.23 1

0.19 1

37 4 0.15 1

38 38 ¢0.52P1

i 4 0.211

a1 & 0.23 1

41 53 0.83 P1

-

SE3RRRAEAEARARAR

41 .17 0.18

43 42 0.13 1

43 &0 0.86 P 1

45 ? 0.43 P 1
Pi
45 35 0.40 P 1

46 37 0.23 1

96

67

79

&4

67

57

72

62
62

€1

§5

61

92

72

59

7

26

(13

42

80

35

74

36

74

§EBakakagan

<
o
v

gERQRABRQRERA8a8

Vo

gEagcds

gaaagaqRansg

3
8

17

20

14

128
078
Lx
08s
L x
098
L x
08s
L x
098
L x
078
L x
08§
L x
078
L x
078
L x
188
158
098
L x
LTS
LTS
LTS
L x
LTS
098
L x
088
L x
048
L x
098
L x
0ss
LTS
L x
LTS
LTS

078

+27.9%0
+0.78

12 x 0.

+0.59

.38 x 0.

-0.79
41 x 0
-0.81

.19 x 0.

-0.79

.16 x 0.

+0.62

.20 x 0.

0.7

.11 x 0.

+0.69

20 x 0.

-0.80

.16 x 0.

+23 .46
+24 .76
+0.57

.50 x 0.

-3.20
-2.22
-3.86

.28 x 0.

+2.78
+0.78

13 % 8.

+0.8)3

40 x 0,

-0.87

19 x 0.

-0.74
13 x 0
-0.90
+23.42

.10 x 0,

+27.32
+27.32

17 x 0.

+27.21

311 x 0.

+6.58

18 x 0.

-0.78

14 x 0.

+9.72

15 = 0.

+14 .18

09 x 0.

-0.66

A1 x 0.

-0.62

12 x 0.

«8.97

16 x 0.

6. .41

16 x 0.

+0.68

.43 % 0,

-0.70

16 x 0.

+10.39

15

18

.21

14

17

15

19

17

17

22

43

19

16

15

.21

16

14

21

17

12

15

1

14

i4

20

38

PIT

WAR

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

voL

PIT

PIT

nep

WAR

PIT
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EXTENT1 EXTENT2 PROBE ANLST CAL# COMMENTS

138
078

08s
c9s
08s
098
078
098
078
078
158
158
09s
LTS
LTS
LTS

LTS
098

08s

048

0ss
LTS

LTS
LTS

LTS

LTS

098

LTS

LTS

03s

038

LTS

128

078

LTS

128
078

085
098
oes
098
078
098
078
078
158
188
098
LTS
LTS
LTS

LTS
098

o8s

04s

098

098
LTS

LTS
LTS

LTS

LTS

098

LTS

LTS

03s

038

LTS

128

078

LTS

§20 P17%0 76
520 P17%0 76
520 P1790 76
§20 P1790 76 WAR
520 P1790 76
520 P17%0 76 WAR
520 P17%0 76
$20 P1790 76
520 P1790 76
520 P1750 76
520 P1790 76
520 H7791 76
520 H7791 76
520 P1790 76
$20 P17%0 76
520 P1790 76
520 P17%0 76
$20 P17%0 76
820 P1790 76
§20 P2204 83
520 P2204 83
520 P220s 83 WAR
§20 P2204 83
520 P2204 83
s20  P2204 el
§20 P2204 63
520 S2680 7
§20 P2204 77 MBM
620 H8259% 77 PIT
520 S2680 77
520 Ré452 77 WAR
520 S2680 77
520 HB289 77 PIT
§20 82680 "
520 HBe2s9 77 PIT
§20 82680 ™
§20 C9l1e 7
§20 H828% 77 PIT
620 52680 77
820 P2204 83
520 P2204 B3 PIT
§20 P2204 83
520 H8259 77 PIT
520 S2680 77
520  HB2S9 77 PIT
$20 82680 77
§20  He259 77 nr
520 52680 77
620 HB25%9 77 PIT
6§20 82680 77
§20 Hea2ss 77 PIT
620 82680 77
620 R6452 83 VOL
520 RE452 83
520 Hea2sy 7 91T
520 S2680 77
820 H825% 77 PIT
620 S2680 77
520 HB25% 77 PIT
§20 82680 ”
520  R6452 B3 WAR
520 R6452 83
520 HB2%59 77 PIT
§20 52680 77
§2¢ HB25% 77 PIT
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LIST OF ALL SPECIAL INTEREST 20% MRPC CALLS
LIST OF ALL §.1. 20% CALLS
ROW TUBE VOLTS CHN DEG IND YTW LOCATION EXTENT1 EXTENT2 PROBE ANLST CALN COMMENTS
MSG LxW 0.08 x 0.19 PIT §20 82680 7
a6 44 0.24 1 86 VOL LTS +5.60 LTS LTS 520 He259 77 PIT
MSG LxWw 0.12 x 0.14 PIT 520 52680 i
47 3 0.61 1 67 VOL 138 +5.23 138 138 520 HE259 77 MBM
MSG LxW 0.35 x 0.25 MBM 520 82680 7
47 48 0.221 108 VOL LTS +11.30 LTS LTS §20 H8259 77 PIT
MSG LxWw 0.08 x 0.10 PIT §20 52680 77
48 s 0.18 1 82 VoL LTS +10.92 LTS LTS 820 HB259 77 PIT
MSG LxW¥w 0.19 x 0.16 PIT 520 §2680 m
48 47 0.19 1 76 VOL LTS «7.82 LTS LTS 520 HB269 77 PIT
MSG LxWw 0.19 x 0.16 PIT 520 82680 k)
49 s 0.13 P11 88 VOL LTS +7.24 LTS LTS 520 HB259 7 2T
MSG L xWw 0.18 x ©.14 PIT $20 82680 ”
L] 48 0.211 62 VOL LTS +13.74 LTS LTS s20 RE452 77 PIT
MSG LxWw 0.13 x 0.16 PIT 520 $2680 )
49 0 0.31 1 84 VOL LTS +10.69 LTS LTS 520 HB259 77 PIT
MSG LxWw 0.17 x 0.12 PIT 5320 82680 "
s1 48 0.22 P1 44 VOL 078 -0.69 078 078 §20 HB259 77 PIT
MSG LxWw 0.1 x 0.15 PIT 520 82680 7
52 36 0.24 1 81 VoL LTS +6.48 LTS LTS $20 HB259 77 PIT
MSG Lxw 0.16 x 0.16 PIT 520 82680 ”
83 33 0.28 1 131 VoL LTS +12.43 LTS LTS 520 HB259 77 PIT
MSG LxWw 0.11 x 0.16 PIT §20 §2680 77
54 98 1.33 P1 66 VOL -1 -0.14 058 0ss 520 HB259 77 PIT
MSG L xW 0.3% x 0.27 PIT §20 52680 ”
87 8 0.16 1 $0 VvOL LTS +11.95 LTS LTS $20 h8259 77 PIT
MSG LxW 0.09 x 0.14 PIT 820 52680 ”
57 44 0.15 1 95 VOL LTS +9.46 LTS LTS 520 HB259 77 PIT
MSG LxWw 0.13 x 0.15 PIT 520 852680 7”7
§7 52 0.16 1 45 VOL LTS +6.76 LTS LTS 6§20 H8259 77 PIT
MSG LxWw 0.11 x 0.16 PIT 520 82680 77
sé 38 MSG LxWw 0.18 x 0.17 PIT $20 82680 A
0.331 £% VoL LTS +9.06 LTS LTS 8§20 HB259 77 PIT
MSG LxWw 0.14 x 0.18 PIT 520 52680 77
NDF LTS +9.59 LTS LTS §20 P2204 7
0.31 1 100 voL LTS +11.71 LTS LTS 520 H8259 77 PIT
MSG LxWw 0.08 x 0.19 PIT 520 82680 17
NOF LTS +12.34 LTS LTS 520 P2204 77
0.29 1 15 VOL LTS +7.08 LTS LTS 520 HB259 77 PIT
9 1 0.18 P 1 52 VOL 0ss -0.68 098 098 §20 S1848 83 VoL
MSG LxWw 0.07 x 0.14 VOL 520 51648 83
s9 122 0.61 P1 82 VOL 058 -0.68 098 098 520 Ha259 77 PIT
MSG L xW 0.11 x 0.20 PIT $20 52680 b 4 |
60 119 0.%0 P 1 72 VoL 078 -0.67 078 078 520 HB259 77 PIT
MSG Law 0.14 x 0.24 PIT 520 §2680 77
61 42 0.33 P1 52 VoL 078 -0.78% 078 078 520 HB259 77 PIT
MSG Lxw 0.12 x 0.11 PIT §20 §2680 m
€3 3 C.34 P 1 48 VOL 078 -0.73 078 078 520 He259 77 PIT
MSG LxWw 0.14 x 0.16 PIT 520 82680 77
64 3 NDP 158 -0.87 158 158 620 P2204 82
65 122 0.32 P2 80 VOL 088 +0.78 088 068 520 HB259 77 PIT
MSG LxWw 0.11 x 0.16 PIT s20 82680 77
66 37 0.29 P1 73 VOL 098 -0.MNM 098 098 620 HB259 77 PIT
MSG LxWw 0.18 x 0.19% PIT §20 82680 7
€7 23 0.28 P 1 9 VoL 078 -0.60 078 078 5§20 HB259% 77 PIT
MSG Lxw 0.10 x 0.21 PIT §20 52680 77
67 52 0.46 P1 5% voL 078 -C.63 078 078 520 HB259 77 PIT
MSG LxW 0.14 x 0.25 PIT 820 S2680 77
(1] 21 NDF o8s -0.90 o8s 088 20 P2204 7
£9 56 NDF 108 +0.00 108 108 520 P2204 86
NDFP o8s +0.00 088 08s 520 P2204 86
NDF 068 +0.00 068 068 520 P220¢ 86
NDF 058 +0.00 058 0S8 20 P2204 (13
NDF 048 +0.00 048 048 520 P2204 Bé

0.15 P 1 65 VOL 038 -0.64 038 038 520 P2204 86 VOL
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LIST OF ALL SPECIAL INTEREST 20% MRPC CALLS
LIST OF ALL §.1I. 20% CALLS
ROW TUBE VOLTS CHN DEG IND %¥1W LOCATION EXTENT1 EXTENT2 PROBE ANLST CAL# COMMENTS
MSG LxWw 0.08 x 0.06 VOL 520 P2204 86
0.43 P 1 255 VOL 098 -0.65 098 098 520 HB259 " PIT
MSG LxW 0.18 x 0.20 PIT 620 82680 77
0.65 P 1 68 VOL 078 0.7 078 078 520  HB259 77 PIT
MSG LxW 0.14 x 0.24 PIT 520 52680 77
72 67 0.34 P1 95 VoL 038 -0.7% 038 038 $20 s2680 80 VOL
MSG LxwW 0.12 x 0.11 VOL 520 82680 80
73 66 MSG LxW 0.50 x 0.17 WAR 520 82680 80
0.7 P 1 O WAR 26 065 -0.68 068 068 520 P2204 80 WAR
77 125 0.33 P1 70 WAR 11 118 -0.67 118 118 §20 H8259 77 WAR
MSG LxW 0.38 x 0.20 WAR 520 82680 b b
79 39 0.31 P1 66 VOL 128 ~0.68 128 128 520 P2204 82 VoL
MSG LxW 0.17 x 0.23 VOL 520 P2204 82
80 S8 NDF 078 -0.81 078 078 520 M6664 81
80 127 0.30 P1 81 VOL 078 -0.61 078 078 520 HE259 77 PIT
MSG LxWw 0.23 x 0.19 PIT 520 52680 ”
&1 64 0.27P1 71 VOL 108 -0.77 108 108 520 S2680 80 PIT
MSG LxWw 0.14 x 0.19 PIT 520 52680 80
81 122 0.38 P1 73 VoL 078 -0.70 078 078 520 S1848 81 PIT
MSG LxW 0.24 x0.21 PIT 520  HB2S9 81
81 126 2.5 P2 0 WAR 22 ogs +0.72 088 088 $20 ME664 81 WAR
P1 MSG LxWw 0.18 x 0.14 520 M6664 81
82 € 0.3 pP1 C WAR 12 098 ~0.61 09s 098 520 S1e48 B2 WAR
MSG LxW 0.29 x 0.22 WAR 820 R6452 82
a3 56 0.26 1 $2 VoL 028 -6.40 028 028 520 Sie4d 81 PIT
MSG LxW 0.21 x 0.23 PIT 520 HB259 81
B4 39 NDF 078 -0.81 78 078 520 P2204 86
85 124 0.66 P 1 80 VOL 088 +0.58 08s 08s §20 51848 81 PIT
MSG LxWw 0.3¢ x 0.18 PIT 520  HB25% 81
88 12 0.27 P1 63 VOL 078 -0.69 078 078 820 51848 82 PIT
i MSG LxWwW 0.13 x 0.19 PIT 820 S1848 82
88 47 NDF 098 «0.72 098 098 520 ME664 81
8% 34 20.111 88 VOL LTS +14.69 LTS LTS 520 P2204 82 PIT
MSG Lxw 0.18 x 0.21 PIT 520 P2204 82
0.28 1 72 VOL LiTs +5.25 LTS LTS 520 P2204 82 PIT
MSG LxW 0.16 x 0.21 PIu 520 P2204 82
S0 43 0.26 1 80 VoL Lrs +6.00 LTS LTS 520 M6664 81 PIT
MSG LxWw 0,17 x 0.12 PIT 520 HB252 81
90 60 0.32 P1 47 VOL 078 «0.39 078 078 520 81808 81 PIT
MSG LxWw 0.10 x 0.11 PIT 520 HB25. 81
922 17 0.38 P1 72 VOL 098 -0.68 038 098 520 P2204 82 VOL
MSG LxW 0.14 x 0.20 VOL 520 P2204 82
92 28 MSG Lx¥W 0.18 x 0.17 PIT §20 B2204 82
0.35 1 £3 VoL Lrs «7.94 LTS LTS 520 P2204 82 PIT
93 17 0.49 P 1 71 VOL 098 -0.59 098 0ss 520 P2204 82 VOL
MSG Lxw 0.16 x 0.24 VOL 520 P2204 82
93 27 0.271 28 VoL LTS +7.76 LTS LTS 520 P2204 82 PIT
MSG LxW 0.34 x 0.17 PIT 520 P2204 82
93 36 0.61 P1 76 VOL 088 -0.76 098 098 §20 S1848 &1 PIT
MSG Lxw 0.2 x 0.20 PIT 520  HB259 81
93 42 NDF 038 -6.77 03s 038 520 M6664 81
a4 43 0.43 P 1 67 VOL 098 -0.74 098 098 §20 51848 81 PIT
MSG LxWw 0.13 x ©.22 PIT 20  He2s9 81
0.13 + 1 91 VoL 098 +0.M 098 098 $20 HB259 81 PIT
P1 MSG LxWw 0.06 x 0.19 PIT 520 HB8259 81
96 28 0.68 P 1 64 VOL 098 -0.66 098 098 520 P2204 82 VOL
MSG LxWw 0.13 x 0.23 VoL 520 P2204 82
96 €6 .50 P1 M VOl 078 -0.78 078 078 20 S1848 e1 PIT
M3 LxW 0.18 x 0.23 PIT §20 HB259 81
9€ 70 0.49 P 1 66 Wi 078 -0.74 078 078 520 81848 81 PIT
MG Lxw 0.13 x 0.19 PIT 520 HB259 Bl
87 27 0.17 1 €8 VL LTS +11.12 LTS LTS 520 P2204 82 PIT
LF-e] Lx¥W 0.14 x 0.17 PIT 520 P2204 82
97 48 1.46 1 199 voL 158 +27.80 158 188 8§20 MEE64 81 MBM
MSG Lxw 0.37 x 0.33 MBM $20 HB259% 81
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BWNT TUBAN II (Version 2.1)
Crystal River Unit 3
s/G B

94/04 RFO

SPEC, INT. 20%

LIST OF ALL SPECIAL INTEREST 20% MRPC CALLS

LIST OF ALL §.1.
ROW TUBE VOLTS

$8 9% 0.141
100 32 0.24P1
100 98
101 4 0.17 1
101 91 0.18 12
102 46 0.61 P 1
102 9 0.37P1
103 5 0.49P1

Pl
103 44 0.281

103 %0 0.211

104 31 o0.121

108 2 0.17 1

106 42 0.35P1

105 113 0.47 P21

1086 38 0.48 P 1

107 $0 0.231

08 33 .23 1

0.12 1

0.28 1

169 32 0.12 1

109 45 0.15 1

109 52 0.34 P 1

116 4% 0.50P1

117 44 0.34 1

118 40 0.14 1

0.10 1

119 48 0.3 P 1

119 €3 0.28 P 1

123 10

128 85 0.76 P 1

127 8
127 S8 0.3 P 1

128 53 0.25 P11

76

55

63

7

78

70

95

S1

73

55

62

80

49

74

68

81

€5

57

118

82

61

77

57

78

69

20% CALLS
CHN DEG IND ATW LOCATION

VoL

VOL

< <
85838

<
g8

gagatoiagagag

38

143

L -
888

LTS
L x
LTS
L x
uTs
LTS
L x
LTS

LTS

078
L x
e7s
L x
078
L x
LTS
L x
LTS
LTS
L x
LTS
L x
LTS
L x
LTS
L x
LTS
L x
078
L x
078
L x
LTS
L x
LTS
L x
LTS
L x
078
L x
078
L x
078
078
078
L x
LTE
078
L x
1318
L x

+7.00

.13 x 0.

+8.358

14 x 0.

«12.97
+15.92

14 x 0.

+8.98

11 x 0.

-0.76

A7 280,

~0.65

.16 x 0.

+0.62

27 K0

+11.10

.19 x 0.

+7.96

18 x 0.

+5.77

A6 x 0.

+7.91

A3 X0,

-0.79

17 x 0.

-0.86

.19 x 0.

-0.70

15 x 0.

+9.31

AT x 0.

+9.31
+11.96

10 x 0.

+10.01

14 x 0.

+6 .95

12 x 0,

«95.11

.11 x 0,

+14 .66

.10 x 0.

-0.Mm

22 x 0.

-0.78

.20 x 0.

+7.31

14 x 0,

+23.683

.11 x 0.

+8.11

17 x 0.

-0.63

.20 x 0.

-0.78

A% = 0.

+5.5¢
+6.55
-0.59
17 x 0
«3.11
-0.81

14 x 0.

-0.72

14 x 0.

17

14

14

13

32

20

19

17

15

16

17

20

12

17

21

15

18

10

10

20

22

17

21

17

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

04/28/1994 10:00:19
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Page 4

EXTENT1 EXTENT2Z PROBE ANLST CAL# COMMENTS

LTS

LTS

urs
LTS

LTS

078

078

098

LTS

LTS

LTS

LTS

078

078

078

LTS

LTS

LTS

LTS

LTs

LTS

078

078

LTs

LTS

LTS

078

078
078
078

LTE
078

138

LTS

LTS

urs
LTS

LTS

078

078

0ss

LTS

LTS

LTS

LTs

078

078

078

LTS

LTS

LTS

LTS

LTS

LTS

078

078

LTS

LTS

LTS

078
078
078
78

LTE
078

138

520 P2204 82 PIT
€20 P2204 82
§20 Me664 81 PIT
520 He259 81
520 M6664 81
520 S1e848 81 PIT
520 HB25% 81
520 P2204 82 PIT
520 P2204 82
520 51848 81 PIT
520 He2s9 81
520 R6452 82 PIT
520 Ré6452 82
520 R6452 82 WAR
520 R6452 82
20 81848 81 PIT
520 HE259 81
520 M6664 81 PIT

520 R6452 @1

520 S1sd48 81 PIT

£20 HB259 81
S1848 81 PIT
He2s9 81

t.J S1s48 81 PIT

$20 H825% 81

520 R6452 81 PIT

520 R64S52 81

520 HB259% 81 PIT

$20 H8l59 Bl

520 P2204 83 PIT

520 P2204 LE]

6§20 He25% 81

§20 Slg4s 81 PIT
520 HB259 81
520 S184s 81 PIT
520  H8259 81
§20 Re4as2 81 PIT
520 H8259 81
520 M6664 81 PIT
520 M6664 81
§20 Sle48 81 PIT
520 He2s9 81
§20 Re452 81 PIT
$20 Ré452 81
520 51848 81 PIT
$20 R6452 81
520 S1848 81 PIT
$20 He259 81
$20 S1g4s 81 PIT
520 HB25% 81
520 S184e 81 PIT
520  HB2S59 81
520  H8259 81 PIT
§20 HB259 81
620 H8259 81 PIT
$20 RE452 81
§20  P2204 82
520 P2204 82
§20 He2s9 81 PIT
$20  HB259 81
520 F2204 82
§20 51648 81 PIT
520 R6452 81
520 RE4S2 81 PIT
520 R6452 81
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BWNT TUBAN II (Version 2.1)
Crystal River Unit 3
§/G A

54/04 RFO
SPEC. INT.

04/28/1994 09:41:00

10% EXP 1

LIST OF ALL SPECIAL INTEREST 10% MRPC EXPANSION #1 CALLS

LIST OF ALL §.1. 10% CALLS - 1
ROW TUBE VOLTS CHN DEG

8 21
0.42 P 1
19 3
1.30P1
24 L1
27 89
27 81
0.54 1
0.24 P 1
P1
0.30 P 1
ri
28 92

28 93 0.92 pP1

34 72 0.571

41 116 0.97 P 1

€5 87 0.3 P1

72 12?7 0.55 P 1
. I |
.19 P 1
Fl
75 29 0.65 P 1
76 122 0.2 P1
7”7 17 0.57 P 1
79 128 0.20 P 1
1
94 129 0.61 P 1
P1
i 89 0.24 1

132 30
146 22 o.32pP1

149 21 0D.44 P 1

115

17

123

127

75

123

124

108

18

Y

108

IND ¥TW LOCATION

MSG
VoL
MSG
VOL

JEERLRR

=
I
0

REEEEEERR

<
s

0!

<
o

0!

<
Lo

0!

88
o

SERZEE

Vo

I

Total Indications Found = 51

Total Tubes Found » 2

0

10

18

19

20

11

18

L x
078
L x
128
118
158
158
078
138
Lx
LTE
138
118
c8s
078
LTE
108
L x
108
L x
118
o8s
L x
02s
L x
128
L x
048
L x
048
i08
L x
108
L x
078
Lx
0ss
L x
078
L x
108
L x
08s
L x
1588
L x
LTE
078
L x
108
L x

.11 x 0.

+0.78

.20 x 0.

+0.70
+14 .74
+22.54
+25.59
-3.14
+13.36

A3 = 0.

+14.33
+12.58
+2.18
+13.37
-3.14
+14.33
+0.62

29 x 0.

-0.61

44 x 0.

+13.48
+0.56

.30 = 0.

+15.67

19 = 0,

+0.70

19 x 0.

+0.73

10 x 0.

+0.00
-0.59

33 = 0.

-0.53

.29 x 0.

-0,.68

.15 x 0.

+0.44

45 x 0.

-0.73

13 x 0.

+0.70

18 x 0.

-0.68

BT R

+5.24

.27 = 0.

+16.95
-0.71

.28 x 0.

-0.64

.41 x 0.

1

17

12

19

20

18

18

18

17

17

19

19

20

15

19

18

25

23

21

VoL

VoL

VoL

VoL

VoL

VoL

voL

WAR

VOL

voL

VOL

WAR

WAR

WAR

LR R R ]

AR R R A R R R R R

LR R LR R R R R

Page 1

EXTENT1 EXTENT2 PROBE ANLST CAL# COMMENTS

078
128
118
158
158
078
138
LTE
118
oes
108
108

118
08s

028

128

048

108

108

078

098

108

08§

188

LTE
078

108

078
128
118
158
158
078
138
LTE
118
oss
108
108

118
088

028

128

048

108

108

078

098

078

108

088

188

LTE
078

20 He8259 72
520 M6664 72 VOL
520 HB259 72
520 M6664 72 VOL
520 M6664 72
820 L7871 83
620 M6664 72
520 L7871 83
§20 Ré452 74 VOL
520 Mé6664 74
820 R64S52 74
520 M6664 72
520 M6664 72
520 M6664 72
520  HB2S9 72
520 L7871 72
$20 R6452 74 WAR
520 R6452 74
520 R6452 74 WAR
$20 Re4s2 74
520 M6664 72
520 M6664 72 VOL
520 He259 72
520 M6664 72 VOL
520  HB259 72
520 M6&€4 72 VOL
520 HB259 n
620 MG664 74 VOL
§20 HB259 74
520 M6664 72
520 R6452 74 WAR
520 RE452 74
520 R6452 74 WAR
520 R6452 74
520 M6664 72 VOL
520 Me664d 72
520 L7871 74 WAR
520 Ré4s2 74
520 M6564 72 VOL
§20 HB259 72
520 M6664 74 VOL
620 M6664 74
520 R6452 74 WAR
520 RE452 74
620 Mé664 74 MEM
§20 R6452 74
520 L7871 74
520 R6452 74 WAR
§20 R6452 74
§20 L8N 74 WAR
520 R6452 74
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BWNT TUBAN II (Version 2.1)
Crystal River Unit 3
s5/G B

94/04 RFO
SPEC. INT.

04/28/1994 10:00:59

10% EXP 1

LIST OF ALL SPECIAL INTEREST 10% MRPC EXPANSION #1 CALLS
LIST OF aLL 8.1.
ROW TUBE VOLTSE

12

14

25

37

19

39

40

46

46

47

47

48

45

$C

51

52
54

58

§5

56

56

70

7%

L1

80

86

87

1

34

10

48

42

52

37

44

48

49

s

48

30
51

32

81

44

51

106

s

50

46

21

22

58

53

4%

34

0.17

0.21

0.24

0.30

0.16

0.26

0.18

0.38

0.19

0.3¢0

0.11

0.19

0.1%

0.22

0.18

0.20

0.27

0.23

0.20

0.10

0.06

0.12

0.38

0.26

10% CALLS - 1
CHN DEG

1

1

98

154

70

113

97

€0

90

30

79

54

49

94

8

7%

64

39

IND ATW

§E82RAREES

< < <
353
gEgks

B38EREAEREE

< <
gR838d

g828ag

<
L o

0!

GEEGRERERCEEE

i

<
o

0

§EEEE

WAR

VoL

10

21

17

11

16

10

14

19

15

15

LOCATION

ces
L x
078
L x
LTE

LTS

078
L x
LTS
L x
078
L x
LTS

LTS
L x
LTS
L x
108
LTS
L x
LTS
L x
LTS
L x
LTS
L x
LTS
L x
078
L x
078
L x
098
L x
098
L x
078
L x
078
L x
LTS
L x
098
L x
098
L x
078
L x
068
L x
LTS

<0.77

.21 x 0.

-0.78

14 x 0.

+4.20
4.0

.24 x 0.

-0.62

A4 x 0.

+0.7%

371 D

+2% .85

A5 = 0.

-0.78

43 = 0.

+7.61

.18 x 0.

+9.68

14 x 0.

+0.77

.20 x 0.

+9.78

i85 % 0.

+0.860

.22 x 0.

+12.91

17 x 0.

+8.73

.23 x 0,

+6 .48

14 x 0.

-0.85
+11.70

1% x 0.

+7.851

A1 x 0.

+6.72

.19 x 0.

+9.06

11 x 0.

+7.31

14 x 0.

-0.60

05 = 0.

-0.77

19 x 0.

+0.68

.20 x 0.

+0.81

.39 x 0.

-0.70

.18 x 0.

-0.70

09 x 0.

+30.86

18 x 0.

-0.85

14 x 0,

+0.52
37 x 0
-0.66

18 x 0,

-0.82

18 x 0.

+8 54

14

14

16

10

16

15

12

21

14

b S

15

18

16

19

19

18

16

18

16

19

13

13

20

18

14

12

15

14

21

17

18

PIT

PIT

PIT

VoL

PIT

PIT

WAR

PIT

WAR

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

WAR

WAR

WAR

WAR

WAR

PIT

VoL

WAR

WAR

WAR

AR R ey

R R Y

AR

R

R Y

Page 1

EXTENT1 EXTENT2 PROBE ANLST CAL# COMMENTS

08s

078

LTE
LTS

078

078

LTS

078

LTS

LTS

LTS

078

LTS

LTS

LTS

108
LT

LTS

LTS

LTS

078

09s

098

078

LTs

088

098

078

068

LTS

088

078

LTE
LTS

078

078

LTS

078

LTS

LTS

278

LTS

078

LTS

LTS

LTS

108
LTS

LTS

LTs

Lrs

LTS

078

078

098

078

078

LTS

098

098

078

0és

LTS

520
s2¢
520
520
520
520
520
520
520
520
520
520
£20
520
520
520
520
520
520
520
520
520
520
520
520
520
520
520
520
520
520
520
520
5§20
820
520
5§20
£20
520
520
520
520
520
§20
820
520
520
520
520
520
520
520
520
§20
§20
520
520
520
8§20
520
520
520
$20
520
520

C9318
c9318
C9318
C9318
L7871
C9318
C931s8
9318
C9318
R6452
Cc9318
c9318
c931e
R6452
R6452
C9318
C93ie
Cc9318
c931s
C9318
Cc9318
Cs318
C2318
H7791
H7791
£9318
C9318
ce318
C9318
c9318
c93ie
C93le
Csais
c9318
9318
c93ie
c931s
Co3le
c9318
ce3is
Co31e
C9318
C9318
C9318
C9318
c9318
R6452
c93186
C9318
cslle
R6452
RE452
C9318
Cc9318
C9318
C9316
Cc9318
c9118
H7791
H7791
R7791
H7791
Ccs318
cs9318
c9s18

84
L)
84
1.1
87
84
4
L1
84
B4
g4
84
84
&4
84
LL]
84
L1}
B4
84
84
84
B4
64
64
84
84
(1]
B4
LL
24
64
84
84
84
64
54
B4
LE]
B4
B4
L1}
84
84
(1)
B4
B4
B4
B4
84
&5
8BS
a4
g4
B4
84
B4
L)
84
UL
LE)
B4
B4
84
LE

PIT

PIT

WAR

PIT

VOL

PIT

PIT

WAR

PIT

WAR

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

WAR

WAR

WAR

WAR

WAR

PIT

VoL

WAR

WAR

WAR

PIT
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BWNT TUBAN II

(Version 2.

SPEC.

1)

LIST OF ALL SPECIAL INTEREST 10% MRPC EXPANSION #1 CALLS

LIST OF ALL §.1.

e 43 0.271
90 96 0.12 1
1
92 60 c.22P1
9% 92 0.111
9% 4
00 27 0.25 P1
101 0.15 1
103 4 0.07 1
103 it 0.12 1
104 33 0.10 1
0.05 1
109 45 0.14 P 1
110 41 0.26 1
124 8
134 38 0.18 P 1
135 29 0.3 P11
138 2 0.24 P 1
138 30 .35 P2
141 2% 0.11
0.10 P 1

142 14 0.2 P 1

k-
=

159 15 .23 pP1

Total indications Found = 108

Total Tubes Found . 83

86

54

48

45

56

s5

10% CALLS - 1
ROW TUBE VOLTS CHN DEG IND STW

§ERERARARARANARERRARERAREE

]
-

GEREEERERS

WAR
MSG

ga8%
Lo

13

is

10

12

14

LOCATION

LxW 0.17 x 0.
LTS +6.66
LxWw 0.17 x 0.
LTS +9 34
LxW 016 x 0.
078 ~0.66
LxW 020 x 0.
LTS +12.19
LW ©0.13 x0.
038 ~0.76
078 -0.69
LxW 0.13 x0
LTS +11.71
Lx¥W 019 x 0.
LTS +15.99
Lx W 0.19 = 0.
Lrs +9.31
LxWw 0.20 x 0.
iTs +8.22
LxW 020 x0.
LTS +6 .43
LxWw 0,17 =x 0.
078 -0.67
LxWw 0.14 x 0.
LTS +8.70
LxW 0.18 x 0.
098 +22.53
078 -0.80
LxWw 0.18 x 0.
078 -0.7%
LxW 018 x 0.
108 +0.61
LxW 020 x 0.
078 ~0.74
LxW 0.1%9 x 0.
1318 -0.77
LxW 0.3 x 0.
138 -0.79
LxW 0.09 x©.
078 -0.77
Lxw 0.8 x ©.
078 -0.77
LxW 015 x0,

17

22

14

19

16

11

17

17

19

19

16

12

18

14

16

15

16

15

20

16

18

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

PIT

VoL

WAR

WAR

WAR

04/28/1994 10:00:59

Crystal River Unit 3
§/G B

94/04 RFO

INT. 10% EXP 1

AR AR R R A e R R R
LR
AR A AR AR A R A A A A R R R R R R R R
LA R R R R e R A A R R ]
AR A A R R L R R R AR ]

Page 2

EXTENT1 EXTENT2 PROBE ANLST CAL# COMMENTS

LTS

LTS

Lrs

038
078

LTS

LTS

LTS

LTS

LTS

078

LTS

098
078

G718

108

078

138

138

78

LTS

LTS

078

irs

038
078

LTS

LTS

LTS

LTS

LTS

LTS

098
078

108

078

138

138

078

078

§20 C9318 84
520 C9318 84 PIT
§20 C9318 84
$20 C9318 84 PIT
520 C931e 84
520 C9318 84 WAR
520 C9318 B4
520 C®31e 84 PIT
520 (9318 &4
520 C9318 64
520 (9318 85 WAR
§20 C9318 85
$20 C9318 85 PIT
520 C931e 85
520 C931e 85 PIT
$20 C931e 85
520 C9318 85 PIT
520 C9318 85
$20 C9318 85 PIT
520 C9318 8%
520 C9318 85 PIT
520 C931s 85
§20 C9318 85 WAR
520 C9318 8BS
$20 C931e 85 PIT
$20 C931é 85
$20 C9318 BS
§20 R6452 85 VOL
520 Ré4S52 85
§20 C9318 B85 WAR
520 C3318 85
520 Ré452 8BS WAR
§20 R6452 85
§20 H7791 85 WAR
520 H7791 85
520 H7791 85 WAR
§20 H7781 85
§20 H7791 85 WAR
520 Re452 @S5
§20 C9318 85 WAR
$20 C9318 &5
520 R6452 85 VoL
820 R6452 85
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BWNT TUBAN II (Version 2.1)
Crystal River Unit 3

8/G

04/28/1994 09:41:22

A

94/04 RFO
SPEC. INT.

108 EXP 2

LIST OF ALL SPECIAL INTEREST 10% MRPC EXPANSION #2 CALLS

LIST OF ALL S.1. 10% CALLS - 2
CHN DEG IND STW LOCATION

ROW TUBE VOLTS

4 18 0.42P1
8 30

.79

0.3 P1

c.29 P 1

P11

0.32P1

P13

10 6 0.41 P 1

12 70 0.37 P12

P
4 88
24 89
26 90
27 81

0.33P1

0.24 P 1

0.32P1

P1

0.22p1

0.25 P 1

P1

0.33 P21

2 |

27 93 0.29 P 1

ya

0.15 P 1

P1
28 3

28 93 0.24 P12

P13

035 P12

P11

31 11 0.38 P1

n 59 0.65 1

73 128 0.45 P 1

76 123 .36 P1

L1 53 cC.41P1

96 &3 0.19 1

109 72 0.911

14% 20 0.22p1

160 15 0,38 P 1

47

87

80

7%

70

7%

37

38

67

ERORRAEAGAEEEREERERES

QYEEEEGECEACERAEERE

§38E825

<
=

(+)

§EEERER

g§zgda

ERES

i9

19

10

11

13

17

13
12

i2

10

13

18

13

15

18

13

038
L x
crs
u's
L x
078
L x
LTS
078
L x
078
L x
128
L x
108
L x
108
148
uTs
08s
08s
L x
078
078
08s
L x
L x
078
078
L x
L x
078
L x
LTS
oes
L x
08s
L x
o8s
018
038
078
L x
078
L x
098
L x
118
L x
098
L x
108
L x
098
L x
068
L x
068
038
L x
108
L x
108
L x
108

+5 .14

.28 x 0.

+«i8 .48
+0 .66

51 x 0.

~0.61

42 x 0.

+20.40
+0.66

.36 x 0.

-0.78

.29 x 0.

+0.70

17 x 0.

+0.68

.65 = 0.

+13.59
-4 .47
-5.66
«1.47
+0.61

.13 x 0.

+15.21
+0.60
+0.87

.30 = 0.
2?7 n 9,

-0.73
+0.61

.36 x 0.
.28 x 0.

-0.68

41 x 0.

+38.36
+0.62

46 x 0,

-0.69

.31 x 0.

+12.00
+19.20
+25.92
+0.74
.41 x 0
-0.56
4% x 0
+0.51

17 x 0.

+17.62

.58 x 0.

+0.61

.83 x 0.

+0.78

31 x 0.

+0.77

.16 x 0.

+3.06
.23 x 0
+27 .24
+19.29

35 x 0.

+0.77
13 x 0
-~0.69

o.28 x 0.

-0.78

22

13

12

14

11

19

21

19

13
12

15

12

15

16

is

to

15

15

19

20

18

18

20

24

13

0%

16

VoL

WAR
WAR

WAR

WAR

+27.10

WAR

VoL

§EEEW

WAR

R
AAR AR R R R R L ]

AR R R R R R )

AR R
AR A )

Page 1

EXTENT1 EXTENT2 PROBE ANLST CALK COMMENTS

038

078
078

078

LTS
078

078

128

108

108
148

08s
0ss

078

078
LN

078

078

078

LTS
oes

o8s

088
018

078

078

098

118

098

108

04s

0ESs

068
018

108

108

108

038

078
078

078§

LTS
078

078

128

108

108
148

oas
oes

078

078
o8s

078
078

LTS
oss

08s

oes
018

078

078

098

118

098

108

098

068

068
038

1068

108

108

§20 ME664 76 MBM
620 R6452 76
520 L78M LL)
520 L8N 84 WAR
$20 L78M L
520 L7871 84 WAR
520 HE259 84
520 Ré452 7€
520 R6452 76 WAR
520 R64852 76
520 R6452 76 WAR
520 R6452 76
520 M66€4 76 VOL
520 M6664 76
§20  R6452 76 WAR
520 R6452 76
520 Ré452 76
520 R6452 76
520 R€4S52 76
§20 L7871 B¢
520 L7eM 84 WAR
520 L7871 B4
§20 L7 64
520 L7e7M B4 WAR
$20 R6452 76 WAR
$20 L7871 84
§20 R64E2 76
520 L7871 B4 WAR
520 Re452 76 WAR
520 L7871 84
20 R6452 76
§20 R6452 76 WAR
520 R6452 76
820 Ré4S2 76
520 R6452 76 WAR
$20 R64852 76
620 Ré&452 76 WAR
620 R6452 76
520 L7871 84
520 L7871 84
§20 Mé664 76
620 Ré452 76 WAR
§20 Ré4S2 76
520 RE452 76 WAR
520  R6452 76
520 M6EE4 7€ VOL
520 Ré4s2 76
520 R&452 76 MBM
§20 Ré4S52 76
§20 P17%0 79 WAR
620 P1750 79
520 P1790 75 WAR
§20 P17%0 79
520 P179%0 79 WAR
$20 P1790 79
$20 P17%0 79 MBM
20 P17%0 7%
§20 P1790 79
$20 Re4S2 79 MBM
520 Ré4S52 7
520 P1790 79 WAR
§20 P1790 79
520 P1790 79 WAR
§20 P17%0 79
520 P1790 79 WAR
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R R Crystal River Unit 3 R
LA R R R R L R R R R R R R R R R S/G A AR R R R R R R R
AR R R R R R R R R R R A R R L A 9‘/0‘ RPO LR AR R R R R R R R R ]
R R SPEC. INT. 108 EXP 2 R T

Page 2

LIST OF ALL SPECIAL INTEREST 10% MRPC EXPANSION #2 CALLS

LIST OF ALL S.I. 10% CALLS - 2
ROW TUBE VOLTS CHMN DEG IND %TW LOCATION EXTENT1 EXTENT2 PROBE ANLST CALN COMMENTS

MSG LxW 0.43 x 0.16 WAR 520 P1750 78

Total Indications Found = 66
Total Tubes Found = 20



D e BWNT TUBAN II (Version 2.1) 04/28/1994 10:01:25 R
e R R R e R R R R A ] c!-y.“l ll“l‘ Unit 3 R T
R e A L L 8/G B R
R L . 94/04 RFO searnnn CRRRARRRR TR RE.
L e R SPEC. INT. 10% EXP 2 ey InmnmmnmmmTfTfNNTT™T
PECIAL INTEREST 10% MRPC EXPANSION #2 CALLS
LI .1, 10% CALLS - 2
ROW TUBE VOLTS CHN DEG IND ¥TW LOCATION EXTENT1 EXTENT2 PROBE ANLST CAL# COMMENTS
2 2 0.55 P 1 0 WAR 18 108 -0.67 108 108 520 P2204 8 WAR
MSG LxWw 0.59 x 0.19 WAR 520 P2204 88
L 4 10 0.37 P1 60 VOL 088 +0.60 08s 08s 520 P2204 88 VOL
MSG LxWw 0.23 x 0.20 vVOL 520 P2204 L1
10 12 0.22 P1 92 VoL 098 -0.82 098 098 §20 P2204 88 VOL
MSG LxW 0.15 x 0.15 VOL 520 P2204 88
25 L} NDF uTs -4.44 uTs uTs 520 S1eds 92
NDF uTs -4.89 uTsS uTs 520 S1848 92
RIC 158 +41.94 158 158 520 R6452 88 ‘
RIC 188 +41.49 158 158 520 R6452 88
NDF 188 +22.01 158 158 §20 BO690 88
27 94 NDF 118 +29.24 118 118 520 P17%0 8
32 n 0.33 1 145 VOL 068 -0.97 068 068 520 BO&90 88 VOL |
MSG LxW 0.26 x 0.29 VOL 520 BO6%0 L1
33 8 0.31 P1 B4 WAR 11 078 +0.64 078 078 520 R6452 B8 WAR |
MSG LxW 0.17 x 0.15 WAR §20 R6452 88
37 40 0.27 1 70 VoL LTS +9.20 LTS LTS 5§20 P2204 88 PIT
MSG LxW 0.13 x 0.20 PIT 520 P2204 L1
0.24 1 55 VoL LTS +5.87 urs LTS 520 P2204 88 PIT
MSG Lxw 0.17 x 9.20 PIT 520 P2204 88
39 42 0.24 1 216 VOL LTS +14.27 LTS LTS 520 P2204 88 PIT
MSG LxWw 0.13 x 0,18 PIT 522 P2204 88
39 4S8 0.211 82 VoL LTS +8.04 LTS LTS 520 P2204 88 PIT
MSG Lxw 0.13 x 0.19 PIT §20 P2204 88
40 49 c.28 P1 71 VOL 078 -0.65 078 078 520 P2204 68 VOL
MSG LxW 0,07 x 0.14 VOL 520 P2204 88
44 46 0.18 1 59 VOL LTS +11.72 LTS LTS 520 P1790 8% PIT
MSG LxW 0.14 x 0.16 PIT 520 P179%0 89
45 “é .13 1 42 VoL LTS +14 68 L LTS LTS 520 P2204 88 PIT
MSG LxWw 0.14 x 0.13 PIT 520 P2204 88
45 Ly 0.58 1 95 VOL 028 -7.18 02s 028 520 P2204 88 MEM
MSG LxW 0.50 x 0.30 MBM §20 R6452 88
46 44 0.15 1 42 VoL LTS +13.89 LTS LTS 8§20 P2204 88 PIT
MSG LxW 0.16 x 0.17 PIT £20 P2204 88
47 48 0.15 1 43 VOL LTS +14 B4 LTS LTS 520 Ré6452 8% PIT
1 MSG LxWw 0.16 x 0.15 PIT §20 R6452 89
43 47 0.15 1 6 VOL LTS +13.07 LTS LTS 520 BOESC 86 PIT
MSG Lx¥Ww 0.15 x 0.14 PIT 520 B06%0 L]
S0 33 0.23 1 83 VoL LTS +7.24 LTS LTS 520 P2204 88 PIT
MSG LxW 0.13 x 0.16 PIT 520 P2204 L1
51 49 0.26 P 1 271 VOL LTS +13.77 LTS LTS 520 M6664 92 PIT
3 MSG LxWw 006 x 0.12 PIT 520 Mé6664 92
RIC LT +14.18 §20 Ré452 L1
82 40 0.271 70 VOL LTS +12.25 LTS LTS 520 P2204 88 PIT
MSG LxWw 0.16 x 0.16 PIT 520 P2204 88
56 53 0.38 1 44 VOL 138 +15.43 138 138 520 P2204 88 MBM
MSG LxWN 0.3 x 0.24 MBM 620 P2204 88
&8 38 0.371 98 voL LTS +11.42 LTS LTS 520 RE452 8% PIT
1 MEG LxW 0.13 x 0.16 PIT 6§20 R6452 89
58 45 NDF LTS +11.79 " LTS LTS 520 P1790 89
§9 113 NDF 078 -0.80 078 078 520 P2204 1]
65 28 0.09 1 72 VOL LTS +11.03 LTS LTS 520 P2204 88 PIT
MSG LxW 0.16 x 0.14 PIT 520 P2204 (1]
65 115 0.51 P1 61 VOL 048 +0.55 048 048 620 R6452 89 VOL
P1 MSG LxW 0,10 x 0.2 VOL 520 RE452 89

68 3 o0.12 40 VOL LTS +12 .40 LTS LTS 520 BO690 @8 PIT
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BWNT TUBAN II (Version 2.1)

Crystal River Unit 3
8/G 8B

94/04 RFO

SPEC. INT. 10% EXP 2

LIST OF ALL SPECIAL INTEREST 10% MRPC EXPANSION #2 CALLS

LIST OF ALL §.1. 10% CALLS
ROW TUBE VOLTS CHN DEG IND ¥TW LOCATION

88 M e.amera

89 34 0.241

80 44 0.20 1

92 36 0.34P1

94 43 0.281

97 27 0.18 1

100 9 0.16 1

1001 93 0.261

0.28 1

104 46 C.20P 1

104 51 0.13 1

108 36 0.22 1

107 48 0.311

113 i3 0.21 1

118 66 0.24 P11

119 12 0.19 P 1

120 63 .30 P12
127 96 c.aiprP

P1
130 23 0.48 P 1

P11
131 0 0.30 P 1
132 45 0.1 P 1

134 63 0.43 P 1

144 i5 .47 P21

Total Indications Found = 111

LE]

77

66

75

7%

60

63

34

67

114

81

98

74

64

87

68

92

84

Total Tubes Found = 53

§EEARARERE

voL

VoL

§a8

VoL

voL

voL

voL

voL

VoL

VoL

voL

VoL
MSG
VoL
MSG
WAR
MSG

- 2

13

098
L x
LTS

LTS

078
L x
LTS

LTS
Lx
LTS
L x
LTS
L x
078
L x
078
L x
078
L x
108
L x
078
L x
078
L x
078
L x
078
L x
078
L x

-0.72

13 x 0.

+15.78

A1 x 0.

+7.79

13 x 0.

-0.59

10 x 0.

+8.10

.16 x 0.

+11.31

.13 x 0.

+12.07

13 x 0.

+5.01
36 ®m D
+7.97

12 x 0.

-0.66

A8 %0,

+9.51

16 x 0,

+5.73

16 x 0,

+11.66

10 x 0.

+1:.79

13 = 0.

-0.73

13 x 0.

-0.76

.16 x 0.

=0.74
16 x 0
+0.69

47 % 0.

-0.80

.18 x 0.

-0.78

19 x 0.

-0.70

43 = 0.

-0.64

16 x 0.

-0.78
.30 x 0

16

15

15

13

14

17

1$

12

25

16

13

12

20

18

21

&

17

16

16

20

.22

VoL

PIT

PIT

voL

PIT

PIT

PIT

PIT

PIT

voL

PIT

PIT

PIT

VoL

voL

voL

voL

VoL

VoL

VoL

VOL

WAR

04/28/1994 10:01:25

R
AR A
AR AR R R R R
R
R R

Page 2

EXTENT1 EXTENT2 PROBE ANLST CALN COMMENTS

098

LTS

LTS

078

LTS

LTS

LTS

LTS

LTS

078

LTS

LTS

1Ts

LTS

078

078

078

108

078

078

078

098

LTS

LTS

078

LTS

LTS

LTS

LTS

LTS

078

LTS

LTS

LTS

LTS

078

078

078

078

078

078

520 P2204 88 VOL
520 P2204 @8
520 P2204 B8 PIT
820 P2204 88
$20  P2204 B8 PIT
520 P2204 BB
§20 P2204 89 VOL
$20 P2204 B89
520 BO69%0 88 PIT
520 BO69D 88
$20 P2204 89 PIT
520 P2204 89
$20 R6452 88 PIT
$20 P2204 &8
$20 P2204 &8 PIT
520 P2204 68
520 P2204 88 PIT
§20 P2204 88
520 P2204 88 VOL
520 Re452 B8
520 P2204 &8 PIT
520 P2204 88
$20 P1790 89 PIT
§20 P17%0 a9
$20 P2204 88 PIT
520 P2204 88
520 P2204 89 PIT
520 P2204 89
§20 P2204 88 VOL
520 P2204 BB
520 P2204 €8 VOL
$20  P2204 B8
§20  P2204 88 VOL
§20 P2204 B8
520 R6452 89 VOL
620 R6452 89
520 RE452 88 VOL
§20 R6482 88
$20  P2204 88 VvOL
$20 P2204 88
520 P2204 88 voL
520 R6452 88
520 P2204 88 VOL
520  P2204 86
§20 BO6S0 88 WAR
520 BO6SO0 88



D BWNT TUBAN II (Version 2.1) 04/28/1994 09:41 .44 B T

R R ] Crystal River Unitc 3 seseany LR R R T
AR e R e R e A R L s/o A LR R AR R R R AR A R R R R ]
R R R e 94/04 RFO R e Y
SRR EAR R R RR LRGN AR R R e SPEC. INT. 10% EXP 3 R R
Page 1
LIST OF ALL SPECIAL INTEREST 10% MRPC EXPANSION #3 CALLS
LIST OF ALL S.I. 10% CALLS - 3
ROW TUBE VOLTS CHN DEG IND §TW LOCATION EXTENT1 EXTENT2 PROBE ANLST CAL# COMMENTS
? 27 £.35 P1 92 VoL 078 +0.56 078 078 §20 L7871 86 VOL
MSG Lxw 0.23 x 0.17 VOL 520 L7871 86
0.2¢ P1 91 VOL 078 -0.58 078 078 $20 L7871 86 VOL
MSG LxWw 0.08 x 0.06 VOL $20 Le7N 86
0.27 P 1 123 VOL 078 +0.65 078 078 5§20 L7871 86 VOL
MSG LxWw 0.08 x 0.11 520 L7871 86
8 30 NDF 088 +26.37 c9s 088 520 HB259 86
NDF 088 +25.37 098 08S 520 HB259 86
0.28 P1 0 WAR 14 085 +0.60 098 08s $20 HB25% 86 WAR
23 MSG L xW 0.24 x 0.18 WAR 520 L7871 86
0.33 P11 0 WAR 15 088 -0.50 098 088 520 HB259 86 WAR
MSG LxW 0.29 x 0.14 WAR 520 L7 86
0.3 P 1 O WAR 16 078 +0.70 078 078 §20 L7871 86 WAR
MSG LxW C.26 x D.14 WAR 520 L7871 86
0.40 P 1 0 WAR 18 078 -0.85 078 078 §20 L7 86 WAR
MSG LxW 0.39 x 0.15 WAR §20 L7871 86
14 8 0.29 P 1 0 ODI 14 078 «0.71 078 078 $20 L7871 86 VOL
MSG LxW 0.20 x 0.17 VOL 520 L7871 86
22 s9 0.18 P 1 72 VOL 108 +0.62 108 108 520 L7871 86 VOL
MSG Lxw 0.15 x 0.13 VOL 520 L7871 86
26 95 0.47 P 1 0O WAR 21 088 -0.68 (11 08s 520 L7871 86 WAR
MSG LxW 0.44 x 0.13 WAR 520 L7871 (.11
27 91 NDF LTS +19 .54 LTS LTS 520 L7871 86
63 138 0.37P1 0 WAR 17 108 +0.00 108 ius 520 L7871 86 WAR
MSG LxWw 1.62 x 0.18 WAR 520 L7871 86
65 129 0.711 P11 0 WAR 29 108 +0.00 108 108 520 L7871 BE WAR
MSG Lx W 1.22 x 0.17 WAR §20 L7871 (-1
81 130 0.30 P1 59 WAR &/N 108 -0.89 108 108 s20 Lsm 86 WAR
MSG LxWw 0.45 x 0.13 WAR 520 L7871 86
82 130 0.20 P1 52 VOL LTS +24 .67 LTS LTS 520 L7871 86 VOL
MSG Lxw 0.23 x 0.16 VOL 520 L7871 86
b1 9 0C.41 P 1 65 VOL 08s -0.64 0es ces 520 L7871 86 VOL
MSG LxWw 0.13 x 0.13 VoL $20 L7871 86
107 i5 0.33 P1 91 VOL 148 -0.92 148 148 s20 L7 86 VOL
MSG L xWw 0.26 x 0.13 VOL 520 L7em 86
140 55 0.24 1 145 DNG 118 +19.96 118 118 520 HB259 86
148 36 .37 P11 O WAR 17 108 -0.68 108 108 520 L7871 86 WAR
MSG Lxw 0.68 x 0.12 WAR s20 L7871 1
0.23 P1 91 VOL 108 +0.79 108 108 520 L7871 86 VOL
MSG LxWw 0.20 x 0.13 VOL 520 L7871 86
150 7 0.39 P1 52 VOL 108 -0.80 108 108 §20 L7en 86 VoL
MSG Lx¥w 0.14 x 0.09% VoL 520 L7871 86
150 16 0.67 P 1 0 WAR 28 108 -0.00 108 108 520 L7871 B6 WAR
MSG LxW 1.52 x 0.33 WAR 520 Len (1]

Total Indications Found = 44
Total Tubes Found = 16
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Page 1
LIST OF ALL SPECIAL INTEREST 10% MRPC EXPANSION #3 CALLS
LIST OF ALL S.1. 10% CALLS - 3
ROW TUBE VOLTS CHN DEG IND ¥TW LOCATION EXTENT1 EXTENT2Z PROBE ANLST CAL# COMMENTS
& 38 0.58 P1 83 VOL 098 -0.8% 098 098 §20 82680 90 VOL
MSG LxW 0.21 x 0.21 VOL 520 82680 S0
1§ 3% 0.33 P 1 63 VOL 098 «0.93 098 css 520 C9318 90 PIT
MSG LxW 0.18 x 0.14 PIT 520 C9318 90
25 8 NDF ces +5.30 08s 088 520 s1848 90
27 % 0.27P1 71 VOL 118 +0. 84 118 118 §20 82680 91 voL
i MSG LxW 0.20 x 0.18 VOL $20 82680 91
NDF 118 +9.56 118 118 520 52680 91
RIC 118 +9.56 €20 S1848 90
35 38 0.151 49 VOL LTS +27.05 LTS LTS §20  S1848 80 PIT
MSG LxW 0.10 x 0.17 PIT §20 S1848 S0
3§ 40 0.131 $4 VOL LTS +28.83 Lrs LTS 520 Siede 91 PIT
MSG LxW 0.13 x 0.13 PIT 520 S1848 91
RIC Lrs +27.95 520 M6664 90
3 47 0.26 P 1 73 VOL 078 -0.73 078 078 520 S1848 80 voL
MSG LxW 0.10 x 0.15 VOL 520 sS1848 90
3 42 0.131 $0 VOL LTS «8.77 LTS LTS $20 S1848 30 PIT
MSG Lx¥ 0.17 x 0.14 PFIT 520  S1848 90
41 47 o0.21 1 61 VOL LTS +9.51 LTs LTS 520  S1848 90 PIT
MSG LxW 0,10 x 0.17 PIT 520 S1848 50
43 42 0.23 1 82 voL LTS +9.53 LTS LTS 520 S1848 50 PIT
MSG LxWw 0.10 x 0.17 PIT §20 S1648 90
43 76 0.25 P1 43 VOL 128 -5.87 128 128 €20 Mé664 90 MBM
MSG LxW 0.47 x 0.27 MBM 520 M6664 90
44 46 0.171 121 voL LTS +8.46 LTS LTS 520 S1848 90 PIT
MSG Lx¥% 0.13 x 0.13 PIT 520 S1s48 90
47 48 0.191 75 VOL LTS +5.86 LTS LTS 520 S1s848 90 PIT
MSG Lx¥W 0.17 x 0.17 PIT §20 S1848 90
49 47 O0.08 P1 25 VOL LTS +13.54 LTS LTS 520 Me664 90 VOL
MSG Lx#W 0.13 x 0.13 VOL 520 M6664 90
49 43 0.35 P 1 111 VOL 098 -0.73 098 098 §20 S1848 90 VOL
M3G LxW 0.13 x 0.19 VOL 520 Si848 90
51 37 0©0.22 P1 78 VOL 098 -0.59 098 098 520 M6664 90 VoL
MSG LxW 013 x 0. 14 VOL 520 M6664 90
57 51 0.19 1 4% VoL LTS +9.%0 LTS LTS €20 S1848 90 PIT
MSG LxW 0.13 x 0.18 PIT 520 S1848 90
60 38 0.29 1 98 VoL LTS +9.56 LTS LTS 520 S1848 %0 PIT
MSG LxW 0.17 x 0.15 PIT 520 Sl848 90
6} 26 0.11 P 1 62 VOL 068 -0.67 068 068 520 M6664 $0 VOL
MSG Lx¥® 0.08 x 0.17 VOL 520 M6664 90
63 27 0.69 P1 85 VOL iTs «8.38 LTS LTS 520 M6664 $0 PIT
MSG LxW 0.07 x 0.08 PIT 520 Me6é4 90
63 29 0.181 98 VoL LTS +6.20 LTS LTS 520 81848 90 PIT
MSG Lx® 0.13 x 0.17 PIT 520 S1eds 90
64 68 0.35 P 1 51 VOL 078 -0.69 078 078 520 Me664 90 VOL
MSG LxW 0.16 x 0.16 VOL 520 M6664 90
64 121 0.34 P 1 63 VOL 048 +0.98 048 048 §20 Mé664 90 VOL
MSG Lx¥W 008 x 0,11 VOL €20 M6664 90
€6 28 0,251 $5 VOL LTS +8.16 LTS LTS 520 S1848 30 PIT
MSG LxW 0.07 x 0.13 PIT §20 S1848 90
68 102 0.1 P 1 69 VOL 078 -0.64 078 078 $20 Me664 90 VOL
MSG LxW 0.11 x 0.11 VOL 520 Mé664 90
69 45 0.28 P 1 101 VoL 088 +0.68 088 098 $20 S2680 90 VOL
' MSG LxW 0.21 x 0.18 VOL 520 82680 90
79 40 0.23 P 1 96 VOL 118 -0.73 118 118 520 Sig4s 90 VOL
MSG LxW 0.13 x 0.24 VOL 520 S1848 90
84 g8 0.07 P11 79 VOL LTS +12.08 LTS LTS §20 ME664 90 PIT
MSG LxW 0.13 x 0.13 PIT §20 Mée664 90
92 93 0.20 1 68 VOL LTS +6.12 LTS LTS 520  S2680 90 PIT
MSG LxW 0.37 x0.17 PIT 820  S2680 90
92 126 0.40 P 1 85 VOL 078 +0.72 078 078 520 Me664 90 VoL
MSG LxW 0.11 x 0.15 VOL §20 M6664 90
94 81 0.771 77 VOL 108 +18.09 108 108 520 M6664 91 MBM
MSG LxW 041 x 0.26 MBM 820 M6664 91

96 29 0.09 1 50 VoL LTS +26.59 LTS LTS $20 51848 90 PIT




R AR R A A R A S R R R R ]

LR R e R R R
LR R R R R R A R R R A R A A A A R R
AEARAETARERERRRIROE TR AT ORN Ny
R R R

BWNT TUBAN II

(Version 2.

1)

LIST OF ALL SPECIAL INTEREST 10% MRPC EXPANSION #3 CALLS

LIST OF ALL §8.1.

ROW TUBE VOLTS CPN DEG

96 116 0.09 1
99 94 0.12 1

110 45 ¢.121

112 40 0.211

117 4 0.22 1

0.21 1

117 73 0.27 P12

126 83 0.30 P1

127 L
129 82 .21 P 1

130 47 0.28 P1

147 23 0.28 P 1

70

87

16

95

74

98

110

7

61

78

62

10% CALLS - 3

IND ¥TW LOCATION

voL

Total Indications Found = 94

Total Tubes Found = 4

]

LTS

078
L x
078
L x
078
L x
078
L x
128
078
L x
078
L x
03s
L x

0.09
+21.39

0.10 x 0.

+5.79

0.13 x 0.

+11.65

0.07 x 0.

+11.16
+6.31

0.10 x 0.

+10.76

0.16 x 0.

+8.68

0.10 x 0.

-0.73
0.08 x 0
-0.69

0.10 x 0.

-0.74

0.12 x 0.

-0.73

0.18 x 0.

+14.71
~0.76

0.13 x 0.

-0.68

0.38 = 0.

~0.67

0.23 x 0.

x 0.

15

7

is

20

15

13

17

12

18

16

20

20

15

20

PIT

PIT

PIT

PIT

PIT

PIT

PIT

voL

VoL

VOL

VoL

VoL

voL

VoL

04/28/1994 10:01:51

Crystal River Unit 3
: s$/G B

94/04 RFO

SPEC. INT. 10% EXP 3

EXTENT1 EXTENT2 PROBE ANLST CAL#

188

LTS

LTS

LTS

LTS

LTS

078

078

07s

078

128
078

078

03s

158

LTS

LTS

LTS

LTS

LTS

078

078

78

128
078

078

03s

AR AR R R A A R A R R R

RERANGRERARENn N

AL R R R R R
AR A AR A R R R R ]
e

LA AR R AR R R AR 2R 2]

AR AR R R L R R R R ]

Page 2
COMMENTS
520 S1g48 90
520 81848 80 PIT
520 $1848 90
620 M6664 90 PIT
520 M6664 90
$20 51848 91 PIT
520 S1848 51
520 s1848 90
520 Sle48 90 PIT
20 S1848 90
520 S1848 91 PIT
520 Slg48 91
20 S1848 91 PIT
§20 Sla48 91
520 M6664 91 VoL
520 M6664 $S1
$20 S1848 91 VOL
520 Sisds 9
520 MEGE4 91 VoL
520 MEEE4 91
620 M6664 91 VOL
520 M6664 31
$20 S1848 51
520 Mé664 91 VOL
520 M6664 91
620 M&6664 91 VOL
§20 M6664 91
8§20 Mé664 91 VOL
§20 M6664 91



Data Utilized in Section 5.2.2 Discussion

90-28-2-B i 0.063

Tube/ Defect ~ Axial Extent, In. |Circumferential Extent, In. Depth, % TW
52-51-2-D R T T R
52-51-2-12 T~ ooM8 _ eosy 83
6281-241 | 0083 @ 0037] 28
52-61-2X 00403 = Lo Ny
52-51-2-U YT T E R T R
52-561-2-S ORI IR eI L AT U
52-51-2-R ; | o.0388] @ 0.02 Sy 18,
52-51-2-P | o043 @000 0.2 2 a8
52-51-2-N2/1 — 0.0336] 0028] 30
6261-2L | 0033 B00Y] 13
52-51-2-K2/1 | 0.0427 OO T T M
52-51-2-G/F 0.0699 0.031 a7
52-51-2-B . 003w = 001 38
90-28-2-C I AP 0.053 0.01  se
90-28-2-AF A 0.0289 B oot 51
90-28-2-AD2/1 [ 0.0524 0.019 RN .
90-28-2-AB i 0.0544, 0.045 ~ 30|
90-28-2-Z i R U T R 7 ISR
90-28-2-X2/1 | 0.0456 0.015 43
90-28-2-V2/1 s 00837 = 0.041 48
90-28-2-T2/1 { ~ 0.0363 __0043] == 50
90-28-2-821 | 0.0338 L ooy . 28
90262 | 00892 o017 4
(90-28-20NM | 0058 =~ === 0O79 = 43
90-28-2K S T 0.0318 RN 7 R |

[90-28-2-€ 2~ =<0 | 0.071

(902826 | 0079

106-32-2-AG2 0.062

97-91-2p | 0073 0074 48
979120 | ""0076 0062 &4
9791-20 | " 00%4, 0047, 48
97.91-2T | 0061 _ 0.066 o 4a
979128 o011 o001
97-91-2-W I 0061 ~0.047, 54
97912R1 | o011, 0033
97912M 00197 0018 18]
97-31-2K | 0048 0021 29
97-¢1-21 ~0.0067 0013 4
979126 | 00131 0004 &
97-91-2€2A1D | 0013 0031 s
979128 00163  0.014 s
106-42-2-x2 | 0.071 0083 49|
106322y 0015 ~0.008 8|
106~322 X1 0.016 - 0_.0§_§1 B B 2:/4
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Data Utilized in Section £.2.2 Discussion

Tube/ Defect Axial Extent, In.  Circumferential Extent, In. | Depth, % TW

106-32-2-AH 0.056 O 0.028 29
106-32-2-AT 0.06] 0.05 31
106-32-2-AU | 0.047 . 0.054 39
106-32-2-BG/BF i, 0.0551 0.041 15
106-32-2-BD/BC [ 0.0635 0.07 31
106-32-2-BB/BA/AZ = 0.03563] 0.07 20,
106-32-2-AY 0.0653 ~ 0.088 36
106-32-2-AX . 0.0399 i ~ 0.052 32
106-32-2-AR i 0.0449 0.07 19
106-32-2-AQ2/1 0.0381 0.087 K 35
106-32-2-AF,/AD 0.048 0.078 27
106-32-2-AN/AM3/2/1 0.0265 0.174 27
106-32-2-AL2/1 0.0277] 0.056 ~ 11
106-52-2-AJ/AK 0.0613 0.124 39
106-32-2-AE/AD/AC2 0.0625 0.16 24)
106-32-2-AC1/AB 0.0536| 0.063 18
106-32-2-Z/AA 0.0462 0.101 H 34
106-32-2-V2 0.0408 0.011 W 14
106-32-2-Q 0.0171 0.017 7
106-32-2-N 0.0054 0.00% R
106-32-2-L/K/J/IH 0.0173 0.171 14
105-32-2-F 0.012 0.051 _9+
106-32-2-€ 0.0182 0.019 23
106-32-2-C 0.0067 0.027 7]
- 1-46-14B 0.09 0.119 30
| 58-46-3A L 0.228 - 0.089 75
72-49-138 | 0.094 0.134 18
109-71-7BX | 0.086 0.097 15
129-71-148 0.112 0101 36
136-26-158 0.112 ! 0.17 38
41-44.2-B2 0.049 ~ 0.065 i 44
41-44-2-B4A 003 0.082 29
41-44-2B4B | 0024 0.037 29
41-44-2B4C 0076 ~ 0.043 20
41-44-2-B4D I 0.069 003 8
41-44-2-B6A oo N 0058 32
41-44-2-B6B 0.046 ARG 0.072 38|
41-44-2-B8D | o088 al 0.106 59|
41-44-2-B10 | 0.045 0.084 32
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Data Utilized in Figure 5-6

oa.eammgTy ID Depth (% TW)
1

$0-28-2-AF 51
90-28-2-AD2/1 37
90-28-2-AB 30
90-28-2-2 | 30
90-28-2-X2/1 43
90-28-2-V2/1 48
90-28-2-T2/1 50
90-28-2-82/1 26
90-28-2-Q 45
90-28-2-K 18
90-28-2-C/B a1
80-28-2 O/N/M 43
90-28-2-E | 50
90-28-2-1/H/G 49
52-51-2-X 32
52-51-2-U 26
52-51-2-§ 33
52-51-2 R 18
52-51-2-P 33 it
52-51-2-N2/1 30
52-51-2-L | 13
52-51-2-K2/1 45
52-61-2-G/F a7
52-51-2-D | 34
52-51-2-12/1 42
52-51-2-B 38
97-91-2-R1 4
97-91-2-M 16
97-91-2K 29
97-91-2-1 4
97-91-2-G | 5
97-91-2-E2/1/D 6
97-91-2-8 6
97-91-2-W [ 54
97-91-2-U/T/S 46
97-91-2-P/O 50
106-32-2-BG/BF 15
106-32-2-BB/BA/AZ | 20
106-32-2-AX 32
106-32-2-AR 19
106-32-2-AQ2/1 35
106-32-2-AP/A0 27 g
106-32-2-AN/AM3/2/1 27
106-32-2-AL2/1 ! S mn
106-32-2-AC1/AB | ) 18 i
106-32-2-X2/Y/X1 28
106-32-2-V2 14
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Data Utilized in Figure 5-6

Dboominuitly 1D Depth (%TW)
106-32-2-BD/BC 31 any
106-32-2-AY 36
106-32-2-AG2/AH 35
106-32-2-AE/AD/AC2 24
106-32-2-Z/AA 34
106-32-2-AT/AU/AV 34
106-32-2-AJ/AK 39
106-32-2-Q 7 ]
106-32-2-N 15
106-32-2-L/K/J/NMH 14

106-32-2-F El

106-32-2-E 23
106-32-2-C 7

41-44-2-81 35

41-44-2-B2 44
41-44-2-B3A 44
41-44-2-B3B 29
41-44-2-B3C 20
41-44-2-B3D 44
41-44-2-B4A 29
41-44-2-B4B 29
41-44-2-B4C 20
41-44-2-B4D 6
41-44-2-B5A1 1 24
41-44-2-B5B1 1 35
41-44-2-B5B2 20
41-44-2-B6A 32
41-44-2-B6B 38
41-44-2-B7A 32
41-44-2-B7B 29
41-44-2-B7C 29
41-44-2-B7D 20
41-44-2-B7E 1 18
41-44-2-B8A i T 50
41-44-2-B8D | 59
41-44-2-B9A 1 29
41-44-2-B98 26
41-44-2-B9C o 20,
41-44-2-B9D ~ 29
41-44-2-B10 { 32 1
41-44-2-B11A 20 .
41-44-2-B11B B 29
41-44-2-B11C | 41
41-44-2811D | i 29
41-44-2B11E i RN
41-44-2-B11F 1 ] 26|
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Data Utilized in the Development of Figures 2-8 and 2-10

1 | | A3 ol

Axial Extent Range 0-0.024 Inches (0-24 Mils) |

!

Diwominuitfy ID

1
1

97-91-2-

97-91-2-R1

1

97-91-2-M

1wy TN

97-91-2-G

97-91-2-€2/1/D

13.5 | N

; 1

97-91-2-B

Axial Extent (Mils) Detection (Y or N) |

a L 6.7 | B R
T I N Y
! .
B
b

N
13.1 | N N
N
N

T NS TR,
. ‘ J

i | L - PP
Axial Extent Range 0.025-0.049 Inches (25-49 Mils) |

_..._.,_.ﬁ._._+ — 4 Pt —— e e——
- 4 -

-qL = NS T S

90-28-2-X21

Discontinuity 1D Axial Extent (Mils) Detection (Y or N) |
1 e} [ Bobbin  |MRPC
41-44-2-B4B _ | 28| by N N
106-32-2-AN/AM/3/2/1 E 1 26.5 i 7 ¥ o
106-32-2-AL2/1 I 277 ) N Y
90-28-2-AF 289 N CThicE#
41-44-2-B6A : N N i
41-44-2-B4A ] 39 - o N
90-28-2-2 | 38.2 . N ‘N
90-28-2-T2/1 __38.3] N N A
90-28-2-82/1 339 N N
90-28-2K N 318 N N 1
52-51-2-U 32.7] N N
52-51-2-R | 38.9 W N L
52-51-2-N2/1 BtE 336 | N 5 AR
52-51-2-L Tl 33.5 N N
106-32-2-BB/BA/AZ s3I ] N T 1
106-32-2-AX | _ 39.9 KPS TSR
106-32-2-AQ2/1 - B 4 arT TRl IRl N Vi
106-32-2-X2/Y/X1 | 1 33.7 [ % R AR
106-32-2-V2 { . 408 N _T\Q i
41-44-2-810 1« | N N
41-44-2-B6B 46/ 1 N N

e —— S 4- ——— s L —_——
| 40.3 | N |
e —— ey ——— — ————— — s ———— vt — - el

97-91-2K |

62-61-2K2/1

52-51-24211

b e g s g

106-32-2-AT/AUAV | 468 |y Ty

106-32-2-AR

106-32-2-AP/AQ

41-44-2-B2

'

g 1 aag]

o —— e ——————— i e i+ Sl ettt S eem———— — ,*,_v‘ SN, Sel MO SN
I O T I A S
106-32-2-Z/AA )

1 eeal

e S T B S e SIRCE —
| | | |
—— e~ -—~--4-77-»-7 e + - - " — — 4 -
| !
e oum s tns s ———— .

|

4

J 1 99 N N
+

= , e R N (EE———. S h .I,_A._ SRS -l TT.-___ P
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Data Utilized in the Development of Figures 2-8 and 2-10 \

| T T i —— 1
Axial Extent Range 0.050-0.074 Inches (50-74 Mils) |
Discontinuity ID Axial Extent (Mils) Detection (Y or N)
1 Bobbin  MRPC
90-28-2-AD2/1 52.4 N N 4
90-28-2-AB 54.4 N N
90-28-2-V2/1 53.7 N N -]
90-28-2-Q | 59.2 N N
90-28-2-0/N/M 58.5 _ N N
90-28-2-C/B 56.5 : \ Y
97-91-2-U/T/8 58.2 | N Y
97-91-2-W | 60.6 1 Y Y
106-32-2-BG/BF 55.1 N N A
106-32-2-AY 55.3 Y N
106-32-2-AG2/AH 59.1 N Y 3
106-32-2-AC1/AB 53.5 N N .
52-51-2-5 | 3.7 N N N
| 52-61-2-G/F 69.9 Y Y
| 52-51-2-D | 60.9 Y Y
| 106-32-2-BD/BC 63.5 N N
| 106-32-2-AJ/AK 61.3 \ Y )
i 106-32-AE/AD/AC2 62.5 Y N
41-44-2-B4D 69 Y Y
41-44.-2-B8 69 N N
90-28-2-1/H/G 71.5 Y Y
90-28-2-F 70.9 Y Y
97-91-2-P/0 74.4 Y N B
41-44-2-BAC 76 N N
Axial Extent Range 0.075-0.099 Inches (75-99 Mils) g
Discontinuity ID Axial Extent (Mils) ‘ Detection (Y or N}
| [ ] Bobbin  MRPC
68-46-14 90 Y Y L
72-49-13 94 Y Y
108-71-7 86 1y N/A-Note |
| | ! kel
|  Axial Extent Range 0.100-0.124 Inches (100-124 Mils) | =
Discontinuity 1D L Axial Extent (Mils) | Detection (Y or N)
f | | 'Bobbin  MRPC
109-71-14 35 N iR 112 B DR N | -
136-26-15 | 112 | Y Y
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Data Utilized in the Development of Figure 2-9

| Volume 0-24E-6 Inches { | -}

Discontinuity 1D Volume (E-6 cubic inches) Detection (Y or N)
Bobbin MRPC

90-28-2-AF 3 N N
90-28-2-AD2/1 6.9 N N
9U-28-2-AB 13.8 N N
90-28-2-Z | 1.5 N N S
90-28-2-X2/1 5.4 N N
90-28-2-V2/1 19.9 N N
90-28-2-T2/1 14.5 N N
90-28-2-82/1 2.9 N N
90-28-2-Q 8.5 N N
90-28-2K 2.1 N N
90-28-2-C/B 14.5 Y Y
52-51-2-X S 2.6 N N
52-61-2-U 4.2 N N
52-51-2-S 17.9 N N
52-51-2-R 2.7 = N N
52-51-2-P 7.9 N N
52-51-2-N2/1 4.8 N N ]
52-51-2-L | 0.6 N N
52-51-2-K2/1 16.4 N N
52-61-2-G/F 19.3 gl Y Y
52-51-2-D oy 17.9 Y Y
97-91-2-R1 0.3 N Y
97-91-2-M 1.1 N N
97-91-2K 5.7 N N
97-91-2-1 0.1 N N N
97-91-2-G e 0 N N
97-91-2-E2/1/D 0.5 N N
97-91-2-B 0.2 N N
106-32-2-BG/BF 6.2 N N m
106-32-2-BB/BA/AZ I 9.4 N N
106-32-2-AX [ 12.6 N N
106-32-2-AR | 11.2 N Y i
106-32-2-AQ2/1 | 21.9 | IN NiF T v
106-32-2-AP/A0 | 192 0 | Y RERE
106-32-2-AN/AM3/2/1 || 235 202 5 | TR, |
106-32-2-AL2/1 | RN, RN ¢ 5T Ny B
105-32-2AC1/A8 | | 2 n4 N N
106-32-2-X2/Y/X1 I 77 ST TR | I S S
108-32-2ve =~ | | 1 = L SERIRN | s
109-71-7Bx ; 17 Y INA
41-44-2B IS FNRET SERN | Tl N &
41-44-2-B4A SN L I TR N TR
41-44-2-B4B b ﬁ | LA e N N ]
41-44-2-B4C T RN IRTONE  e  RLE
41-44-2-B4D | N N ]
41-44-2-B6A 3 N N
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Data Utilized in the Development of Figure 2-9

|
o}

| ~Volume Range 0-24E-6 Inches (Coniir.ued) Sy -
DisconﬁnuitTv ID % il Volume (E-6 cubic inches) | Detection (Y or N) s
U e VA TR | e (SN i ol O e
41-44-2-88] L SGET | T ] . ) | A
41-44-2-B10 | s‘ | N N

10 | sl | e ? ] —d

Volume Range 25-49 E- 6 inches | 1 AR
Discontinuity 1D Volume (E-6 cubic inches) Detection (Y or N)

1 e L | T Bobbin | MRPC
90-28-2-O/N/M 1 I Y 5} | A e N
90-28-2-€ | e, il .~ 288 | F - DREE S
52-51-2-12/1 Vol _-"F 32.9 | R G | e
97-91-2-w /| R P R e T R A BRSO
106-32-2-BD/BC ) sty %8 =1 N R
106-32-2-AY sk 32.9 S e
106-32-2-AG2/AH 1 ) ‘N EE oF
106-32-2-AE/AD/AC2 42.4 | ig_ S ]
106-32-2-Z/AA i 1 _391 SR BRRER RS 4
724913 I S LI 3_5+ T Al Y ), AR w
—] VR APkl 2 DhE

Volume mng_so-u E-6 Inches i

Discontinuity ID iVolumo (E- 6 cubic mchn) " IDotoctnon (Y or N) A
Ll ] 1 I _Bobbin _|MRPC
90-28-24M/6 | 23 |y S I
97-91-2-UT/S | 709 9 ENLLAED (S | R
97.91-2P0 | . 68.8 S W Y N ]
106-32-2-AT/AU/AV | | 69.2 ] T e Y
106-32-2AAK | 0001 68 0 v @y
68-46-148 g A VOGP gk g AT
109-71-14B > CT- PNyt 66 | S | G | A
136-26-158 ) 68 1 Y Y

Page A-103



RAIl #14 Data

Tube Location L1(BR) L2 (9R) w1 (BR) w2 (9R) _F el
13-9 08S-0.80 0.14 0.19 018] o014 = |
35-42 095-0.63 0.16 0.13 022 ox| | 1
37-41 LTSF +6.78 0.14 018  0.14 0.14 ]
37-48 078-0.79 0.1 0.14 017 0.1 o CEE
41-47 LTSF+1400,  0.15 009/ ©017] 042 0 |
43-42 LTSF +8.85 0.14 016  0.18 014
43-80 125 +6.84 0.16 016,  0.05 0.14 | R
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IV.8 RAI Question Number 28 - Introductory Paragraph Discussion

The introductory paragraph refers to two instances where the NRC Staff felt
there was an apparent discrepancy between data sets presented. Each of these
is discussed below.

Table 3-2 is a compilation of the detectability information presented in Table
3-1 "Summary of Eddy Current Distinguishable Defects." As discussed in the
response to RAI Question Number 34, the difference between the data presented
in Appendix D to Attachment 2 of Reference 4 resides in the intended purpose
of the respective evaluation.

The second example cited compares 1992 pulled tube data with the population of
pulled tube data following the 1994 tube pull. Presumably, the RAI is
referring to the number of indications detected by MRPC since this is the
subject of Table 3-1. In this case, Appendix B contained a number of detected
indications based upon combined eddy current results and total defect count.
This approach was not utilized in later disposition strategy development
efforts.
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Guidelines for Leak Testing of Steam Generator Tubes
Prepared for the EPRI ARC Committee by Westinghouse, Laborelec, & Packer Engineering

1. SCOPE.

The purpose of this guide is to describe recommended practices for the
measurement of fluid leak rate(s) from tubes with through-wall degradation,
that are either pulled from steam generators (SG's) or prod':ced under
laboratory conditions.

Since acceptable leak rate testing may be performed utilizing a variety of test
facility and measuring equipment, a specific delineation of such equipment
and its' configuration is not specified herein.

2. TEST SPECIMEN(S).

The test specimens should consist of tube sections approximately 10" (250
mm) long, with the degraded area located as close as practicable to the mid-
length position of the specimen. In specific cases lengths as short as 6"
(150 mm) may be justified.

If the degradation is visible at the tube outside diameter (OD) surface, a good
quality (preferably color) photograph should be taken of the degraded area.

3. PROCEDURE RECOMMENDATIONS.

Testing shall be pe-formed in accordance with » written test procedure. The
test procedure shal. be aimed at providing a direct or adjusted evaluation of
the leak rate to be expected under the specified environmental conditions, e.g.,
the internal and external pressure, tem perature and fluid conditions, of
interest.

Note: Usually the desired leak rate is for faulted conditions, with the water
pressure and temperature specified on the primary side, and an
essentially zero (ambient) pressure vapor phase on the secondary side.

The leak rate measurement(s) shall be performed at a differential pressure
closely matching the actual SG conditions (as specified).

It is further desirable, but, not mandatory, that the testing conditions fully
duplicate the specified environment, including the SG operating temperatures.

Adjustments to the measured leak rates are required when the absolute
pressures (both sides of the tube) and/or the temperatures are not prototypic.
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Guidelines for Leak Testing of Steam Generator Tubes
Prepared for the EPRI ARC Committee by Westinghouse, Laborelec, & Packer Engineering

This is always the case for room temperature testing. While such an
adjustment procedure involves some additional uncertainty, the latter is
usually considered to be much smaller than the scatter of leak rates from
nominally similar crack morphologies, i.e., as characterized by standard non-
destructive examination (NDE) techniques.

Even if the test is performed at the specific differential pressure, it is
desirable, but, not mandatory, to gain some knowledge about the rate of
change of leak rate with pressure. This addresses a sensitivity concern, and
may provide a basis for the possible extrapolation or interpolation of the
results to other faulted conditions that might be further considered by plant
safety evaluations.

It is recommended that additional leak rate measurements, preferably three
or four, be performed at selected pressure difference levels ranging from not
lower than the normal operation condition to not higher than 110% of the
specified fauited condition.

The leak test duration, i.e., time at each pressure level, should be determined
based on the required measurement accuracy and the measuring equipment
being used. Replicate tests for each configuration are recommended. Due to
plasticity effects, crack opening areas are path dependent. Therefore, leak
rate measurements at a low pressure difference will increase markedly after
exposure to a higher pressure difference. Transient pressure fluctuations
during the approach to steady state test conditions should thus be controlled
to avoid unwanted crack opening deformation.

The measurement system should be capable of providing reliable leak rate
results in the range from 0.01 to 100 1/h, with an accuracy of plus or minus
10%.

4. TEST EQUIPMENT

Test equipment may vary widely, depending on the selected testing conditions
and method. In general terms, the following may be required:

1) a supply system, delivering the high pressure, and possibly high
temperature, water into the primary side of the test specimen,

2) a secondary side enclosure, in the case of high temperature testing,
with possible provisions for:
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Guidelines for Leak Tosting of Steam Generator Tubes
Prepared for the EPRI ARC Committee by Westinghouse, Laborelec, & Packer Engineering

a. pressure confinement,
b. leakage collection,

3) a measurement syst. of either the injected flow rate or collected
leak rate,

4) adequate control and instrumentation to establish and maintain the
applicable testing conditions, such as pressure(s) and temperature(s),
for the duration of the test.

The integrated testing facility should be qualified. Such qualification should
consist of demonstrating its' functional capability over the full range of
specified leak rates, pressures, and temperatures.

Attention should be paid to functional limitations that might impair the
nominal measuring ranges, e.g., when the order of magnitude of the flow

resistance of piping connections becomes comparable to that of the cracked
specimen.

4. DOCUMENTATION

Leak rate testing should comply with all relevant quality assurance (QA)
requirements in effect at the testing laboratory organization. As a minimum
the following documentation shall be available:

(1) a description and qualification of the leak rate measurement system,
including the accuracy of the measurements,

(2) the adjustment procedure to accident conditions (if applicable),
(3) a written test procedure,
(4) a test report including:

(a) full specimen identification,

(b) a sketch, schematic diagram or written description of the test
equipment and instrumentation, and the configuration of same,

(c¢) full description of test parameters,
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(d) test equipment serial numbers,

(e) (reference to) instrument calibration d#ta,

(f) measured leak rates (for each selected pressure level),
(g) adjusted leak rates (if applicable),

(h) appended photographs of the degraded area, before and after testing
(optional).
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The purpose of this guide is to define the configuration of test specimens,
equipment and setup, and the procedure to be used for the burst testing of
degraded tubes that are either: 1) removed from steam generators (SG), 2)
produced in a laboratory under simulated field conditions, or 3) produced by
suitable artificial simulation, e.g., EDM slots (with widths not exceeding 0.01"
or 0.3 mm).

2. TEST SPECIMEN(S).

The test specimen will be a tube section approximately 10 inches (250 mm)
long, with the degraded area located at mid-length (as close as practicable),
In specific cases lengths as short as ~g" (150 mm) may be justified.

In order to prevent leakage before burst, an unreinforced plastic bladder, 0.08"
t0 0.125" (2 to 4 mm) thick, will be inserted in the specimen. The bladder OD
is to be matched as close as practicable to the tube ID, and is to be mechani-
cally sealed at both ends of the specimen.

NOTE: The total bladder thickness may be achieved by the use of mulitiple
concentric bladders. The use of more than two (2) concentric bladders to
achieve the desired thickness is not recommended.

If the degradation is through or nearly through, and/or the specimen is
technically valuable, e.g., a pulled tube section or a unique prototype, it is
recommended that the bladder be reinforced with a thin metal foil shim
inserted between the tube defect and bladder.

In case of a premature bladder failure (extrusion through the defect opening
before tube burst) in a prior pressurization test (of the actual specimen or of
other similar specimens), (re)pressurization shall be achieved utilizing a
reinforcing foil as described in the following paragraph.

If reinforcing foil is used, it shall be of brass or copr “ 0 8 mils (0.1 to 0.2
mm) thick, about 0.4" to 0.5" (~10 to 12 mm) wide ¢ .4 with a length not
exceeding the ends of the defect by more than 0.25" (6 mm). Alternatively,
the foil may be stainless steel, 2 to 4 mils (0.05 to 0.1 mm) thick. The foil
should be centered on the degradation. Proper angular positioning of the foi]
may require information about the (largest) defect from a dye penetrant, RPC
and/or UT inspection relative to a known reference point on the specimen.
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Prepared for the EPRI ARC Committee by Westinghouse, Laborelec, & Packer Engineering

The use of a reinforcing shim may result in a measured burst pressure greater
than the actual value; therefore a corrected, or adjusted, burst pressure shall
be obtained by applying a 5% reduction to the measured burst pressure.

The specimen shall be connected to the test rig by Swagelok® or equivalent
type fittings; this may include a "union" connection to 2 tube extension if
required for proper simulation of environmecutal constraints, e.g., for a circum-
ferential crack with lateral motion of the tube constrained by a tube support
plate.

Considering the defect to be oriented at the 0° azimuth, the tube outside
diameter (OD) shall be measured at the 0° and 90° azimuth locations, at the
defect axial location, at both ends of the specimen, and at the level of any
external constraint(s) of the specimen or the tube extension. For specimens in
which the defect is a8 machined slit, the OD measurement at the 0° azimuth
should be performed before the machining process.

The tube thickness shall be measured at both ends of the specimen at the
same azimuth orientations. It is also recommended that the thickness be
measured at each end of the specimen at the 180° and 270° azimuth locations.
The thickness measurements should be direct if practicable, e.g., pin microme-
ter. If direct measurement of the thickness cannot be effected, inside diame-
ter (ID) and outside diameter measurements may be made and the thickness
calculated.

If the defect is visible at the tube OD surface, a good quality (preferably color)
photograph shall be taken of the degraded area. Inclusion of a scale in the
photograph is recommended but not mandatory.

A virgin control specimen with known or tested material properties shall be
prepared for testing with each series (defined as requiring a separate test
equipment setup) of test specimens.

3. TESTRIG.

If required to obtain a representative burst pressure, the test specimen will be
placed in a test rig simulating the geometrical constraints acting under actual
steam generator conditions. The tube support conditions above and below the
tube degradation location in the steam generator should be simulated for the
burst test. For example, if the failure mode implies significant bending as
could be the case for circumferentially oriented defects at the top of the
tubesheet, an assembly of a split collar (no gap) as a tubesheet simulant and
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ring collar(s), with controlled gap, to simulate the tube support plate(s), linked
together by a rigid axial frame, would be required to simulate the restraining
effect of the tube support plates.

TEST EQUIPMENT.

The test equipment consists mainly of pressurizing devices and measuring
instruments.

(1) Pressurizing is achieved by a cold incompressible medium such as water
or oil. The pressurizing sysivm consists of a pump, an air-driven pres-
sure multiplier and’or ancillary devices, allowing a controlled pressure
rise (with minimum pressure fluctuations) up to a pressure on the order
of 13000 psi (900 bar).

NOTE: A system capability of 15000 psi (1034 bar) may be necessary for
burst testing of U-bend specimens. The capacity of the equipment
must exceed the strength of the specimen.

(2) The measuring/recording system shall include at least:

(a) a pressure transducer (two are recommended for pulled tube tests to
avoid loss of data in the event of a malfunction)

(b) a recording device, e.g., tape or pen plotter, etc. (two are recommend-
ed for pulled tube tests to avoid loss of data in the event of a mal-
function)

Additional features are recommended to provide redundancy to compensate
for the potential malfunctioning of any part (with proper attention paid to
such common failure modes as associated with power supply).

All instruments, gauges and test equipment shall be calibrated prior to testing
(unless valid calibration certificates are already available) and recalibrated
after testing in case of disagreement between the independent measurement
channels, if present, or if there is any reason to suspect the validity of the ob-
served results. Calibrations shall be traceable to the appropriate national
standards institute for the country in which the tests are preformed.
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Prepared for the EPRI ARC Committee by Westinghouse, Laborelec, & Packer Engineering

5. TEST PROCEDURE.

(1

(2)

(3)

(4)

(5)

(6)

(7

(8)

(9)

(10)

Prepare specimens as defined under §2. Note that the control specimen
is to be tested first.

Take dimensional measurements and defect photographs, if not previous-
ly obtained.

Attach the specimen to the test rig (extension tube, if applicable) and
pressurizing system; over torquing of the sealing fittings is permitted if
leakage is observed during test.

Check the availability of the measurement equipment and its' calibration
data (as defined under §4).

Verification of the settings of the instrumentation shall be based on the
results to be obtained from the control specimen.

Fill and bleed the hydraulic system.
Turn-on the recorder(s) just before pressurizing the system.

Increase the primary side pressure at a rate between 200 and 2000
psi/second (15 to 150 bar/sec). Pressurization rates in the upper half of
the specified range are recommended when no reinforcing foil is being
used because rates in the lower half of the range, e.g., less than 1000
psi/sec (70 bar/sec), may affect the integrity of the bladder seal.

Turn-off the recorders and the pressurizing system after burst of the
specimen (or seal failure) has occurred.

Disassemble and examine the test specimen. If the defect has not ex-
tended by tearing beyond its initial length and/or does not exhibit signifi-
cant bulging/fishmouth opening, premature bladder failure has occurred,
and the recorded pressure is but a lower bound for the actual burst
pressure.

In such a case, it is recommended that repressurizing be performed after
reinforcing the bladder arrangement, as indicated under §2. If prema-
ture bladder failure is suspected, such shall be documented in the test
record.
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(11) Take good quality (preferably color) photographs of the burst opening.

(12) Measure the defect dimensions (final length and opening width) and any
other noticeable change of the degraded area. Diametral measurements
should be made at the buige location, including the maximum diameter
to the lip of the burst opening and at 90° to that location, and at loca-
tions remote from the burst opening

NOTE: Additional measurements may be specified as required depending
on the planned end usage of the data.

6. QUALITY ASSURANCE.

Burst pressure testing should comply will all relevant QA requirements in
effect at the testing laboratory organization.

As a minimum, documentation shall include:
(1) a written test procedure
(2) a test report with
(a) full specimen identification
(b) a sketch/schematic or written description of the test setup

(¢) a sketch of support details with pertinent dimensions, if special
support of the specimen is employed

(d) test equipment serial numbers

(e) (reference to) instrument calibration data

(f) description (with cimensions) of the specimen sealing system

(g) maximum record:d pressure (with a statement of qualification as
valid burst pressure). If a reinforcing foil has been used, both the

measured and corrected values are to be reported.

(h) dimensional measurements before and after test
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(i) appended pressure plot(s)

Note: These are considered optional for distributed copies of the test
report. The plots shall be retained with the master file report.

(j) appended photographs before and after test.

Note: These are ccasidered optional for distributed copies of the test
report. The photographs shall be retained with the master file
report.
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