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1.0 PROBLEM STATEMENT:

The purpose of thi~s calculation is to evaluate the Ultrasonic Test (UT) thickness
measurements taken in the sandbed region during the 14R outage in support of the O.C.
drywell Icorrosion mitigation project. These measurements were taken from the outside
of the shell. Access to the sandbed region was achieved by cutting ten holes completely
through the shield wall from the torus room.

2.0 SUMMARY' OF RESULTS:

This calculation demonstrates that the UT thickness measurements for all.bays meet the
minimum uniform and local required thicknesses..

The evaluation was performed by evaluating the UT measurements for each bay and
dispositioning them relative to the uniform thickness of 0.736 inch* used in the GE
structural analysis reports References 3.2, 3.3 and 3.5. Additional acceptance criteria was
developed to address measurements below 0.736 inch. The results are summarized in
Table 2-1.

. UT measurements for bays 3, 5, 7, 9, and 19 were all above the 0.736 inches and
therefore acceptable.

UT. measurements for bays 11, 15, and 17 were all above 0.736 inches except for one
measurement. for each bay. After further evaluation of these three measurements

"including an examination of adjacent areas, it was determined that they were acceptable
Sasshown on Table 2-1.

UT measurements for bays 1 and 13 were evaluated using detailed criteria described in
this calculation and the results are summarized in Table 2-1 below:

OCLROO014541
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SUMMARY OF UT EVALUATIONS
TABLE (2-1)

Drywell ... Gneal SandbedShell Thickness" . Local Sqndbed Thickness"Z . . Comments
" Bay Thic1h~ss.., . Actual r Acceptable . Thickness .Actual Acceptable

Criteria :, . Thickness. Yes/No Criietia Thickness. Y'"es/No
Inches, ini:hes Inches . ._'_.____._

1 0.736" whole Bay UT,,.R"0.822 Yes 0,636" . T,,== 0.69'2" Yes See Pages 14 throuigh 21 for delails
aver a 12"xl 2" area Over a 4"x4" area of e)aluation

TFvpIu0.7 66 Yes. Yes
3 - 0.736V whole Bay UTA,.=0.868 Yes 0.636" N/A N/A. No locations in bay are below

....... __.._over a 12"x 12" area 0.736". See Pages 22 & 23
5 0.736" whole Bay UTA,j-0.986 Yes 0.636" N/A N/A No locations in bay are below

•overa 12"x1 2" area 0.736". See Pages 24 & 25
7 0.736" whole Bay.: UTA,•1.()01 Yes 0.636" N/A N/A No Locations in bay are below

over a 12"x 12" area 0.736" see Pages 26 & 27
9 0.736" whole bay UTA,=0,.915 Yes 0.636" N/A N/A No Locations in bay are below

over a 12"x 12" area 0.736" see Pages 28 and 29
I 1 0.736" whole bay UTA,1=0. 792 Yes 0.636" N/A . N/A One location with a thickness less

TF.,.a1=0. 751 over a 12"x 12" area than 0.736" but not greater .than 2"
in Dia. See Pages 30 to 32

13 0.736" whole bay UTAII=0.810 Yes 0.636", TE,,1=0.693"over a yes See pages .33 through 40 for details
•3 o T•ýr0.767 over a 12"x1 2" area 6"x5" area oftevaluation
15 0.736" Whole Bay UTA,.=0.816 . Yes 0.636" N/A N/A One location with a thickness less

TE,1=-0.859 over a 12"x 12" area than 0.736" but not greater than 2"
T-7' 0.736" Whole Bay in Dia. See Pages_41 to 43

UTAI=0.9- 8 Yes 0.636" NiA N/A One location with a thickness less
TE,.;,)O.871 over a 12"x t2".area than 0.736" but not greater than 2"

00 ,______ in Dia. See pages 44 to 46
19 0.736" Whole Bay UA=0.885 Yes0.636" N/A N/A No Locations in bay are below

over a 12"x 12" area ' . 0.736" see Pages 47 and 48

Notes: 1. UTAvg are the average shell thicknesg readings using a D-Meter in local areas not less than the buckling design thickness of 0.736" these
areas do not exceed 2" in diameter. TE,1 is the average calculated Thickness of the shell surrounding areas not exceeding 2" in diameter that
have UT D-Meter shell thickness readings less than 0.736". See. Section 6, Methods of Analysis, Acceptance Criteria - General Wall
(Sandbed Region) for details.

2. Small Areas of reduced thickness 2&/2" or less in diameter have a negligible effect on shell buckling. See Section 6 Methods of Analysis,.
Acceptance Criteria -Very Local Wall (2/2 Inches in Diameter) for details.

0
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3.0 REFERENCE:

3.1 Drywell sandbed region pictures (Appendix C).

3.2 An ASME Section VIII Evaluation of the Oyster Creek Drywell for Without Sand
Case Performed by GE - Part I Stress Analysis, Revision 0 dated February, 1991
Report 9-3.

3.3 An ASME Section VIII Evaluation of the Oyster Creek Drywell for Without Sand
Case Performed by GE - Part 2 Stability Analysis, Revision 2 dated November,
•1992 Report 9-4.

3.4 ASME Section III Subsection NE Class MC Components 1989.

3.5 GE letter report "Sandbed Local Thinning and Raising the Fixity Height Analysis
(Line Items I and 2 In Contract PC-0391407)" dated December 11, 1992.

3.6 GPUN Memo 5320-93-020 From K. Whitmore to J. C. Flynn "Inspection of
Drywell Sand Bed Region and Access Hole", Dated January 28, 1993.

3.7 Theory of Elastic Stability, by Stephen P. Timoshenko and James M. Gere,
Second Edition, Engineering Societies Monographs, McGraw Hill Book
Company, New York, 1961

4.0 ASSUMPTIONS AND BASIC DATA:

4.1 Raw UT measurements for each bay are presented in Appendix D and
summarized in the body of calculation.

4.2 References 3.2, 3.3 and 3.5 have been design verified and are assumed correct.

5.0 DESIGN INPUTS:

5.1 Observations of the outside surface of the drywell. shell indicate a rough surface
with varying peaks and valleys. In order to characterize an average roughness
representing the depth difference of pieaks and valleys, two impressions were
made at the two lowest UT measurements for bay 13 using Epoxy putty.

Appendix A presents the calculation of the depth of surface roughness using the
drywell shell impressions taken in the roughest bay. Two locations in bay 13
were selected since it is the roughest bay. Approximately 40 locations within the
two impressions were measured for depth and the average plus one standard
deviation was calculated. A value of 0.200 inch was used in this calculatipn as a
conservative depth of uniform roughness for the entire outside surface of the
drywell in the sandbed region. This is defined as Tr.,,h..

OCLROO014543
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5.2 Drywell Design Pressure= 44.0 psig, Oyster Creek, UFSAR Revision 13, Section
318.2.8, Page 3.8-61

Drywell Design Temperature 2920F, Oyster Creek, UFSAR Revision 13, Table
3.11-1

.5.3 The required sandbed shell thickness for the Design Pressure and Temperature is
defined in paragraph ASME B&PV Code, Subsection NE, paragraph NE-3324.4,
Spherical Shells, as:

PRt= .," Where:P = Design Pressure
2S-0.2P

R Inside Radius of the Shell = 420 inches

S = Maximum Allowable Stress, SA 212 Grade B
19,300 psi (From ASME B&PV Code Section VIII

1962 Edition and Reference 3.2, Section 2.2)

Substituting values in the equation we have:

L (44°psig-42°") _= 0.4789 inches

2(19,300psi)- 0.2(44.Opsig) -

5.3 Drywell Sandbed .buckling design thickness is 0.736 inches. Taken from
References 3.3, and 3:5

5.4 Analytical design inputs are taken from References 3.3, 3.4 and 3.5

6.0 METHODS OF ANALYSIS:

Development of "Evaluation Thickness".

'-This detailed evaluation is based, in part, on visual observations of the shell surface plus
a knowledge of the inspection process. The first part of this evaluation is to arrive at a
meaningful value for the general sandbed shell thickness- for use in the structural
assessment. This meaningful value-is referred to as the thickness for evaluation. It is
computed by accounting for the depth of the spot where the thickness measurement is
taken considering the roughness of the shell surface. The surface of the shell has been
characterized as being "dimpled" as in the surface of a golf ball where the dimples'are
about one half inch in diameter (Appendix C). Also, the surface contains some
depressions 12 to 18 inches-in diameter not closer than 12 inches apart, edge to edge
(Ref 3.6). Appendix A presents the calculation of the depth of surface roughness using
the. drywell shell impressions taken in the roughest bay. Two locations in bay 13 were
selected since it is the roughest bay. Approximately 40 locations within: the two
impressions were measured for depth and the average plus one standard deviation was
calculated to be at 0.186 inches. A value of 0.200 inch wasused in this calculation as a
conservative depth of uniform dimples for the entire outside surface of the drywell in the
sandbed region.

OCLR00014544
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The inspection focused on. the thinnest portion of the drywell, even if it was .very local,
.i.e., the inspection did not attempt to define- a. shell thickness suitable for structural
evaluation. Observations indicate that some inspected spots are very deep. They are
much deeper than the normal dimples found, and very local, not more than I to 2 inches
in diameter. (Typically these observations were made after the spot was surface prepped
for UT measurement. This results in a wide dimple to accommodate the meter and
slightly deeper than originally found by 0.030 to 0.100 inches). The depth of these areas
was measured with a depth gauge and straight edge at 00, 450, 90' and 135' around these
inspected dimples. The depths obtained were averaged with respect to the tops of the
locally rough areas. These depths are referred to herein as the AVG micrometer
measurements. As these AVG micrometer measurements are very local in nature their
effect on the structural response of the drywelI to applied loads is very limited. A more
meaningfulpshell thickness- for the drywell structural response to applied loads is. the
general shell thickness near the UT measured indications. This can be obtained on a
smooth shell exterior surface by adding the UT measured thickness at the bottom of the
indication and the AVG micrometer measurements of the indication depth. But because
the exterior of the drywell shell in the sandbed region is very rough -and dimpled -the
measurement described above would give optimistic general shell thicknesses near the
indications (See Figure 6.1). To determine a conservative general shell thickness at the
locations of interest Design Input 5.1 of this calculation is subtracted from the
combination of the UT measurement and the depth micrometer readings. This thickness
is then used to determine the drywell shell susceptibility to buckling by comparing this

• thickness to the buckling design thickness of 0.736 inches. This thickness is referred to
as the evaluation thickness which as described above is computed as:

T (evaluation) = UT (measurement) + AVG (micrometer) -,T,,gh,

where:
T (evaluation) General shell thickness used for the evaluation
UT (measurement) = thickness measurement at the area (location)
AVG (micrometer) = average depth of the area relative to its immediate-surroundings
To,,gh- 0.200 inches a conservative value, of depth of typical dimple on the shell

surface. See Design Input 5.1. .

* After this calculation, if the thickness for analysis is greater than 0.736 inches; the area is
evaluated as acceptable.

OCLROO014545
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Sandbed GeneralWall Criteria:

The acceptance criteria used to evaluate the measured drywell thickness is based upon.
GE reports9-3 and 9-4 (Ref. 3.2 & 3.3) as well as other GE studies (Ref.3.5) plus visual
obsenwations of the drywell surface (Ref.3.6 and Appendix C)I The GE reports used a
projected uniform thickness .of 0.736 inches in the sandbed area taken from References
3.3, and 3.5. This area is defined to be from the bottom to top of the sandbed, i.e., El. 8'-
112" to El. 12'-3" and exrtendingcircumferentially one full bay. Therefore, if all the UT
measurements for thickness in one bayare greater than 0.736 inches the bay is evaluated
to be acceptable. In bays where measurements are below 0.736 inches, more detailed
evaluation is performed.

Local Wall Criteria:

If the thickness for evaluation is. less than 0.736 inches, then the use of specific GE
studies is employed (Ref. 3.5). The studies in Reference 3.5 do not reflectactual drywell

shell conditions but are used as assessment tools for areas of the sandbed region that have
reduced thicknesses. The methodology used in these studies is provided in reference 3.3
with a excerpt provided here. The studies contain a two step eigenvalue formulation

procedure to perform linear elastic buckling analysis of the drywell shell with local areas
of reduced thickness. The first step is a static analysis of the structure with all the

.anticipated loads applied. The structural stiffness matrix, [K], the stress stiffness matrix,

[S], and theapplied stresses, raP], are developed and saved from this static analysis. A
buckling pass is then run to solve for the lowest eigenvalue or. load factor, A, for the
whole structure at which elastic buckling can occur. This load factor, or eigenvalue is a
multiplier for the applied stress state or applied load at which the onset of elastic buckling
will theoretically occur. All the applied stresses in the structure are scaled equally by the
load factor.

This analysis technique is applied to the drywell pie slice finite element model, with a
reduction in thickness of 0.200 inches (below the design buckling thickness of 0.736") in
a local area of 12 x 12 inches in the'sandbed region, tapering to the original thickness
over an additional 12 inches, located to result in the largest reduction in load -factor
possible. This location is. selected at the point of maximum deflection of the eigenvector
shape associated with the lowest buckling load. The theoretical load: factor/ eigenvalue
for this case was reduced by 9.5% from 6.14 to 5.56.

It should be noted that this reduction of 0.200 inches is over a 144 squareinch area of the
shell while the actual surface area including the tapering of the thickness is 36 by 36
inches or 1,296 square inch area with thicknesses that are below the 0.736 inch buckling
design thickness. This additional tapered area and its reduced thicknesses also.
contributed to the 9.5% reduction in load factor,

OCLROO014547
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In addition, to the reported result for the 0.536" or a 27% reduction in thickness buckling
analysis, a second buckling analysis was performed for a wall thickness reduction of
13.5% or a thickness 0.636 inches over a one square foot area. The results of this case
reduced the load factor and theoretical buckling stress by 3.9% in Reference 3.5. The
center of the thinned area was located close to the maximumn displacement point in the
buckling analysis with uniform thickness 0.736" as per Reference 3.5. Again, although
this reduction of 13.5% or 0.636 inches is over a 144 square inch area of the shell, the
actual surface area' including the tapering'0f the thickness is.a 36 by 36 inch or 1,296
square inch area with thicknesses that are below the buckling design thickness. This
additional tapered area and its reduced thicknesses also contribute to the 3.9% reduction
in load factor stated previously.

Very Local Wall Criteria (2½z Inches In Diameter or Less):

All inspected locations with UT measurements below 0.736 inches have been determined
to be in isolated locations less than 2V2 inches in diameter.

Primary Membrane Plus Bending

The acceptance criteria for these measurements confined to an area less than 2 V2 inches
in diameter experiencing primary membrane plus bending stresses is based on ASME
B&PV Code, Section 111, Subsection NE, Class MC Components, 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-t . Also Paragraph NE-3335.1 only applies to openings in shells that are closer
than"2 times their average diameter.

The implication of these paragraphs are that"shell failures at these locations from~primary
stresses produced by. design pressure cannot occur provided openings in shells have
sufficient reinforcement. The current design pressure of 44 psig for the drywell requires
a thickness of 0.479 inches in the sandbed.region of the drywell. A review of all the UT
data-presented in Appendix D of the calculation indicates that all thicknesses in the
drywell sandbed region exceed the requited pressure thickness by a substantial margin
and there are no openings in the sandbed region of the drywell shell that do not contain
the required design pressure reinforcement for the design code of record. Therefore, the
requirements specified by the referenced code sections in the previous paragraph are not
required for the very local wall thickness evaluation presented in the calculation.

OCLROO014548
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Buckling

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 external pressure and axial load. As described in
Chapter 11 of Reference 3.7, thin cylindrical shells buckle in lobes in both the 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 atla specific thin walled cylindrical shell both the length and radius would be
essentially constants and if the thickness was reduced locally then this reduction would
have to be signiificant and over a majority of the lobe 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 is demonstrated in Reference 3.5 where a 12 x 12 square
inch section of the drywell sandbed region is reduced by 200 mils and. a local buckle
occurred in the finite element eigenvalue extraction analysis of the drywell.

Now reviewing the stability analyses provided in both References 3.3 and 3.5 and
recognizing that the finite elements in the sandbed region of the model are 3" x 3", it is.
clear that the circumferential buckling lobes for the drywell are substantially larger than
the 2 Y2 inch diameter very local wall areas. This combined with the local reinforcement
surrounding these local areas and the spherical. shell being close to the constraint provided
by the concrete supporting structure indicates that these areas will have no impact on the
buckling margins in the shell.

It is also clear from Reference 3.5 that a uniform reduction in. thickness of 27% over a
one square foot area followed by a transition zone would only create a 9.5% reduction in
the load factor and theoretical buckling load of the drywell. Although this reduction of
27% is only over a 144. square inch area of the shell, the actual surface area including the
transition zone to the 0.736 inch buckling design thickness is a 36 inch by 36 inch or
1,296 square inch area. This area of reduced thickness was located in the portion of the
sandbed considered most susceptible to buckling, the midpoint of a bay between two
vents.

In addition, a second -buckling analysis was performed (Reference 3.5) for a wall
thickness reduction of 13.5% or a thickness of 0.636 inches over a one square foot area
followed by a transition zone from 0.636 inches to 0.736 inches. Again, although this
reduction from 0.736 inches to 0.636 inches is over a 144.square inch area of the shell,
while' the actual surface area including the transition zone to the buckling design
thickness is a 36 inch by 36 inch or a 1,296 square inch area. This second buckling
analysis. resulted in a 3.9% reduction in-the load factor.

To bring these analyses results into perspective with the inspected very local areas, a
review of the NDE Reports (Appendix D) indicates there are twenty UT measured areas

OCLROO014549



G P U N u c le a r S h eetN o.

ISubject Calc No. Rev. No. Sheet No.
O.C. Drywell Ext. UT Evaluation in Sandbed ReC-1302-187-5320-024"Cu ilb 13 ofl I7I

Originator .. Date Reviewed by. Date
Mark Yekta .01/1U/93 S. C. Tumminefli

all less than 21'/" in diameter or less than 4.9 square inches each in area isolated
throughout the entire sandbed region that have thicknesses less than 0.736". Compared
to the analyses presented in Reference 3.5 the twenty areas would have to have a
minimum area of reduced thickness of 144 square inches with a thickness of 0.636 which
represents.a 13.5% reduction in wall thickness that equates to a 72.0 cubic inch loss of
material located in the portion of the drywell sandbed region most susceptible to buckling
to produce a 3.9% reduction in the theoretical buckling load and load factor for the
drywell. The review of the NDE Reports also indicated that the average wall.thickness of
the twenty areas is 0.703 inches which represents a 4.5%.reductibn in.wall thickness that
equates to a 3.2 cubic inch loss of material and a total maximum area of 98 square inches
if the twenty measured areas where contiguous with each other. This indicates that the
twenty isolated areas with thicknesses less than the buckling design thickness would.not
have a significant effect on the buckling of the OC. Drywell Shell.
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7.0 CALCULATIONS:

UT EVALUATION BAY .1:

The outside surface of this bay is rough and full of dimples similar to the outside surface
of a golf ball. This observation is made by the inspector who located the thinnest areas
for the UT examination. This inspection focused on the thinnest areas of the drywell,
even if it was very local, i.e., the inspection did not attempt to define a shell thickness
suitable for structural evaluation. The shell appears to be relatively uniform in thickness
except for a band of corrosion which looks like a "bathtub" ring, located 15. to 20 inches
below the vent pipe reinforcement.plate, .i.e., weld line as shown in Figure 1. (Figure 1
and other like figures presented in this calculation are NOT TO SCALE). The graphical
presentation in Figure I of measured indications is. extracted from. Appendix D,
Calculation Pages 71 to 76. Based on the inspectors observations the bathtub ring is 12
to 18 inches wide and about 75 inches long located in the center of the bay. Beyond the

• bathtub ring -on both sides, the shell appears to be uniform in thickness at a conservati ve
value of 0.800 inches. Above the bathtub -ring the shell exhibits no corrosion since the
original lead primer on the vent pipe/reinforcement plate is intact. Measurements 14 and
15 confirm that the thickness above the bathtub ring is at 1.154 inches starting at
elevation I '-00". Below the bathtub ring the shell is uniform in thickness where no
abrupt changes in thicknesses are present. Thickness measurements below the bathtub
ring (Locations 6, 7, 8, 9, 16, 17,18; 19, 22 and 23) are all above 0.750 inches (See Table
l-b) except location 7 which is very local area.

Bay #1-General Wall (Sandbed Region) Thickness Evalution

Therefore, taking the average of the UT measured thicknesses of locations 6, 7, 8, 9, 16,.
18, 19 and 22.gives a average thickness of 0.81.6 inches for the shell below the bathtub
ring. Based on this a conservative mean thickness of 0.800 inches, is estimated -to

. represent the evaluation thickness for this bay outside the bounds of the-bathtub ring.
Given a uniform thickness of 0.800 inches for these areas of the bay, it is concluded that
these areas are acceptable based on the thickness exceeding the buckling design thickness
for the sandbed region of 0.736 inches using the results of Reference 3.3..

Locations 1,2, 3, 4, 5, 10, 11, 12, 13, 20, arid 21 are confined to the bathtub ring as
shown in Figure 1. To determine the general shell thickness in the bathtub ring area of
this bay the evaluation thicknesses for each of the locations defined. above are averaged
together. An example of a typical calculation ofthe general wall thickness defined as the
evaluation thickness is presented below for clarity:
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(AVG Micromneter), = D=-- + DI_450 1- D1-90a + DI-135o

4
Where:D.o0° Micrometer Depth Reading for location I at 0 degrees

taken from Appendix D, Calculation Page 74, etc.
0.7'!020"0.0" +0 185I

(AVG Micrometer) , = 0.272 +0,204"+0.206"+0. 85" =0.217"

4
T(Evaiuaiion)1= UT(McasuCMee)it +(AVG Micrometer)1 - Trough

Where:UT(Mesueuent)f = 0.720" Taken from Appendix D, Calculation
Page 71, Location I

Trough = 0.200" See Design Input 5.1 and Section 6, Acceptance.
Criteria, General Wall.

T(Evnluation)l 0.720"+0.217"-0.200" 0.737"

Bay 1 AVG Mlicrometer Calculations
Table I-a

NOTES: 1. AZIMUTH DATA TAKEN FROM APPENDIX D, CALCULATIONq PAGE 74.
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An average value of the evaluation thicknesses presented in Table I-c for this band is as
follows;

Location Evaluation Thickness

1 0.737"
2 0.659"
3 0.852"
4 0.760"
5 0.823"

10 0.839"
11 0.726"
12 0.825"
13 0.792"
20 0.965"
21 0.737"

Average - 0.792"

An average evaluation thickness of 0.792 inches for the bathtub ring may raise concern
given that the bathtub ring is noticeable and that the difference between its average
evaluation thickness (0.792 inches) and the average thickness taken for the entire region
(0.800 inches) is.only 0.008 inches. This results from the fact that average micrometer
readings were generally not taken for the remainder of the shell since each reading was
greater than 0.736 inches. In reality, the remainder of the shell is much thicker than
0.800 inches. The appropriate evaluation thickness cannot be quantified since no
micrometer readings were taken.

Again given that the average evaluation thickness of the shell in the bathtub ring area
exceeds the buckling design thickness of 0.736 inches the shell area within the bathtub
ring is also acceptable using the results of Reference. 3.3.

Bay #1 Local Wall and Very Local Wall Thickness Evaluation

The individual measured thicknesses must also be evaluated for compliance with the
local wall thickness criteria. Table 1-b identifies 23 locations of UT measurements that
were selected to represent the thinnest areas, except locations 14 and 15, based on visual
examination. These locations are a deliberate attempt to produce a minimum
measurement. Locations 14 and. 15 were selected to confirm that no corrosion had taken
place in the area above the bathtub ring.

Eight locations shown in Table 1-b (1, 2, 3, 5, 7, 11, 12, and 21) have measurements
below 02736 inches. Inspectors observations indicate that these locations were very deep
and not more than I to 2 inches in diameter. The depth of each of these areas relative to
its immediate surroundings was measured at 4 locations around the spot and the average
is. shown in Table I-a. Using the general wall thickness acceptance criteria described
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earlier, the evaluation thickness for all measurements of very local areas below 0.736
inches were found to be above 0.736 inches except for two locations, 2 and 11, as shown
in Table .1-c.

Locations 2 and II are in the bathtub ring and are about 4 inches apart. This area is
characterized as a local area 4 x 4 inches located at about 15 to 20 inches below the vent
pipe reinforcement plate with an average thickness of 0.692 inches

In order to quantify the effect of this local region and to address structural compliance,
thieGE study on local effects was used (Ref, 3.5). This .tuidy contains an analysis of the
drywell shell using the pie slice finite'element model. The study reduced the thickness of
a] 2" by 12" area by 0.100 inches (0..636 inches) and included a transition zone of 12
inches all around from 0.636" to 0.736". When compared to -a similar area with a
bmckling design thickness of 0.736" the total reduced area of 1,296 square inches
represents a. 13,5% reduction in local shell thickness and a material loss of 72.0 cubic
inches. The center of the thinned area was located close to the calculated maximum
displacement point in the buckling analysis with uniform thickness of 0.736 inch as per
Reference 3.5. For this case the theoretical buckling load factor was reduced by 319%.

Based on the buckling design thickness of 0.736inches the "as found" 4" by 4" area with
a thickness of 0.692" represents a 6_3% reduction" in local shell thickness and a material
loss of 0.7 cubic inches. This volumetric consideration provides a quick visualization,.:
while shell buckling depends on various parameters as discussed in Reference 3.3 and
3.7.

Comparison of the ."as found" area of 4" x 4" with the "as analyzed" criteria of 0.636"
over a 12" x 12" area, with an additional transition zone of 1.2", and its associated 13.5%
reduction in shell wall thickness and a material loss of 72 cubic inches leads to the

• conclusion that the effect on the theoretical buckling load factor is negligible. Also based
on the location of this4" x .4" area, is almost directly below the vent and vent header
assembly (between 12 to 17 inches to the right of the vent centerline and between 22 and
23 inches down from the vent -weld line). This is in the area where buckling of the shell
islimited due to the stiffening effect.of the vent and vent header assembly. This effect
can be clearly, seen in the buckling analyses presented in References 3.3 and 3.5.

Remaining Very Local Areas:

A review of Appendix D, Calculation pages 71, 73 and 75 indicates the.remaining very
local areas of reduced thickness are isolated from. each other and therefore, have a
negligible effect on the shell buckling. See Section 6, Very Local Wall Criteria (2 Y2
inches in diameter or less) for details.. Furthermore, the remaining local areas are
centered about the vent which significantly stiffen the. shell. This stiffening effect
combined with the restraint provided by the concrete support structure limits the shell
buckling to a point in the sandbed region which is located at themidpoint between the
two vents.
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Conclusion

In. summary, using a conservative estimate of 0.800 inches for evaluation thickness for
the entire bay (except the bathtub ring).and a 0.792 inch evaluation thickness for the
bathtub ring , plus the acceptance of the local 4" by 4" area with an evaluation thickness
of 0.692" based on the GE study, it is concluded that the bay is acceptable.

3.
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Bay # 1 UT Data
Table 1-b

Location D-Meter Appendix D Average
UT Measurement Micrometer

on Calculation(iFhs Ipage (See Table l-a)

(inches) (inches)

11 0.720 71 0.217
2 0.716 71 0.143
3 0.705 71 .0.347
4_ _ _ 0.760 71 ---
5 U.710 _ 71 0.313
6 0.760 71 _

___7 0.700 71 0.266
8 0.805 71 ---
9 0.805 71 ---
10 0.839 73 ---
11 0.714 73 0.212
12 0.724 " .. 73 0.301
13 0.792 73 --

14 1.147 73 ---
15 1.156 73 ---

16 0.796 75
17 0.860 75 ---
18 0.917 75 ....
19. 0.890 75 --_ _._ _

20 0.965 75 ---
21 0.726 75 0.211
22 0.852 75 --
23 0.850 75
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Summary Of Measurements Below 0.736"
Table 1-c

• . . • . , ( . '. V.iI..4ocation ' T TMeasurement AVG Micrometer Mean • TI(Eviluationi) Remarks
•(.20 2) .: -pth/Valley (4)=(1)+(2)--3)

0.720" 0.217" .01200" 0.737" Acceptable

2 0.716" 0.143". 0.200" 0.659" A Ccepable

3 .f 0.705- 0.347" 0.200 0.852- Accepable

5 0.710" 0.313" 0.200" 0.823" Acceptable

7 0.700" 0.266" 0.200" 0.766" AccepLable

I1 0.714" 0.212" 0.200" 0.726" Acceptable

12 0.724' 0.301" i 0.200" .0.825" Acc-e

21 l0.726" 021" 0.200" 0.737" Acceptable
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BAY #1 DATA

NOTES:

1. All 'Location" measurements from intersection
.-of he DW shell and vent collar fillet-welds.

2. Pit depts are average of four readings taken at
01450190'1135W within I" band surrounding ground
spots. Only measured where remaining wall thk.
was below 0.736".

15;

DW
SHELL

9
, .19 18,

,

422

7.

23o•-7 1

FIGURE (1)
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UT EVALUATION BAY #3:

.The outsidesurface of this bay is rough; similar to bay one,full of dimples comparable to
• the outside surface of golf ball. This observation is made by the inspector who located
the thinnest areas for the UT examination. The shell appears to be relatively uniform in
thickness except for a bathtub ring 8 to 10 inches.wide approximately 6 inches below the
vent header reinforcement plate. The upper portion of the shell beyond the band exhibits
no corrosion where the original red lead primer is still intact. Eight locations were
selected to represent. the thinnest areas based on the visual observations of the shell
surface (Fig. 3). These locations are a deliberate attempt to produce a minimum
measurement. Table 3 shows measurements taken to measure the thicknesses of the
drywell shell using a D-meter. The results indicate that -all of the areas have thickness
• greater than the 0.736 inches.

Bay #3 General Wall (SandBed Region) Thickness Evaluation

Given an average of the UT measurements presented in Table 3 equal to: 0:868 inches, a
conservative mean evaluation thickness of 0.850 inches is estimated for this bay.
Therefore, it is concluded that the bay is acceptable based on the bay evaluation thickness
exceeding the buckling design thickness for the sandhed region of 0.736 inches using
results of Reference 3.3.

Bay # 3UT Data
Table 3

Location D-Meter.UT • Appendix D Average
Measurement on Micrometer

Calculation
(inches) Page (inches)

______ _ 0.795 77--
.2 1.000 o 77--

3 0.857 77 --

4 0.898 77 --

5 0.823 77

6 0.968 77

7 0.826 77

8 0.780 • 77 --
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O.C. Dr'ywell Ext. UT Ev

UT EVALUATION BAY #5:

The outside surface of this bay is rough and very similar to bay 3 except that..the local
areas are clustered at the junction of bays 3 and 5, at about 30 inches above the floor.
The shell surface is full of dimples comparable to the outside surface of a golf ball. This
observation is made by the inspector, who located the thinnest areas for the UT
examination. The shell appears to be relatively uniform in thickness. Eight locations
were selected to represent the thinnest areas based on the visual observations of the shell
surface (see Fig. 5). These locations are a deliberate attempt to produce a minimum,
measurement. Table.5 shows readings taken to measure the thicknesses of the dr>well
shell using a D-meter. The results indicate that all of the areas have thickness greater
than the 0.736 inches.

Bay #5 General Wall (Sandbed Region) Thickness Evaluation

.Given an average of the UT measurements presented in Table 5 equal to 0.986 inches, a
conservative mean evaluation thickness of. 0.950 inches is estimated for this bay..
Therefore, it is concluded that the bay is acceptable based on the bay evaluation thickness
exceeding the buckling design thickness for the sandbed region of 0.736 inches using the
.results of Reference 3.3.

Bay # 5 UT Data
Table 5

Location D-Meter UT Appendix D Average
Measurement on Micrometer

(inches) Calculation (inches)
_ __ Page ...... _....

1 i 0.970 80 --

2 1.040 o .80 --

3 o1.020 80 --

4. 0.910 80 ---

5 0.890 80 . ---

6 1.060 80 --

.7 0.990 80 8 --

8 1.010 80 -_ _
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FIGURE (5)
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UT EVALUATION BAY #7:

The observation of the drywell surface for this bay showed uniform dimples in the
corroded area, but they are shallow compared to those in bay 1. The bathtub ring seen in
the other bays was not very prominent in this bay. This observation is made by the
inspector who located the thinnest areas for the UT examination. The shell- appears to be
relatively uniform in thickness. Seven locations were selected to represent the thinnest
areas based on the visual, observations of the shell, surface (Fig. 7). These locations are a
deliberate attempt to produce a minimum measurement. Table 7 shows readings taken to
measure the thicknesses of the drywell shell using a D-meter. The results indicate that all
of the aieas have thickness greater than the 0.736 inches.

Bay #7 General Wall (Sandbed Region) Thickness Evaluation

Given an average of the UT measurements presented in Table 7 equal to 1.001, a mean
evaluation thickness of 1.00 inch is estimated for this bay. Therefore, it is concluded that
the bay is acceptable based on the bay evaluation thickness exceeding the buckling
design thickness for the sandbed region of 0.736 inches using the results of Reference
3.3.

Bay # 7UT Data
Table 7

Location D-Meter UT Appendix D Average
•Measurement on Micrometer

(inches) Calculation (inches)
, Page

1 0.920 84-e

2 1.016 84 --

3 0.954 84 --

• 4 1.04l0 84--

5 1.030 84 _

6 1.045 .84 L

1.000 84 --
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FIGURE (7)
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UT EVALUATION BAY #9:

The observation of the drywell shell for this bay was very similar to bay 7 except that the
bathtub ring was more evident in this bay. The shell appears to be relatively uniforn in
thickness except for a bathtub ring.6 to 9 inches wide approximately 6 to 8 inches below the
vent header reinforcement plate. The upper portion of the shell beyond the band exhibits no

.. corrosion. where the original red lead primer is still intact. Ten locations wer e selected to
represent the thinnest areas based on the visual observations of the shell surface (Fig. 9). These
locations are a deliberate attempt to produce a minimum measurement. Table 9 shows readings
taken to measure the thicknesses of the drywell shell using a D-meter. The results indicate that
all of the areas have thickness greater than the 0.736 inches.

Bay, #9 General Wall (Sandbed Region) Thickness Evaluation

Given an average of the .UT measurements presented in Table 9 equal to 0.915, a conservative
mean evaluation thickness of 0.900 inches is estimated for this bay. Therefore, it is concluded
that the bay. is acceptable based. on the bay. evaluation thickness exceeding the buckling
.design thickness for the sandbed region of 0.736 inches using the results of Reference
3.3.

Bay # 9 UT Data
Table 9

Location 1 lD-Meter UT Appendix D Average
I Measurement on Micrometer
I "Calculation

(inches) Page ,inches)
1 0.960 85 --

2 0.940 85 ---
3 0.994 85 ---
4 I !.020 85 -_ -

5 0.985 85 --

6 0.820 85 --

7 0.825 85 --

8 0.791 85 ---

9 0.832 85
10 0.980 85 ±
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BAY #9 DATA

NOTES:

I. AN mafmasummol from intuuuection of fhe
DW Shd (butt) arnd veat toiler (flilet) weld.

9 :.7
2 DW

: ; SHELL
10

5
a

FIGURE (9)
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UT EVALUATION BAY #11:

The outside surface of this bay is rough, similar to bay 1, full of uniform dimples comparable
to the outside surface of a golf ball. The shell appears to be relatively uniform in thickness
except for local areas at the upper right comrer 0f Figure 11, located at about. 10 to 12 inches
below the vent pipe reinforcement plate.

Eight locations were selected to represent the thinnest areas based on the visual observations of
the shell surface (Fig. 11).. These locations are a deliberate attempt to produce a minimum
measurement. Table 1 -a shows readings taken to measure the thicknesses of the drywell shell
using a D-meter. The results indicate that all of the areas have thickneg,ý greater than the 0.736
inches, except one location. Location I as shown in Table 1I-a, has a reading below 0.736
inches. Inspectors observations "indicate that this location was very deep and not more than I to 2
inches in diameter. The depth of area relative to its .immediate surrounds .was measured at 4
locations around the spot and the average is shown in Table lI-a. As described in Section 6,
Methods of Analysis, Very Local Wall Acceptance Criteria, areas of reduced thickness
equal to or less than 2 V2 inches are too small to reduce the shell critical buckling load.
This combined with the location of the very local indication near the vent reinforcement
(See Appendix D, Calculation Page 87) indicates that this area would have a negligible*.
effect on the shell buckling response.

Bay #.11 General Wail (Sandbed Region) Thickness Evaluation

Given an average of the UT measurements presented in Table 11-a equal to 0.792 inches, a
conservative mean evaluation thickness of 0.790 inches is estimated for this bay- Therefore, it is
concluded that the bay is acceptable based on the -bay evaluation thickness exceeding the
buckling design thickness for the sandbed region of 0.736 inches using the results of
Reference 3.3.

The calculation of the average depth for Bay 11, Location 1 is as follows:.

D._D+D 1i-45 + D 10+D111
.(AVG Micrometer), -D° D 5O D-90° + -13?

4
Where:DD0 0 = Micrometer Depth Reading for location I at 0 degrees

taken from Appendix D, Calculation Page 91, etc.

(AVG Micrometer), - -0.246"
4
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Bay# 11 UT Data
"'Table .11-a

Location UT Appendix D Average
Measurement Presented on Micrometer

Calculation
_ (inches) Page (inches)
1 0.705 .87 0.246
2 0.770 87 ---

3 0.832 87 ---
* 4 0.755 87 --.-

5 0.831 1 87 ---

6 0.800 87 .
7 0.831 87 --• 8 0. 1I ' 87- - .,

Summary of Measurements Below 0.736 Inches
Table 1 -b

Loation LUT Measurement AVG Mirmee Mean tDepth/Vraliey T ( Evaluationu) Remark

10.705" 0.240" 0.200" 1 .5' Acceptable
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BAY #11 DATA

NOTES:

1. All measuremernts fom interwCtion of the DW
6hell (butt) lind vent collar (Itl.et) welds.

2. Ph1 depths are average of four readlngs taken at
0a'45"900/135Y within V band surrounding the
ground spots. This moasurement was only
taken when wall thickness was below 0.7360,

D

DW
SHELL3 I

0

8 02

.7.

FIGURE (11)
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UT EVALUATION BAY #13:

The outside surface of this bay is rough and full of dimples similar to bay I as showln in
.Appendi& C. This observation is made by the inspector who located the thinnest areas in deep
valleys'thereby biasing the remaining wall measurements to the conservative side. This
inspection focused on the thinnest areas, even if very local, i.e., the inspection did not attempt to
define a shell thickness suitable for structural evaluation. The variation in shell thickness is
greater in this bay than in the other bays. The bathtub ring below the vent pipe reinforcement
plate was less prominent than was seen in other bays. The corroded areas are about 12 to 18
inches in diameter and are at 12 inches apart, located in the middle of the sandbed. Beyond the
corroded areas on both sides, the shell appears to be uniform in thickness at a conservative value
of 0.800". Near the vent pipe and reinforcement plate the shell exhibits no corrosion since the
original lead primer on the vent pipe/reinforcement plate is intact Measurement 20 confirms that
the thickness above the bathtub ring is at 1 •.154 inches. Below the bathtub ring the shell appears
to be fairly uniform in thickness where no abrupt changes in. thickness are present. Thickness
measurements below the bathtub ring (Locations 3, 4, 9, 12, 13, 16, 17, 18, and 19) are all 0.800
inches or better (See Table 13-b).

Bay #13 General Wall (Sandbed Region) Thickness Evaluation

Therefore, given an average of the UT measurements of the locations below the bathtub ring is
equal to 0.884 'iches, a conservative mean thickness of 0.800 inches is estimated to represent the
.evaluation thickness for areas of shell -in this bay outside the bathtub ring. Given a uniform
thickness of 0.800 inches for these areas of the bay it is concluded that these areas are
acceptable based on the thickness exceeding the buckling design thickness for the
sandbed region of 0.736 inches using the results of Reference 3.3.

Locations 5, 6,.7, 8, 10, 11, 14, and 15 are confined to the bathtub ring as shown in Figure 13. To
determine the general shell thickness in the bathtub ring area of this bay the evaluation
thicknesses (See Table 13-c) for each of the locations defined above are averaged
together. An example of a typical calculation of the general wall thickness defined as the
evaluation thickness is presented below for clarity:
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(AVG Micrometer)s D5- +D +5-D40-9°°+ D-- 1 35

4
Where: D- 0

0 - Micrometer Depth Reading for Bay 13, location 5 at 0..
degrees taken from Appendix D, Calculation Page 98,
etc.

(AVG Micrometer) 5 = 0 . +0.I93"+0.230"+0.298' 0.217"
4

T(Eyaluaion)5 = UT(MMU.,ment,) + (AVG Micrometer)5 - Tgh

Where:UT..mcsumroent)5 = 02718" Taken from Appendix D, Calc Page 93,
Location 5

Trou = 0.200" See Design Input 5.1 and Section 6, Acceptance,
Criteria, General Wall.

T(Evaluation)5. 0.718"'+02217"-0.200" = 0.735"

Bay 13 AVG Micrometer Calculations
Table 13-a

Notes: 1. Azimuth data taken from Appendix D, Calculation Page 98.
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An average value of the evaluation thicknesses presented in Table 13-c for this band is as
follows;.

Location Evaluation Thickness
50.735"

6 0.756"
7 0.675"
8 0.796"
10 0.739"
I1 0.741"
12 0.885"
14. 0.868"
15. .0.756".
16 0.829"

Average = 0.778"

The inspector suspected that some of the above locations in the bathtub ring were over ground.
Subsequent locations with suffix A, e.g. 5A, 6A, were located close to the spots in question and
were ground carefully to remove the minimum amount of metal but adequate enough for UT
examination as shown in Table 13-b. The results indicate that all subsequent measurements were
above 0.736 inches. The average micromeler measurements taken for these locations confhm the
depth measurements at these locations. In spite of the fact that the original measurements were
taken at heavily ground locations they are the ones used in the evaluation.

Again given that the average evaluation thickness of the shell in the bathtub ring~area
exceeds the buckling design thickness of 0.736 inches the shell area within the bathtub
ring is also acceptable based on the results of Reference 3.3.

Bay #13 Local Wall Thickness Evaluation

The individual measurements must also be evaluated for compliance with the local wall thickness
criteria. Table 13-b identifies 20 locations of UT measurements that were select6d to represent
the thinnest areas, .except location 20, based on visual examination. These locations are a
deliberate attempt to produce a minimum measurement. Location 20 was selected to confimi that
no corrosion had taken place in the area above the bathtub ring.

Nine.locations shown in Table 13-b (1, 2, 5, 6, 7, 8, 10, 11,I and 15) have measurements below
0.736.inches. Inspectors observations indicate that these locations wee very deep, overly ground,
and not more than. 1 to 2 inches in diameters. The depth of each of these areas relative to its
immediate surroundings was measured at 4 locations around the spot and the average is shown in
Table 13-a. Using the general wall thicknaess acceptance criteria described earlier, the evaluation
thickness for all measurements below 0.736 inches were found to be above 0.736 inches except
for two locations, 5 and 7, as shown in Table 13-b. In addition, subsequent measurements close
to the locations identified above, were taken and they were all above 0.736 inches.

OCLR00014572



G PU Nuclear
Subject Calc No. j Rev. No. Sheet No.

O.C. D well Ext. UT Evaluation in Sandbed C-1302-187-5320-024 I . 36 of 117

Originator Date Reviewed by Date
Mark Yekta 01/12/93 S. C. Tumminelli

Locations 5 and 7 are in the bathtub ring and are about 30 inches apart. These locations are
characteri7.d as local areas located at about .15 to 20 inches below the vent pipe rein forcemnent
plate with an evaluation thicknesses of 0.735 inches mad 0.673 inches. The location 5 is near to
location 14 for an average value of 0.801 inches and therefore acceptable. Location 7 could
conservatively exist overan area of 6 x 6 inches for a thickness of 0.673 inches.

In order to quantify the effect of this local region and to address structural compliance, the GE
study on local effects is used (Ref. 3.5). This study contains:an analysis of the drywell shell
using the pie slice finite element model. The study reduced the thickness of a 12" by 12"
area by 0.100 inches (0.636 rinches) and included a transition zone of 12 inches all around
from 0.636" to 0.736". When compared to a similar area with a buckling design
thickness of 0.736" the modeled area represents-a 13.5% reduction in local, shell
thickness and a material loss of 72.0 cubic inches. The center of the thinned area was
located close to the calculated maximumr displacement point in the buckling analysis with
uniform thickness of 0.736 inch as per Reference 3.5. For this case the theoretical
buckling load factor was reduced by 3.9%.

Based on the buckling design thickness of 0.736 inches the "as found" 6" by 6" area with
a thickness of 0.673" represents a 8.6%.reduction in local shell thickness and a material
loss of 2.3 cubic inches. The volumetric consideration provides a quick visualization.
While shell buckling depends on various parameters as discussed in References 3.3 and
3.7.

Comparison of the "as found" area of 6" x 6" with the "as analyzed". criteria of 0.636"
over a 12" x 12" area, with an additional transition zone of 12", and its associated 13.5%
reduction in shell -wall thickness and a material loss of 72 cubic inches leads to the
conclusion that the-effect on the theoretical -buckling load factor is negligible. Also based
on the location of this 6, x 6" area, is almost directly below the vent and vent header
assembly (between 20 to 26 inches to the left of the vent centerline and between 14 to 20
inches down from the vent weld line). This is in the area where buckling of the shell is
limited due to the stiffening effect of the vent and vent header assembly. This effect can
be clearly seen in the buckling analyses presented in References 3.3 and 3.5.

Remaining Very Local Areas:

A review of Appendix D, calculation pages 93, 94, 95 and 96 indicates the remaining
very-local areas of reduced thickness are isolated from each other and therefore, have a
negligible effect on the shell buckling. See Section 6, Very Local Wall Criteria (2&Y2
inches in diameter or less) for details. Furthermore, the remaining local areas are
centered about the vent which significantly stiffen the shell. This stiffening effect
combined with the restraint provided by the con'crete support structure limits the shell
buckling to. a point in the sandbed region which is located at the midpoint between the
two vents.
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Conclusion

In summary, using a conservative estimate of 0.800 inches for evaluation' thickness for
the entire bay (except the bathtub ring) and a 0.778 inch evaluation thickness for the
bathtub ring , plus the acceptance of the local 6" by 6" area with an evaluation thickness
of 0.673" based on the GE study; it is concluded that the bay is acceptable.
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Bay # 13 UT Data
Table 13-b

Location D-Meter UT Appendix D Average
Measurement presented on Micrometer•'

(inches) Calculation (Table 13-a)Pag~e (inches)

i/lA. 0.672/0.890. 93/95 0.351
2/2A 0.722/0.943 j 93/95 1 0.360

3 0.941. 0
4 0.915 .93__-

5/5A 0.718/0.851 93/95 0.217.
616A 0.655/0.976 93/95 j 0.301
7/7A 0.618/0.752 93/95 0.255
8/8A 0.718/0.900 93/95 0-278

9 0.924 93 -
10/10A 0.728/0.810 93/95 0.211
U/11A 0.685/0.854 93Y95 0.256

12 0.885 93

13 0.932 93 ---
14 .0.868 93 --

15/15A 0.683/0.859 93/95 0.273
16 0.829 93.
17 0.807 93
18 .0.825 93
19 0.912 93
20 1.170 93

(1).(1) Average values provided in this column are for locations 1, 2, 5, etc.

(1) (without suffix A) and not for IA, 2A, 5A, etc. The values*.are compiled in
Table 13-a
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O.C. Drywell Ext. UT I
Originator

Mark Yekta

Location UT Meas

0.6

2 0.7:

5 0.7:

6 0.6.

7 0.61

8 0.71

1.0 0.7,

II 0.6•

I15 0.61

, ( .

Summary of Measurements Below 0.736 Inches
Table 13-c
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BAY #13 DATA

NOTES:

I. All measurements from intersection of the DW shell (butt)
and vent collar (fillet) welds.

2. Spots with suffix (e.g. IA or 2A) were located cos-e to the
Sspots in question and were ground carefully to remove
minimum amount of metal but adequate enough for UT.

3. Pit depths are average ot four readings taken at 0/45/190"/135°
within 1' •distance around ground spot. Taken only where
remaining wall showed below 0.736".

16' *7 '15

8 6
12, "•.11

/4," '20

ý, 0D W
17

.14 SHELL
-18. 3

*10 .9

.19

5

Figure (13)
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UT EVALUATION BAY #15:.

The outside surface of this bay is rough, similar. to bay 1, full of uniform dimples comparable to
the outside surface of golf ball (Appendix C). The bathtub ring seen in the other bays, was not
very prominent in this bay. This observation is made by the inspector who located the thinnest
areas for the UT examination. The upper portion of the shell beyond the ring exhibits no
corrosion where the original red- lead prirmer is still intact The shell appears to be relatively
uniform in thickness.

Eleven locations were selected to represent the thinnest areas based on the visual observations of
the shell surface (Fig. 15). These locations -are a deliberate attempt to produce a mninimmrt
measurement. Table 15-a shows readings taken to measure the thicknesses of the' drywell shell
using a D-meter. The results indicate that all of the areas have thickness greater than the 0.736
inches, except one location. Location 9 as shown in Table 15-a, has a reading below 0.736
inches. Inspectors observations indicate that this location was very deep and not more than I to 2
inches in diameter. The depth of area relative to its inmnediate surrounding was measured at 4
locations around the spot and the average is shown in Table 15-a. As described in Section 6,
Methods of Analysis, Very Local Wall Acceptance Criteria, areas of reduced thickness
equal to or less than 2 ½i inches are too small to reduce the shell critical buckling load.
This combined with the location of the very local indication near the vent reinforcement
(See Appendix D, Calculation Page 99) indicates that this area would have a negligible
effect on the shell buckling response.

Bay #15 General Wall (Sandbed Region) Thickness Evaluation

Given an average of the UT measurements presented in Table 15-a is equal to 0.816 inches, a
conservative mean evaluation thickness of 0.800 inches is estimated forthis bay. Therefore, it is
concluded -that the bay. is acceptable based on the bay evaluation thickness exceeding the
buckling design thickness for the sandbed region of 0.736 inches using the results of Reference
3.3.

The calculation of the average depth for Bay 15, Location 9 is as follows:

(AVG Micrometer)9  -Dg-01 + D94 + D9-90P + D9-13'0
4

Where: D_0
0  Micrometer Depth Reading for location 9 at 0 degrees

taken from.Appendix D, Calculation Page 100, etc.

(AVG Micrometer)) 0.356"+0.350..+0.359"+0.282' = 0.337"
4
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Bay 15 UT Data
Table 15-a

Location D-Meter UT Appendix D Average
Measurement on Micrometer

Calculation

(inches) Page (inches)
1 0.786 99 ---
2 0.829 99 "

* 3 0.932 99 -_-

4 0.795 99
5 0.850 99 ---

6 0.794 99 ---

7 0.808 99 ---
8 0.770 99
9 0.722 99 0.337
10 0.860 99 .--

"I1 0.825 99 --- _

Summary of Measurements Below 0.736 Inches
Table 15-b

Location UT Measurement AVG Micrometer Mean Depth/Valley T (Evaluation) Remarks

Lt A (2) l (3) (4)=(I)+(2)-(3)

9 0.722" . 0.337" 0-200" 0.859" * Acccppable
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I

BAY #15 DATA

NOTES:
1. All measurements from Intersection of the DW

shell and vent collar (fillet) welds.

2. Pit'depths are average . four readings taken of
0/45*90/I 350 within 1' dlstance around ground.
spots, Taken only when remaining wall thickness
shown below O.736".

6

1
SI

DW
SHELL5 2

11 1 .8 7
9

4 3
4 0

FIGURE (15)
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• UT EVALUATION BAY #17:

The outside surface of this bay is rough, similar to bay 1, full of uniform dimples comparable to
the outside surface of golf ball. The shell appears to be relatively urtiform in thickness except for
a band 8 to 10 inches wide approximately .6 inches below the vent header reinforcement plate.
The upper portion of the shell beyond tdie banid exhibits no corrosion where the original red lead
primer is still intact.

" Eleven locations were selected to represent the thinnest areas based on the visual observations of
the shell surface (Fig. 17). These locations are a deliberate attempt to produce a minimum
measurement. Table 17-a shows readings taken to measure .the thicknesses of the drywell shell
using a D-meter..: The results indicate thit all of the areas have thickness greater than the 0.736.
inches, except one location. Location 9 as shown in Table 17-a, has a.reading below 0.736.
inches. Inspectors observations indicate that this location is. very deep and not more than .1 to 2
inches in diameter. The depth of area relative to its immediate surroundings was measured -at 4.
locations around the spot and the average is shown in Table 17-a. As described -in Section 6,
Methods of Analysis, Very Local Wall Acceptance Criteria, areas of reduced thickness
equal to or less than 2 & ' 2 inches are too small to reduce the shell critical buckling load.
This combined with the location of the very local indication near the vent reinforcement
(See Appendix D, Calculation Page 103).indicates that this area would have a negligible
effect on the shell buckling response.

Bay #17 General Wall (Sandbed Region) Thickness Evaluation

Given an average of the UT measurements presented in Table 17-a is equal to'0.918 inches, a
conservative mean evaluation thickness of 0.900 inches is estimated for this bay. Therefore, it is
concluded that the bay is acceptable based on the bay evaluation thickness exceeding the
buckling design thickness for the sandbed region of 0.736 inches using the results of.
Reference 3.3.

The calculation of the average depth for Bay 17, Location 9 is as follows:

(AVG Micrometer) 9 - 9°-D 9_ + D9 _900 + D9 _135

4.
Where:D190

0 = Micrometer Depth Reading for location 9 at 0 degrees
••taken from Appendix D, Calculation Page 105, etc.

0.368"+0.407"+0.289"+0.342"t 0.351"(AVG Micrometer),l= =031
4
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Bayv # 17 UT Data
Table 1.7-a

Location D-Meter UT .Appendix D j.AverageMeasurement on Micrometer

(inches) Calculation (inches)
.. ,- i- Page"

1 0.916 104 ---
2 1.150 104
3 0.898 104 __---

... 4 0.951 • 104
5 0.913 .104 ---

.6 0.992 104
7 0.970 104 __

-.8 0.990 104
9 0.720 "1 03 0.351
10 0.830 103 _ ---
11 0.770 . 103 -,-_ _ ,,

Summary of Measurements Below 0.736 Inches

Table 17-b

• Location UT Measurement AVG Micrometer Mean Depth/Valley T (Evaluation) Remarks
I (I) . 1 (2) ... (3) (4)=(!)-(2)-(3)

9 0.720" 0.351" 0.200' 0,871" Acceptable
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BAY #17 DATA

NOTES:
1. All mmazursmntoit Irom Inlar4cliafl *1 Jh4. DW

(butt) shiftl and vorn cofisr (1111u0) wilde,
7- Pit depth& are Baverag of four reading. taiimn at

~~atv35h,~i within I I diBtance inound ground
upoti. Takenl oily when rowmmIn~vg whill thickiloss
was btWO9.W ,

'2 DW
SHELL11

7

10

*1

6
a

4*.

FIGURE (17)
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UT EVALUATION BAY #19:

The outside surface of this bay is rough and very similar to bay 17. Locations I through 7 as
shown in Table 19, were ground carefully to minimize loss of good metal. The shell surface is
full of dimples comparable to the outside surface of a golf ball. This observation is made by the
inspector who located the thinnest areas for the. UIT examination. The shell appears to be
relatively uniform in thickness. Ten locations were selected to represent the thinnest areas based
on the visual observations of the shell surface (Fig, 19). These locations are a deliberate attempt
to produce a minimum measurement. Table 19 shows readings taken to measure the thicknesses
of the drywell shell using a D-metern The results indicate that all of the areas have thickness
greater than the 0.736 inches.

Bay #19 General Wall (Sandbed Region) Thickness Evaluation

Given an average of the UT measurements presented in Table 19 is equal to 0.885 inches, a
conservative mean evaluation thickness of 0.850 inches is estimated for this bay. Therefore, it is
concluded that the bay is acceptable based on the bay evaluation thickness exceeding the
buckling desigii thickness for the sandbed region of 0.736 inches using the results of
Reference 3.3.

Bay" # 19 UT Data

Table 19

Location D-Meter UT j"Appendix D Average
Measurement on Micrometer

Calculation

___________I finches) Page (inchcs)
* 1 . 0.932 109 --

2 1 0.924 109
3 0.955 109
* 4 1 0.940 109 --- _-

5 0.950 109 ---
6 0.860 109 --

7 0.969 109 ---
.8• 0.753 [ 108 --

9 0.776 108 __ --- _

10 0.790 108 J --
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NOTES:.

1. All moestueu;nus frvn IffltrseciDrn ol th,
OW atltmI [butt) And oent CowiI111110) walda.

10.,r ýq
DW
SHELL
,1

7", a4 .3

FIGURE (19)
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Appendix A: Summary Of Measurements Of Impressions Taken From Bay #13 (3 pages total)

OCLROO014586



GPU Nuclear
Subject
O.C. DrelI Ext. UT Evaluation in Sandbed.

Originator Date
Mark Yekta 01/12/93

Caic No.
C- 1302-187-5320-024

Reviewed by
S. C. Tumminelli

Rev. No. Sheet No.

I .50of117
Date I

The purpose of this appendix is to characterize the depth of typical uniform dimples on the shell surface.
This depth is used in acceptance criteria to quantify the evaluation thickness for an area where the
micrometer readings are available.

Two locations in bay 13 were selected'since bay 13 is the roughest bay. Impressions of drywell shell
surface using DMR_503 Epoxy Replication Putty manufactured by Dyna Mold Inc were made. Thiese
impressions were. about 10 inches in diameter and about 1 inch thick. The UT locations 7 and 10 in bay
13 were identified in each of these impression as the reference points. This is a positive impression of.the
drywell shell surface. The depth of the typical dimples were measured as follows;

READING DEP'nJ#10 DEFPH #7
(Location) (inches) inches)

1
2
3

.4

5
6
7
8
9
10
i1
12
13
14

*15

i6
17
18
19
20
21
22

0.150
0.000
0.200
0.140
0.150
0.040
0.150
0.010
0.134
0.145
0.118
0.105
0.125
0.200
0.135
0.100
0.175
0.175
0.155
0.175
0.175

0.075
0.110
0.135
0.200
0.000
0.000
0.170
0.205

0.145
0.064
0.200
0.045
0.180
0.105

0.035
0.015
0A190

.0.055

0.305
0.135
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Location #10:

Mean Value = 0.131
Standard Deviation 0.055

Mean Value + OneS.D. = 0.186

Location #7:

Mean Value 0.118
Standard Deviation 0.082

Mean Value + One'S.D. = 0.200"

Therefore, a value of 0.200 inches was used as the depth of uniform dimples for the entire outside surface
ofthe drywell in the sandbed region.
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I

Appendix B: Buckling Capacity Evaluation For Varying Uniform Thickness Through The Whole Sandbed
Region Of The Drywell (5 pages total)

Based Upon GE Buckling Analysis (Reference 3.3)

Note: Tables on sheets 53 to 56 are not used in this calculation and
are provided for historical purpose only from Rev. 0.
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CALCULATION OF BUCKLING MARGIN - REFUELING CASE, NO SAND -
GE OYCR1S&T - UNIFORM THICKNESS t--0.736 Inch

LOAD
ITEM PARAMETER UNITS VALUE FACTOR

*** .DRYWELL GEOMETRY AND MATERIALS
1 Sphere Radius,. R (in.) .420
2 Sphere Thickness, t (in.) 0.736
3 Material Yield Strength, Sy (ksi) 38
4 Material Modolus of Elasticity, E (ksi) 29600
5 Factor of Safety, FS 2

•** BUCKLING ANALYSIS RESULTS.
6 Theoretical Elastic Instabifity Stress, Ste (ksi) 46.590 6.140

***STRESS ANALYSIS RESULTS

7 Applied Meridional CompreSsive Stress, Sin (ksi) 7.588 5.588
8 Applied Circumferential Tensile Stress, Sc (ksi) 4.510 3.300

• CAPACITY REDUCTION FACTOR CALCULATION
9 Capacity Reduction Factor, ALPHLAI 0.207
10 Circumferential Stress Equivalent Pressure, Peq (psi) 15.806
11 'X' Parameter, X= (Peq/SE) (d/t)A2 0.087
12 Delta C (From Figure -) 0.072
13 Modified Capacity Reduction Factor, ALPHA, 1, mod 0.326
14 Reduced Elastic Instability Stress, Se (ksi) 15.182 2.001

• ** PLASTICITY REDUCTION FACTOR CALCULATION
15 Yield Stress Ratio, DELTA=SeISy 0.400
16 Plasticity Reduction Factor, NUi 1.000

0 17 Inelastic Instability Stress, Si = NUi x Se (ksi) 15.182 2.001
o *** ALLOWABLE COMPRESSIVE STRESS CALCULATION
I-

o 18 Allowable Compressive Stress, Sall = SI/FS (ksi) .7.591 1.000
o. 19 Compressive Stress Margin, M-(SalVSm -1) x 100% (%) 0.0

(0
0d



CALCULATION OF BUCKLING MARGIN.- REFUELING CASE, NO SAND -

GE OYCRFSTOI - UNIFORM THICKNESS t=- 0.776 Inch
LOAD

ITEM PARAMETER UNITS VALUE FACTOR

* DRYWELL GEOMETRY AND MATERIALS
I Sphere Radius, R (in.) 420
2 Sphere Thickness, t (in.) 0.776
3 Material Yield Strength, Sy (ksi) 38
4 Material Modolus of Elasticity, E (ksi) 29600
5 Factor of Safety, FS 2

*** BUCKLING ANALYSIS RESULTS
6 Theoretical Elastic Instability Stress, Ste (ksi) 49.357 6.857

***STRESS ANALYSIS RESULTS

7 Applied Meridional Compressive Stress, Sm (ksi) 7.198 5.588
8 Applied Circumferential Tensile Stress, Sc (ksi) 4.248 3.300

*** CAPACITY REDUCTION FACTOR CALCULATION
9 Capacity Reduction Factor, ALPHAT 0.207
10 Circumferential Stress EquivalentPressure, Peq (psi) 15.697
11 'X' Parameter, X- (Peq/SE) (d/t)^2 0.078.
12 Delta C (From Figure -) 0.066
13 Modified Capacity Reduction Factor, ALPHA, 1, mod 0.316
14 Reduced Elastic Instability Stress, Se (ksi) 15.583 2.165

* PLASTICITY REDUCTION FACTOR CALCULATION.
15 Yield Stress Ratio, DELTA=Se/Sy 0.410
16 Plasticity Reduction Factor, NUi 1.000

0 17 Inelastic Instability Stress, Si = NUi x Se (ksi) 15.183 2.165
--) *** ALLOWABLE COMPRESSIVE STRESS CALCULATION

C)18 Allowable Compressive Stress, Sall = SI/FS (ksi) 7.592 1.082
19 Compressive Stress Margin, M-(Sall/Sm -1) x 100% (%) 8.2

0'1
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CALCULATION OF BUCKLING MARGIN - REFUELING CASE, NO SAND -
GPUN EVALUATION FOR UNIFORM THICKNESS t=0.800 Lich USING THICKNESS RATIO

LOAD
ITEM PARAMETER UNTPS VALUE FACTOR

*** DRY WELL GEOMETRY AND MATERIALS
1 Sphere Radius, R (in.) 420
2 Sphere Thickness, t (in.) 0.800
3 Material Yield Strength, Sy (ksi) 38
4 Material Modolus. of Elasticity, E (ksi) 29600
5 Factor of Safety, FS 2

** BUCKLING ANALYSIS RESULTS

6 Theoretical Elastic Instability Stress, Ste (ksi) 50.884 7.288

***STR.ESS ANALYSIS RESULTS

7 Applied Meridional Compressive Stress, Sm (ksi) 6.982 5.5.88
8 Applied Circumferential Tensile Stress, Sc (ksi) 4. 120 3.300

*** CAPACITY REDUCTION FACTOR CALCULATION
9 Capacity Reduction Factor, ALPKAI 0.207
10 Circumferential Stress Equivalent Pressure, Peq (psi) 15.697
1 X' Parameter, X= (Peq/8E) (d/t)^2 0.073
12 Delta C (From Figure -) 0.063
13 Modified Capacity Reduction Factor, ALPHA, 1, mod . 0.311
14 Reduced Elastic Instability Stress, Se (ksi) 15.824 2.266

• PLASTICITY REDUCTION FACTOR CALCULATION
15 Yield Stress Ratio, DELTA=Se/Sy 0.416
16 Plasticity Reduction Factor, Nti . 1.000
17 Inelastic Instability Stress, Si = NUi x Se (ksi) 15.824 2.2660

*** ALLOWABLE COMPRESSIVE STRESS CALCULATION

C0 18 Allowable Compressive Stress, Sail = SI/FS (ksi) 7.912 1.133
19 Compressive Stress Margin, M-(Sall/Sm -1) x 100% (%) 13.3

co,,(.0
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CALCULATION OF BUCKLING MARGIN - REFUELING CASE, NO SAND -
GPUN EVALUATION FOR UNIFORM THICKNESS t- 0.850 Inch USING TIUCKNESSRATIO

LOAD
ITEM PARAMETER UNITS VALUE FACTOR

*** DRYWELL GEONETRY AND MATERIALS
1 Sphere Radius, R (in.) 420
2 Sphere Thickness, t (in.). 0.850
3 Material Yield Strength, Sy (ksi) 38
4 Material Modolus of Elasticity, E (ksi) 29600
5 Factor of Safety, FS 2

BUCKLING ANALYSIS RESULTS
6 Theoretical Elastic Instability Stress, Ste (ksi) 54.063 8.227

***STRESS ANALYSIS RESULTS

7 Applied Meridional Compressive Stress, Sm (ksi) 6.571 5.588.
8 Applied Circumferential Tensile Stress, Sc (ksi) 3.878 3.300

*** CAPACITY REDUCTION FACTOR CALCULATION
9 Capacity Reduction Factor, ALP1AI 0.207
•10 Circumferential Stress Equivalent Pressure, Peq (psi) 15.697
11 'X"Parameter, X- (Pecq/gE) (d/t)"2 0.065
12 . Delta C (From Figure -) 0.057
13 Modified Capacity Reduction Factor, ALPHA, 1, mod 0.300
14 Reduced Elastic Instability Stress, Se (ksi) 16.257 2.474

• PLASTICITY REDUCTION FACTOR CALCULATION
15 Yield Stress Ratio, DELTA=Se/Sy 0.428
16 Plasticity Reduction Factor, NUi 1.000

o .17 Inelastic Instability Stress, Si = NUi x Se (ksi) 16.257 2.474
r- ALLOWABLE COMPRESSIVE STRESS CALCULATION

0 18 Allowable Compressive Stress, Sail = SI/FS (ksi) 8.128 1.237.

19 Compressive Stress Margin, M-(SallI/Sm -1) x 100%. (%) 23.7

to
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Bay 913 - D.W snell showing plug The plug is.located in the micddle of the worsl cry-
roded arq.a of Ih-e shell The plug showed no Eign Oi cofrosion.

Bay 913 - D.JW she.1 shoWler las .s pr~ominent 'Tub Ainp- than what was Seen' in oth-er
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Bay 91 - I-ook-rig a' the worst cnorde4C are3 on shell near ient tube collarring. The

ground spots seen here corrcspnnd ttn LJ1 SCOT 20:.2 '2.'3

"-A---

Bay #13 - Lower Mid portion o1. the DAW shell showtng UT spot 5.6 ani 0 . This close

up photo shows the roughness of the corfuded surfzce',and now each UT spot has been

picked up in the deep valleys :t-ereby biasing the ren.amnmg -al; readings to the con

s 5rt; rip
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Bay 9'15 Looking "owa ds Bay#17 which has been .!osed wAi'- loam for coating work

ze Bay #17. Note lte typical soriace of the D. . -ii .,,.- 1:,A7nd.corroded %poI

Bay #13 - Looking ioviard Bay 015 - Lowe.( let? Cornet showing UT spot 47,.2 & 16.

This close up has captured .•e peaks and valleys of the corroded shell in Vivid detail.

Later NDF. inspe-hrl • , ., n;; :lh h -P..er, oe-kA s arnd valleys in the 0.25- 0.40"
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Bay #13 Looking toward Bay #11 - Lower right corner oi DJW shel; showing UT spots

9. 1 tI. 18 & 19 Note the location of these spols-- ail are Iccated ir, the valleyi o.the.cOi-

toded surface This photo also sliows the condition ot the concrete floor. It appears

Bay#13 

-Looking tcward Say #15 -This photo captures the concrete floor Condition

Bay.,•13 -.Looking toward Say #IS - This ph~olo captures the concrete "floor condition

.nl n [or0i0n o? io-er she'l cofroded s•,rraca in very gteat ! dtail. The floor in !hi. area
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