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{'D. Ashley - Questions to go over fomorTow...

Citizen's Exhibit NC2

From: <john.hufnagel@exeloncorp.com:

To: <djai @nre.gov=, <rtkm@nre.govs>
Date: 04/24/2006 6:17:58 PM
Subject: Questions to go over tomorrow...

Roy and Donnie,

These attached questions are those from the database that we currently have stalused as Open, but
which have responses that should allow closure. Although in the closed status, AMP-071 and AMP-204
were also included because they were updaled to reference additional information provided in AMP.O72.

Also, we did not send AMP-358, which is the itemn on Fatigue Analysis. We plan on sending that to you
tomorrow.

Hope 1o talk with you tomorrow PM.

- John.

<<AMP-071.pdf>> <<AMP-072.pdf>> <<AMP-141.pdl>> <<AMP-204.pdf>> <<AMP-209.pd>>
<<AMP-210.pdfs>> <<AMP-264.pdis> <<AMP-356.pdi>> <<AMP-357.pdf>> <<AMP-359.pdf>>
<<AMP-360.pdi>> <<AMP-361.pdf>> <<AMP-362.pdi>> <<AMR-164.pdf>> <<AMR-167.pdi>>
<<AMR-355.pdi>>
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This e-mail and any of its attachments may contain Exelon
Corporation proprietary information, which is privileged,
confidential, or subject to copyright belonging to the Exelon
Corporation family of Companles.

This e-mail is intended solely for the use of the individual or
entily to which it is addressed, If you are not the intended
recipient of this e-mail, you are hereby notified that any
dissemination, distribution, copying, or action taken in relation
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Item No Date Received: Source
AMP-357 2/16/2006 AMP Audit
Topic: Status: Open

IWE

Document References:

NRC Representative  Morante, Rich
AmerGen (Took Issuc):

Question

(1) When a new set of point thickness readings is taken is the former sandbed region, prior to
entering the LR pericd, what will be the quantitative accepiance criteria for concluding that corrosion

has or has not occurred since the last inspection in 1886.

(2) If additional corrosion is detected in the upcoming inspection, describe in detail the augmented
inspections and other steps that will be taken to evaluate the extent of the corrosion, and describe the
approach to ensuring the continued structural adequacy of the containment.

Assigned To: Ouaou, Ahmed

Response:

(1).The new set of UT measurements for the former sand bed region will be analyzed using the same
methodology used to analyze the 1992, 1994, and 1986 UT dafa. The results will then be compared
to the 1982, 1994,1986 UT results to confirm the previous no corrosion trend. Because of surface
roughness of the exterior of the drywell shell, experience has shown that UT measurements can vary
significantly unless the UT instrument is positioned on the exact point as the previous

measurements. Thus acceptance crileria will be based on the standard deviation of the previous data
{(+~11 mils) and instrument accuracy of {+/-10 mils) for a total of 21 mils. Deviation from this value
will be considered unexpected and requires corrective actions described in item (2) below.

{2). If additional corrosion is identified that exceeds acceptance criteria described above, Oyster
Creek will Initiate corrective actions that include one or all of the following, depending on the externt of
identified corrosion.

a. Perform edditional UT measurements to confirm the readings

b. Notify NRC within 48 hours of confirmation of the identified condition

c. Conduct inspection of the coatings in the sand bed region in areas where the additional corrosion
was detected.

d. Perform engineering evaluation to assess the extent of the condition and to determine if additional
inspections are required o assure drywell integrity. ‘

e, Perform cperability determination and justification for continued operation until next scheduled



NRC Information Request Form

inspection.

These actions will be completed before restarting from an outage

LRCR#: 293 LRA A.5 Commitment #:

IR#:

Approvals:

Prepared By:  Ouaou, Ahmed 4/ 1/20086
Reviewed By:  Muggleston, Kevin 4/ 3/2006
Approved By:  Warfel, Don 41 3/2008

NRC Acceptance (Date}:




NRC Information Request Form

Ttent No Date Received: Sounrce
AMP-356 2M6/2006 AMP Audit
Topic: Status: Open

IWE

Document References:

NRC Representative  Morante, Rich
AmerGen (Took Issue):

Orestion

IWE AMP
Question 4 IWE AMP Revised Feb, 17, 2006 R. Morante (AMP-356)

(1) Identify the specific locations around the circumference in the former sandbed region where UT
thickness readings have been and will be faken from inside containment, Confirm that all points
previously recorded will be included in future inspections.

(2) Describe the grid pattern at each location (meridional length, circumferential length, grid point
spacing, total number of point readings), and graphically locate each grid pattern within the former
sandbed recion. .

(3) For each grid location, submit a graph of remaining thickness versus time, using the UT readings
since the iniliation of the program (both ptior fo and following removal of the sand and application of
the external coating).

(4) Clearly describe the methodology and acceptance criteria that is applied to each grid of point
thickness readings, including both global (entire array) evaluation and local {subregion of array)
evaluation.

Assigned To: Ouaou, Ahmed

Response:

Response:

1. The circumference of the drywell is divided into 10 bays, designated as Bays 1, 3, 5, 7, 9, 11,13,
15, 17, and 19. UT thickness readings have been taken in each bay at one or more locations., The
specific locations around the circumference in the former sand bed region where UT thickness
reading have been taken from inside containment are Bay 10, 3D, 8§D, 70, 9A, 8D, 11A, 11C, 134,
13C, 13D, 18A, 15D, 17A, 17D, 17/19 Frame, 19A, 19B, and 19C. For each location, UT
measurements were {aken centered at elevation 11'-3". These represent the locations where UT
measurements were taken in 1992, 1894, and 1996.
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In addition UIT measurements were taken one fime inside 2 trenches excavated in drywell floor
concrete. The purpose of these UT measurements is to determine the extent of corrosion in the
lower portions of the sand bed region prior to removing the sand and making accessible for visual
inspection,

Future UT thickness measurements will be taken at the same locations as those inspected in 1996 in
accordance with Oyster Creek commitment documented in NRC Question #AMP-209,

2. For locations where the initial investigations found significant wall thinning (9D, 11A, 11C, 123A,
13D, 15D, 17A, 17D, 17/19 Frame, 19A, 19B, and 19C) the grid pattern consists of 7 x 7 grid
centered at elevation 11'-3 (meridian) and centered at the centerline of the tested location within each
bay, which consisis of 6"x 6" square template. The grid spacing is 1" on center. There are 49 point
readings. For graphical location of the grid, refer to attachment 1.

For locations where the initial investigations found no significant wall thinning (1D, 3D, 5D, 7D, 9A,
13C, and 15A) the grid pattern consists of 1 x 7 grid centered at elevation 11°-3" (meridian) on 1"
centers. There are 7 point readings. For graphical tocation of the grid, refer to attachment 1,

3. A graph representing the remaining thickness versus time using UT reading since the initiation of
the program (both prior to and following removal of the sand and application of the external coating)
for location 89D, 11A, 11C, 13A, 13D,15D,17A,17D,17/19, 19A, 19B, and 19C is included in the
attached graph. Other locations (i.e. 1D, 3D, 8D, 7D, 9A, 13C, and 15A) are not included because
wall thinning is not significant and the trend line will be essentially a straight line.

4, The methodology and acceptance criteria that is applied to each grid of point thickness readings,
including both global {entire array) evaluation and local {(subregion of array) is described in
engineering specification {8-328227-004 and in calculation No. C-1302-187-5300-011. These
documents were submitted to the NRC in a letter dated November 26, 1990 and provided to the Staff
during the AMP/AMR audit. A brief summary of the methodology and acceptance criteria is described
below.

The initial lozations where corrosion loss was most severe in 1986 and 1987 were selected for repeat
inspection over time to measure corrosion rate, For location where the initial investigations found
significant wall thinning UT inspection consists of 49 individual UT data points equally spaced over a
6"x 6" area. Each new set of 48 values was then tested for normal distribution.

The mean values of each grid were then compared to the required minimum uniform thickness
criteria of 0.736. In addition each individual reading is compared to the local minimum required
criteria of 0.49. The basis for the required minimum uniform thickness criteria and the local minimum
required criteria is provided in response to NRC Question #AMP-210.

A decrease in the mean value over time is representative of corrosion. If corrosion does not exist,
the mean value will not vary with time except for random variations in the UT measurements.

,
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If corrosion is continuing, the mean thickness will decrease linearly with time. Therefore the curve fit
of the data is tested {o determine if linear regression is appropriate, in which case the corrosion rale
is equal to the slope of the line. If a slope exists, then upper and lower 95% confidence intervals of
the curve fit are calculated. The lower 85% confidence interval is then projected into the future and
compared to the required minimum uniform thickness criteria of 0.736.

A similar process is applied to the thinnest individual reading in each grid. The curve fit of the data is
tested to determine if linear regression is appropriate. Iif a siope exists, then the lower 95%
confidence interval is then projected into the future and compared to the required minimum local
thickness criteria of .49.

LRCR #: LRA A.5 Commitient #:

IR#:

Approvals:

Prepared By:  Ouaou, Ahmed 41 4/2006
Reviewed By:  Gelz, Stu 4/ 5/2006
Approved By:  Warlfel, Don 4/ 5/2006

NRC Acceprance (Date):
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Ttem No Date Received: Source
AMP-210 112412006 AMP Audit
Topic: Status: Open

IWE

Docimment References:

B.1.27

NRC Representative  Morante, Rich
AmerGen (Took Issue): Hufnagel, Joh

Question
Pages 25 through 31 of the PBD present a discussion of the OCGS operating experience.

(8a)The following statements related to drywell corrosion in the sand bed region need further
explanation and clarification:
As a result of the presence of water In the sand bed region, extensive UT thickness measurements
{about 1000) of the drywell shell were taken to determine if degradation was occurring. These
measurements corresponded to known water leaks and indicated that wall thinning had occurred in
this region.
Please explaln the underlined statement, Were water leaks limited to only a portion of the
circurnference? Was wall thinning found only in these areas?
After sand removal, the concrete surface below the sand was found to be unfinished with improper
provisions for water drainage, Correclive actions taken in this region during 1992 included; (1)
cleaning of loose rust from the drywell shell, followed by application of epoxy coating and (2)
removing the loose debris from the concrete floor followed by rebuilding and reshaping the floor with
epoxy to allow drainage of any water that may leak into the region. UT measurements taken from the
outside after cleaning verified loss of material projections that had been made based on
measurements taken from the inside of the drywell. There were, however, some areas thinner than
projected; but in all cases engineering analysis determined that the drywell shell thickness satisfied
ASME code requirements.
Piease describe the concrete surface below the sand that is discussed in paragraph above.
Please provide the following information:
(1) Identify the minimum recorded thickness in the sand bed region from the outside inspection, and
the minimum recorded thickness in the sand bed region from the inside inspections. Is this consistent
with previous information provided verbally? (.806 minimum)
(2) What was the projected thickness based on measurements taken from the inside?
(3) Describe the engineeting analysis that determined satisfaction of ASME code requirements and
identify the minimum required thickness value. Is this consistent with previous information provided
verbally? (.733 minimum)
{4) Is the minimum required thickness based on stress or buckling criteria?
{5} Reconcilz and compare the thickness measurements provided in (1) and {3) above with the .736
minimum corroded thickness that was used in the NUREG-1540 analysis of the degraded QOyster

| . .
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Creek sand bed region.

Evaluation of UT measurements taken from inside the drywell, in the in the former sand bed region, in
1992, 1994, and 1996 confirmed that corrosion is mitigated. It is therefore concluded that corrosion
in the sand bed region has been arrested and no further loss of material is expected. Monitoring of
the coating in accordance with the Protective Coating Monitoring and Maintenance Program, will
continue to ensure that the containment drywell shell maintains its intended function during the period
of extended operation.

NUREG-1540, published in April 1996, includes the following statements related to corrosion of the
Oyster Creek sand bed region: {page vii} However, to assure that these measures are effective, the
licensee is required to perform periodic UT measurements. and (page 2) As assurance that the
corrosion rate is slower than the rate obtained from previous measurements, GPU is committed to
make UT measurements periodically. Please reconcile the aging management commitment (one-
time UT Inspection and monitoring of the condition of the coating) with the apparent
requirement/commitment documented in NUREG-1540.

(8b)The following statement related to drywell corrosion above the sand bed region needs further
explanation and clarification:

Corrective action for these regions involved providing a corrosion allowance by demonstrating,
through analysis, that the original drywell design pressure was conservative. Amendment 165 to the
Oyster Creek Technical Specifications reduced the drywel! design pressure from 62 psig to 44 psiy.
The new design pressure coupled with measures to prevent water intrusion into the gap between she
drywell shell and the concrete will allow the upper portion of the drywell to meet ASME code
requirements.

Please describe the measures to prevent water intrusion into the gap between the drywell shell and
the concrete that will allow the upper portion of the drywell to meet ASME code requirements”. Are
these measures to prevent water infrusion credited for LR? If not, how will ASME code requirements
be met during the extended period of operation?

(8c)The following statements related to forus degradation need further explanation and clarification:
Inspection performed in 2002 found the coating to be in good condition in the vapor area of the Torus
and vent header, and in fair condition in immersion, Coating deficiencies in immersion include
blistering, random and mechanical damage. Blistering occurs primarily in the shell invert but was also
noted on the upper shell near the water line. The fractured blisters were repaired to reestablish fhe
protective coating barrier, This is another example of objective evidence that the Oyster Creek ASME
Section X}, Subsection IWE aging management program can identify degradation and implement
correclive actions to prevent the loss of the containment’s intended function.

While blistering is considered a deficiency, it is significant only when it is fractured and exposes the
base metal 10 corrosion attack. The majority of the blisters remain intact and continues fo protect the
base metal; consequently the corrosion rates are low. Qualitative assessment of the identified pits
indicate that the measured pit depths (50 mils max) are significantly less than the criteria established
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in Specificalion SP-1302-52-120 {141- 261 mils, depending on diameter of the pit and spacing
between pits).

Please confirm or clarify (1) that only the fractured blisters found in this inspection were repaired; (2)
pits were identified where the blisters were fractured; (3) pit depths were measured and found to £0
mils max; (4) the inspection Specification SP-1302-52-120 includes pit-depth acceptance criteria for
rapid evaluation of observed pitting; (5) the minimum pit depth of concern is 141 mils (.141) and pits
as deep as 261 mils (.261) may be acceptable.

Please also provide the following information: nominal design, as-built, and minimum measured
thickness of the torus; minimum thickness required to meet ASME code acceptance criteria; the
technical basis for the pitting acceptance criteria include in Specification SP-1302-52-120

Assigned To! Ouaou, Ahmed

Response:

(8a) Questicn: Please explain the underlined statement. Were water leaks limited to only a portion of
the circumference? Was wall thinning only in these area?

Response:

This statement was not meant to indicate that water leaks were limited to only a portion of the
circumference. The statement is meant to reflect the fact that water leakage was observed coming
out of certain sand bed region drains and those locations were suspect of wall thinning.

No. Wall thinning was not limited to the areas where water leakage from the drains was observed.
Wali thinning occurred in all areas of the sand bed region based on UT measurements and visual
inspection of the area conducted after the sand was removed in 1992. However the degree of wall
thinning varied from location to location. For example 60% of the measured locations in the sand bed
region (bays 1, 3, 5, 7, 9, and 15) indicate that the average measured drywell shell thickness is nearly
the same as the design nominal thickness and that these locations experienced negligible wall
thinning; whereas bay 19A experienced approximately 30% reduction in wall thickness.

Question: Flease discuss the concrete surface below the sand that is discussed in paragraph above,

Response:

The concrete surface below the sand was intended {o be shaped to promote flow toward each of the
five sand bed drains. However once the sand was removed it was discovered that the floor was not
properly finished and shaped as required to permit proper drainage. There were low points, craters,
and rough surfaces that could allow moisture {o pool instead of flowing smoothly toward the drains.
These concrete surfaces were refurbished to fill low areas, smooth rough surfaces, and coat these
surfaces with epoxy coating to promote improved drainage. The drywell shell at juncture of the
concrete floor was sealed with an elastomer to prevent water intrusion into the embedded drywell

shell.

Question; Please provide the following information:
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(1} Identify the minimum recorded thickness in the sand bed region from the oufside inspection, and
the minimunm recorded thickness in the sand bed region from the inside inspections. Is this consistent
with previous information provided verbally? (.806 minimum)

{2) What was the projected thickness based on measurements taken from the inside?

(3) Describe the engineering analysis that determined satisfaction of ASME code requirements and
identify the minimum required thickness value. Is this consistent with previous information provided
verbally? (.733 minimum}

(4) Is the minimum required thickness based on stress or buckling criteria?

{5) Reconcile and compare the thickness measurements provided in (1) and (3) above with the ,736
minimum corroded thickness that was used in the NUREG-1540 analysis of the degraded Oyster
Creek sand bed region.

Response:
1. The minirmum recorded thickness in the sand bed region from outside inspection is 0.618 inches.

The minimum recorded thickness in the sand bed region from inside inspections is 0.603. These
minimum recorded thicknesses are isolated local measurement and represent a single point UT
measurement. The 0.806 inches thickness provided to the Staff verbally is an average minimum
general thickness calculated based on 48 UT measurements taken in an area that is approximately
6"x 6". Thus the two local isolated minimum recorded thicknesses cannot be compared directly to the
general thickness of 0.806".

The 0.806" minimum average thickness verbally discussed with the Staff during the AMP audit was
recorded in location 19A in 1994, Additional reviews after the audit noted that lower minimum
average thickness values were recorded at the same location in 1991 (0.803") and in September
1992 (0.800"). However, the three values are within the tolerance of +/- 0.010" discussed with the

Staff,

2. The minimum projected thickness depends on whether the trended data is before or after 1992 as
demonstrated by corrosion trends provided in response to NRC Question #AMP-358. For license
renewal, using corrosion rate trends after 1992 is appropriate because of corrosion mitigating
measures such as removal of the sand and coating of the shell. Then, using corrosion rate trends
based on 1882, 1994, and 1886 UT data; and the minimum average thickness measured in 1992
(0.800"), the minimum projected average thickness through 2009 and beyond remains approximately
0.800 inches. The projected minimum thickness during and through the period of extended operalion
will be reevaluated after UT inspections that will be conducted prior to entering the period of extended
operation, and after the periodic UT inspection every 10 years thereafter,

3.The enginzering analysis that demonstrated compliance to ASME code requirements was
performed in two parts, Stress and Stability Analysis with Sand, and Stress and Stability Analyses
without Sand. The anealyses are documented in GE Reporls index No. 9-1, 9-2, 8-3, and 9-4, wera
transmitted o the NRC Staff in December 1990 and In 1991 respectively. Index No. 9-3 and 9-4,
were revised later to correct errors identified during an internal audit and were resubmitted fo the
Staff in January 1992 (see attachment 1 & 2). The analyses are briefly described below.

The drywell shell thickness in the sand bed region is based on Stability Analysis without Sand. As
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described in detail in attachment 1 & 2, the analysis is based on a 36-degree section model that takes
advantage of symmelry of the drywell with 10 vents. The model includes the drywell shell from the
base of the sand bed region to the top of elliptical head and the vent and vent header. The torus is
not included in this model because the bellows provide a very flexible connection, which does not
allow significant structural interaction between the drywell and the torus. The analysis conservatively
assumed that the shell thickness in the entire sand bed region has been reduced uniformly to a
thickness of 0.736 inches.

As discussed with the Staff during the AMP audit, the basic approach used in the buckling evaluation
follows the methodology outlined in ASME Code Case N-284 revision 0 that was reconciled later with
revision 1 of the Code Case. Following the procedure of this Code Case, the allowable compressive
stress is evaluated in three steps. In the first step, a theoretical buckling stress is determined, and
secondly madified us:ng approprsate capacity and plasticity reduction factors, In the final step, the
allowable compressive stress is obtained by dividing the buckling stress calculated in the second step
by a safety factor of 2.0 for Design and Level A & B service conditions and 1.67 Level C service
conditions.

Using the approach described above, the analysis shows that for the most severe design basis load
combinations, the limits of ASME Section 1], Subsection NE 3213.10 are fully met. For additional
details refer to Attachment 1 & 2.

As described above, the buckling analysis was performed assuming a uniform general thickness ¢f
the sand bed region of 0.736 inches. However the UT measurements identified isolated, localized
areas where the drywell shell thickness is less than 0.736 inches. Acceptance for these areas was
based on ergineering calculation C-1302-187-5320-024.

The calculation uses a Local Wall Acceptance Criteria™. This criterion can be applied to small areas
(less than 12" by 12"), which are less than 0.736" thick so long as the small 12" by 12" area is at least
0.536" thick. However the calculation does not provide additional criteria as to the acceptable
distance between muitiple small areas. For example, the minimum required linear distances between
a 12" by 12" area thinner than 0.736" but thicker than 0.536" and another 12" by 12" area thinner than
0.736" but thicker than 0.536" were not provided.

The actual data for two bays (13 and 1) shows that there are more than one 12" by 12" areas thinner
than 0.736" but thicker than 0.536". Also the actual data for two bays shows that there are more than
one 2 12" dizmeter areas thinner than 0.736" but thicker than 0.490". Acceptance is based on the
following evaluation.

The effect of these very local wall thickness areas on the buckling of the shell requires some
discussion of the buckling mechanism in a shell of revolution under an applied axial and lateral

pressure load.

To begin the discussion we will describe the buckling of a simply supported cylindrical shell under the
influence of lateral pressure and axial load. As described in chapter 11 of the Theory of Elastic
Stability, Second Edition, by Timoshenko and Gere, thin cylindrical shells buckle in lobes in both the
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axial and circumferential directions. These lobes are defined as half wave lengths of sinusoidal
functions. The functions are governed by the radius, thickness and length of the cylinder. If we look at
a specific thin walled cylindrical shell both the length and radius would be essentially constants and if
the thickness was changed locally the change would have to be significant and continuous over a
majority of the iobe so that the compressive stress in the lobe would exceed the critical buckling
stress under the applied loads, thereby causing the shell to buckle locally. This approach can be
easily extrapolated to any shell of revolution that would experience both an axial load and lateral
pressure as in the case of the drywell. This local lobe buckling is demonstrated in The GE Letter
Report “Sandbed Local Thinning and Raising the Fixity Height Analysis® where a 12 x 12 square inch
section of the drywel! sand bed region is reduced by 200 mils and a local buckle occurred in the finite
element eigenvalue extraction analysis of the drywell. Therefore, to influence the buckling of a shell
the very local areas of reduced thickness would have to be contiguous and of the same thickness.
This is also consistent with Code Case 284 in Section —1700 which indicates that the average sfress
values in the shell should be used for calculating the buckling stress. Therefore, an acceptable
distance between areas of reduced thickness is not required for an acceptable buckling analysis
except that the area of reduced thickness is small enough not to influence a buckling lobe of the
shell. The very local areas of thickness are dispersed over a wide area with varying thickness and as
such will have a negligible effect on the buckling response of the drywell. In addition, these very local
wall areas are centered about the vents, which significantly stiffen the shell. This stiffening effect
limits the shell buckling to a point in the shell sand bed region which is located at the midpoint
between two vents.

The acceptance criteria for the thickness of 0.49 inches confined to an area less than 2% inches in
diameter experiencing primary membrane + bending stresses is based on ASME B&PV Code,
Section I, Subsection NE, Class MC Compoenents, Paragraphs NE-3213.2 Gross Structural
Discontinuity, NE-3213.10 Local Primary Membrane Stress, NE-3332.1 Openings not Requiring
Reinforcement, NE-3332.2 Required Area of Reinforcement and NE-3335.1 Reinforcement of
Multiple Openings. The use of Paragraph NE-3332.1 is limited by the requirements of Paragraphs NE-
3213.2 and NE-3213.10. In particular NE-3213.10 limits the meridional distance between openings
without reinforcement to 2.5 x (square root of Rt) . Also Paragraph NE-3335.1 only applies to
openings in shells that are closer than two times their average diameter.

The implications of these paragraphs are that shell failures at these locations from primary stresses
produced by pressure cannot occur provided openings in shells have sufficient reinforcement. The:
current design pressure of 44 psig for drywell requires a thickness of 0.479 inches in the sand bed
region of the drywell. A review of all the UT data presented in Appendix D of the calculation indicaies
that ali thicknesses in the drywell sand bed region exceed the required pressure thickness by a
substantial rnargin. Therefore, the requirements for pressure reinforcement specified in the previous
paragraph are not required for the very local wall thickness evaluation presented in Revision 0 of
Calculation C-1302-187-5320-024.

Raviewing the stability analyses provided in both the GE Report 9-4 and the GE Letter Report Sand
bed Local Thinning and Raising the Fixity Height Analysis and recognizing that the plate elements in
the sand bed region of the model are 3" x 3" it is clear that the circumferential buckling lobes for the
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drywell are substantially larger than the 2 ¥ inch diameter very local wall areas. This combined with
the local reinforcement surrounding these local areas indicates that these areas will have no impact
on the buckling margins in the shell. It is also clear from the GE Letier Report that a uniform reduction
in thickness of 27% to 0.536" over a one square foot area would only create a 9.5% reduction in the
load factor and theoretical buckling stress for the whole drywell resulting in the largest reduction
possible. In addition, to the reported result for the 27% reduction in wall thickness, a second buckling
analysis was performed for a wall thickness reduction of 13.5% over a one square foot area which
only reduced the load factor and theoretical buckling stress by 3.5% for the whole drywell resulting in
the largest reduction possible. To bring these results into perspective a review of the NDE reports
indicate there are 20 UT measured areas in the whole sand bed region that have thicknesses less
than the 0.736 inch thickness used in GE Report 8-4 which cover a conservative total area of 0.68
square feet of the drywell surface with an average thickness of 0.703" or a 4.5% reduction in wall
thickness, Therefore, to effectively change the buckling margins on the drywell shell in the sand bed
region a reduced thickness would have to cover approximately one square foot of shell area ata
location in the shell that is most susceptible to buckling with a reduction in thickness greater than
25%. This leads to the conclusion that the buckling of the sheli is unaffected by the distance between
the very local wall thicknesses, in fact these local areas could be contiguous provided their total area
did not exceed one square foot and their average thickness was greater than the thickness analyzed
in the GE Letter Report and provided the methodology of Code Case N284 was employed to
determine the allowable buckling load for the drywell. Furthermore, all of these very local wall areas
are centered about the vents, which significantly stiffen the shell. This stiffing effect limits the shell
buckling to a point in the shell sand bed region, which is located at the midpoint between two vents,

The minimum thickness of 0.733" is not correct. The correct minimum thickness is 0.736".
4. The minimum required thickness for the sand bed region is controlled by buckling.

5. We cannot reconcile the difference between the current (lowest measured) of 0.736" in NUREG-
1540 and ths minimum measured thickness of 0.806 inches we discussed with the Staff, Perhaps
the value in NUREG-1540 should be labeled minimum required by the Code, as documented in
several correspondences with the Staff, instead of lowest measured. In a letler dated September 15,
1985, GPU provided the Staff a table that lists sand bed region thicknesses. The table indicates that
nominal thickness is 1.154". the minimum measured thickness in 1994 is 0.806", and the minimum
thickness required by Code is 0.736". These thicknesses are consistent with those discussed with
the Staff during the AMP/AMR audit.

Question: NUREG-1540, published in April 1986, includes the following statements related fo
corrosion of the Oyster Creek sand bed region: (page vii) However, to assure that these measures
are effective, the licensee is required to perform periodic UT measurements. and (page 2) As
assurance that the corrosion rate is slower than the rate obtained from previous measurements, GPU
is committed to make UT measurements periodically. Please reconcile the aging management
commitment (one-time UT inspection and monitoring of the condition of the coating) with the apparent
requirement/commitment documented in NUREG-1540.Please reconcile the aging management
commitment {one-time UT inspection and monitoring of the condition of the coating) with the apparent
requirement/commitment documented in NUREG-1540.
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Response:

Our review of NUREG-1540, page 2 indicates that the statements appear to be based on 1891, or
1993 GPU commitment to perform periodic UT measurements. In fact UT thickness measuremeris
were taken in the sand bed region from inside the drywell in 1982, and 1884. The trend of the UT
measurements indicates that corrosion has been arrested. As results GPU informed NRC in a letter
dated September 15, 1995 (ref. 2) that UT measurements will be taken one more time, in 1996, and
the epoxy coating will be inspected in 1996 and, as a minimum again in 2000. The UT
measurements were taken in 1996, per the commitment, and confirmed corrosion rate trend of 1992
and 1984, The results of 1992, 1994, and 1996 UT measurements were provided to the Staff during
the AMP/AMR audits.

in response to GPU September 15, 1995 letter, NRC Staff found the proposed changes {o sand bad
region comritments (i.e. no additional UT measurements after 1996) reasonable and acceptable,
This response is documented in November 1, 1995 Safety Evaluation for the Drywell Monitoring
Program.

For license renewal, Oyster Creek was previously commitied to perform One-Time UT inspection of
the drywell shell in the sand bed region prior to entering the petiod of extended operation. However,
in response to NRC Question #AMP-141, Oyster Creek revised the commitment to perform UT
inspections periodically. The initial inspection will be conducted prior to entering the period of
extended operation and additional inspections will be conducted every 10 years thereafter, The UT
measurements will be taken from inside the drywell at same locations as 1996 UT campaign

(8b) Questiun: Please describe the measures to prevent water intrusion into the gap between the
drywell shell and the concrete that will allow the upper portion of the drywel! to meet ASME code
requirements. Are these measures to prevent water intrusion credited for LR? If not, how will ASME
code requirements be met during the extended period of operation?

Response:
The measures taken to prevent water intrusion into the gap between the dryweli shell and the

concrete that will allow the upper portion of the drywell to maintain the ASME code requirements are,
1. Cleared the former sand bed region drains to improve the drainage path,.

2. Replaced reactor cavity steel trough drain gasket, which was found to be leaking.

3. Applied stainless steel type tape and strippable coating to the reactor cavity during refuefing
outages {o seal identified cracks in the stainless steel liner.

4, Confirmed that the reactor cavity concrete trough drains are not clogged

5. Monitored former sand bed region drains and reactor cavity concrete trough drains for leakage
during refueling outages and plant operation.

Oyster Creek is committed to implement these measures during the period of extended operation.

(8¢) Please confirm or clarify (1) that only the fractured blisters found in this inspection were repaired;
(2) pits were identified where the blisters were fractured; (3) pit depths were measured and found to

] &
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50 mils max; (4) the inspection Specification SP-1302-52-120 includes pit-depth acceptance criteria
for rapid evaluation of observed pitting; (5) the minimum pit depth of concern is 141 mils (.141) and
pits as deep as 261 mils (.261) may be acceptable.

Response:
(1) Specification SP-1302-52-120, Specification for Inspection and Localized Repair of the Torus and

Vent Systen Coating, specifies repair requirements for coating defects exposing substrate and
fractured blisters showing signs of corrosion. The repairs referred to in the inspection report incluced
fractured blisters, as well as any mechanically damaged areas, which have exposed bare metal
showing signs of corrosion. Therefore, only fractured blisters would be candidates for repair, not
those blisters that remain intact. The number and location of repairs are tabulated in the final
inspection report prepared by Underwater Construction Corporation.

(2) Coating deficiencies in the immersion region included blistering with minor mechanical damage.
Blistering occurred primarily in the shell invert but was also noted on the upper shell near the water
line. The majority of the blisters were intact, Intact blisters were examined by removing the bliste-
cap exposing the substrate. Corrosion attack under non-fractured blisters was minimal and was
generally limited to surface discoloration. Examination of the substrate revealed slight discoloration
and pitting with pit depths less than 0.001. Several blistered areas included pitting corrosion where
the blisters were fractured. The substrale beneath fractured blisters generally exhibited a slightly
heavier magnetile oxide layer and minor pitting (less than 0.010") of the substrate.

(3) In addition to blistering, random deficiencies that exposed base metal were identified in the torus
immersion region coating (e.g., minor mechanical damage) during the 19R (2002) torus coating
inspections. They ranged in size from 1/16" to 2" in diameter. Pitting in these areas was qualitatively
evaluated and ranged from less than 10 mils to slightly more than 40 mils in a few isolated cases.
Three guantitative pit depth measurements were taken in several locations in the immersion area of
Bay 1. Pitdepths at these sites ranged from 0.008" to 0.042" and were judged to be representative
of typical conditions found on the shell.

Prior to 2002 inspection 4 pits greater than 0.040" were identified. The pits depth are 0.058" (1 pitin
1988), 0.05" (2 pits in 1991), and 0.0685" (1 pit in 1992). The pits were evaluated against the local pit
depth acceptance criteria and found to be acceptable.

{4) Specification SP-1302-52-120, Specification for Inspection and Localized Repair of the Torus and
Vent System Coating, includes the pit-depth acceptance criteria for rapld evaluation of observed
pitting. The acceptance criteria are supported by a calculation C-1302-187-E310-038. Locations that
do not meet the pit-depth acceptance criteria are characterized based on the size of the area, center
to center distance befween corroded areas, the maximum pit depth and location in the Torus based
on major structural features. These details are sent to Oyster Creek Engineering for evaluation.

{5) The acceptance criteria for pit depth is as follows:

-Isolated Pits of 0.125" in diameter have an aliowed maximum depth of 0.261" anywhere in the shzll
provided the center to center distance between the subject pit and neighboring isolated pits or areas
of pitting corrosion is greater than 20.0 inches. This includes old pits or old areas of pitting corrosion
that have been filled and/or re-coated.

1S
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-Muttiple Pits that can be encompassed by a 2-1/2" diameter circle shall be limited to a maximum pit
depth of 0.141" provided the center to center distance between the subject pitted area and
neighboring isolated pits or areas of pitting corrosion is greater than 20.0 inches. This includes ol
pits or old areas of pitting corrosion that have been filled and/or recoated.

Question: Please also provide the following information: nominal design, as-built, and minimum
measured thickness of the torus; minimum thickness required to meet ASME code acceptance
criteria; the technical basis for the pitting acceptance criteria include in Specification SP-1302-52-120

Response;
Submersed area:
(a) The nomina! Design thickness is 0.385 inches
(b} The as-built thickness is 0.385 inches
(c) The minimum uniform measured thickness is,
0.343 inches - general shell
0.345 irches - shell - ring girders
0.345 inches ~ shell - saddle flange
0.345 Inches - shell - torus straps

{(d) The minimum general thickness required to meet ASME Code Acceptance is 0.337 inches.
Technical basis for pitting acceptance criteria included in Specification SP-1302-562-120 is based on

engineering calculation C-1302-187-E310-038. At the time of preparation of calculation C-1302-137-
E£310-038 in 2002 there were no published methods to calculate acceptance standards for locally

thinned areas in ASME Section lil or Section Viil Pressure Vessel codes. Therefore, the approach in

Code Case N-597 was used as guidance in assessing locally thinned areas in the Torus. This is
based on the similarity in approaches between Local Thinning Areas described in N597 and Local
Primary Stress areas described in Paragraph NE3213.10 of the ASME B&PV Code Section I,
particularly small areas of wall thinning which do not exceed 1.0 x (square root of Rt). In addition, the
ASME B&PV Code Section iil, Subsection NB, Paragraph NB-3630 allows the analysis of pipe
systerns in accordance with the Vesse! Analysis rules described in Paragraph NB-3200 of the same
Subsection as an alternate analysis approach. Therefore, the approach used in N597 for local araas
of thinning was probably developed using the rules for Local Primary Membrane Stress from
paragraph NB-3200 in particular Subparagraph 3213.10. The Local Primary Stress Limits in NB-
3213.10 are similar to those discussed in Subsection NE, Paragraph NE-3213.10.

Since the Code Case had not yet been invoked in to the Section Xl program, the calculation provided
a reconciliation of the results obtained from the code case against the ASME Section i} code
requirements as discussed above. This reconciliation demonstrated that the approach in N597 used
on a prassure vessel such as the Torus would be acceptabie since the results are conservative
compared to the previous work performed in MPR-853 and Lm(a) (defined in N597 Table- 3622-1) £
(Rmintmin)1i/2.

Currently, the maximum pit depth measured in the Torus is a 0.0685" ( measured in 1992 in bay 2). It
was evaluated as acceptable using the design calculations existing at that time and was not based on
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Calculation C-1302-187-E310-038. This remains the bounding wali thickness in the Torus. The
criterion developed in 2002 for local thickness acceptance provides an easier methad for evaluating
as-found pits. The results were shown to be conservative versus the original ASME Section IH and
Vi Code requirements for the Torus.

The Torus inspection program is being enhanced per IR 373685 to improve the detail of the
acceptance criteria and margin management requirements using the ASME Section lll criteria, The
approach used in C-1302-187-E310-038 will be clarified as to how it maintains the code
requirements. if Code Case N-597-1 is required to develop these criteria for future inspections, NRC
review and approval will be obtained. It should also be noted that the program has established
corrosion rate criteria and continues to periodically monitor to verify they remain bounded.

Supplementa! information - 04/19/2006.

This supplements response to item 8a(1) above.

The lowest recorded reading was 0.603 in December 1992. A review of the previous readings for the
period 1980 thru 1992 and two subsequent readings taken in September 1984 and 1996 show this
point should not be considered valid. The average reading for this point taken in 1994 and 1996 was

0.888 inches.

Point 14 in location 17D was the next lowest value of 0.646 inches recorded during the 1994 outage.
A review of readings, at this same point, faken during the period from 1980 through 1992 and
subsequent reading taken in 1996 are conistent with this value. Thus the minimum recorded
thickness in the sand bed region from inside inspections is 0.646 inches, instead of 0.603 inches.

For additionai information on torus coating refer to AMP-072.
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